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C H A P T E R  1
Vessels Intended to Carry Oil in Bulk (150 meters (492 feet) or more in

Length)

S E C T I O N  1
Introduction

1 General

1.1 Classification
In accordance with 1A-1-3/3 and 1A-1-3/25 of the ABS Rules for Conditions of Classification (Part 1A),
the classification notation ✠A1 Oil Carrier, SH , SHCM is to be assigned to vessels designed for the
carriage of oil cargoes in bulk, and built to the requirements of this Chapter and other relevant sections of
the Rules. As used in the Rules, the term “oil” refers to petroleum products having flash points at or below
60°C (140°F), closed cup test, and specific gravity of not over 1.05. Vessels intended to carry fuel oil
having a flash point above 60°C (140°F), closed cup test, and to receive classification ✠A1 Fuel Oil
Carrier, SH, SHCM are to comply with the requirements of this Chapter and other relevant sections of
the Rules, with the exception that the requirements for cofferdams, gastight bulkheads, and aluminum paint
may be modified.

1.2 Optional Class Notation for Design Fatigue Life
Vessels designed and built to the requirements in this Chapter are intended to have a structural fatigue life
of not less than 20 years. Where a vessel’s design calls for a fatigue life in excess of the minimum design
fatigue life of 20 years, the optional class notation FL (year) will be assigned at the request of the
applicant. This optional notation is eligible provided the excess design fatigue life is verified to be in
compliance with the criteria in 5C-1-A1 of this Chapter, “Fatigue Strength Assessment of Tankers”. Only
one design fatigue life value is published for the entire structural system. Where differing design fatigue
life values are intended for different structural elements within the vessel, the (year) refers to the least of
the varying target lives. The ‘design fatigue life’ refers to the target value set by the applicant, not the value
calculated in the analysis.

The notation FL (year) denotes that the design fatigue life assessed according to Appendix 5C-1-A1 of
this Chapter is greater than the minimum design fatigue life of 20 years. The (year) refers to the fatigue
life equal to 25 years or more (in 5-year increments) as specified by the applicant. The fatigue life will be
identified in the Record by the notation FL (year); e.g., FL(30) if the minimum design fatigue life
assessed is 30 years.
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1.3 Application
1.3.1 Size and Proportion

The requirements contained in this Chapter are applicable to double hull tankers intended for
unrestricted service, having lengths of 150 meters (492 feet) or more, and having parameters
within the range as specified in 3-2-1/2.

1.3.2 Vessel Types
The equations and formulae for determining design load and strength requirements, as specified in
Sections 5C-1-3 and 5C-1-4, are applicable to double hull tankers. For mid-deck or single hull
tankers, the parameters used in the equations are to be adjusted according to the structural
configurations and loading patterns outlined in Appendices 5C-1-A3 or 5C-1-A4. The strength
assessment procedures and the failure criteria as specified in Section 5C-1-5, are applicable to all
types of tankers.

Double hull tanker is a tank vessel having full depth wing water ballast tanks or other non-cargo
spaces, and full breadth double bottom water ballast tanks or other non-cargo spaces throughout
the cargo area, intended to prevent or at least reduce the liquid cargo outflow in an accidental
stranding or collision. The size and capacity of these wing/double bottom tanks or spaces are to
comply with MARPOL 73/78 and national Regulations, as applicable.

Mid-deck tanker: Refer to 5C-1-A4/1.1, "Design Concepts".

Single hull tanker is a tank vessel that does not fit the above definitions of Double hull tanker or
Mid-deck tanker.

1.3.3 Direct Calculations
Direct calculations with respect to the determination of design loads and the establishment of
alternative strength criteria based on first principles, will be accepted for consideration, provided
that all the supporting data, analysis procedures and calculated results are fully documented and
submitted for review. In this regard, due consideration is to be given to the environmental
conditions, probability of occurrence, uncertainties in load and response predictions, and
reliability of the structure in service. For long term prediction of wave loads, realistic wave spectra
covering the North Atlantic Ocean and a probability level of 10-8 are to be employed.

1.3.4 SafeHull Construction Monitoring Program
For the class notation SH, SHCM, a Construction Monitoring Plan for critical areas, prepared in
accordance with the requirements of Section 5C-A1-1, is to be submitted for approval prior to
comencement of fabrication. See Section 5C-A1-1.

1.5 Internal Members
1.5.1 Section Properties of Structural Members

The geometric properties of structural members may be calculated directly from the dimensions of
the section and the associated effective plating (see 3-1-2/13.3 or 5C-1-4/7.7.4 FIGURE 6, as
applicable). For structural member with angle θ (see 5C-1-1/1.5.2 FIGURE 1) between web and
associated plating not less than 75 degrees, the section modulus, web sectional area, and moment
of inertia of the “standard” (θ = 90 degrees) section may be used without modification. Where the
angle θ is less than 75 degrees, the sectional properties are to be directly calculated about an axis
parallel to the associated plating. (see 5C-1-1/1.5.2 FIGURE 1)

For longitudinals, frames and stiffeners, the section modulus may be obtained by the following
equation:SM = αθSM90
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whereαθ = 1 . 45 – 40 . 5/θSM90 = the section modulus at θ = 90 degrees

The effective section area may be obtained from the following equation:A = A90sinθ
whereA90 = effective shear area at θ = 90 degrees

1.5.2 Detailed Design
The detail design of internals is to follow the guidance given in 3-1-2/15 and 5C-1-4/1.5.

See also Appendix 5C-1-A1.
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FIGURE 1

1.7 Breaks
Special care is to be taken to provide against local stresses at the ends of the cargo oil spaces,
superstructures, etc., and throughout the structure in general. The main longitudinal bulkheads are to be
suitably tapered at their ends, and effective longitudinal bulkheads in the poop are to be located such as to
provide effective continuity between the structure in way of and beyond the main cargo spaces. Where the
break of a superstructure lies within the midship 0 . 5L, the required shell and deck scantlings for the
amidship 0 . 4L may be required to be extended to effect a gradual taper of the structure, and the deck
stringer plate and sheerstrake are to be increased. See 5C-1-4/9.1 and 5C-1-4/9.3. Where the breaks of the
forecastle or poop are appreciably beyond the amidship 0 . 5L, the requirements for the deck stringer plate
and sheerstrake, as specified in 5C-1-4/9.1 and 5C-1-4/9.3, may be modified.

1.9 Variations
Tankers of a special type or design, differing from those described in these Rules, will be specially
considered on the basis of equivalent strength.
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1.11 Loading Guidance
Loading guidance is to be as required by 3-2-1/7 except that 5C-1-4/5 will apply for allowable shear
stresses.

1.13 Pressure - Vacuum Valve Setting
Where pressure-vacuum valves of cargo oil tanks are set at a pressure in excess of the pressure appropriate
to the length of the vessel (see 5C-1-7/11.11.2), the tank scantlings will be specially considered.

Particular attention is to be given to a higher pressure setting of pressure-vacuum valves as may be
required for the efficient operation of cargo vapor emission control systems where installed.

1.15 Protection of Structure
For the protection of structure, see 3-2-18/5.

1.17 Aluminum Paint
Paint containing greater than 10 percent aluminum is not to be used in cargo tanks, on tank decks in way of
cargo tanks, and in pump rooms and cofferdams, nor in any other area where cargo vapor may accumulate.

3 Special Requirements for Deep Loading

3.1 General
Where a vessel is intended to operate at the minimum freeboard allowed by the International Convention
on Load Lines, 1966 for Type-A vessels, the conditions in 5C-1-1/3.3 through 5C-1-1/3.11 are to be
complied with.

3.3 Machinery Casings
Machinery casings are normally to be protected by an enclosed poop or bridge, or by a deckhouse of
equivalent strength. The height of such structure is to be not less than 2.3 m (7.5 ft). The bulkheads at the
forward ends of these structures are to have scantlings not less than required for bridge-front bulkheads
(See 3-2-11/3). Machinery casings may be exposed, provided that they are specially stiffened and there are
no openings giving direct access from the freeboard deck to the machinery space. A door complying with
the requirements of 3-2-11/5.3 may, however, be permitted in the exposed machinery casing, provided that
it leads to a space or passageway which is as strongly constructed as the casing and is separated from the
engine room by a second door complying with 3-2-11/5.3. The sill of the exterior door is not to be less than
600 mm (23.5 in.), and the sill of the second door is not to be less than 230 mm (9 in.).

3.5 Access
Satisfactory arrangements are to be provided to safeguard the crew in reaching all areas used in the
necessary work of the ship. See 3-2-17/3.

3.7 Hatchways
Exposed hatchways on the freeboard and forecastle decks or on the tops of expansion trunks are to be
provided with efficient steel watertight covers. The use of material other than steel will be subject to
special consideration.

3.9 Freeing Arrangements
Tankers with bulwarks are to have open rails fitted for at least half the length of the exposed parts of the
freeboard and superstructure decks, or other effective freeing arrangements are to be provided. The upper
edge of the sheerstrake is to be kept as low as practicable. Where superstructures are connected by trunks,
open rails are to be fitted for the entire length of the exposed parts of the freeboard deck.
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3.11 Flooding
Attention is called to the requirement of the International Convention on Load Lines, 1966, that tankers
over 150 m (492 ft) in freeboard length (see 3-1-1/3.3) to which freeboards less than those based solely on
Table B are assigned must be able to withstand the flooding of certain compartments.

3.13 Ventilators
Ventilators to spaces below the freeboard deck are to be specially stiffened or protected by superstructures
or other efficient means. See also 3-2-17/9.

5 Arrangement

5.1 General
The arrangements of the vessel are to comply with the requirements in Annex 1 to the International
Convention for the Prevention of Pollution from Ships with regard to segregated ballast tanks (Regulation
18), their protective locations (Regulation 18.12) , collision or stranding considerations (Regulation 19),
accidental oil outflow performance (Regulation 23), hypothetical outflow of oil (Regulation 25)*,
limitations of size and arrangement of cargo tanks (Regulation 26)*, and slop tanks (Regulation 29). A
valid International Oil Pollution Prevention Certificate issued by the flag administration may be accepted
as evidence of compliance with these requirements.

Note: * Hypothetical outflow of oil (Regulation 25) and limitations of size and arrangement of cargo tanks (Regulation
26) do not apply to oil tankers delivered on or after 1 January 2010, as defined in MARPOL Annex I regulation
1.28.8.

5.3 Subdivision
The length of tanks, the location of expansion trunks, and the position of longitudinal bulkheads is to be
arranged to avoid excessive dynamic stresses in the hull structure.

5.5 Cofferdams
Cofferdams, thoroughly oiltight and vented, and having widths as required for ready access, are to be
provided in order to separate all cargo tanks from galleys and living quarters, general cargo spaces which
are below the uppermost continuous deck, boiler rooms and spaces containing propulsion machinery or
other machinery where sources of ignition are normally present. Pump rooms, compartments arranged
solely for ballast, and fuel oil tanks may be considered as cofferdams for the purpose of this requirement.

5.7 Gastight Bulkheads
Gastight bulkheads are to be provided in order to isolate all cargo pumps and piping from spaces
containing stoves, boilers, propelling machinery, electric apparatus, or machinery where sources of ignition
are normally present. These bulkheads are to comply with the requirements of Section 3-2-9.

5.9 Cathodic Protection
5.9.1 Anode Installation Plan

Where sacrificial anodes are fitted in cargo or adjacent ballast tanks, their material, their
disposition and details of their attachment are to be submitted for approval.

5.9.2 Magnesium and Magnesium Alloy Anodes
Magnesium and magnesium alloy anodes are not to be used.

5.9.3 Aluminum Anodes
Aluminum anodes may be used in the cargo tanks and tanks adjacent to the cargo tanks of tankers
but only in locations where the potential energy does not exceed 275 N-m (28 kgf-m, 200 ft-lb).
The height of the anode is to be measured from the bottom of the tank to the center of the anode,
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and the weight is to be taken as the weight of the anode as fitted, including the fitting devices and
inserts.

Where aluminum anodes are located on horizontal surfaces, such as bulkhead girders and
stringers, which are not less than 1 m (39 in.) wide and fitted with an upstanding flange or face flat
projecting not less than 75 mm (3 in.) above the horizontal surface, the height of the anode may be
measured from this surface.

Aluminum anodes are not to be located under tank hatches or Butterworth openings unless
protected from falling metal objects by adjacent tank structure.

5.9.4 Zinc Anodes
There is no restriction on the positioning of zinc anodes.

5.9.5 Anode Attachment
Anodes are to have steel cores sufficiently rigid to avoid resonance in the anode support and the
cores are to be designed to retain the anode even when it is wasted.

The steel cores are to be attached to the structure by means of continuous welds at least 75 mm (3
in.) in length. Alternatively they may be attached to separate supports by bolting. A minimum of
two bolts with locknuts is to be used.

The supports at each end of an anode are not to be attached to items of structure that are likely to
move independently.

Anode inserts and supports welded directly to the structure are to be arranged so that the welds are
clear of stress raisers.

5.11 Ports in Pump Room Bulkheads
Where fixed ports are fitted in the bulkheads between a pump room and the machinery or other safe space,
they are to maintain the gastight and watertight integrity of the bulkhead. The ports are to be effectively
protected against the possibility of mechanical damage and are to be fire resistant. Hinged port covers of
steel, having non-corrosive hinge pins and secured from the safe space side, are to be provided. The covers
are to provide strength and integrity equivalent to the unpierced bulkhead. Except where it may interfere
with the function of the ports, the covers are to be secured in the closed position. The use of material other
than steel for the covers will be subject to special consideration. Lighting fixtures providing strength and
integrity equivalent to that of the port covers will be accepted as an alternative.

5.13 Location of Cargo Oil Tank Openings
Cargo oil tank openings, including those for tank cleaning, which are not intended to be secured gastight at
all times during the normal operation of the vessel, are not to be located in enclosed spaces. For the
purpose of this requirement, spaces open on one side only are to be considered enclosed. See also
5C-1-1/5.21.

5.15 Structural Fire Protection
The applicable requirements of Section 3-4-1 are to be complied with.

5.17 Allocation of Spaces
5.17.1 Tanks Forward of the Collision Bulkhead

Tanks forward of the collision bulkhead, are not to be arranged for the carriage of oil or other
liquid substances that are flammable.
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5.17.2 Double Bottom Spaces and Wing Tank Spaces
For vessels of 5000 metric tons (4921 long tons) deadweight and above, double bottom spaces or
wing tanks adjacent to cargo oil tanks are to be allocated for water ballast or spaces other than
cargo and fuel oil tanks.

5.19 Access to and Within Spaces in and Forward of the Cargo Area of Oil Tankers (2019)
The provision of suitable means of access to the hull structures for the purpose of carrying out overall and
close-up surveys and inspections is to be provided for compliance with Regulation II-1/3-6 of SOLAS.

5.21 Duct Keels or Pipe Tunnels in Double Bottom
Duct keels or pipe tunnels are not to pass into machinery spaces. Provision is to be made for at least two
exits to the open deck arranged at a maximum distance from each other. One of these exits may lead to the
cargo pump room, provided that it is watertight and fitted with a watertight door complying with the
requirements of 3-2-9/9.2 and in addition complying with the following:

i) In addition to bridge operation, the watertight door is to be capable of being closed from outside
the main pump room entrance; and

ii) A notice is to be affixed at each operating position to the effect that the watertight door is to be
kept closed during normal operations of the ship, except when access to the pipe tunnel is
required.

For the requirements of ventilation and gas detection in duct keels or pipe tunnels, see 5C-1-7/31.17.1.

5.23 Ventilation
Holes are to be cut in every part of the structure where otherwise there might be a chance of gases being
“pocketed”. Special attention is to be paid to the effective ventilation of pump rooms and other working
spaces adjacent to oil tanks. In general, floor plating is to be of an open type not to restrict the flow of air,
see 5C-1-7/17.2 and 5C-1-7/17.5. Efficient means are to be provided for clearing the oil spaces of
dangerous vapors by means of artificial ventilation or steam. For cargo tank venting, see 5C-1-7/11 and
5C-1-7/21.

5.25 Pumping Arrangements
See applicable requirements in 5C-1-7.

5.27 Electrical Equipment
See 5C-1-7/31.

5.29 Testing
Requirements for testing are contained in Part 3, Chapter 7.

5.31 Machinery Spaces
Machinery spaces aft are to be specially stiffened transversely. Longitudinal material at the break is also to
be specially considered to reduce concentrated stresses in this region. Longitudinal wing bulkheads are to
be incorporated with the machinery casings or with substantial accommodation bulkheads in the tween
decks and within the poop.

5.33 Location of Fuel Tanks in Cargo Area (1 July 2019)
Fuel tanks that have a common boundary to cargo or slop tanks are not to be situated within nor extend
partly into the cargo tank block. Such tanks may, however, be situated aft and/or forward of the cargo tank
block. They may be accepted when located as independent tanks on open deck in the cargo area subject to
spill and fire safety considerations.
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The arrangement of independent fuel tanks and associated fuel piping systems, including the pumps, can
be as for fuel tanks and associated fuel piping systems located in the machinery spaces, see 4-6-4/13. For
electrical equipment, requirements for hazardous area classification are to be met.

The cargo tank block, shown in 5C-1-1/5.33 FIGURE 2, is the part of the ship extending from the aft
bulkhead of the aftmost cargo or slop tank to the forward bulkhead of the forward most cargo or slop tank,
extending to the full depth and beam of the ship, but not including the area above the deck of the cargo or
slop tank.

FIGURE 2
Cargo Tank Block
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C H A P T E R  1
Vessels Intended to Carry Oil in Bulk (150 meters (492 feet) or more in

Length)

S E C T I O N  2
Design Considerations and General Requirements

1 General Requirements

1.1 General
The strength requirements specified in this Chapter are based on a “net” ship approach. In determining the
required scantlings and performing structural analyses and strength assessments, the nominal design
corrosion values given in 5C-1-2/3.1 TABLE 1 are to be deducted.

1.3 Initial Scantling Requirements
The initial thickness of plating, the section modulus of longitudinals/stiffeners, and the scantlings of the
main supporting structures are to be determined in accordance with 5C-1-4 for the “net” ship. These “net”
ship values are to be used for further assessment as required in the following paragraph. The relevant
nominal design corrosion values are then added to obtain the full scantling requirements.

1.5 Strength Assessment - Failure Modes
A total assessment of the structures, determined on the basis of the initial strength criteria in 5C-1-4 is to
be carried out against the following three failure modes.

1.5.1 Material Yielding
The calculated stress intensities are not to be greater than the yielding state limit given in
5C-1-5/3.1 for all load cases specified in 5C-1-3/9.

1.5.2 Buckling and Ultimate Strength
For each individual member, plate or stiffened panel, the buckling and ultimate strength is to be in
compliance with the requirements specified in 5C-1-5/5. In addition, the hull girder ultimate
strength is to be in accordance with 5C-1-5/5.11.

1.5.3 Fatigue
The fatigue strength of structural details and welded joints in highly stressed regions, is to be
analyzed in accordance with 5C-1-5/7.
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1.7 Structural Redundancy and Residual Strength
Consideration should be given to structural redundancy and hull girder residual strength in the early design
stages.

In addition to other requirements of these Rules, vessels which have been built in accordance with the
procedure and criteria for calculating and evaluating the residual strength of hull structures, as outlined in
the ABS Guide for Assessing Hull Girder Residual Strength, will be classed and distinguished in the
Record by the symbol RES placed after the appropriate hull classification notation.

3 Nominal Design Corrosion Values (NDCV)

3.1 General
As indicated in 5C-1-2/1.1, the strength criteria specified in this Chapter are based on a “net” ship
approach, wherein the nominal design corrosion values are deducted.

The “net” thickness or scantlings correspond to the minimum strength requirements acceptable for
classification, regardless of the design service life of the vessel. In addition to the coating protection
specified in the Rules for all ballast tanks, minimum corrosion values for plating and structural members as
given in 5C-1-2/3.1 TABLE 1 and 5C-1-2/3.1 FIGURE 1 are to be applied. These minimum values are
being introduced solely for the above purpose, and are not to be construed as renewal standards.

In view of the anticipated higher corrosion rates for structural members in some regions, such as highly
stressed areas, additional design margins should be considered for the primary and critical structural
members to minimize repairs and maintenance costs. The beneficial effects of these design margins on
reduction of stresses and increase of the effective hull girder section modulus can be appropriately
accounted for in the design evaluation.
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FIGURE 1 
Nominal Design Corrosion Values (NDCV)

TABLE 1 
Nominal Design Corrosion Values (NDCV)

Structural Element/Location

Nominal Design Corrosion Values in mm (in.)

Cargo Tank
Ballast Tank Effectively

Coated

Deck Plating 1.0 (0.04) 2.0 (0.08)

Side Shell Plating NA 1.5 (0.06)

Bottom Plating NA 1.0 (0.04)

Inner Bottom Plating 1.5 (0.06)
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Structural Element/Location

Nominal Design Corrosion Values in mm (in.)

Cargo Tank
Ballast Tank Effectively

Coated

Longitudinal Bulkhead
Plating

Between cargo tanks 1.0 (0.04) N.A.

Other Plating 1.5 (0.06)

Transverse Bulkhead Plating Between cargo tanks 1.0 (0.04) N.A.

Other Plating 1.5 (0.06)

Transverse & Longitudinal Deck Supporting Members 1.5 (0.06) 2.0 (0.08)

Double Bottom Tanks Internals (Stiffeners, Floors and
Girders)

N.A. 2.0 (0.08)

Vertical Stiffeners and Supporting Members Elsewhere 1.0 (0.04) 1.0 (0.04)

Non-vertical Longitudinals/Stiffeners and Supporting
Members Elsewhere

1.5 (0.06) 2.0 (0.08)

Notes:

1 It is recognized that corrosion depends on many factors including coating properties, cargo composition, inert gas
properties and temperature of carriage, and that actual wastage rates observed may be appreciably different from
those given here.

2 Pitting and grooving are regarded as localized phenomena and are not covered in this table.

3 For nominal design corrosion values for single hull and mid-deck type tankers see 5C-1-A3 and 5C-1-A4.
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C H A P T E R  1
Vessels Intended to Carry Oil in Bulk (150 meters (492 feet) or more in

Length)

S E C T I O N  3
Load Criteria

1 General

1.1 Load Components
In the design of the hull structure of tankers, all load components with respect to the hull girder and local
structure as specified in this Chapter and 3-2-1 are to be taken into account. These include static loads in
still water, wave-induced motions and loads, sloshing, slamming, dynamic, thermal and ice loads where
applicable.

3 Static Loads

3.1 Still-water Bending Moment
For still-water bending moment calculations see 3-2-1/3.3.

When a direct calculation of wave-induced loads [i.e. longitudinal bending moments and shear forces,
hydrodynamic pressures (external) and inertial forces and added pressure heads (internal)] is not
submitted, envelope curves of the still-water bending moments (hogging and sagging) and shear forces
(positive and negative), are to be provided.

Except for special loading cases, the loading patterns shown in 5C-1-3/3.1 FIGURE 1 are to be considered
in determining local static loads.
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FIGURE 1
Loading Pattern

Note:

For detailed loading information see 5C-1-3/5.7.2 TABLE 1A and 5C-1-3/5.7.2 TABLE 1B.

* For L.C. 9 and 10, where static conditions, such as tank testing, that have the same load pattern as the center row of tanks
resulting in a draft less than 1/4 Design Draft, the actual static condition draft is to be used. For vessels with two outer
longitudinal bulkheads only (inner skin), the minimum actual static condition or tank test draft is to be used. The value ofks = 1 . 0 is to be used in all tanks. The tanks are to be loaded considering the actual height of the overflow pipe, which is
not to be taken less than 2.44 m (8 feet) above the deck at side.
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For a hull structure with the main supporting members that are asymmetric forward and after the mid-tank transverse
bulkheads, the above load cases are to be evaluated by turning the finite element model by 180 degrees with respect to the
vertical axis.

For a hull structure that is asymmetric with respect to the centerline plane, the additional load cases mirroring the above
asymmetric load case are to be evaluated.

5 Wave-induced Loads

5.1 General
Where a direct calculation of the wave-induced loads is not available, the approximation equations given
below and specified in 3-2-1/3.5 may be used to calculate the design loads.

When a direct calculation of the wave-induced loads is performed, envelope curves of the combined wave
and still-water bending moments and shear forces, covering all the anticipated loading conditions, are to be
submitted for review.

5.3 Horizontal Wave Bending Moment and Shear Force
5.3.1 Horizontal Wave Bending Moment

The horizontal wave bending moment, positive (tension port) or negative (tension starboard), may
be obtained from the following equation:MH = ±mℎK3C1L2DCb × 10−3 kN−m(tf −m, Ltf − ft)
wheremℎ = distribution factor, as given by 5C-1-3/5.7.2 FIGURE 2K3 = 180 (18.34, 1.68)D = depth of vessel, as defined in 3-1-1/7, in m (ft)C1 , L and Cb are as given in 3-2-1/3.5.

5.3.2 Horizontal Wave Shear Force
The envelope of horizontal wave shearing force, FH, positive (toward port forward) or negative
(toward starboard aft), may be obtained from the following equation:FH = ± fℎkC1LD Cb+ 0 . 7 × 10−2 kN(tf,Ltf)
wherefℎ = distribution factor, as given in 5C-1-3/5.7.2 FIGURE 3k = 36 (3.67, 0.34)C1 , L, D and Cb are as defined in 5C-1-3/5.3.1above.

5.5 External Pressures
5.5.1 Pressure Distribution

The external pressures, pe, (positive toward inboard), imposed on the hull in seaways can be
expressed by the following equation at a given location:
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pe = ρg ℎs+ kuℎde ≥ 0 N/cm2 kgf/cm2,lbf/in2
whereρg = specific weight of sea water

= 1.005 N/cm2-m (0.1025 kgf/cm2-m, 0.4444 lbf/in2-ft)ℎs = hydrostatic pressure head in still water, in m (ft)ku = load factor, and may be taken as unity unless otherwise specified.ℎde = hydrodynamic pressure head induced by the wave, in m (ft), may be calculated as
follows:

= kcℎdi
wherekc = correlation factor for a specific combined load case, as given in 5C-1-3/7.1 and

5C-1-3/9ℎdi = hydrodynamic pressure head, in m (ft), at location i (i =1, 2, 3, 4 or 5; see
5C-1-3/5.7.2 FIGURE 4)

= kℓαiℎdo in m (ft)kℓ = distribution factor along the length of the vessel

= 1 + (kℓo− 1)cosμ, kℓo   is as given in 5C-1-3/5.7.2 FIGURE 5

= 1.0 amidshipsℎdo = 1 . 36   kC1 in m (ft)C1 = as defined in 3-2-1/3.5k = 1 (1, 3.281)αi = distribution factor around the girth of vessel at location i.
= 1.00 − 0.25 cos μ for i = 1, at WL, starboard

= 0.40 − 0.10 cos μ for i = 2, at bilge, starboard

= 0.30 − 0.20 sin μ for i = 3, at bottom centerline

= 2α3− α2 for i = 4, at bilge, port

= 0.75 − 1.25 sin μ for i = 5, at WL, portαi at intermediate locations of i may be obtained by linear interpolation.μ = wave heading angle, to be taken from 0° to 90° (0° for head sea, 90° for beam sea
for wave coming from starboard)

The distribution of the total external pressure including static and hydrodynamic pressure is
illustrated in 5C-1-3/5.7.2 FIGURE 6.

5.5.2 Extreme Pressures
In determining the required scantlings of local structural members, the extreme external pressure,pe , to be used, is as defined in 5C-1-3/5.5.1 with ku as given in 5C-1-3/7 and 5C-1-3/9.
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5.5.3 Simultaneous Pressures
When performing 3D structural analysis, the simultaneous pressure along any portion of the hull
girder may be obtained from:pes = ρg ℎs+ kfkuℎde ≥ 0 N/cm2(kgf/cm2, lbf/in2)
wherekf is a factor denoting the phase relationship between the reference station and adjacent stations
considered along the ship's length, and may be determined as follows:kf = kfo 1− 1− cos2π x − xoL cosμ
wherex = distance from A.P. to the station considered, in m (ft)xo = distance from A.P. to the reference station*, in m (ft).L = the vessel length, as defined in 3-1-1/3, in m (ft)μ = the wave heading angle, to be taken from 0° to 90°kfo = ± 1.0, as specified in 5C-1-3/Table 1.

Note: * The reference station is the point along the vessel’s length where the wave trough or crest is
located and may be taken as the mid-point of the mid-hold of the three hold model.

The simultaneous pressure distribution around the girth of the vessel is to be determined based on
the wave heading angles specified in 5C-1-3/7 and 5C-1-3/9.

5.7 Internal Pressures -Inertia Forces and Added Pressure Heads
5.7.1 Ship Motions and Accelerations

To determine the inertial forces and added pressure heads for a completely filled cargo or ballast
tank, the dominating ship motions, pitch and roll, and the resultant accelerations induced by the
wave are required. When a direct calculation is not available, the equations given below may be
used.

5.7.1(a) Pitch . The pitch amplitude: (positive bow up)ϕ = k1 V/Cb 1/4/L , in deg., but need not to be taken more than 10 deg.

The pitch natural period:Tp = k2 Cb   di seconds .
wherek1 = 1030   3378 for L in m (ft)k2 = 3 . 5   1 . 932 for di in m (ft)V = 75% of the design speed Vd, in knots for the purpose of calculating pitch and roll

amplitudes for both strength and fatigue strength formulation. V is not to be taken less
than 10 knots. Vd is defined in 3-2-14/3.di = draft amidships for the relevant loading conditions.
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L and Cb are defined in 3-1-1/3.1 and 3-1-1/13.3 respectively.

5.7.1(b) Roll . The roll amplitude: (positive starboard down)θ = CR 35− kθCdiΔ/1000 where   Tr > 20   seconds .θ = CR 35− kθCdiΔ/1000 1 . 5375− 0 . 027Tr where   12 . 5 ≤ Tr ≤ 20   secondsθ = CR 35− kθCdiΔ/1000 0 . 8625 + 0 . 027Tr where   Tr < 12 . 5   seconds .
whereθ is in degrees, but need not to be taken greater than 30°.kθ = 0 . 005 0 . 05, 0 . 0051CR = 1 . 3− 0 . 025VCdi = 1 . 06 di/df − 0 . 06di = draft amidships for the relevant loading conditions, m (ft)df = draft, as defined in 3-1-1/9, m (ft)Δ = kdLBdfCb kN (tf, Ltf)kd = 10.05 (1.025, 0.0286)L and B are as defined in 3-1-1.

The roll natural motion period:Tr = k4kr/GM1/2 seconds
wherek4 = 2(1 . 104) for   kr,GM   in m (ft)kr = roll radius of gyration, in m (ft), and may be taken as 0.35B for full load

conditions and 0.45B for ballast conditions.GM = metacentric height, to be taken as:

= GM full for full draft

= 1 . 1GM full for 9/10   df
= 1 . 5GM full for 2/3   df
= 2 . 0GM full for 1/2   dfGM full = metacentric height for fully loaded condition

If GM full  is not available, GM full  may be taken as 0.12B for the purpose
of estimation.

5.7.1(c) Accelerations . The vertical, longitudinal and transverse accelerations of tank contents
(cargo or ballast), av, aℓ and at may be obtained from the following formulae:
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av = Cvkvaog m/sec2 (ft/sec2) positive downward

aℓ = Cℓkℓaog m/sec2 (ft/sec2) positive forward

at = Ctktaog m/sec2 (ft/sec2) positive starboard

whereao = ko 2 . 4/L1/2+ 34/L − 600/L2 for L in m

= ko 4 . 347/L1/2+ 111 . 55/L − 6458/L2 for L in ftko = 1 . 3− 0 . 47Cb for strength formulation and assessment of local structural elements and members in
5C-1-4, 5C-1-5/1, 5C-1-3/3 and 5C-1-5/5.

= 0 . 86 + 0 . 048V − 0 . 47Cb for fatigue strength formulation in 5C-1-5/7 and 5C-1-A1Cv = cos   μ+ 1 + 2 . 4z/B sin   μ /kvμ = wave heading angle in degrees, 0° for head sea, and 90° for beam sea for wave coming from
starboardkv = 1 + 0 . 65 5 . 3− 45/L 2 x/L − 0 . 45 2 1/2 for L in m

= 1 + 0 . 65 5 . 3− 147 . 6/L 2 x/L − 0 . 45 2 1/2 for L in ft

Cℓ = 0 . 35− 0 . 0005 L − 200 for L in m

= 0 . 35− 0 . 00015 L − 656 for L in ftkℓ = 0 . 5 + 8y/LCt = 1 . 27 1 + 1 . 52 x/L − 0 . 45 2 1/2
kt = 0 . 35 + y/BL and B are the length and breadth of the vessel respectively, as defined in 3-1-1, in m (ft).x = longitudinal distance from the A.P. to the station considered, in m (ft)y = vertical distance from the waterline to the point considered, in m (ft), positive upwardz = transverse distance from the centerline to the point considered, in m (ft), positive starboardg = acceleration of gravity = 9.8 m/sec2 (32.2 ft/sec2)

5.7.2 Internal Pressures
5.7.2(a) Distribution of Internal Pressures.
The internal pressure, Pi (positive toward tank boundaries) for a completely filled tank may be
obtained from the following formula:pi = ksρg η+ kuℎd + po ≥ 0 in N/cm2 (kgf/cm2, lbf/in2)po = pvp− pn ≥ 0 in N/cm2 (kgf/cm2, lbf/in2)

where
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pvp = pressure setting on pressure/vacuum relief valve ≤ 6.90 N/cm2 (0.71 kgf/cm2, 10.00 lbf/in2) for
integral-gravity tankspn = 2.06 N/cm2 (0.21 kgf/cm2, 3.00 lbf/in2)ρg = specific weight of the liquid, not to be taken less than 1.005 N/cm2-m (0.1025 kgf/cm2-m, 0.4444
lbf/in2-ft)η = local coordinate in vertical direction for tank boundaries measuring from the top of the tanks, as
shown 5C-1-3/5.7.2 FIGURE 7, in m (ft)

For the lower ballast tank, a distance equivalent to 2/3 of the distance from the top of the tank to the
top of the overflow [minimum 760 mm (30 in.) above deck] is to be added to η.

ks = load factor – see also 5C-1-3/5.7.2(c)

= 1.0 for structural members 1 through 10 in 5C-1-3/5.7.2 TABLE 3, and for all loads from ballast
tanks

= 0.878 for ρg of 1.005 N/cm2-m (0.1025 kgf/cm2-m, 0.4444 lbf/in2-ft) and 1.0 for ρg of 1.118 N/cm2-
m (0.114 kgf/cm2-m, 0.4942 lbf/in2-ft) and above for structural members 11 through 17 in
5C-1-3/5.7.2 TABLE 3
For cargo ρg between 1.005 N/cm2-m (0.1025 kgf/cm2-m, 0.4444 lbf/in2-ft) and 1.118 N/cm2-m
(0.114 kgf/cm2-m, 0.4942 lbf/in2-ft), the factor ks may be determined by interpolationku = load factor and may be taken as unity unless otherwise specifiedℎd = wave-induced internal pressure head, including inertial force and added pressure head.

= kc ηai/g+ Δℎi           in m (ft)kc = correlation factor and may be taken as unity unless otherwise specifiedai = effective resultant acceleration, in m/sec2 (ft/sec2), at the point considered and may be approximated
by

= 0 . 71Cdp wvav+wℓ ℓ/ℎ aℓ+ wt b/ℎ atCdp is as specified in 5C-1-3/5.7.2(d).av , aℓ and at are as given in 5C-1-3/5.7.1(c).wv , wℓ and wt are weighted coefficients, showing directions, as specified in 5C-1-3/Table 1 and
5C-1-3/5.7.2 TABLE 3.Δℎi = added pressure head due to pitch and roll motions at the point considered, in m (ft), may be calculated

as follows

i) for bow down and starboard down ϕe < 0, θe > 0Δℎi = ξsin −ϕe + Cru ζesinθecosϕe+ ηecosθecosϕe− ηζe = b − ζηe = η
ii) for bow up and starboard up ϕe > 0,   θe < 0
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Δℎi = ℓ− ξ sinϕe+ Cru ζesin −θe cosϕe+ ηecosθecosϕe− ηζe = ζ − δbηe = η − δℎξ , ζ, η are the local coordinates, in m (ft), for the point considered with respect to the origin in
5C-1-3/5.7.2 FIGURE 7.Cru is as specified in 5C-1-3/5.7.2(d).δb and δℎ are local coordinates adjustments, in m (ft), for the point considered with respect to the
origin shown in 5C-1-3/5.7.2 FIGURE 7.

whereθe = 0 . 71   Cθθϕe = 0 . 71   Cϕϕℓ = length of the tank, in m (ft)ℎ = depth of the tank , in m (ft)b = Breadth of the tank considered, in m (ft)ϕ and θ are pitch and roll amplitudes, as given in 5C-1-3/5.7.1(a) and 5C-1-3/5.7.1(b)Cϕ and Cθ are weighted coefficients, showing directions as given in 5C-1-3/Table 1 and
5C-1-3/5.7.2 TABLE 3

Where pressure-vacuum valves of cargo tanks are set at greater than 2.06 N/cm2 (0.21 kgf/cm2, 3
lbf/in2), the value of Pi is to be increased appropriately.

5.7.2(b) Extreme Internal Pressure. For assessing local structures at a tank boundary, the extreme
internal pressure with ku as specified in 5C-1-3/7 is to be considered.

5.7.2(c) Simultaneous Internal Pressures. In performing a 3D structural analysis, the internal
pressures may be calculated in accordance with 5C-1-3/5.7.2(a) and 5C-1-3/5.7.2(b) above for
tanks in the mid-body. For tanks in the fore or aft body, the pressures should be determined based
on linear distributions of accelerations and ship motions along the length of the vessel.

Note:
In performing a 3D structural analysis, ks in 5C-1-3/5.7.2(a) is to be taken as:ks = 1.0 for all loads from ballast tanks

= 0.878 for ρg of 1.005 N/cm2-m (0.1025 kgf/cm2-m, 0.4444 lbf/in2-ft) and 1.0 for ρg of 1.118 N/cm2-
m (0.114 kgf/cm2-m, 0.4942 lbf/in2-ft) and above for all loads from cargo tanks

For cargo ρg between 1.005 N/cm2-m (0.1025 kgf/cm2-m, 0.4444 lbf/in2-ft) and 1.118 N/cm2-m
(0.114 kgf/cm2-m, 0.4942 lbf/in2-ft), the factor ks may be determined by interpolation ABS

5.7.2(d) Definition of Tank Shape and Associated Coefficients

i) J-shaped Tank

A tank having the following configurations is considered as a "J-shaped" tank.
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b/b1 ≥ 5 . 0 and ℎ/ℎ1 ≥ 5 . 0
whereb = extreme breadth at the tank top of the tank consideredb1 = least breadth of wing tank part of the tank consideredℎ = extreme height of the tank consideredℎ1 = least height of double bottom part of the tank considered

as shown in 5C-1-3/5.7.2 FIGURE 7.

The coefficients Cdp and Cru are as follows:Cdp = 0 . 7Cru = 1 . 0
ii) Rectangular Tank

The following tank is considered as a rectangular tank:b/b1 ≤ 3 . 0 or ℎ/ℎ1 ≤ 3 . 0
The coefficients Cdp and Cru of the tank are as follows:Cdp = 1 . 0Cru = 1 . 0

iii) U-shaped Tank

A half of a "U-shaped" tank, divided at the centerline, should satisfy the condition of a "J-
shaped" tank.

The coefficients Cdp and Cru are as follows:Cdp = 0 . 5Cru = 0 . 7
iv) In a case where the minimum tank ratio of b/b1 or ℎ/ℎ1, whichever is lesser, is greater

than 3.0 but less than 5.0, the coefficients Cdp and Cru of the tank are to be determined by
the following interpolation:

J-shaped Tank in head and non-head seas, U-shaped Tank in head seas:Cdp = 1 . 0− 0 . 3(themin . tankratio− 3 . 0)/2 . 0
U-shaped Tank in non-head seas:Cdp = 1 . 0− 0 . 5(themin . tankratio− 3 . 0)/2 . 0
U-shaped Tank:Cru = 1 . 0− 0 . 3(themin . tankratio− 3 . 0)/2 . 0
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v) For non-prismatic tanks mentioned above, b1, ℎ and ℎ1 are to be determined based on the
extreme section.

FIGURE 2 
Distribution Factor mℎ

FIGURE 3 
Distribution Factor fℎ
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FIGURE 4 
Distribution of ℎdi

FIGURE 5 
Pressure Distribution Function kℓo
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FIGURE 6 
Illustration of Determining Total External Pressure
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FIGURE 7 
Definition of Tank Geometry

For the lower ballast tanks, η is to be measured from a point located at 2/3 the distance from the top
of the tank to the top of the overflow (minimum 760 mm above deck).
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FIGURE 8 
Location of Tank for Nominal Pressure Calculation

TABLE 1A
Combined Load Cases for Yielding and Buckling Strength Formulation (1)

 L.C.1 L.C.2 L.C.3 (3) L.C.4 (3) L.C.5 L.C.6 L.C.7 L.C.8 L.C.9 L.C.10

A. Hull Girder Loads (See 5C-1-3/5)

Vertical
B.M.

Sag(–) Hog(+) Sag(–) Hog(+) Sag(–) Hog(+) Sag(–) Hog(+) - -

kc 1.0 1.0 0.7 0.7 0.3 0.3 0.4 0.4 0.0 0.0

Vertical
S.F. (2)

(+) (–) (+) (–) (+) (–) (+) (–) - -

kc 0.5 0.5 1.0 1.0 0.3 0.3 0.4 0.4 0.0 0.0

Horizontal
B.M.

    (–) (+) (–) (+)   

kc 0.0 0.0 0.0 0.0 0.3 0.3 1.0 1.0 0.0 0.0

Horizontal
S.F.

    (+) (–) (+) (–)   

kc 0.0 0.0 0.0 0.0 0.3 0.3 0.5 0.5 0.0 0.0

B. External Pressure (See 5C-1-3/5.5)
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 L.C.1 L.C.2 L.C.3 (3) L.C.4 (3) L.C.5 L.C.6 L.C.7 L.C.8 L.C.9 L.C.10kc 0.5 0.5 0.5 1.0 0.5 1.0 0.5 1.0 0.0 0.0kf0 -1.0 1.0 -1.0 1.0 -1.0 1.0 -1.0 1.0 0.0 0.0

C. Internal Tank Pressure (See 5C-1-3/5.7)kc 0.4 0.4 1.0 0.5 1.0 0.5 1.0 0.5 0.0 0.0wv 0.75 -0.75 0.75 -0.75 0.25 - 0.25 0.4 - 0.4 0.0 0.0wℓ Fwd Bhd
0.25

Fwd Bhd
-0.25

Fwd Bhd
0.25

Fwd Bhd
-0.25

- - Fwd Bhd
0.2

Fwd Bhd
-0.2

- -

 Aft Bhd
-0.25

Aft Bhd
0.25

Aft Bhd
-0.25

Aft Bhd
0.25

- - Aft Bhd
-0.2

Aft Bhd
0.2

- -

wt - - - - Port Bhd
-0.75

Port Bhd
0.75

Port Bhd
-0.4

Port Bhd
0.4

- -

 - - - - Stbd Bhd
0.75

Stbd Bhd
-0.75

Stbd Bhd
0.4

Stbd Bhd
-0.4

- -

cϕ , Pitch -0.35 0.35 -0.7 0.7 0.0 0.0 -0.3 0.3 0.0 0.0cθ , Roll 0.0 0.0 0.0 0.0 1.0 -1.0 0.3 -0.3 0.0 0.0

D. Reference Wave Heading and Motion of Vessel

Heading
Angle

0 0 0 0 90 90 60 60 - -

Heave Down Up Down Up Down Up Down Up - -

Pitch Bow
Down

Bow Up Bow
Down

Bow Up - - Bow
Down

Bow Up - -

Roll - - - - Stbd
Down

Stbd Up Stbd
Down

Stbd Up - -

Notes:

1 ku = 1 . 0 for all load components.

2 The sign convention for the shear force correspoonds to the forward end of the middle hold.

3 Load cases 3 & 4 are to be analyzed for the structural model that is fully balanced under the boundary forces to achieve the
specified hull girder vertical bending moment at the middle of the model. These load cases are also to be analyzed for the
structural model that is fully balanced under the boundary forces to achieve the specified hull girder vertical shear force s at
the mid-tank transverse bulkheads.

TABLE 1B
Combined Load Cases for Fatigue Strength Formulation (1)

 L.C.1 L.C.2 L.C.3 L.C.4 L.C.5 L.C.6 L.C.7 L.C.8 L.C.9 L.C.10

A. Hull Girder Loads (See 5C-1-3/5)

Vertical
B.M.

Sag(–) Hog(+) Sag(–) Hog(+) Sag(–) Hog(+) Sag(–) Hog(+) - -

kc 1.0 1.0 0.7 0.7 0.3 0.3 0.4 0.4 0.0 0.0
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 L.C.1 L.C.2 L.C.3 L.C.4 L.C.5 L.C.6 L.C.7 L.C.8 L.C.9 L.C.10

Vertical
S.F. (2)

(+) (–) (+) (–) (+) (–) (+) (–) - -

kc 0.5 0.5 1.0 1.0 0.3 0.3 0.4 0.4 0.0 0.0

Horizontal
B.M.

    (–) (+) (–) (+)   

kc 0.0 0.0 0.0 0.0 0.3 0.3 1.0 1.0 0.0 0.0

Horizontal
S.F.

    (+) (–) (+) (–)   

kc 0.0 0.0 0.0 0.0 0.3 0.3 0.5 0.5 0.0 0.0

B. External Pressure (See 5C-1-3/5.5)kc 0.5 0.5 0.5 1.0 0.5 1.0 0.5 1.0 0.0 0.0kf0 -1.0 1.0 -1.0 1.0 -1.0 1.0 -1.0 1.0 0.0 0.0

C. Internal Tank Pressure (See 5C-1-3/5.7)kc 0.4 0.4 1.0 0.5 1.0 0.5 1.0 0.5 0.0 0.0wv 0.75 -0.75 0.75 -0.75 0.25 - 0.25 0.4 - 0.4 0.0 0.0wℓ Fwd Bhd
0.25

Fwd Bhd
-0.25

Fwd Bhd
0.25

Fwd Bhd
-0.25

- - Fwd Bhd
0.2

Fwd Bhd
-0.2

- -

 Aft Bhd
-0.25

Aft Bhd
0.25

Aft Bhd
-0.25

Aft Bhd
0.25

- - Aft Bhd
-0.2

Aft Bhd
0.2

- -

wt - - - - Port Bhd
-0.75

Port Bhd
0.75

Port Bhd
-0.4

Port Bhd
0.4

- -

 - - - - Stbd Bhd
0.75

Stbd Bhd
-0.75

Stbd Bhd
0.4

Stbd Bhd
-0.4

- -

cϕ , Pitch -1.0 1.0 -1.0 1.0 0.0 0.0 -0.7 0.7 0.0 0.0cθ , Roll 0.0 0.0 0.0 0.0 1.0 -1.0 0.7 -0.7 0.0 0.0

D. Reference Wave Heading and Motion of Vessel

Heading
Angle

0 0 0 0 90 90 60 60 - -

Heave Down Up Down Up Down Up Down Up - -

Pitch Bow
Down

Bow Up Bow
Down

Bow Up - - Bow
Down

Bow Up - -

Roll - - - - Stbd
Down

Stbd Up Stbd
Down

Stbd Up - -

Notes:

1 ku = 1.0 for all load components.

2 The sign convention for the shear force corresponds to the forward end of the middle hold.
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TABLE 2
Load Cases for Sloshing

Type A: For Horizontal Girder on the Aft Side of Transverse Bulkhead

 

Hull girder Loads (1) External Pressures

Sloshing
Pressures

(2)
Reference Wave Heading and

Motions

V.B.M.
[H.B.M

.

V.S.F.
H.S.F.

ku,ku, kckc] ku kc kfo ku kc Heading
Angle

Heave Pitch Roll

LC S -1 (-)
[(–)

(+)
(+)

1.0
1.0

0.4
0.7]

1.0 0.5 -1.0 1.0 1.0 60° Down Bow
Down
-0.9

Stbd
Down

0.9

LC S -2 (+)
[(+)

(–)
(–)

1.0
1.0

0.4
0.7]

1.0 1.0 1.0 1.0 1.0 60° Up Bow
Up
0.9

Stbd
Up
-0.9

Type B: For Horizontal Girder on the Forward Side of Transverse Bulkhead

 

Hull girder Loads (1) External Pressures

Sloshing
Pressures

(2)
Reference Wave Heading and

Motions

V.B.M.
[H.B.M

.

V.S.F.
H.S.F.

ku,ku, kckc] ku kc kfo ku kc
Heading

Angle Heave Pitch Roll

LC S -1 (–)
[(–)

(+)
(+)

1.0
1.0

0.4
0.7]

1.0 0.5 1.0 1.0 1.0 60° Up Bow Up
0.9

Stbd Up
-0.9

LC S -2 (+)
[(+)

(–)
(–)

1.0
1.0

0.4
0.7]

1.0 1.0 -1.0 1.0 1.0 60° Down Bow
Down
-0.9

Stbd
Down

0.9

Notes:

1 For determining the total vertical bending moment for the above two load cases, 70% of the maximum designed still water
bending moment may be used at the specified wave vertical bending moment station.
where:
V.B.M. is vertical wave bending moment
V.S.F. is vertical wave shear force
H.B.M. is horizontal wave bending moment
H.S.F. is horizontal wave shear force

2 The vertical distribution of the sloshing pressure Pis is shown in 5C-1-3/11.5.3 FIGURE 9.

TABLE 3 
Design Pressure for Local and Supporting Members

A. Plating & Longitudinals/Stiffeners.
The nominal pressure, p = pi− pe , is to be determined from load cases “a” & “b” below, whichever is greater, with ku = 1.10 andkc = 1.0 unless otherwise specified in the table

Part 5C Specific Vessel Types
Chapter 1 Vessels Intended to Carry Oil in Bulk (150 meters (492 feet) or more in Length)
Section 3 Load Criteria 5C-1-3

ABS RULES FOR BUILDING AND CLASSING MARINE VESSELS • 2024 45



 Case “a” - At fwd end of the tank Case “b” - At mid tank/fwd end of tank

Structural
Members/

Components
Draft/Wave

Heading Angle

Location and
Loading
Pattern

Coefficients
Draft/Wave

Heading Angle

Location and
Loading
Pattern

Coefficientspi pe pi pe
1. Bottom Plating
& Long'1

2/3 design draft/0° Full ballast tank Ai Ae Design draft/0° Midtank of empty
ballast tanks

- Be
2. Inner Bottom
Plating & Long'1

2/3 design draft/0° Full ballast tank,
cargo tanks empty

Ai - design draft/0° Fwd end of full
cargo tank, ballast
tanks empty

Ai -

3. Side Shell
Plating & Long'1

2/3 design
draft/60°

Starboard side of
full ballast tank

Bi Ae design draft/60° Midtank of empty
ballast tanks

- Be
4. *Deck Plating &
Long'1 (Cargo
Tank)

Design draft/0° Full cargo tank Di -     

5. Deck Plating &
Long'1 (Ballast
Tank)

2/3 design draft/0° Full ballast tank Di -     

6. *Inner Skin
Long'1 Bhd.
Plating & Long'1

design draft/ 60° Starboard side of
full cargo tank,
ballast tank empty

Bi - 2/3 design
draft/60°

Fwd. end and
starboard side of
full ballast tank,
cargo tank empty

Bi -

7. *Center Line
Long'1 Bhd.
Plating & Long'1

design draft/ 60° Full starboard
cargo and ballast
tanks, adjacent
tank empty

Ei -     

8. *Other Long'1
Bhd. Plating &
Long'1

design draft/ 60° Starboard side of
full inward cargo
tanks, adjacent
tank empty

Bi - design draft/
60°(1997)

Fwd. end and
starboard side of
full outboard
cargo tanks,
adjacent tank
empty

Bi -

9. *Trans. Bhd.
Plating & Stiffener
(Cargo Tank)

design draft/0° Fwd. bhd. of full
cargo tank,
adjacent tanks
empty

Ai -     

10. *Trans. Bhd.
Plating & Stiffener
(Ballast Tank)

2/3 design draft/0° Fwd. bhd. of full
ballast tank,
adjacent tanks
empty

Ai -     

Note:
*See note 4

B. Main Supporting Members
The nominal pressure, p = pi− pe , is to be determined at the mid-span of the structural member at starboard side of vessel from
load cases “a” & “b” below, whichever is greater, with ku = 1.0 and kc= 1.0 unless otherwise specified in the table
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Case “a” – Mid-tank for Transverses Case “b” – Mid-tank for Transverses

Structural
Members/

Components
Draft/Wave

Heading Angle
Location and

Loading Pattern

Coefficients
Draft/Wave

Heading Angle

Location and
Loading
Pattern

Coefficientspi pe pi pe
11. Double Bottom
Floor & Girder

2/3 design draft/0° Full cargo tank,
ballast tanks
empty

Ai Ae Design draft/0° Mid-tank, cargo
and ballast tanks
empty

- Be
12. Side Transverse 2/3 design

draft/60°
Wing cargo tanks
full

Bi - Design draft/60° Center cargo tank
full, wing cargo
tanks empty

- Be
13. Transverse on
Long'l. Bhd.:
Tanker with C.L.
Long'l, Bhd.,
without cross ties,
(5C-1-4/1.7
FIGURE 2A-b,
5C-1-4/1.7
FIGURE 2A-c):
Tanker with four
Long'l. Bhds. with
cross ties:

2/3 design
draft/60°

Starboard cargo
tank full, port-
empty

Fi -     

Cross Ties in wing
cargo tanks
(5C-1-4/1.7
FIGURE 2A-d)

2/3 design
draft/90°

Center cargo tank
full, wing cargo
tanks empty

Ci - 2/3 design
draft/90°

Center cargo tank
empty, wing cargo
tanks full

Gi -

Cross Tie in center
cargo tank,
(5C-1-4/1.7
FIGURE 2A-e)

2/3 design
draft/60°

Wing cargo tanks
full, center cargo
tank empty

Fi - 2/3 design
draft/60°

Center cargo tank
full, wing cargo
tanks empty

Bi -

Tanker with four
Long'l. Bhds.
Without cross ties,
(5C-1-4/1.7
FIGURE 2A-f)

2/3 design
draft/60°

Wing cargo tanks
full, center cargo
tank empty

Fi - 2/3 design
draft/60°

Center cargo tank
full, wing cargo
tanks empty

Ci -

14. Horizontal
Girder and Vertical
Web on Transverse
Bulkhead

2/3 design
draft/60°

Fwd Bhd. of full
cargo tank,
adjacent tanks
empty

Bi -     

15. Cross Ties:
Cross Ties in wing
cargo tanks
(5C-1-4/1.7
FIGURE 2A-d)
Cross tie in center
cargo tank
(5C-1-4/1.7
FIGURE 2A-e)

2/3 design
draft/90°
2/3 design
draft/60°

Center cargo tank
full, wing cargo
tanks empty
Wing cargo tanks
full, center cargo
tank empty

CiFi -
-

Design draft/60° Wing cargo tanks
empty, center
cargo tank full
(starboard)

- Be
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Case “a” – Mid-tank for Transverses Case “b” – Mid-tank for Transverses

Structural
Members/

Components
Draft/Wave

Heading Angle
Location and

Loading Pattern

Coefficients
Draft/Wave

Heading Angle

Location and
Loading
Pattern

Coefficientspi pe pi pe
16. Deck
Transverses:
Tanker without
cross ties
(5C-1-4/1.7
FIGURE 2A-a,
5C-1-4/1.7
FIGURE 2A-b,
5C-1-4/1.7
FIGURE 2A-c &
5C-1-4/1.7
FIGURE 2A-f)
and, tankers with
cross ties in center
cargo tanks,
(5C-1-4/1.7
FIGURE 2A-e)
Tanker with cross
ties in wing cargo
tanks (5C-1-4/1.7
FIGURE 2A-d)

2/3 design
draft/60°
2/3 design
draft/90°

Cargo tank full,
adjacent tanks
empty
Cargo tank full,
adjacent tanks
empty

BiCi -
-

    

17. Deck girders 2/3 design draft/0° Cargo tank full,
adjacent tanks
empty

Ai - 2/3 design
draft/60°

Cargo tank full,
adjacent tanks
empty

Bi -
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Notes:

1 For calculating pi and pe, the necessary coefficients are to be determined based on the following designated groups:

a) For piAi: wv = 0.75, wℓ(fwd bhd) = 0.25, wℓ(aft bhd) = −0.25,wt = 0.0,cϕ = −0.35,cθ = 0.0Bi: wv = 0.4,wℓ(fwd bhd) = 0.2,wℓ(aft bhd) = −0.2,wt(starboard) = 0.4,wt(port) = −0.4,cϕ = −0.3,cθ = 0.3Ci: wv = 0.25, wℓ = 0, wt(starboard) = 0.75, wt(port) = −0.75, cϕ = 0.0, cθ = 1.0Di: wv = −0.75,wℓ(fwd bhd) = 0.25, wt = 0.0, cϕ = −0.35,cθ = 0.0Ei: wv = 0.4, wℓ(fwd bhd) = 0.2, wt(centerline) = 0.4, cϕ = −0.3, cθ = −0.3
Fi: wv = 0.4, wℓ(fwd bhd) = 0.2, wℓ(aft bhd) = −0.2, wt(starboard) = −0.4, wt(port) = 0.4,cϕ = −0.3,cθ = −0.3Gi: wv = 0.25,wℓ = 0,wt(starboard) = −0.75,wt(port) = 0.75,cϕ = 0.0,cθ = −1.0

b) For peAe: kℓo = 1.0,ku = 1.0,kc = −0.5Be: kℓo = 1.0

2 For structures within 0.4L amidships, the nominal pressure is to be calculated for a tank located amidships. Each cargo tank
or ballast tank in the region should be considered as located amidships, as shown in 5C-1-3/5.7.2 FIGURE 8.

3 In calculation of the nominal pressure, ρg of the fluid cargoes is not to be taken less than 1.005 N/cm2-m (0.1025 kgf/cm2-
m, 0.4444 lbf/in2-ft).

4 For structural members 4 and 6 to 10, sloshing pressures are to be considered in accordance with 5C-1-3/11.3. For
calculation of sloshing pressures, refer to 5C-1-3/11.5 with ρg not less than 1.005 N/cm2-m (0.1025 kgf/cm2-m, 0.4444
lbf/in2-ft).

7 Nominal Design Loads

7.1 General
The nominal design loads specified below are to be used for determining the required scantlings of hull
structures in conjunction with the specified permissible stresses given in 5C-1-4.

7.3 Hull Girder Loads - Longitudinal Bending Moments and Shear Forces
7.3.1 Total Vertical Bending Moment and Shear Force

The total longitudinal vertical bending moments and shear forces may be obtained from the
following equations:Mt = Msw+ kukcMw kN−m(tf −m, Ltf − ft)Ft = Fsw+ kukcFw kN(tf, Ltf)
whereMsw and Mw are the still-water bending moment and wave-induced bending moment respectively,
as specified in 3-2-1/3.7 for either hogging or sagging conditions.Fsw and Fw are the still-water and wave-induced shear forces respectively, as specified in
3-2-1/3.9 for either positive or negative shears.ku is a load factor and may be taken as unity unless otherwise specified.kc is a correlation factor and may be taken as unity unless otherwise specified.
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For determining the hull girder section modulus for 0.4L amidships as specified in 5C-1-4/3, the
maximum still-water bending moments, either hogging or sagging are to be added to the hogging
or sagging wave bending moments respectively. Elsewhere, the total bending moment may be
directly obtained based on the envelope curves as specified in 5C-1-3/3.1 and 5C-1-3/5.1.

For this purpose, ku = 1 . 0, and kc = 1 . 0
7.3.2 Horizontal Wave Bending Moment and Shear Force

For non-head sea conditions, the horizontal wave bending moment and the horizontal shear force
as specified in 5C-1-3/5.3, are to be considered as additional hull girder loads, especially for the
design of the side shell and inner skin structures. The effective horizontal bending moment and
shear force, MHE and FHE, may be determined by the following equations:MHE = kukcMH kN−m(tf −m, Ltf − ft)FHE = kukcFH kN(tf, Ltf)
where kuand kc are a load factor and a correlation factor, respectively, which may be taken as
unity unless otherwise specified.

7.5 Local Loads for Design of Supporting Structures
In determining the required scantlings of the main supporting structures, such as girders, transverses,
stringers, floors and deep webs, the nominal loads induced by the liquid pressures distributed over both
sides of the structural panel within the tank boundaries should be considered for the worst possible load
combinations. In general, considerations should be given to the following two loading cases accounting for
the worst effects of the dynamic load components.

i) Maximum internal pressures for a fully filled tank with the adjacent tanks empty and minimum
external pressures, where applicable.

ii) Empty tank with the surrounding tanks full and maximum external pressures, where applicable.

Taking the side shell supporting structure as an example, the nominal loads may be determined from either:

i) pi     =     ksρg η+ kuℎd           max. andpe     =     ρg ℎs+ kuℎde           min.
ii) pi     =     0                                 andpe     =     ρg ℎs+ kuℎde           max.
whereku = 1 . 0ρg, η, ℎd, ℎs, ℎde, ks are as defined in 5C-1-3/5.5 and 5C-1-3/5.7.

Specific information required for calculating the nominal loads are given in 5C-1-3/5.7.2 TABLE 3 for
various structural members and configurations.

7.7 Local Pressures for Design of Plating and Longitudinals
In calculating the required scantlings of plating, longitudinals and stiffeners, the nominal pressures should
be considered for the two load cases given in 5C-1-3/7.5, using ku = 1 . 1 for pi and pe instead ofku = 1 . 0 as shown above.
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The necessary details for calculating pi and pe are given in 5C-1-3/5.7.2 TABLE 3.

9 Combined Load Cases

9.1 Combined Load Cases for Structural Analysis
For assessing the strength of the hull girder structure and in performing a structural analysis as outlined in
5C-1-5, the eight combined load cases specified in 5C-1-3/Table 1 are to be considered. Additional
combined load cases may be required as warranted. The loading patterns are shown in 5C-1-3/3.1 FIGURE
1 for three cargo tank lengths. The necessary correlation factors and relevant coefficients for the loaded
tanks are also given in 5C-1-3/Table 1. The total external pressure distribution including static and
hydrodynamic pressure is illustrated in 5C-1-3/5.7.2 FIGURE 6.

9.3 Combined Load Cases for Failure Assessment
For assessing the failure modes with respect to material yielding, buckling and ultimate strength, the
following combined load cases shall be considered.

9.3.1 Ultimate Strength of Hull Girder
For assessing ultimate strength of the hull girder, the combined effects of the following primary
and local loads are to be considered.

9.3.1(a) Primary Loads, Longitudinal Bending Moments in Head Sea Conditions. ( MH = 0,FH =0).

Mt = Ms+ kukcMw, ku = 1 . 15, kc = 1 . 0 hogging and saggingFt = Fs+ kukcFw, ku = 1 . 15, kc = 1 . 0 positive and negative

9.3.1(b)Local Loads for Large Stiffened Panels. Internal and external pressure loads as given for
L.C. No. 1 and L.C. No. 2 in 5C-1-3/Table 1.

9.3.2 Yielding, Buckling and Ultimate Strength of Local Structures
For assessing the yielding, buckling and ultimate strength of local structures, the eight combined
load cases as given in 5C-1-3/Table 1 are to be considered.

9.3.3 Fatigue Strength
For assessing the fatigue strength of structural joints, the eight combined load cases given in
5C-1-3/9.1 are to be used for a first level fatigue strength assessment as outlined in 5C-1-A1.

11 Sloshing Loads

11.1 General
11.1.1

Except for tanks that are situated wholly within the double side or double bottom, the natural
periods of liquid motions and sloshing loads are to be examined in assessing the strength of
boundary structures for all cargo or ballast tanks which will be partially filled between 20% and
90% of tank capacity. The sloshing pressure heads given in this subsection may be used for
determining the strength requirements for the tank structures. Alternatively, sloshing loads may be
determined by model experiments or by numerical simulation using three dimensional flow
analysis. Methodology and procedures of tests and measurements or analysis methods are to be
fully documented and referenced. They are to be submitted for review.
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11.1.2
The effects of impulsive sloshing pressures on the design of the main supporting structures of tank
transverse and longitudinal bulkheads will be subject to special consideration.

11.3 Strength Assessment of Tank Boundary Structures
11.3.1 Tank Length and Pitch Induced Sloshing Loads

Tanks of length 54 m (177 ft.), or greater, are to satisfy requirements of either of the preventative
measures given in 5C-1-3/11.3.3 or 5C-1-3/11.3.4. Where the tank has smooth surfaces, one or
more swash bulkheads are to be fitted. Structural reinforcement is to be provided to the tank ends,
when the calculated pressure is higher than the pressure, pi, as specified in 5C-1-4/13.

Tanks of length 54 m (177 ft.), or greater that have ring webs, are to have a partial non-tight
bulkhead (i.e. non-full depth swash bulkhead) to eliminate the possibility of resonance at all filling
levels. The partial non-tight bulkhead may be waived if it can be demonstrated through the
application of model experiments or numerical simulation using three-dimensional flow analysis
that sloshing impacts do not occur. The height of the swash bulkhead is to be determined on the
basis of calculation using three-dimensional flow analysis as described in 5C-1-3/11.1.1

Where tank length is less than 54 m (177 ft.), and if either of the preventative measures given in
5C-1-3/11.3.3 or5C-1-3/11.3.4 is not satisfied, the tank boundary structures are to be designed in
accordance with 5C-1-4/13 to withstand the sloshing pressures specified in 5C-1-3/11.5.

11.3.2 Roll Induced Sloshing Loads
Tanks that do not satisfy either of the preventative measures given in 5C-1-3/11.3.3 or
5C-1-3/11.3.4, with respect of roll resonance, are to have their tank boundary structures designed
in accordance with 5C-1-4/13 to withstand the sloshing pressures specified in 5C-1-3/11.5.

11.3.3
For long or wide cargo tanks, non-tight bulkheads or ring webs or both are to be designed and
fitted to eliminate the possibility of resonance at all filling levels.

Long tanks have length, ℓ, exceeding 0.1L. Wide tanks have width, b, exceeding 0.6B.

11.3.4
For each of the anticipated loading conditions, the “critical” filling levels of the tank should be
avoided so that the natural periods of fluid motions in the longitudinal and transverse directions
will not synchronize with the natural periods of the ship's pitch and roll motions, respectively. It is
further recommended that the natural periods of the fluid motions in the tank, for each of the
anticipated filling levels, are at least 20% greater or smaller than that of the relevant ship's motion.

The natural period of the fluid motion, in seconds, may be approximated by the following
equations:Tx = βTℓe 1/2/k in the longitudinal directionTy = βLbe 1/2/k in the transverse direction

whereℓe = effective length of the tank, as defined in 5C-1-3/11.5.1, in m (ft)be = effective breadth of the tank, as defined in 5C-1-3/11.5.1,in m (ft)
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k = tanh   H1 / 4π/g 1/2H1 = πdℓ/ℓe   or   πdb/beβT , βL, dℓ and db are as defined in 5C-1-3/11.5.1. The natural periods given in 5C-1-3/5.7 for
pitch and roll of the vessel, Tp and Tr, using the actual GM value, if available, may be used for
this purpose.

11.5 Sloshing Pressures
11.5.1 Nominal Sloshing Pressure

For cargo tanks with filling levels within the critical range specified in 5C-1-3/11.3.2, the internal
pressures pis, including static and sloshing pressures, positive toward tank boundaries, may be
expressed in terms of equivalent liquid pressure head, ℎe , as given below:pis = ksρgℎe ≥ 0 in   N/cm2(kgf/cm2, lbf/in2)
whereks = load factor as defined in 5C-1-3/5.7.2(a)ℎe = cmℎm+ kuℎc for y below filling level dm(cmℎm need not exceed ℎ and ℎe need not

exceed ℎe calculated at y = 0 . 15 for y below 0 . 15ℎ)

= ku ℎc+ ℎt− ℎc y − dm / ℎ− dm  for   y   above   dmcm = coefficient in accordance with 5C-1-3/11.5.3 FIGURE 10ℎm = static head, taken as the vertical distance, in m (ft), measured from the filling level, dm,
down to the point considered. dm, the filling level for maximum ℎc calculated with Cϕs
and Cθs equal to 1.0, should not be taken less than 0.55ℎ.dm = filling level, in m (ft), as shown in 5C-1-3/11.5.3 FIGURE 9ku = load factor, and may be taken as unity unless otherwise specified.ℎc = maximum average sloshing pressure heads, in m (ft), to be obtained from calculations
as specified below for at least two filling levels, 0.55ℎ and the one closest to the
resonant period of ship’s motions, between 0.2ℎ and 0.9ℎ. ℎc may be taken as constant
over the tank depth, ℎ (See 5C-1-3/11.5.3 FIGURE 9)ℎt = sloshing pressure heads for upper bulkhead, in m (ft), to be obtained from calculation
belowℎ = depth of tank, in m (ft)y = distance, in m (ft), measured from the tank bottom to the point consideredρg is as defined in 5C-1-3/5.7.2.

The values of ℎc and ℎt may be obtained from the following equations:ℎc = kc Cϕsℎℓ2+ Cθsℎb2 1/2         in m(ft)
ℎt = kc Cϕsℎtℓ2 + Cθsℎtb2 1/2         in m(ft)
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wherekc = correlation factor for combined load cases, and may be taken as unity unless otherwise specified.ℎℓ = ϕesℓeCtℓβT 0 . 018 + Cfℓ 1 . 0− dℓ/Hℓ /ϕes dℓ/Hℓ           m(ft)ℎb = θesbeCtbβL 0 . 016 + Cfb 1 . 0− db/Hb /θes db/Hb            m(ft)Cϕs and Cθs are the weighted coefficients as given in 5C-1-3/11.5.3 FIGURE 10.

whereβT represents β for transverse bulkheads and βL represents β for the longitudinal bulkheads.ϕes = 0 . 71cϕϕθes = 0 . 71cθθϕ and θ are as defined in 5C-1-3/5.7.1.ℓe = effective tank length that accounts for the effect of deep ring-web frames, in m (ft)

= βT* 2ℓbe = effective tank width that accounts for the effect of deep ring-web frames, in m (ft)

= βL* 2bβ* = 1.0 for tanks without deep ring webs,

= 0 . 25 4 . 0− 1− α* − 1− α* 2  for α* to be determined at do,βT* represents β* for transverse bulkheads.βL* represents β*for longitudinal bulkheads.β = βo βs ≥ 0 . 5βT represents β for transverse bulkheads.βL represents β for longitudinal bulkheads.βo = 1.0 for tanks without a swash bulkhead

= 0 . 25 4 . 0− 1− αo − 1− αo 2  for tanks with a swash bulkheadβs = 1.0 for boundary bulkheads that:

i) do not contain any deep horizontal girder; or

ii) do contain deep horizontal girders but with an opening ratio, αs, less than 0.2
or greater than 0.4
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= 0 . 25 4 . 0− 1− αo − 1− αo 2  for bulkheads with deep horizontal girders having
an opening ratio, αs, between 0.2 and 0.4α = opening ratio (see 5C-1-3/11.5.3 FIGURE 11)

For αo, 5C-1-3/11.5.3 FIGURE 12(1), opening ratios of swash bulkheads, shall be used for all
filling levels considered. Also 5C-1-3/11.5.3 FIGURE 12(2), local opening ratio for do = 0 . 7ℎ,
bounded by the range between 0.6ℎ and 0.9ℎ, shall be considered for openings within the range.
The smaller of the two opening ratios calculated, based on 5C-1-3/11.5.3 FIGURE 12(1) and
5C-1-3/11.5.3 FIGURE 12(2) for this filling level, shall be used as the opening ratio.

For α*, 5C-1-3/11.5.3 FIGURE 12(3), opening ratio of deep ring-webs, filling level do shall be
used.

For αs, 5C-1-3/11.5.3 FIGURE 12(4), opening ratio of a deep horizontal girder on a boundary
bulkhead, is applicable to a filling level just above the horizontal girder in the zones illustrated in
the figure. Not to be considered for do = 0 . 7ℎ, unless a sizable girder is installed between 0.7ℎ
and ℎ. Also not to be considered if opening area in the girder is less than 20%, or greater than
40%, of the area of the girder (i.e., αs = 1)Cfℓ = 0 . 792 dℓ/ βTℓe 1/2+ 1 . 98Cfb = 0 . 704 db/ βLbe 1/2+ 1 . 76Ctℓ = 0 . 9xo1/ 1 + 9 1− xo 2 ≥ 0 . 25x0 = Tx/Tpxo1 = xo           where   xo ≤ 1 . 0

= 1/xo         where   xo > 1 . 0Ctb = 0 . 9yo1/ 1 + 9 1− yo 2 ≥ 0 . 25yo = Ty/Tr If roll radius of gyration is not known, 0.39B may be used in calculation of Tryo1 = yo           where   yo ≤ 1 . 0
= 1/yo         where   yo > 1 . 0Tx and Ty are as defined in 5C-1-3/11.3.4.Tp and Tr are as defined in 5C-1-3/5.7.do = filling depth, in m (ft)dℓ = d0− dℓ1 n/ n+ 4 1/2− 0 . 45dℓ2,             and ≥ 0 . 0db = d0− db1 m/ m+ 4 1/2− 0 . 45db2,             and ≥ 0 . 0Hℓ = ℎ− dℓ1 n/ n+ 4 1/2− 0 . 45dℓ2Hb = ℎ− db1 m/ m+ 4 1/2− 0 . 45db2
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dℓ1 = height of deep bottom transverses measured from the tank bottom, (5C-1-3/11.5.3
FIGURE 13), in m (ft)dℓ2 = bottom height of the lowest openings in non-tight transverse bulkhead measured above
the tank bottom or top of bottom transverses (5C-1-3/11.5.3 FIGURE 13), in m (ft)n = number of deep bottom transverses in the tankdb1 = height of deep bottom longitudinal girders measured from the tank bottom
(5C-1-3/11.5.3 FIGURE 13), in m (ft)db2 = bottom height of the lowest openings in non-tight longitudinal bulkhead measured
above the tank bottom, or top of bottom longitudinal girders (5C-1-3/11.5.3 FIGURE
13), in m (ft)m = number of deep bottom longitudinal girders in the tankℓs bs  shall be used in place of ℓe be  for a filling level below the completely solid portion of the

nontight bulkhead, i.e. the region below the lowest opening, (5C-1-3/11.5.3 FIGURE 13), whereℓs bs  is taken as the distance bounded by the solid portion of the nontight bulkhead below the
lowest opening and the tight bulkhead. dℓ , Hℓ and db, Hb need not consider the effect of dℓ2 anddb2, respectively.ℎtl = 0 . 0068βT′ ℓeCtℓ′ ϕes+ 40 ϕes 1/2 m(ft)ℎtb = 0 . 0055βT′ ℓeCtℓ′ ϕes+ 35 ϕes 1/2 m(ft)
whereCtℓ′  and Ctb′  are Ctℓ and Ctb for ℎm = 0 . 70ℎ; βT′  and βL′  correspond to β for do = 0 . 70ℎ; ϕes andθes are as defined previously.Cϕs and Cθs are weighted coefficients, as given in 5C-1-3/11.5.3 FIGURE 10.ℎtl shall not be less than ℎp;ℎtb shall not be less than ℎrℎp = ℓsin ϕesℎr = bsin θes

11.5.2 Sloshing Loads for Assessing Strength of Structures at Tank Boundaries
11.5.2(a) In assessing the strength of tank boundary supporting structures, the two combined load
cases with loading pattern shown in 5C-1-3/11.5.3 FIGURE 14, with the specified sloshing loads
shown in 5C-1-3/5.7.2 TABLE 2 for the respective side on which the horizontal girder is located,
are to be considered when performing a 3D structural analysis.

11.5.2(b) In assessing the strength of plating and stiffeners at tank boundaries, local bending of the
plating and stiffeners with respect to the local sloshing pressures for structural members/elements
is to be considered, in addition to the nominal loadings specified for the 3D analysis in
5C-1-3/11.5.2(a) above. In this regard, ku should be taken as 1.15 instead of 1.0, shown in
5C-1-3/11.5.2(a) above for the combined load cases, to account for the maximum pressures due to
possible non-uniform distribution.

11.5.3 Sloshing Loads Normal to the Web Plates of Horizontal and Vertical Girders
In addition to the sloshing loads acting on the bulkhead plating, the sloshing loads normal to the
web plates of horizontal and vertical girders are to be also considered for assessing the strength of
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the girders. The magnitude of the normal sloshing loads may be approximated by taking 25% ofℎc or ℎt for ku = 1.0, whichever is greater, at the location considered.

FIGURE 9 
Vertical Distribution of Equivalent Slosh Pressure Head, he
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FIGURE 10 
Horizontal Distribution of Simultaneous Slosh Pressure Heads, hc(Φsθs)

or ht(Φsθs)

 

 

Note: ℎc may be taken as zero for the deck and inner bottom
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FIGURE 11 
Definitions for Opening Ratio, α

FIGURE 12
Opening Ratios
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FIGURE 13 
Dimensions of Internal Structures
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FIGURE 14 
Loading Patterns for Sloshing Loads Cases

13 Impact Loads

13.1 Impact Loads on Bow
For tankers possessing significant bowflare or with a heavy weather ballast draft forward less than 0.04L,
the bowflare and/or bottom slamming loads are to be considered for assessing the strength of the side and
bottom plating and associated stiffening system in the forebody region.

13.1.1 Bow Pressure
When experimental data or direct calculation are not available, nominal wave-induced bow
pressures aboveLWL in the region from the forward end to the collision bulkhead may be obtained
from the following equation:Pbij = kCkCijVij2 sinγij kN/m2 tf/m2, Ltf/ft2
wherek = 1.025 (0.1045, 0.000888)Cij = 1 + cos2 90 Fbi− 2aij /Fbi 1/2
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Vij = ω1Vsinαij+ ω2 L 1/2ω1 = 0.515 (1.68)                    for m (ft)ω2 = 1.0 (1.8)V = 75% of the design speed, Vd, in knots. V is not to be taken less than 10 knots. Vd is
defined in 3-2-14/3.1.γij = local bow angle measured from the horizontal, not to be taken less than 50°

= tan−1 tanβij/cosαijαij = local waterline angle measured from the centerline, see 5C-1-3/13.1.1 FIGURE 15, not
to be taken less than 35°βij = local body plan angle measure from the horizontal, see 5C-1-3/13.1.1 FIGURE 15, not
to be taken less than 35°Fbi = freeboard from the highest deck at side to the load waterline (LWL) at station i, see
5C-1-3/13.1.1 FIGURE 15aij = vertical distance from the LWL to WLj, see 5C-1-3/13.1.1 FIGURE 15Ck = 0.7 at collision bulkhead and 0.9 at 0.0125 L, linear interpolation for in between

= 0.9 between 0.0125L and the FP

= 1.0 at and forward of the FPi, j = station and waterline, to be taken to correspond to the locations as required by
5C-1-6/3.1.1

FIGURE 15 
Definition of Bow Geometry
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13.3 Bottom Slamming
For tankers with heavy weather ballast draft forward less than 0.04L but greater than 0.025L, bottom
slamming loads are to be considered for assessing strength of the flat bottom plating forward and the
associated stiffening system in the fore body region. For this assessment, the heavy weather ballast draft
forward is to be determined by using segregated ballast tanks only.

13.3.1 Bottom Slamming Pressure
The equivalent bottom slamming pressure for strength formulation and assessment should be
determined based on well documented experimental data or analytical studies. When these direct
calculations are not available, nominal bottom slamming pressures may be determined by the
following equations:Psi = kki vo2+MViEni Ef kN/m2  tf/m2, Ltf/ft2
wherePsi = equivalent bottom slamming pressure for section ik = 1.025 (0.1045, 0.000888)ki = 2.2 b*/do+ α ≤ 40b* = half width of flat of bottom at the i − tℎ ship station, see 5C-1-3/13.3.1 FIGURE 16do = 1/10 of the section draft at the heavy ballast condition, see 5C-1-3/13.3.1 FIGURE 16α = a constant as given in 5C-1-3/13.3.1 TABLE 4Ef = f1ω1 L 1/2f1 = 0.004 (0.0022)         for m (ft)
where b represents the half breadth at the 1/10 draft of the section, see 5C-1-3/13.3.1 FIGURE 16.
Linear interpolation may be used for intermediate values.V = 75% of the design speed Vd in knots. V is not to be taken less than 10 knotsvo = co L 1/2, in m/s(ft/s)co = 0 . 29 0 . 525     for m(ft)L = vessel’s length as defined in 3-1-1/3.1MRi = c1Ai VL/Cb 1/2
c1 = 0 . 44 2 . 615       for m(ft)MVi = BiMRi
Ai and Bi are as given in 5C-1-3/13.5.1 TABLE 5.Gei = e − vo2/MVi+ di2/MRidi = local section draft, in m (ft)Eni = natural log of ni
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ni = 5730 MVi/MRi 1/2 Gei, where   ni < 1   then   Psi = 0ω1 = natural angular frequency of the hull girder 2-node vertical vibration of the vessel in
the wet mode and the heavy ballast draft condition, in rad/second. Where not known,
the following equation may be used:

= μ BD3/ ΔSCb3L3 1/2+ co             ≥ 3 . 7
whereμ = 23400 (7475,4094)ΔS = Δb 1 . 2 + B/ 3dbΔb = vessel displacement at the heavy ballast condition, in kN (tf, Ltf)db = mean draft of vessel at the heavy ballast condition, in m (ft)co = 1.0 for heavy ballast draftL ,B and D are as defined in 3-1-1.Cb is as defined in 3-2-1/3.5.

TABLE 4
Values of α

b/do α b/do α
1.00 0.00 4.00 20.25

1.50 9.00 5.00 22.00

2.00 11.75 6.00 23.75

2.50 14.25 7.00 24.50

3.00 16.50 7.50 24.75

3.50 18.50 25.0 24.75
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FIGURE 16 
Distribution of Bottom Slamming Pressure Along the Section Girth

13.5 Bowflare Slamming
For vessels possessing bowflare and having a shape parameter Ar greater than 21 m (68.9 ft), in the
forebody region, bowflare slamming loads are to be considered for assessing the strength of the side
plating and the associated stiffening system in the forebody region of the vessel at its scantling draft.Ar = the maximum value of Ari in the forebody regionAri = bowflare shape parameter at a station i forward of the quarter length, up to the FP of the

vessel, to be determined between the load waterline (LWL) and the upper deck/forecastle, as
follows:

= bT/H 2Σbj 1 + sj/bj 2 1/2, j = 1,n;n ≥ 3
wheren = number of segmentsbT = ΣbjH = Σsjbj = local change (increase) in beam for the j − tℎ segment at station i (see 5C-1-3/13.5.1 FIGURE

17)sj = local change (increase) in freeboard up to the highest deck for the j − tℎ segment at station i
forward (see 5C-1-3/13.5.1 FIGURE 17).
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13.5.1 Nominal Bowflare Slamming
When experimental data or direct calculation is not available, nominal bowflare slamming
pressures may be determined by the following equations:Pij = Poij or Pbij as defined below, whichever is greaterPoij = k1 9MRi− ℎij2 1/2 kN/m2 (tf/m2, Ltf/ft2)

Pbij = k2k3 C2+ KijMVi 1 + Eni kN/m2 (tf/m2, Ltf/ft2)

wherek1 = 9.807 (1, 0.0278)k2 = 1.025 (0.1045, 0.000888)k3 = 1 for ℎij ≤ ℎb*
= 1+ ℎij/ℎb*− 1 2       for ℎb* < ℎij < 2   ℎb*
= 2 for ℎij ≥ 2   ℎb*ℎij = vertical distance measured from the load waterline (LWL) at station i to WLj on the

bowflare. The value of ℎij is not to be taken less than ℎb*. Pbij at a location betweenLWL and ℎb* above LWL need not be taken greater than pbij* .ℎb* = 0 . 005 L − 130 + 3 . 0   m for L < 230   m
= 0 . 005 L − 426 . 4 + 9 . 84   ft for L < 754   ft
= 7 . 143 × 10−3 L − 230 + 3 . 5   m for 230   m ≤ L < 300   m
= 7 . 143 × 10−3 L − 754 . 4 + 11 . 48   ft for 754   ft ≤ L < 984   ft
= 4 . 0m 13 . 12ft for L ≥ 300   m   984   ftpbij* = Pbi* βi*/βij′Pbi* = Pbij   at   ℎb*   above   LWLC2 = 39 . 2m 422 . 46ftEni = natural log of nijnij = 5730 MVi/MRi 1/2   Gij ≥ 1 . 0Gij = e −ℎij2 /MRiMVi = BiMRi , where Bi is given in 5C-1-3/13.5.1 TABLE 5.

MRi = c1Ai VL/Cb 1/2 , where Ai is given in 5C-1-3/13.5.1 TABLE 5, if 9MRi < ℎij2 , thenPoij = 0c1 = 0 . 44 2 . 615  for m (ft)V = as defined in 5C-5-3/11.1
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L = as defined in 3-1-1/3.1, in m (ft)Cb = as defined in 3-2-1/3.5.1 and not to be less than 0.6Kij = fij rj/ bbij+ 0 . 5ℎij 3/2 ℓij/rj 1 . 09 + 0 . 029V − 0 . 47Cb 2fij = 90/βij′ − 1 2 tan2 βij′ /9 . 86 cos   γβij′ = normal local body plan angleβij = local body plan angle measured from the horizontal, in degrees, need not be taken
greater than 75 degrees, see 5C-1-3/13.1.1 FIGURE 15βi* = βij′  at ℎb* above LWLrj = MRi 1/2bbij = bij− bi0 > 2 . 0m 6 . 56ft

bij = local half beam of location j at station ibi0 = local waterline half beam at station iℓij = longitudinal distance of WLj at station i measured from amidships, based on the
scantling lengthγ = ship stem angle at the centerline measured from the horizontal, 5C-1-3/13.5.1 FIGURE
18, in degrees, not to be taken greater than 75 degrees

TABLE 5
Values of Ai and Bi  *

 Ai Bi
-0.05L 1.25 0.3600FP 1.00 0.4000

0.05L 0.80 0.4375

0.10L 0.62 0.4838

0.15L 0.47 0.5532

0.20L 0.33 0.6666

0.25L 0.22 0.8182

0.30L 0.22 0.8182

Note:
* Linear interpolation may be used for intermediate values.
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FIGURE 17 
Definition of Bowflare Geometry for Bowflare Shape Parameter

Part 5C Specific Vessel Types
Chapter 1 Vessels Intended to Carry Oil in Bulk (150 meters (492 feet) or more in Length)
Section 3 Load Criteria 5C-1-3

ABS RULES FOR BUILDING AND CLASSING MARINE VESSELS • 2024 68



FIGURE 18 
Ship Stem Angle, γ

13.5.2 Simultaneous Bowflare Slamming Pressure
For performing structural analyses to determine overall responses of the hull structures, the spatial
distribution of instantaneous bowflare slamming pressures on the fore body region of the hull may
be expressed by multiplying the calculated maximum bowflare slamming pressures, Pij, at
forward ship stations by a factor of 0.71 for the region between the stem and 0.3L from the FP.
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C H A P T E R  1
Vessels Intended to Carry Oil in Bulk (150 meters (492 feet) or more in

Length)

S E C T I O N  4
Initial Scantling Criteria

1 General

1.1 Strength Requirement
This section specifies the minimum strength requirements for hull structure with respect to the
determination of initial scantlings, including the hull girder, shell and bulkhead plating, longitudinals/
stiffeners and main supporting members. Once the minimum scantlings are determined, the strength of the
resulting design is to be assessed in accordance with Section 5C-1-5. The assessment is to be carried out by
means of an appropriate structural analysis as per 5C-1-5/9, in order to establish compliance with the
failure criteria in 5C-1-5/3. Structural details are to comply with 5C-1-4/1.5.

The requirements for hull girder strength are specified in 5C-1-4/3. The required scantlings of double
bottom structures, side shell and deck, and longitudinal and transverse bulkheads are specified in 5C-1-4/7
through 5C-1-4/17 below. 5C-1-4/1.7 FIGURE 1 shows the appropriate subsections giving scantling
requirements for the various structural components of typical double hull tankers. For hull structures
beyond 0 . 4L amidships the initial scantlings are determined in accordance with Section 5C-1-6.

1.3 Calculation of Load Effects
Approximation equations are given in 5C-1-4/7 through 5C-1-4/13 for calculating the maximum bending
moments and shear forces for main supporting members clear of the end brackets, and axial loads for cross
ties for typical structural arrangements and configurations (5C-1-4/1.7 FIGURE 2A and 5C-1-4/1.7
FIGURE 2B). For designs with different structural configurations, these local load effects may be
determined from a 3D structural analysis at the early design stages, as outlined in 5C-1-5/9, for the
combined load cases specified in 5C-1-3/9, excluding the hull girder load components. In this regard, the
detailed analysis results are to be submitted for review.

1.5 Structural Details
The strength criteria specified in this Section and 5C-1-6 are based on assumptions that all structural joints
and welded details are properly designed and fabricated and are compatible with the anticipated working
stress levels at the locations considered. It is critical to closely examine the loading patterns, stress
concentrations and potential failure modes of structural joints and details during the design of highly
stressed regions. In this exercise failure criteria specified in 5C-1-5/3 may be used to assess the adequacy
of structural details.
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1.7 Evaluation of Grouped Stiffeners
Where several members in a group with some variation in requirement are selected as equal, the section
modulus requirement may be taken as the average of each individual requirement in the group. However,
the section modulus requirement for the group is not to be taken less than 90% of the largest section
modulus required for individual stiffeners within the group. Sequentially positioned stiffeners of equal
scantlings may be considered a group.

FIGURE 1 
Scantling Requirement Reference by Sub-Section
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FIGURE 2A 
Definitions of Spans (A)
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FIGURE 2B 
Definitions of Spans (B)
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3 Hull Girder Strength

3.1 Hull Girder Section Modulus
3.1.1 Hull Girder Section Modulus Amidships

The required hull girder section modulus amidships is to be calculated in accordance with
3-2-1/3.7, 3-2-1/5 and 3-2-1/9. For the assessment of ultimate strength as specified in 5C-1-5 and
the determination of initial net structural scantlings, the net hull girder section modulus amidships,SMn, is to be calculated in accordance with 5C-1-4/3.1.2 below.

3.1.2 Effective Longitudinal Members
The hull girder section modulus calculation is to be carried out in accordance with 3-2-1/9, as
modified below. To suit the strength criteria based on a “net” ship concept, the nominal design
corrosion values specified in 5C-1-2/3.1 TABLE 1 are to be deducted in calculating the net section
modulus, SMn.

3.3 Hull Girder Moment of Inertia
The hull girder moment of inertia is to be not less than required by 3-2-1/3.7.2.

5 Shearing Strength

5.1 General
The net thickness of the side shell and longitudinal bulkhead plating is to be determined based on the total
vertical shear force, Ft, and the permissible shear stress, fs, given below, where the outer longitudinal
bulkheads (inner skin) are located no further than 0 . 075B from the side shell.

The nominal design corrosion values as given in 5C-1-2/3.1 TABLE 1 for the side shell and longitudinal
bulkhead plating are to be added to the “net” thickness thus obtained.Ft = FS+ FW kN(tf, Ltf)t = Fm/Ifs cm(in . )          
whereFS = still-water shear force based on the still-water shear force envelope curve for all anticipated

loading conditions in accordance with 3-2-1/3.3, at location considered, in kN (tf, Ltf).FW = vertical wave shear force, as given in 3-2-1/3.5.3, in kN (tf, Ltf). FW for in-port condition may
be taken as zero.t = ts or ti (see 5C-1-4/5.3 and 5C-1-4/5.5)F = FtDs or (Ft+ Ri)Di (see 5C-1-4/5.3 and 5C-1-4/5.5 below)m = first moment of the “net” hull girder section, in cm3 (in3), about the neutral axis, of the area
between the vertical level at which the shear stress is being determined and the vertical
extremity of the section under considerationI = moment of inertia of the “net” hull girder section at the position considered, in cm4 (in4)fs = 11.96/Q kN/cm2 (1.220/Qtf/cm2, 7.741/Q Ltf/in2)        at sea

= 10.87/QkN/cm2 (1.114/Qtf/cm2, 7.065/Q Ltf/in2)        in portQ = material conversion factor

= 1.0 for ordinary strength steel
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= 0.78 for Grade H32 steel

= 0.72 for Grade H36 steel

= 0.68 for Grade H40 steel

For the purpose of calculating required thickness for hull girder shear, the sign of Ft may be disregarded
unless algebraic sum with other shear forces, such as local load components, is appropriate.

5.3 Net Thickness of Side Shell Plating:ts ≥ FtDsm/Ifs     cm(in . )
whereDs = shear distribution factor for side shell, as defined in 5C-1-4/5.3.1, 5C-1-4/5.3.2 or 5C-1-4/5.3.3

below.Ft,m, I and fs is as defined in 5C-1-4/5.1 above.

5.3.1 Shear Distribution Factor for Tankers with Two Outer Longitudinal Bulkheads (inner
skin only)Ds = 0 . 384 – 0 . 167Aob/As – 0 . 190bs/B

whereAob = total projected area of the net outer longitudinal bulkhead (inner skin) plating above
inner bottom (one side), in cm2 (in2)As = total projected area of the net side shell plating (one side), in cm2 (in2)bs = distance between outer side longitudinal bulkhead (inner skin) and side shell, in m (ft)B = breadth of the vessel, in m (ft), as defined in 3-1-1/5.

5.3.2 Shear Distribution Factor for Tankers with Two Outer Longitudinal Bulkheads and a
Centerline Swash or Oil-tight Longitudinal BulkheadDs = 0 . 347 – 0 . 057Acb/As – 0 . 137Aob/As – 0 . 070bs/B

whereAcb = total area of the net centerline longitudinal bulkhead plating above inner bottom, in cm2

(in2)As,Aob, bs and B are as defined in 5C-1-4/5.3.1 above.

5.3.3 Shear Distribution Factor for Tankers with Two Outer and Two Inner Longitudinal
BulkheadsDs = 0 . 330 – 0 . 218Aob/As – 0 . 043bs/B

whereAs,Aob, bs and B are as defined in 5C-1-4/5.3.1 above.

5.5 Thickness of Longitudinal Bulkheadsti ≥ (Ft+ Ri)Dim/Ifs   cm(in . )

Part 5C Specific Vessel Types
Chapter 1 Vessels Intended to Carry Oil in Bulk (150 meters (492 feet) or more in Length)
Section 4 Initial Scantling Criteria 5C-1-4

ABS RULES FOR BUILDING AND CLASSING MARINE VESSELS • 2024 75



whereDi = shear distribution factorRi = local load correctioni = ob for outer longitudinal bulkhead (inner skin)

= ib for inner longitudinal bulkhead

= cb for centerline longitudinal bulkheadFt, I,m, and fs are as defined above.

The other parameters, depending on the configuration of the tanker, are defined in 5C-1-4/5.5.1,
5C-1-4/5.5.2 and 5C-1-4/5.5.3 below.

5.5.1 Tankers with Two Outer Longitudinal Bulkheads (Inner Skin Only)
The net thickness of the outer longitudinal bulkhead plating at the position considered:tob ≥ FtDobm/Ifs   cm(in . )  
whereDob = 0 . 105 + 0 . 156Aob/As+ 0 . 190bs/BAs,Aob, bs,B,Ft, I,m and fs are defined above.

5.5.2 Tankers with Two Outer Longitudinal Bulkheads and a Centerline Swash or Oil-tight
Longitudinal Bulkhead.

5.5.2(a) The net thickness of the centerline longitudinal bulkhead plating at the position
considered:tcb ≥ (Ft+ Rcb)Dcbm/Ifs   cm(in . )
whereRcb = Wc[(2NwcbkcbI/3HcbDcbm) – 1] ≥ 0kcb = 1 + Acb* /Acb ≤ 1 . 9Dcb = 0 . 229 + 0 . 152Acb/As – 0 . 10Aob/As – 0 . 198bs/BWc = local load, in kN (tf, Ltf), calculated according to 5C-1-4/5.7 and 5C-1-4/5.9

FIGURE 3aNwcb = local load distribution factor for the centerline longitudinal bulkhead

= (0 . 66Dcb+ 0 . 25)(n – 1)/nn = total number of transverse frame spaces in the center tankHcb = depth of the centerline longitudinal bulkhead above inner bottom, in cm (in.)Acb* = total area of the net centerline longitudinal bulkhead plating above the lower edge of
the strake under consideration, in cm2 (in2)

All other parameters are as defined in 5C-1-4/5.3.
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5.5.2(b) The net thickness of the outer longitudinal bulkhead plating at the position considered:tob ≥ FtDobm/Ifs cm(in . )
whereDob = 0 . 106 – 0 . 093Acb/As+ 0 . 164Aob/As+ 0 . 202bs/B
All other parameters are as defined in 5C-1-4/5.3 and 5C-1-4/5.5.

5.5.3 Tankers with Two Outer and Two Inner Longitudinal Bulkheads
5.5.3(a) The net thickness of the inner longitudinal bulkhead plating at the position considered:tib ≥ (Ft+ Rib)Dibm/Ifs     cm(in . )
whereRib = Wc1[(2Nwib1kibI/3HibDibm) – 1] +Wc2[(2Nwib2kibI/3HibDibm) – 1]≥ 0kib = 1 + Aib* /Aib ≤ 1 . 9Dib = 0 . 058 + 0 . 173Aib/As – 0 . 043bs/BWc1,Wc2 = local load, in kN (tf, Ltf), calculated according to 5C-1-4/5.7 and 5C-1-4/5.9

FIGURE 3bAib = total area of the net inner longitudinal bulkhead plating above inner bottom,
in cm2 (in2)Aib* = total area of the net inner longitudinal bulkhead plating above the lower edge
of the strake under consideration, in cm2 (in2)Nwib1,Nwib2 = local load distribution factor for inner longitudinal bulkheadNwib1 = (0 . 49Dib+ 0 . 18)(n – 1)/n for local load Wc1Nwib2 = (0 . 60Dib+ 0 . 10)(n – 1)/n for local load Wc2Hib = depth of the inner longitudinal bulkhead above inner bottom, in cm (in.)

All other parameters are as defined above.

5.5.3(b) The net thickness of the outer longitudinal bulkhead plating at the position considered:tob ≥ FtDobm/Ifs cm(in . )
whereDob = 0 . 013 + 0 . 153Aob/As+ 0 . 172bs/B
All other parameters are as defined above.

5.7 Calculation of Local Loads
In determining the shear forces at the ends of cargo tanks, the local loads are to be calculated as shown in
the following example. The tank arrangement for this example is as shown in 5C-1-4/5.9 FIGURE 3. The
ballast tanks within double bottom and double side are to be considered as being empty in calculating
excess liquid head.
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5.7.1 Tankers with Two Outer Longitudinal Bulkheads and a Centerline Swash or Oil-tight
Longitudinal Bulkhead

Local load Wc may be denoted by Wc(f) and Wc(a) at the fore and aft ends of the center tank,
respectively, in kN (tf, Ltf ).Wc(f) =Wc(a) = 0 . 5ρgbcℓc[ksHc+ 0 . 71ks(av/g)Hc+ 0 . 47ksℓcsinϕ− 0 . 55(ρo/ρ)df+ 0 . 2(ρo/ρ)C1] ≥ 0
but need not be taken greater than 0 . 5ksρgbcℓcHc
whereks = load factor

= 1.0 for all loads from ballast tanks

= 0.878 for ρg of 10.05 kN/m3 (1.025 tf/m3, 0.0286 Ltf/ft3) and 1.0 for ρg of 11.18
kN/m3 (1.14 tf/m3, 0.0318 Ltf/ft3) and above for all loads from cargo tanks.

For cargo ρg between 10.05 kN/m3 (1.025 tf/m3, 0.0286 Ltf/ft3) and 11.18 kN/m3

(1.14 tf/m3, 0.0318 Ltf/ft3) the factor ks may be determined by interpolationρg = specific weight of the liquid, not to be taken less than 10.05 kN/m3 (1.025 tf/m3,
0.0286 Ltf/ft3)ρog = specific weight of sea water, 10.05 kN/m3 (1.025 tf/m3, 0.0286 Ltf/ft3)ℓc, bc = length and breadth, respectively, of the center tanks, in m (ft), as shown in
5C-1-4/5.9 FIGURE 3aHc = liquid head in the center tank, in m (ft)av = vertical acceleration amidships with a wave heading angle of 0 degrees, in m/sec2

(ft./sec2), as defined in 5C-1-3/5.7.1(c)g = acceleration of gravity = 9.8 m/sec2 (32.2 ft./sec2)ϕ = pitch amplitude in degrees, as defined in 5C-1-3/5.7.1(a)df = draft, as defined in 3-1-1/9, in m (ft)C1 = as defined in 3-2-1/3.5

5.7.2 Tankers with Two Outer and Two Inner Longitudinal Bulkheads
Local loads Wc1,Wc2 may be denoted by Wc1(f),Wc2(f) and, Wc1(a),Wc2(a) at the fore and aft
ends of the center tank, respectively, in kN (tf, Ltf).

Wc1 f = ksρgbc1ℓc ℎc1ℓ1 ℓ2+ ℓ12 + ℎc2ℓ222
Wc1 a = ksρgbc1ℓc ℎc1ℓ122 + ℎc2ℓ2 ℓ1+ ℓ22
Wc2 f = ksρgbc2ℓc ℎc3ℓ1 ℓ2+ ℓ12 + ℎc4ℓ222
Wc2 a = ksρgbc2ℓc ℎc3ℓ122 + ℎc4ℓ2 ℓ1+ ℓ22
where
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ks = load factor as defined in 5C-1-4/5.7.1ρ g = specific weight of the liquid, not to be taken less than 10.05 kN/m3 (1.025 tf/m3,
0.0286 Ltf/ft3)ℓc = length of the center tank, in m (ft), as shown in 5C-1-4/5.9 FIGURE 3bℓ1, ℓ2 = longitudinal distances from the respective center tank ends to the intermediate
wing tank transverse bulkheads, in m (ft), as shown in 5C-1-4/5.9 FIGURE 3bbc1 = breadth of the center tank, in m (ft), as shown in 5C-1-4/5.9 FIGURE 3bbc2 = breadth of the center and wing tanks, in m (ft), as shown in 5C-1-4/5.9 FIGURE
3bH1,H2 = liquid heads in the wing tanks, in m (ft), as shown in 5C-1-4/5.9 FIGURE 3bℎc1 = Hc – H1 , but not to be taken less than zeroℎc2 = Hc – H2 , but not to be taken less than zeroℎc3 = Hc or H1, whichever is lesserℎc4 = Hc or H2, whichever is lesser

Where adjacent tanks are loaded with cargoes of different densities, the heads are to be adjusted to
account for the difference in density. For locations away from the ends of the tanks, Rcb and Rib
may be determined using the calculated values of Wc at the locations considered.

5.9 Three Dimensional Analysis
The total shear stresses in the side shell and longitudinal bulkhead plating (net thickness) may be
calculated using a 3D structural analysis to determine the general shear distribution and local load effects
for the critical shear strength conditions among all the anticipated loading conditions.
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FIGURE 3 
Center Tank Region

7 Double Bottom Structures

7.1 General
7.1.1 Arrangement

The depth of the double bottom and arrangement of access openings are to be in compliance with
5C-1-1/5. Centerline and side girders are to be fitted as necessary to provide sufficient stiffness
and strength for docking loads as well as those specified in 5C-1-3.

Struts connecting the bottom and inner bottom longitudinals are not to be fitted.
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7.1.2 Keel Plate
The net thickness of the flat plate keel is to be not less than that required for the bottom shell
plating at that location by 5C-1-4/7.3.1 increased by 1.5 mm (0.06 in.), except where the
submitted docking plan (see 3-1-2/11) specifies all docking blocks be arranged away from the
keel.

7.1.3 Bottom Shell Plating - Definition
The term “bottom shell plating” refers to the plating from the keel to the upper turn of the bilge for0 . 4L amidships.

7.1.4 Bilge Longitudinals
Longitudinals around the bilge are to be graded in size from that required for the lowest side
longitudinal to that required for the bottom longitudinals. Where longitudinals are omitted in way
of the bilge, the bottom and side longitudinals are to be arranged so that the distance between the
nearest longitudinal and the turn of the bilge is not more than 0 . 4s (s is the spacing of the bottom
or side longitudinals), as applicable (see 5C-1-4/7.1.4 FIGURE 4).

FIGURE 4

7.3 Bottom Shell and Inner Bottom Plating
The thickness of the bottom shell and inner bottom plating, over the midship 0 . 4L, is to satisfy the hull
girder section modulus requirements in 3-2-1/3.7. The buckling and ultimate strength are to be in
accordance with the requirements in 5C-1-5/5. In addition, the net thickness of the bottom shell and inner
bottom plating is to be not less than the following.
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7.3.1 Bottom Shell Plating
The net thickness of the bottom shell plating, tn, is to be not less than t1, t2 and t3 specified as
follows:t1 = 0 . 73s(k1p/f1)1/2 mm(in . )t2 = 0 . 73s(k2p/f2)1/2 mm(in . )t3 = cs(Smfy/E)1/2 mm(in . )
wheres = spacing of bottom longitudinals, in mm (in.)k1 = 0.342k2 = 0.500p = pa – puℎ or pb, whichever is greater, in N/cm2 (kgf/cm2, lbf/in2)puℎ = 0 . 12γ(ℎℓwttanϕe)1/2 where ℓwt ≥ 0 . 20L

= 0 where ℓwt ≤ 0 . 15L  
Linear interpolation is to be used for intermediate values of ℓwt.pa and pb are nominal pressures, in N/cm2 (kgf/cm2, lbf/in2), as defined in load case “a” and “b” in
5C-1-3/5.7.2 TABLE 3 for bottom plating, respectively.γ = specific weight of the ballast water, 1.005 N/cm2 - m (0.1025 kgf/cm2- m, 0.444

lbf/in2 - ft.)ℎ = height of double side ballast tank at vessel's side, in m (ft)ℓwt = length at tank top of double side ballast tank, in m (ft)L = vessel length, as defined in 3-1-1/3.1, in m (ft)ϕe = effective pitch amplitude, as defined in 5C-1-3/5.7.2 with Cϕ = 1.0f1 = permissible bending stress, in the longitudinal direction, in N/cm2 (kgf/cm2, lbf/
in2)

= (1 – 0 . 70α1SMRB/SMB)Smfy ≤ 0 . 40Smfy
= (1 – 0 . 70α1SMRB/SMB)Smfy ≤ (0 . 40 + 0 . 1(190 – L)/40)Smfy

for L < 190 mα1 = Sm1fy1/SmfySMRB = reference net hull girder section modulus based on the material factor of the
bottom flange of the hull girder, in cm2-m (in2- ft.)

= 0.92SMSM = required gross hull girder section modulus at the location under consideration in
accordance with 3-2-1/3.7 and 3-2-1/5.5, based on the material factor of the
bottom flange of the hull girder, in cm2- m (in2- ft)
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SMB = design (actual) net hull girder section modulus to the bottom, in cm2- m (in2- ft) at
the location under considerationf2 = permissible bending stress, in the transverse direction, in N/cm2 (kgf/cm2, lbf/in2)

= 0.80 SmfySm = strength reduction factor

= 1 for Ordinary Strength Steel as specified in 2-1-2/15.9 TABLE 2

= 0.95 for Grade H32 as specified in 2-1-3/7.3 TABLE 2

= 0.908 for Grade H36 as specified in 2-1-3/7.3 TABLE 2

= 0.875 for Grade H40 as specified in 2-1-3/7.3 TABLE 2Sm1 = strength reduction factor for the bottom flange of the hull girderfy = minimum specified yield point of the material, in N/cm2 (kgf/cm2, lbf/in2)fy1 = minimum specified yield point of the bottom flange of the hull girder, in N/cm2

(kgf/cm2, lbf/in2)E = modulus of elasticity of the material, may be taken as 2.06 × 107 N/cm2 (2.1 × 106

kgf/cm2, 30 × 106 lbf/in2) for steelc = 0 . 7N2 – 0 . 2 , not to be less than 0 . 4Q1/2N = Rb(Q/Qb)1/2Rb = (SMRBH/SMB)1/2SMRBH = reference net hull girder section modulus for hogging bending moment based on
the material factor of the bottom flange of the hull girder, in cm2- m (in2- ft)

= 0 . 92SMHSMH = required gross hull girder section modulus in accordance with 3-2-1/3.7.1 and
3-2-1/5.5 for hogging total bending moment at the location under consideration,
based on the material factor of the bottom flange of the hull girder, in cm2- m (in2-
ft)Q,Qb = material conversion factor in 5C-1-4/5.1for the bottom shell plating under
consideration and the bottom flange of the hull girder, respectively.

The net thickness, t3, may be determined based on Sm and fy of the hull girder strength material
required at the location under consideration.

In addition to the foregoing, the net thickness of the bottom shell plating, outboard of 0 . 3B from
the centerline of the vessel, is to be not less than that of the lowest side shell plating required by
5C-1-4/9.1 adjusted for the spacing of the longitudinals and the material factors.

7.3.2 Inner Bottom Plating
The net thickness of the inner bottom plating, tn, is to be not less than t1, t2 and t3 specified as
follows:t1 = 0 . 73s(k1p/f1)1/2 mm(in.)t2 = 0 . 73s(k2p/f2)1/2 mm(in . )
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t3 = cs(Smfy/E)1/2 mm(in . )
wheres = spacing of inner bottom longitudinals, in mm (in.)k1 = 0.342k2 = 0.50p = pa – puℎ or pb, whichever is greater, in N/cm2 (kgf/cm2, lbf/in2)pa and pb are nominal pressures, in N/cm2 (kgf/cm2, lbf/in2), as defined in load case “a” and “b” in
5C-1-3/5.7.2 TABLE 3 for inner bottom plating, respectively.puℎ is also defined in 5C-1-4/7.3.1.

The net thickness, t3, may be determined based on Sm and fy of the hull girder strength material
required at the location under consideration.f1 = permissible bending stress, in the longitudinal direction, in N/cm2 (kgf/cm2, lbf/in2)

= (1 – 0 . 52α1SMRB/SMB)Smfy ≤ 0 . 57Smfy , where SMB/SMRB is not to be taken
more than 1.4f2 = permissible bending stress, in the transverse direction, in N/cm2 (kgf/cm2, lbf/in2)

= 0.85 Smfyα1 = Sm1fy1/SmfySm = strength reduction factor obtained from 5C-1-4/7.3.1 for the steel grade of inner bottom
materialSm1 = strength reduction factor obtained from 5C-1-4/7.3.1 for the steel grade of bottom
flange material.fy = minimum specified yield point of the inner bottom material, in N/cm2 (kgf/cm2, lbf/in2)fy1 = minimum specified yield point of the bottom flange material, in N/cm2 (kgf/cm2, lbf/
in2)c = 0 . 7N2 – 0 . 2 , not to be less than 0 . 4Q1/2N = Rb[Q/Qb)(y/yn)]1/2Q = material conversion factor in 5C-1-4/5.1 for the inner bottom platingy = vertical distance, in m (ft), measured from the inner bottom to the neutral axis of the
hull girder sectionyn = vertical distance, in m (ft), measured from the bottom to the neutral axis of the hull
girder sectionSMRB, SMB,Rb,Qb and E are as defined in 5C-1-4/7.3.1.

Where the breadth of the center tank exceeds 0 . 6B, or the wing ballast tanks are U-shaped, the
net thickness of the inner bottom plating in the center tank, outboard of 0 . 3B from the centerline
of the tank, is also to be not less than that of the adjacent strake on the outer longitudinal bulkhead
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(inner skin) required by 5C-1-4/13.1, adjusted for the spacing of the longitudinals and the material
factors.

7.5 Bottom and Inner Bottom Longitudinals
The net section modulus of each bottom or inner bottom longitudinal, in association with the effective
plating to which it is attached, is to be not less than obtained from the following equations:SM = M/fb cm3 in3
whereM = 1000psℓ2/k               N-cm (kgf-cm, lbf-in.)k = 12 (12, 83.33)s = spacing of longitudinals, in mm (in.)ℓ = span of the longitudinal between effective supports, as shown in 5C-1-4/7.7.4 FIGURE 5, in m

(ft)p = nominal pressure, in N/cm2 (kgf/cm2, lbf/in2), as specified in 5C-1-4/7.3.1 and 5C-1-4/7.3.2 for
bottom and inner bottom longitudinals, respectively.fb = permissible bending stresses, in N/cm2 (kgf/cm2, lbf/in2)

= (1 . 0 – 0 . 65α1SMRB/SMB)Smfy ≤ 0 . 55Smfy for bottom longitudinals

= (1 . 0 – 0 . 50α1SMRB/SMB)Smfy ≤ 0 . 65Smfy for inner bottom longitudinalsα1 = Sm1fy1/SmfySm = strength reduction factor, as defined in 5C-1-4/7.3.1, for the material of longitudinals
considered.Sm1 = strength reduction factor, as defined in 5C-1-4/7.3.1, for the bottom flange material.

fy = minimum specified yield point for the material of longitudinals considered, in N/cm2 (kgf/cm2,
lbf/in2)fy1 = minimum specified yield point of the bottom flange material, in N/cm2 (kgf/cm2, lbf/in2)SMRB and SMB are as defined in 5C-1-4/7.3.1.

The net section modulus of the bottom longitudinals, outboard of 0.3B from the centerline of the vessel, is
also to be not less than that of the lowest side longitudinal required by 5C-1-4/9.5, adjusted for the span
and spacing of the longitudinals and the material factors.

Where the breadth of center tank exceeds 0.6B, or the wing ballast tanks are U-shaped, the net section
modulus of the inner bottom longitudinals in the center tank, outboard of 0.3B from the centerline of the
tank, is also to be not less than that of the lowest outer longitudinal bulkhead longitudinal required by
5C-1-4/13.5, adjusted for the span and spacing of the longitudinals and the material factors.

In determining compliance with the foregoing, an effective breadth, be, of attached plating is to be used in
calculation of the section modulus of the design longitudinal. be is to be obtained from line a) of
5C-1-4/7.7.4 FIGURE 6.
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7.7 Bottom Girders/Floors
The minimum scantlings for bottom girders/floors are to be determined from 5C-1-4/7.7.1, 5C-1-4/7.7.2,
5C-1-4/7.7.3 and 5C-1-4/7.7.4 as follows:

7.7.1 Bottom Centerline Girder (1 July 2021)
The net thickness of the centerline girder amidships, where no centerline bulkhead is fitted, is to
be not less than t1 and t2 as defined below:t1 = (0 . 045L+ 3 . 5)R mm= (0 . 00054L+ 0 . 138)R in .t2 = 10F1/(dbfs) mm= F1/(dbfs) in .
The net thickness, t3, may be determined based on Sm and of the hull girder strength material
required at the location under consideration.t3 = cs(Smfy/E)1/2 mm(in . )
where F1 is the maximum shear force in the center girder, as obtained from the equations given
below (see also 5C-1-4/1.3). Alternatively, F1 may be determined from finite element analyses as
specified in 5C-1-5/9 with the combined load cases in 5C-1-5/9.9. However, in no case should F1
be taken less than 85% of that determined from the equations below:F1 = 1000kα1γn1n2pℓss1 N (kgf, lbf ), for λ ≤ 1.5F1 = 414kγn1n2pbss1 N (kgf, lbf ), for λ > 1.5

wherek = 1.0 (1.0, 2.24)α1 = 0 . 606 – 0 . 22λλ = ℓs/bsγ = 2x/(ℓs – s3), ≤ 1 . 0n1 = 0 . 0374(s1/s3)2 – 0 . 326(s1/s3) + 1 . 289n2 = 1 . 3 – (s3/12) for SI or MKS Units

= 1 . 3 – (s3/39 . 37) for U.S. Unitsℓs = unsupported length of the double bottom structures under consideration, in m (ft), as
shown in 5C-1-4/7.7.4 FIGURE 7bs = unsupported width of the double bottom structures under consideration, in m (ft), as
shown in 5C-1-4/7.7.4 FIGURE 7.s1 = sum of one-half of girder spacings on both sides of the center girder, in m (ft)s3 = spacing of floors, in m (ft)x = longitudinal distance from the mid-span of unsupported length (ℓs) of the double
bottom to the section of the girder under consideration, in m (ft).
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p = nominal pressure, in kN/m2 (tf/m2, Ltf/ft2), as specified in 5C-1-3/5.7.2 TABLE 3.db = depth of double bottom, in cm (in.)fs = permissible shear stresses, in N/cm2 (kgf/cm2, lbf/in2)

= 0.45 Smfyc = 0 . 7N2 – 0 . 2 , not to be less than 0 . 4Q1/2 but need not be greater than0 . 45(Q/Qb )1/2N = Rb(Q/Qb)1/2Q = material conversion factor in 5C-1-4/5.1 for the bottom girders = spacing of longitudinal stiffeners on the girder, in mm (in.)R = 1.0 for ordinary mild steel

= fym/Smfyℎ for higher strength materialfym = specified minimum yield point for ordinary strength steel, in N/cm2 (kgf/cm2, lbf/in2)

fyℎ = specified minimum yield point for higher tensile steel, in N/cm2 (kgf/cm2, lbf/in2)L = length of vessel, in m (ft), as defined in 3-1-1/3.1.Sm,E,Rb,Qb and fy are as defined in 5C-1-4/7.3.1.

7.7.2 Bottom Side Girder (1 July 2021)
The net thickness of the bottom side girders is to be not less than t1 and t2 as defined below:t1 = (0 . 026L+ 4 . 0)R mm= (0 . 00031L+ 0 . 157)R in .t2 = 10F2/(dbfs) mm= F2/(dbfs) in .
The net thickness, t3, may be determined based on Sm and fy of the hull girder strength material
required at the location under consideration.t3 = cs(Smfy/E)1/2 in .
where F2 is the maximum shear force in the side girders under consideration, as obtained from the
equations given below (see also 5C-1-4/1.3). Alternatively, F2 may be determined from finite
element analyses, as specified in 5C-1-5/9, with the combined load cases in 5C-1-5/9.9. However,
in no case should F2 be taken less than 85% of that determined from the equations below:F2 = 1000kα2β1γn3n4pℓss2 N (kgf, lbf ), for λ ≤ 1.5F2 = 285kβ1γn3n4 pbss2 N (kgf, lbf ), for λ > 1.5

where
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k = 1.0 (1.0, 2.24)α2 = 0 . 445 – 0 . 17λβ1 = 1 . 25 – (2z1/bs) for tankers with inner skin only (5C-1-4/7.7.4 FIGURE 7(d))

= 1.0 for all other tankersn3 = 1 . 072 – 0 . 0715(s2/s3)n4 = 1 . 2   – (s3/18) for SI or MKS Units

= 1 . 2− (s3/59 . 1) for U.S. Unitss2 = sum of one-half of girder spacings on both sides of the side girders, in m (ft.)z1 = transverse distance from the centerline of the unsupported width bs of the double
bottom to the girder under consideration, in m (ft)c = 0 . 7N2 – 0 . 2 , not to be less than 0 . 4Q1/2 but need not be greater than0 . 45(Q/Qb )1/2N = Rb(Q/Qb)1/2Q = material conversion factor in 5C-1-4/5.1 for the bottom girders = spacing of longitudinal stiffeners on the girder, in mm (in.)γ, ℓs, bs, λ, s3,p,db, fs, L,R, Sm and fy are as defined above.

7.7.3 Floors (1 July 2021)
The net thickness of the floors is to be not less than t1 and t2 as specified below:t1 = (0 . 026L+ 4 . 0)R mm= (0 . 00031L+ 0 . 157)R in .t2 = 10F3/(dbfs) mm= F3/(dbfs) in .
where F3 is the maximum shear force in the floors under consideration, as obtained from the
equation given below (see also 5C-1-4/1.3). Alternatively, F3 may be determined from finite
element analyses, as specified in 5C-1-5/9, with the combined load cases in 5C-1-5/9.9. However,
in no case should F3 be taken less than 85% of that determined from the equation below.F3 = 1000kα3β2pbss3 N(kgf, lbf)
wherek = 1 . 0 1 . 0, 2 . 24α3 as shown in 5C-1-4/7.7.4 FIGURE 7.ρ0 = η(0.66 – 0.08η), for η ≤ 2 . 0

= 1.0, for η > 2 . 0, or for structures without longitudinal
girders
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β2 = 1 . 05(2z2/bs)2 ≤ 1 . 0 for tankers with inner skin only (5C-1-4/7.7.4
FIGURE 7(d))

= 2z2/bs for all other tankersη = (ℓs/bs)(s0/s3)1/4s0 = average spacing of girders, in m (ft)z2 = transverse distance from the centerline of the unsupported width bs of the double
bottom to the section of the floor under consideration, in m (ft)fs = 0.45 Smfy in N/cm2 (kgf/cm2, lbf/in2)ℓs, bs, s3,R, p,db, L, Sm and fy are as defined above.

7.7.4 Bottom Girders under Longitudinal Bulkhead
The net thickness of the bottom centerline and side girders under longitudinal bulkheads is to be
not less than t1 and t2 as defined below:t1 = (0 . 045L+ 3 . 5)R mm= (0 . 00054L+ 0 . 138)R in .
The net thickness, t2, may be determined based on Sm and fy of the hull girder strength material
required at the location under consideration.t2 = cs(Smfy/E)1/2 mm(in . )
wherec = 0 . 7N2 – 0 . 2 , not to be less than 0 . 4Q1/2N = Rb(Q/Qb)1/2Q = material conversion factor in 5C-1-4/5.1 for the bottom girders = spacing of longitudinal stiffeners on the girder, in mm (in.)L,R, Sm and fy are as defined above.E,Rb and Qb are as defined in 5C-1-4/7.3.1.
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FIGURE 5 
Unsupported Span of Longitudinal
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FIGURE 6 
Effective Breadth of Plating be

 

 

a) For bending at midspancℓo/s 1.5 2 2.5 3 3.5 4 4.5 and greaterbe/s 0.58 0.73 0.83 0.90 0.95 0.98 1.0

b) For bending at ends [be/s = (0 . 124cℓ/s – 0 . 062)1/2]
cℓ/s 1 1.5 2 2.5 3 3.5 4.0be/s 0.25 0.35 0.43 0.5 0.55 0.6 0.67
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FIGURE 7 
Definitions of α3, ℓs, and bs

9 Side Shell and Deck - Plating and Longitudinals

9.1 Side Shell Plating
The net thickness of the side shell plating, in addition to compliance with 5C-1-4/5.3, is to be not less thant1, t2, and t3, as specified below for the midship 0 . 4L:t1 = 0 . 73s(k1p/f1)1/2 mm(in . )t2 = 0 . 73s(k2p/f2)1/2 mm in .t3 = cs(Smfy/E)1/2 mm(in . )
where
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s = spacing of side longitudinals, in mm (in.)k1 = 0.342k2 = 0.50p = pa – puo or pb, whichever is greater, in N/cm2 (kgf/cm2, lbf/in2)puo = 0 . 24γ(ℎℓwtbwttanϕetanθe)1/3 where ℓwt ≥ 0 . 20L
= 0 where ℓwt ≤ 0 . 15L

Linear interpolation is to be used for intermediate values of ℓwt.pa and pb are nominal pressures at the lower edge of each plate strake, in N/cm2 (kgf/cm2, lbf/in2), as
defined in load case “a” and “b” 5C-1-3/5.7.2 TABLE 3 for side shell plating. t1 and t2 as calculated for
each plate need not be taken in excess of those calculated at the upper turn of the bilge. Where the wing
ballast tanks are U-shaped, the nominal pressure may be taken at the lower edge of each plate, but is not to
be less than that calculated at upper turn of bilge for J-shaped ballast tanks.bwt = breadth at tank top of double side ballast tank, in m (ft)ϕe = effective pitch amplitude, as defined in 5C-1-3/5.7.2, with Cϕ = 0.7θe = effective roll amplitude, as defined in 5C-1-3/5.7.2, with Cθ = 0.7L is vessel length, as defined in 3-1-1/3.1, in m (ft).γ, ℎ and ℓwt are also defined in 5C-1-4/7.3.1.

The net thickness, t3, may be determined based on Sm and fy of the hull girder strength material required
at the location under consideration.f1 = permissible bending stress, in the longitudinal direction, in N/cm2 (kgf/cm2, lbf/in2)

= [0 . 86− 0 . 50α1(SMRB/SMB)(y/yb)]Smfy≤ 0 . 43Smfy, for L ≥ 190 m (623 ft), below neutral axis≤ [0 . 43 + 0 . 17(190− L)/40]Smfy, for L< 190 m (623 ft), below neutral axis.SMB/SMRB is not to be taken more than 1.4.

= 0 . 43Smfy, for L ≥ 190 m (623 ft), above neutral axis

= [0 . 43 + 0 . 17(190− L)/40]Smfy for L< 190 m (623 ft), above neutral axisf2 = permissible bending stress, in the vertical direction, in N/cm2 (kgf/cm2, lbf/in2)

= 0.80 Smfyα1 = Sm1fy1/SmfySm = strength reduction factor obtained from5C-1-4/7.3.1 for the steel grade of side shell
plating materialSm1 = strength reduction factor obtained from 5C-1-4/7.3.1 for the steel grade of bottom
flange materialfy = minimum specified yield point of the side shell material, in N/cm2 (kgf/cm2, lbf/in2)
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fy1 = minimum specified yield point of the bottom flange material, in N/cm2 (kgf/cm2, lbf/
in2)yb = vertical distance, in m (ft), measured from the upper turn of bilge to the neutral axis of
the section.c = 0 . 7N2 – 0 . 2 , not to be less than 0 . 4Q1/2N = Rd(Q/Qd)1/2 for the sheer strake

= Rd[(Q/Qd)(y/yn)]1/2 for other locations above neutral axis

= Rb[(Q/Qb)(y/yn)]1/2 for locations below neutral axisRd = (SMRDS/SMD)1/2 y = vertical distance, in m (ft), measured from the neutral axis of the hull girder transverse
section to the lower edge (upper edge) of the side shell strake, when the strake under
consideration is below (above) the neutral axis for N.

= vertical distance, in m (ft), measured from the neutral axis of the hull girder transverse
section to the lower edge of the side shell strake under consideration for f1.SMRDS = reference net hull girder section modulus for sagging bending moment, based on the
material factor of the deck flange of the hull girder, in cm2-m (in2- ft)

= 0.92SMSSMS = required gross hull girder section modulus, in accordance with 3-2-1/3.7.1 and
3-2-1/5.5, for sagging total bending moment at the location under consideration, based
on the material factor of the deck flange of the hull girder, in cm2-m (in2- ft)Q,Qd = material conversion factor in 5C-1-4/5.1for the side shell plating under consideration
and the deck flange of the hull girder, respectively.yn = vertical distance, in m (ft), measured from the bottom (deck) to the neutral axis of the
section, when the strake under consideration is below (above) the neutral axis.SMRB, SMB,Rb,Qb and E are as defined in 5C-1-4/7.3.1. SMD is as defined in 5C-1-4/9.5.

However, for plate panels above the neutral axis, t3 need not be taken greater than the value that satisfies
the following buckling requirement.

MtSMR ≤ fc  fc = fE for fE ≤ Prfyfc = fy 1− Pr 1− Pr fyfE for fE > Prfy
where

fE =
c1π2E3 1− v2 t3s 2

c1 = 1.0 for plate panels between flat bars or bulb plates

 = 1.1 for plate panels between angles or tee stiffenersPr = proportional linear elastic limit of the structure, may be taken as 0.6 for steel
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ν = Poisson’s ratio, may be taken as 0.3 for steelMt = total sagging bending momentSMR = section modulus at the center of the plate panel under consideration.

The minimum width of the sheerstrake for the midship 0 . 4L is to be in accordance with 3-2-2/3.13.

The thickness of the sheerstrake is to be increased 25% in way of breaks of superstructures, but this
increase need not exceed 6.5 mm (0.26 in.).

In addition, the net thickness of the side shell plating is not to be taken less than t4 obtained from the
following equation:t4 = 90(s/1000 + 0 . 7)[Bd/(Smfy)2]1/4+ 0 . 5 mm
wheres = spacing of side longitudinal stiffeners, in mmB = breadth of vessel, as defined in 3-1-1/5, in md = molded draft, as defined in 3-1-1/9, in m

All other parameters are as defined above.

The net thickness, t4, is to be applied to the following extent of the side shell plating:

● Longitudinal extent. Between a section aft of amidships where the breadth at the waterline exceed 0.9B, and a section forward of amidships where the breadth at the waterline exceeds 0.6B.

● Vertical extent. Between 300 mm below the lowest ballast waterline to 0.25d or 2.2 m, whichever is
greater, above the summer load line.

9.3 Deck Plating
The thickness of the strength deck plating is to be not less than that needed to meet the hull girder section
modulus requirement in 3-2-1/3.7. The buckling and ultimate strength are to be in accordance with the
requirements in 5C-1-5/5. In addition, the net thickness of deck plating is to be not less than t1, t2 and t3 as
specified below for the midship 0 . 4L:t1 = 0 . 73s(k1p/f1)1/2 mm(in . )t2 = 0 . 73s(k2p/f2)1/2 mm in .t3 = cs(Smfy/E)1/2 mm(in . )
wheres = spacing of side longitudinals, in mm (in.)k1 = 0.342k2 = 0.50
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p = pn in cargo tank, in N/cm2 (kgf/cm2, lbf/in2)

= pn – puℎ in ballast tank, in N/cm2 (kgf/cm2, lbf/in2)

In no case is p to be taken less than 2.06 N/cm2 (0.21 kgf/cm2, 2.987 lbf/in2).pn is nominal pressure, in N/cm2 (kgf/cm2, lbf/in2), as defined in 5C-1-3/5.7.2 TABLE 3 for deck plating.puℎ is defined in 5C-1-4/7.3.1.

The net thickness, t3, may be determined based on Sm and fy of the hull girder strength material required
at the location under consideration.f1 = permissible bending stress, in the longitudinal direction, in N/cm2 (kgf/cm2, lbf/in2)

= 0.15 Smfyf2 = permissible bending stress, in the transverse direction, in N/cm2 (kgf/cm2, lbf/in2)

= 0.80 Smfyc = 0 . 5(0 . 6 + 0 . 0015L) for   SI   or   MKS   Units
= 0 . 5(0 . 6 + 0 . 00046L) for   U . S .   Unitsc is not to be taken less than 0 . 7N2 – 0 . 2  for vessels having length less than 267 m (876 ft)L = length of vessel, in m (ft), as defined in 3-1-1/3.1.N = Rd(Q/Qd)1/2Rd = (SMRDS/SMD)1/2 Q = material conversion factor in 5C-1-4/5.1 for the deck platingSm , fy and E are as defined in 5C-1-4/7.3.1.SMRDS and Qd are as defined in 5C-1-4/9.1.SMD is as defined in 5C-1-4/9.5.t3 need not be taken greater than the value that satisfies the following buckling requirement.

MtSMD ≤ fc  fc = fE for fE ≤ Prfyfc = fy 1− Pr 1− Pr fyfE for fE > Prfy
where

fE =
c1c2π2E3 1− v2 t3s 2

c1 = 1.0 for plate panels between flat bars or bulb plates
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 = 1.1 for plate panels between angles or tee stiffenersc2 = 1.0 for plate panels within the cargo tank space

 = 1.1 for plate panels within the side ballast tank spacePr = proportional linear elastic limit of the structure, may be taken as 0.6 for steelv = Poisson’s ratio, may be taken as 0.3 for steelMt = total sagging bending moment

The thickness of the stringer plate is to be increased 25% in way of breaks of superstructures, but this
increase need not to exceed 6.5 mm (0.25 in.). The required deck area is to be maintained throughout the
midship 0 . 4L of the vessel or beyond the end of a superstructure at or near the midship 0 . 4L point. From
these locations to the ends of the vessel the deck area may be gradually reduced in accordance with
3-2-1/11.3. Where bending moment envelope curves are used to determine the required hull girder section
modulus, the foregoing requirements for strength deck area may be modified in accordance with
3-2-1/11.3. Where so modified, the strength deck area is to be maintained a suitable distance from
superstructure breaks and is to be extended into the superstructure to provide adequate structural
continuity.

The structural drawings for major on-deck outfitting members are to be submitted. Special attention is to
be paid to the attachments of deck fittings to deck plate so that harmful stress concentration or any failure
due to cyclic loads can be avoided. Where any structural reinforcement is not allowed due to a specific
structural arrangement, the fatigue strength calculations of the attachment may be required for review.

9.5 Deck and Side Longitudinals
The net section modulus of each individual side or deck longitudinal, in association with the effective
plating to which it is attached, is to be not less than obtained from the following equation:SM = M/fb cm3(in3)M = 1000psℓ/k N− cm   (kgf − cm,   lbf − in . )
wherek = 12 (12, 83.33)p = pai – puo or pb, whichever is greater, for side longitudinals, in N/cm2 (kgf/cm2, lbf/in2)

= pn for deck longitudinals in cargo tank, in N/cm2 (kgf/cm2, lbf/in2)

= pn – puℎ for deck longitudinals in ballast tank, N/cm2 (kgf/cm2, lbf/in2)

In no case is p to be taken less than 2.06 N/cm2 (0.21 kgf/cm2, 2.987 lbf/in2).pa and pb are nominal pressures, in N/cm2 (kgf/cm2, lbf/in2), as defined in load case “a” and “b”, at the side
longitudinal considered, in 5C-1-3/5.7.2 TABLE 3 for side longitudinals, respectively.pn is nominal pressure, in N/cm2 (kgf/cm2, lbf/in2), as defined in 5C-1-3/5.7.2 TABLE 3 for deck
longitudinals.puo and puℎ are defined in 5C-1-4/9.1 and 5C-1-4/7.3.1, respectively.s and ℓ are as defined in 5C-1-4/7.5.
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fb = permissible bending stresses, in N/cm2 (kgf/cm2, lbf/in2)

= (1 . 0 – 0 . 60α2SMRD/SMD)Smfy for deck longitudinals

= 1 . 0[0 . 86 – 0 . 52α1(SMRB/SMB)(y/yn)]Smfy ≤ 0 . 75Smfy
for side longitudinals below neutral axis

= 2 . 0[0 . 86 – 0 . 52α2(SMRD/SMD)(y/yn)]Smfy ≤ 0 . 75Smfy
for side longitudinals above neutral axisα2 = Sm2fy2/SmfySm , fy and α1 are as defined in 5C-1-4/7.5.Sm2 = strength reduction factor as obtained from 5C-1-4/7.3.1 for the steel grade of top flange

material of the hull girder.fy2 = minimum specified yield point of the top flange material of the hull girder, in N/cm2

(kgf/cm2, lbf/in2)SMRD = reference net hull girder section modulus based on the material factor of the top flange of
the hull girder, in cm2-m (in2- ft)

= 0.92 SMSM = required gross hull girder section modulus at the location under consideration, in
accordance with 3-2-1/3.7 and 3-2-1/5.5, based on the material factor of the top flange of
the hull girder, in cm2-m(in2- ft).SMD = design (actual) net hull girder section modulus at the deck, in cm2-m(in.2- ft), at the
location under considerationSMRB and SMB are as defined in 5C-1-4/7.3.1.y = vertical distance in m (ft) measured from the neutral axis of the section to the longitudinal

under consideration at its connection to the associated plateyn = vertical distance, in m (ft), measured from the deck (bottom) to the neutral axis of the section,
when the longitudinal under consideration is above (below) the neutral axis.

Where the wing ballast tanks are U-shaped, the net section modulus of deck longitudinals in the wing
ballast tanks is to be not less than that of the uppermost side longitudinal, adjusted for the span and spacing
of the longitudinal and the material factors.

Where the breadth of center tank exceeds 0.6B, the net section modulus of deck longitudinals in the center
tank, located outboard of 0.3B from the centerline of the tank, is also to be not less than that of the
uppermost boundary longitudinal bulkhead longitudinal required by 5C-1-4/13.5 of this Section, adjusted
for the span and spacing of the longitudinal and the material factors.

In determining compliance with the foregoing, an effective breadth, be, of attached plating is to be used in
the calculation of the section modulus of the design longitudinal. be is to be obtained from line a) of
5C-1-4/7.7.4 FIGURE 6.

The net moment of inertia about the neutral axis of deck longitudinals and side longitudinals within the
region of 0.1D from the deck, in association with the effective plating (bwLtn), is to be not less than
obtained from the following equation:
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io = kAeℓ2fy/E cm4(in4)
wherek = 1220 (1220, 17.57)Ae = net sectional area of the longitudinal with the associated effective plating bwLtn, in cm2 (in2)bwL = csc = 2 . 25/β − 1 . 25/β2 for β ≥ 1.25

= 1.0 for β< 1.25β = (fy/E)1/2s/tntn = net thickness of the plate, in mm (in.)D = depth of vessel, in m (ft), as defined in 3-1-1/7.ℓ , s, and fy are as defined in 5C-1-4/7.5.E is as defined in 5C-1-4/7.3.1.

11 Side Shell and Deck - Main Supporting Members

11.1 General
The main supporting members, such as transverses and girders, are to be arranged and designed with
sufficient stiffness to provide support to the vessel's hull structures. In general, the deck transverses, side
transverses and bottom floors are to be arranged in one plane to form continuous transverse rings. Deck
girders, where fitted, are to extend throughout the cargo tank spaces and are to be effectively supported at
the transverse bulkheads.

Generous transitions are to be provided at the intersections of main supporting members to provide smooth
transmission of loads and to minimize the stress concentrations. Abrupt changes in sectional properties and
sharp re-entrant corners are to be avoided. It is recommended that the intersection of the inner skin and
inner bottom be accomplished by using generous sloping or large radiused bulkheads. Stool structures,
where fitted, are to have sloping bulkheads on both sides.

The net section modulus and sectional area of the main supporting members required by Part 5C, Chapter
1 apply to those portions of the member clear of the end brackets. They are considered as the requirements
of initial scantlings for deck transverses, side transverses, vertical webs on longitudinal bulkheads and
horizontal girders and vertical webs on transverse bulkheads, and may be reduced provided that the
strength of the resultant design is verified with the subsequent total strength assessment in 5C-1-5.
However, in no case should they be taken less than 85% of those determined from 5C-1-4/11 or 5C-1-4/15.
(See also 5C-1-5/9.1). The structural properties of the main supporting members and end brackets are to
comply with the failure criteria specified in 5C-1-5/3.

The section modulus of the main supporting members is to be determined in association with the effective
plating to which they are attached as specified in 3-1-2/13.

In calculation of the nominal pressure, ρg of the liquid cargoes is not to be taken less than 0.1025 kgf/cm2-
m (0.4444 lbf/in2- ft) for main supporting members.
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11.3 Deck Transverses
11.3.1 Section Modulus of Deck Transverses

The net section modulus of deck transverses is to be not less than obtained from the following
equation (see also 5C-1-4/1.3):SM = M/fb   cm3(in3)
For deck transverses in wing cargo tanks (See 5C-1-4/1.7 FIGURE 2A-a, b, c, d, e, and f):M = k(10, 000c1φpsℓt2+ βsMs) ≥ Mo N− cm(kgf − cm, lbf − in . )
For deck transverses in center cargo tanks (see 5C-1-4/1.7 FIGURE 2A-d, e and f)M = k(10, 000c1φpsℓt2+ βbMb) ≥ Mo N− cm(kgf − cm, lbf − in . )
whereMs = 10, 000c2pssℓs2Mb = 10, 000c2pbsℓb2Mo = 10, 000kc3psℓt2k = 1.0 (1.0, 0.269)p = nominal pressure, in kN/m2 (tf/m2, Ltf/ft2), at the mid span of the deck transverse under

consideration, as specified in 5C-1-3/5.7.2 TABLE 3, item 16. In no case is p to be
taken less than 2.06 N/cm2 (0.21 kgf/cm2, 2.987 lbf/in2).ps = corresponding nominal pressure, in kN/m2(tf/m2, Ltf/ft2), at the mid-span of the side
transverse (5C-1-3/5.7.2 TABLE 3, item 12)pb = corresponding nominal pressure, in kN/m2(tf/m2,Ltf/ft2), at the mid-span of the vertical
web on longitudinal bulkhead (5C-1-3/5.7.2 TABLE 3, item 13)c1 for tanks without deck girders:

= 0.30 for 5C-1-4/1.7 FIGURE 2A-c with non-tight centerline bulkhead

= 0.42 for all other casesc1 for tanks with deck girders:

= 0.30α2 for 5C-1-4/1.7 FIGURE 2A-b with a non-tight centerline bulkhead, 0.05
min. and 0.30 max.

= 0.42α2 for 5C-1-4/1.7 FIGURE 2A-a or 5C-1-4/1.7 FIGURE 2A-b with an oil-
tight centerline bulkhead, 0.05 min. and 0.42 max.α = (ℓg/ℓt)[(sg/s)(It/Ig)]1/4ℓg = span of the deck girder, in m (ft), as indicated in 5C-1-4/1.7 FIGURE 2B-cℓt = span of the deck transverse, in m (ft), as indicated in 5C-1-4/1.7 FIGURE 2A, but
is not to be taken as less than 60% of the breadth of the tank, except for tankers
with a non-tight centerline bulkhead (5C-1-4/1.7 FIGURE 2A-b), for which the
span is not to be taken as less than 30% of the breadth of the tank.
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Ig, It = moments of inertia, in cm4 (in4), of the deck girder and deck transverse, clear of
the brackets, respectivelysg = spacing of the deck girder, in m (ft)s = spacing of the deck transverses, in m (ft)

When calculating α, if more than one deck girder is fitted, average values of sg, ℓg and Ig are to
be used when the girders are not identical.φ = 1 – [5(ℎa/αℓt)] , for cargo tanks with deck girders, 0.6 minimum

= 1 – 5(ℎa/ℓt) , for cargo tanks without deck girders, 0.6 minimumℎa = distance, in m (ft), from the end of the span to the toe of the end bracket of
the deck transverse, as indicated in 5C-1-4/11.17 FIGURE 8βs = 0 . 9[(ℓs/ℓt)(It/Is)] , 0.10 min. and 0.65 max.βb = 0 . 9[(ℓb/ℓt)(It/Ib)] , 0.10 min. and 0.50 max.ℓs

andℓb = spans, in m (ft), of side transverse and vertical web on longitudinal bulkhead,
respectively, as indicated in 5C-1-4/1.7 FIGURE 2A. Where a cross tie is
fitted and is located at a distance greater than 0.7ℓs or 0.7ℓb from the deck
transverse, the effective span of the side transverse or the vertical web may
be taken as that measured from the deck transverse to the cross tie and all
coefficients determined as if there were no cross tie.Is

andIb = moments of inertia, in cm4 (in4), clear of the brackets, of side transverse and
vertical web on longitudinal bulkhead, respectively

fb = permissible bending stress, in N/cm2 (kgf/cm2, lbf/in2)

= 0.70 SmfySm and fy as defined in 5C-1-4/7.3.1.c2 is given in 5C-1-4/11.17 TABLE 1.c3 = 2.0c1 for tankers with oil-tight longitudinal bulkheads and without deck girders
(5C-1-4/1.7 FIGURE 2A-c, d, e and f)

= 1.6c1 for tankers with non-tight centerline longitudinal bulkhead and without deck
girders (5C-1-4/1.7 FIGURE 2A-c)

= 1.1c1 for cargo tanks with deck girders

The section modulus of the deck transverse in the wing cargo tank is to be not less than that of the
deck transverse in the center tank.

11.3.2 Sectional Area of Deck Transverses
The net sectional area of the web portion of deck transverses is to be not less than obtained from
the following equation:A = F/fs cm2(in2)F = 1000k[c1ps(0 . 50ℓ – ℎe) + c2DBcs] N(kgf, lbf)
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wherek = 1.0 (1.0, 2.24)c2 = 0.05 for wing cargo tanks of tankers with four longitudinal bulkheads (5C-1-4/1.7
FIGURE 2A-d, e and f)

= 0 for other tanks (5C-1-4/1.7 FIGURE 2A-a, b, c, d, e and f)c1 for tanks with deck girders:

= 0.90α1/2 for 5C-1-4/1.7 FIGURE 2A-a without longitudinal bulkhead and for
5C-1-4/1.7 FIGURE 2A-b with an oil-tight centerline bulkhead, 0.50 min. and 1.0
max.

= 0.60α1/2 for 5C-1-4/1.7 FIGURE 2A-b with a non-tight centerline bulkhead, 0.45 min.
and 0.85 max.c1 for tanks without deck girders:

= 1.10 for 5C-1-4/1.7 FIGURE 2A-c, with a nontight centerline longitudinal bulkhead

= 1.30 for all other cases (5C-1-4/1.7 FIGURE 2A-c, d, e and f)ℓ = span of the deck transverse, in m (ft), as indicated in 5C-1-4/1.7 FIGURE 2Aℎe = length of the bracket, in m (ft), as indicated in 5C-1-4/1.7 FIGURE 2A-c and
5C-1-4/1.7 FIGURE 2A-d and 5C-1-4/11.17 FIGURE 8D = depth of the vessel, in m (ft), as defined in 3-1-1/7.Bc = breadth of the center tank, in m (ft)p , s and α as defined in 5C-1-4/11.3.1fs = permissible shear stress, in N/cm2 (kgf/cm2, lbf/in2)

= 0.45 SmfySm and fy as defined in 5C-1-4/7.3.1.

11.5 Deck Girders
11.5.1 Section Modulus of Deck Girders

The net section modulus of deck girders is to be not less than obtained from the following
equation (see also 5C-1-4/1.3):SM = M/fb cm3(in3)M equals M1 or M2 whichever is greater, as given below:M1 = 4200kpsgℓg2 N-cm (kgf-cm, lbf-in.)M2 = k(3000φpsgℓg2 + 0 . 15Mb) N-cm (kgf-cm, lbf-in.)Mb = 10, 000pstsgℓst2 N-cm (kgf-cm, lbf-in.)
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wherek = 1.0 (1.0, 0.269)ℓg = span, in m (ft), of the deck girder, as indicated in 5C-1-4/1.7 FIGURE 2B-cℓst = span, in m (ft), of the vertical web on transverse bulkhead, as indicated in 5C-1-4/1.7
FIGURE 2B-csg = spacing, in m (ft), of the deck girder considered, as indicated in 5C-1-4/1.7 FIGURE
2Aφ = 1 – 5(ℎa/ℓg) , 0.6 min.ℎa = distance, in m (ft), from the end of the span to the toe of the end bracket of the deck
girder, as indicated in 5C-1-4/1.7 FIGURE 2B-c and 5C-1-4/11.17 FIGURE 8p = nominal pressure, in kN/m2 (tf/m2, Ltf/ft2), as specified in 5C-1-3/5.7.2 TABLE 3, item
17 for the girder considered. Where three or more deck girders are fitted in the cargo
tank, p is to be not less than its value determined for the outermost girder clear of the
end bracket of the deck transverse. In no case is p to be taken less than 2.06 N/cm2

(0.21 kgf/cm2, 2.987 lbf/in2).pst = corresponding nominal pressure, in kN/m2 (tf/m2, Ltf/ft2), at the mid-span of the
vertical web on the forward transverse bulkhead of cargo tank under consideration
(5C-1-3/5.7.2 TABLE 3, item 17)fb = permissible bending stress, in N/cm2 (kgf/cm2, lbf/in2)

= 0.45 Smfy
= (1 . 0 – 0 . 55α2SMRD/SMD)Smfy ≤ 0 . 52Smfy for L < 190mSm and fy as defined in 5C-1-4/7.3.1.

11.5.2 Sectional Area of Deck Girder
The net sectional area of the web portion of deck girders is to be not less than obtained from the
following equation:A = F/fs cm2(in2)F = 1000kcpsg(0 . 5ℓ – ℎe) N(kgf, lbf)
wherek = 1.0 (1.0, 2.24)c = 0.55 for one or two girders in the tank

= 0.67 for three or more girders in the tankℓ = span of the deck girder, in m (ft), as indicated in 5C-1-4/1.7 FIGURE 2B-cℎe = length of the bracket, in m (ft), as indicated in 5C-1-4/1.7 FIGURE 2B-c and
5C-1-4/11.17 FIGURE 8.p and sg are defined in 5C-1-4/11.5.1.
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fs = permissible shear stress, in N/cm2 (kgf/cm2, lbf/in2)

= 0.30 SmfySm and fy as defined in 5C-1-4/7.3.1.

11.7 Web Sectional Area of Side Transverses
The net sectional area of the web portion of side transverses is to be not less than obtained from the
following equation:A = F/fs   cm2(in2)
The shear force F, in N (kgf, lbf), for the side transverse can be obtained from the following equations (see
also 5C-1-4/1.3):F = 1000ks[KUℓ(PU+ PL) – ℎUPU] for upper part of transverseF = 1000ks[KLℓ(PU+ PL) – ℎLPL] or350ksKLℓ(PU+ PL) whichever is greater for lower part of transverse

In no case is the shear force for the lower part of the transverse to be less than 120% of that for the upper
part of the transverse.

wherek = 1.0 (1.0, 2.24)ℓ = span, in m (ft), of the side transverse, as indicated in 5C-1-4/1.7 FIGURE 2B-a. Where one
cross tie is fitted in the wing tank and is located at a distance of more than 0.7ℓ from the deck
transverse, the effective span of the side transverse may be measured from the deck transverse
to the cross tie and all coefficients determined as if there were no cross tie.s = spacing, in m (ft.), of the side transversesPU = nominal pressure, p, in kN/m2 (tf/m2, Ltf/ft2), at the mid-length of upper bracket, as specified in
5C-1-3/5.7.2 TABLE 3.PL = nominal pressure, p, in kN/m2 (tf/m2, Ltf/ft2), at the mid-length of lower bracket, as specified in
5C-1-3/5.7.2 TABLE 3.ℎU = length of the upper bracket, in m (ft), as indicated in 5C-1-4/1.7 FIGURE 2B-aℎL = length of the lower bracket, in m (ft), as indicated in 5C-1-4/1.7 FIGURE 2B-afs = permissible shear stress, in N/cm2 (kgf/cm2, lbf/in2)

= 0.45 SmfyKU and KL are given in 5C-1-4/11.17 TABLE 2.Sm and fy as defined in 5C-1-4/7.3.1.

For tankers without cross ties in the wing cargo tank, the required sectional area of the lower side
transverse is to extend to 0.15ℓ from the toe of the lower bracket or 0.33ℓ from the lower end of the span,
whichever is greater.

For tankers with one cross tie, the sectional area required for the lower portion of the transverse is to be
maintained up to the cross tie.
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11.9 Minimum Thickness for Web Portion of Main Supporting Members (1 July 2021)
In general, the net thickness of the web plate of the main supporting members, except stringers in double
side structures, is to be not less thant, as obtained below:t = 0 . 012L+ 7 . 2 mm= 0 . 144L × 10−3+ 0 . 283 in .
but t need not be taken greater than 10.5 mm (0.413 in.)

The net thickness of side stringers in double side structures is not to be less than t1and t2 as specified
below:t1 = 0 . 012L+ 6 . 7 mm= 0 . 144L × 10−3+ 0 . 264 in .
but t1 need not be taken greater than 10.0 mm (0.394 in.)t2 = cs(Smfy/E)1/2 mm in .
whereL = the length of the vessel, in m (ft), as defined in 3-1-1/3.1c = 0 . 7N2 – 0 . 2 , not to be less than 0.33s = spacing of longitudinals, in mm (in.)Sm = strength reduction factor, obtained from 5C-1-4/7.3.1 for the steel grade of the side stringerfy = minimum specified yield point of the side stringer material, in N/cm2 (kgf/cm2, lbf/in2)N = Rd[(Q/Qd)(y/yn)]1/2 for side stringers above neutral axis

= Rb[(Q/Qb)(y/yn)]1/2 for side stringers below neutral axisQ = material conversion factor 5C-1-4/5.1 for the side stringer under considerationy = vertical distance, in m (ft.), measured from the neutral axis of the hull girder transverse section
to the side stringer under considerationE , Rb and Qb are as defined in 5C-1-4/7.3.1. Rd,Qd and yn are as defined in 5C-1-4/9.1.

11.11 Proportions
In general, webs, girders and transverses are not to be less in depth than specified below as, a percentage of
the span, ℓt, ℓb or ℓg, where applicable (see 5C-1-4/1.7 FIGURE 2A and 5C-1-4/1.7 FIGURE 2B).
Alternative designs with stiffness equivalent to the specified depth/length ratio and the required section
modulus may be considered provided that the calculated results are submitted for review.

11.11.1 Deck Transverse
23% for deck transverses in wing cargo tanks of tankers with four side longitudinal bulkheads where no

deck girders are fitted (see 5C-1-4/1.7 FIGURE 2A-d, e and f).

12.5% for deck transverses in center cargo tanks of tankers with four side longitudinal bulkheads where no
deck girders are fitted (see 5C-1-4/1.7 FIGURE 2A-d, e and f). In this case the depth is also to be not
less than that of the transverse in the wing tank.
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12.5% for deck transverses without deck girders for tankers with centerline longitudinal bulkhead (See
5C-1-4/1.7 FIGURE 2A-c).

8.5% for deck transverses in cargo tanks with one deck girder.

5.5% for deck transverses in cargo tanks with two deck girders.

3.5% for deck transverse in cargo tanks with three or more deck girders.

11.11.2 Deck Girder
20% for deck girders where only one is fitted in a tank.

12.5% for deck girders where two are fitted in a tank.

9.0% for deck girders where three or more are fitted in a tank.

11.11.3 Longitudinal Bulkhead Webs/Girders
14% for vertical webs of longitudinal bulkheads without strut and horizontal girders of longituditudinal

bulkheads.

9.0% for vertical webs of longitudinal bulkheads with one or more struts.

11.11.4 Transverse Bulkhead Webs/Girders
20.0% for vertical webs of transverse bulkheads where only one is fitted in a tank.

12.5% for vertical webs of transverse bulkheads where two are fitted in a tank.

9.0% for vertical webs of transverse bulkheads where three or more are fitted in a tank.

28% for horizontal girders of transverse bulkheads in wing tanks for tankers with four side longitudinal
bulkheads (See 5C-1-4/1.7 FIGURE 2A-d, e and f).

20% for horizontal girders of transverse bulkheads in center tanks for tankers with four side longitudinal
bulkheads (See 5C-1-4/1.7 FIGURE 2A-d, e and f), but not less in depth than horizontal girders in
wing tanks.

20% for horizontal girders of transverse bulkheads without vertical webs for tankers with centerline
longitudinal bulkhead (See 5C-1-4/1.7 FIGURE 2A-c).

10% for horizontal girders of transverse bulkhead with one vertical web in the cargo tank.

7% for horizontal girders of transverse bulkhead with two or more vertical webs in the cargo tank, except
the case where more than two vertical webs are fitted for tankers with centerline longitudinal
bulkheads (See 5C-1-4/1.7 FIGURE 2A-b), or more than five vertical webs are fitted for tankers with
outer longitudinal bulkheads only (See 5C-1-4/1.7 FIGURE 2A-a). In that case, horizontal girders are
not to be less in depth than 15% of the maximum distance between two adjacent vertical webs or the
end of span ℓb of the horizontal girder and next vertical web.

In no case are the depths of supporting members to be less than three times the depth of the slots
for longitudinals. The thickness of the webs is to be not less than required by 5C-1-4/11.9.

11.13 Brackets
Generally, brackets are to have a thickness not less than that of the member supported, are to have flanges
or face plates at their edges and are to be suitably stiffened.

11.15 Web Stiffeners and Tripping Brackets
11.15.1 Web Stiffeners

Stiffeners are to be fitted for the full depth of the webs of the main supporting member at the
following intervals:
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Floor every longitudinal

Side every longitudinal

Bulkhead every second stiffener

Deck every third longitudinal

Special attention is to be given to the stiffening of web plate panels close to change in contour of
the web or where higher strength steel is used.

Web stiffener attachment to the deep webs, longitudinals, and stiffeners is to be effected by
continuous welds.

Where depth/thickness ratio of the web plating exceeds 200, a stiffener is to be fitted parallel to
the flange or face plate at approximately one-quarter depth of the web from the flange or face
plate.

Alternative system of web-stiffening of the main supporting members may be considered based on
the structural stability of the web and satisfactory levels of the shear stresses in the welds of the
longitudinals to the web plates.

11.15.2 Tripping Bracket
Tripping brackets, arranged to support the flanges, are to be fitted at intervals of about 3 m (9.84
ft.), close to any changes of section, and in line with the flanges of struts.

11.17 Slots and Lightening Holes
When slots and lightening holes are cut in transverses, webs, floors, stringers and girders, they are to be
kept well clear of other openings. The slots are to be neatly cut and well rounded. Lightening holes are to
be located midway between the slots and at about one-third of the depth of the web from the shell, deck or
bulkhead. Their diameters are not to exceed one-third the depth of the web. In general, lightening holes are
not to be cut in those areas of webs, floors, stringers, girders, and transverses where the shear stresses are
high. Similarly, slots for longitudinals are to be provided with filler plates or other reinforcement in these
same areas. Where it is necessary to cut openings in highly stressed areas, they are to be effectively
compensated. Continuous fillet welds are to be provided at the connection of the filler plates to the web
and at the connection of the filler plate to the longitudinals.
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FIGURE 8
Effectiveness of Brackets

TABLE 1
Coefficient c2 For Deck Transverses

Structural Arrangement
No cross ties

(5C-1-4/1.7 FIGURE 2A-a, b,
c and f)

Cross ties in wing cargo
tank

(5C-1-4/1.7 FIGURE 2A-d)

Cross ties in center cargo
tank

(5C-1-4/1.7 FIGURE 2A-e)

Location of Deck Transverse All cargo tanks Wing tank Center tank Wing tank Center tankc2 0.40 (1) 0.37 0.13 0.40 0.14

Note:

1 c2 = 0.50 for tankers with an oil-tight centerline bulkhead which will be loaded from one side only.

TABLE 2
Coefficients KU and KL for Side Transverses

Arrangement of Cross Ties KU (1) KL (1)

No cross ties
(5C-1-4/1.7 FIGURE 2A-a, b, c and f)

0.13 0.30

One cross tie in center cargo tank
(5C-1-4/1.7 FIGURE 2A-e)

One cross tie in wing cargo tank
(5C-1-4/1.7 FIGURE 2A-d)

0.09 0.21

Note:

1 For tankers without cross ties in wing cargo tank (5C-1-4/1.7 FIGURE 2A-a, b, c, e and f) and having three or
more side stringers, KU = 0.10 and KL = 0.22
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13 Longitudinal and Transverse Bulkheads

13.1 Longitudinal Bulkhead Plating
The net thickness of the longitudinal bulkhead plating, in addition to complying with 5C-1-4/5.5, is to be
not less than t1, t2 and t3 as specified below:t1 = 0 . 73s(k1p/f1)1/2 mm(in . )t2 = 0 . 73s(k2p/f2)1/2 mm(in . )t3 = cs(Smfy/E)1/2 mm(in . )
but not less than 9.5 mm (0.37 in.) wheres = spacing of longitudinal bulkhead longitudinals, in mm (in.)k1 = 0.342

k2 = 0.5

p = pressure at the lower edge of each plate, pi, or maximum slosh pressure, ps, whichever is greater,
in N/cm2 (kgf/cm2, lbf/in2).

In no case is p to be taken less than 2.06 N/cm2 (0.21kgf/cm2, 2.987 lbf/in2).pi = pn in cargo tank, in N/cm2 (kgf/cm2, lbf/in2)

= pn – puo in ballast tank, in N/cm2 (kgf/cm2, lbf/in2)pn is nominal pressure, in N/cm2 (kgf/cm2, lbf/in2), at the lower edge of each plate, as defined in
5C-1-3/5.7.2 TABLE 3 for longitudinal bulkhead plating.puo is also defined in 5C-1-4/9.1.

The net thickness, t3, may be determined based on Sm and fy of the hull girder strength material required
at the location under consideration.ps = kspis , not to be taken less than kspis(mid)pis = nominal slosh pressure, as specified in 5C-1-3/11.5.1pis(mid) = nominal slosh pressure at the mid-tank of the bulkhead at the same height as the point

under considerationks = bt/ℓt, 0 . 9 ≥ ks ≥ 0 . 65 (ks = 0 . 9 for pis(mid))f1 = permissible bending stress, in the longitudinal direction, in N/cm2 (kgf/cm2, lbf/in2)

= [1 – 0 . 28z/B – 0 . 52α1(SMRB/SMB)(y/yn)]Smfy, below neutral axis

= [1 – 0 . 28z/B – 0 . 52α2(SMRD/SMD)(y/yn)]Smfy, above neutral axisbt and ℓt are the width and length respectively of the cargo tank being considered.
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SMB/SMRB is not to be taken more than 1.2α1 or 1.4, whichever is lesser.α1 = Sm1fy1/Smfyα2 = Sm2fy2/SmfySm = strength reduction factor of the steel grade for the longitudinal bulkhead plating obtained from
5C-1-4/7.3.1fy = minimum specified yield point of the longitudinal bulkhead plating, in N/cm2 (kgf/cm2, lbf/in2)z = transverse distance, in m (ft), measured from the centerline of the section to the bulkhead
strake under considerationyn = vertical distance, in m (ft), measured from the deck (bottom) to the neutral axis of the section,
when the strake under consideration is above (below) the neutral axis.f2 = permissible bending stress, in the vertical direction, in N/cm2 (kgf/cm2, lbf/in2)

= Smfyc = 0 . 7N2 – 0 . 2c for the top strake is not to be taken less than 0 . 4Q1/2, but need not be greater than 0.45.c for other strakes is not to be taken less than 0.33, but need not be greater than0 . 45 Q/Qd 1/2 for the strake above the neutral axis nor 0 . 45 Q/Qb 1/2 for the strake below
the neutral axis.N = Rd[(Q/Qd)(y/yn)]1/2 , for strake above the neutral axis

= Rb[(Q/Qb)(y/yn)]1/2 , for strake below the neutral axisy = vertical distance, in m (ft), measured from the neutral axis of the hull girder transverse section
to the upper edge (lower edge) of the bulkhead strake, when the strake under consideration is
above (below) the neutral axis for N

= vertical distance, in m (ft), measured from the neutral axis of the hull girder transverse section
to the lower edge of the bulkhead strake under consideration for f1.Q = material conversion factor in 5C-1-4/5.1 for the longitudinal bulkhead platingB = vessel's breadth, in m (ft), as defined in 3-1-1/5.SMRB, SMB,Rb,Qb and E are as defined in 5C-1-4/7.3.1.Sm1 and fy1 are as defined in 5C-1-4/7.5.Rd and Qd are as defined in 5C-1-4/9.1.SMRD, SMD, Sm2 and fy2 are as defined in 5C-1-4/9.5.

For plate panels above the neutral axis, t3 need not be taken greater than the value that satisfies the
following buckling requirement.
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MtSMR ≤ fc  fc = fE for fE ≤ Prfyfc = fy 1− Pr 1− Pr fyfE for fE > Prfy
where

fE =
c1π2E3 1− v2 t3s 2

c1 = 1.0 for plate panels between flat bars or bulb plates

 = 1.1 for plate panels between angles or tee stiffenersPr = proportional linear elastic limit of the structure, may be taken as 0.6 for steelv = Poisson’s ratio, may be taken as 0.3 for steelMt = total sagging bending momentSMR = section modulus at the center of the plate panel under consideration.

The minimum width of the top strake for the midship 0.4L is to be obtained from the following equation:b = 5L+ 800 mm, for L≤ 200 m

= 1800 mm, for 200 < L ≤ 500 mb = 0.06L+ 31.5 in. for L ≤ 656 ft

= 70.87 in. for 656 < L ≤ 1640 ftL = length of vessel, as defined in 3-1-1/3.1, in m (ft)b = width of top strake, in mm (in)

13.3 Transverse Bulkhead Plating
The net thickness of transverse bulkhead plating is to be not less than t as specified below:t = 0 . 73sk(k2p/f2)1/2 mm(in . )
but not less than 9.5 mm (0.37 in.)

wheres = spacing of transverse bulkhead stiffeners, in mm (in.)k2 = 0.50k = (3.075(α)1/2 − 2.077)/(α + 0.272), (1 ≤ α ≤ 2)

= 1.0, (α > 2)α = aspect ratio of the panel (longer edge/shorter edge)p = pi or maximum slosh pressure, ps, whichever is greater, in N/cm2 (kgf/cm2, lbf/in2)

In no case is p to be taken less than 2.06 N/cm2 (0.21 kgf/cm2, 2.987 lbf/in2).
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pi = pn in cargo tank, in N/cm2 (kgf/cm2, lbf/in2)

= pn – puℎ in ballast tank, in N/cm2 (kgf/cm2, lbf/in2)pn is nominal pressure, in N/cm2 (kgf/cm2, lbf/in2), at the lower edge of each plate, as defined in
5C-1-3/5.7.2 TABLE 3 for transverse bulkhead plating.puℎ is also defined in 5C-1-4/7.3.1.ps = kspis , not to be taken less than kspis(mid)pis = nominal slosh pressure, as specified in 5C-1-3/11.5.1pis(mid) = nominal slosh pressure at the mid-tank of the bulkhead at the same height as the point under

consideration.ks = ℓt/bt,   0 . 9 ≥ ks ≥ 0 . 65 ks = 0 . 9   for   ois mid  (ks = 0 . 9 for pis(mid))f2 = permissible bending stress, in N/cm2 (kgf/cm2, lbf/in2)

= 0.85 SmfySm and fy are as defined in 5C-1-4/7.3.1.ℓt , bt are defined in 5C-1-4/13.1.

Where the wing ballast tanks are U-shaped, the net thickness of transverse bulkhead plating in the wing
ballast tanks is also to be not less than as obtained from the above equation with the following substituted
for p and f2.
wherep = nominal pressure, in N/cm2 (kgf/cm2, lbf/in2), as specified for side shell structure (item 3 case

a) in 5C-1-3/5.7.2 TABLE 3, at the lower edge level of each transverse bulkhead plate.f2 = Smfy , in N/cm2 (kgf/cm2, lbf/in2)

where the breadth of center tank exceeds 0.6B, the net thickness of transverse bulkhead plating in the
center tank, outboard of 0.3B from the centerline of the tank, is also to be not less than as obtained from
the above equation with the following substituted for p and f2:p = nominal pressure, in N/cm2 (kgf/cm2, lbf/in2) as specified for inner skin longitudinal bulkhead

structure (item 6 case a) in 5C-1-3/5.7.2 TABLE 3, at the lower edge level of each transverse
bulkhead plate.f2 = Smfy , in N/cm2 (kgf/cm2, lbf/in2)

13.5 Longitudinals and Vertical/Horizontal Stiffeners
The net section modulus of each individual longitudinal or vertical/horizontal stiffener on longitudinal and
transverse bulkheads, in association with the effective plating to which it is attached, is to be not less than
obtained from the following equation:SM = M/fb cm3(in3)M = 1000c1psℓ2/k N− cm(kgf − cm, lbf − in . )
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wherek = 12 (12, 83.33)c1 = 1.0 for longitudinals and horizontal stiffeners

= 1 + γℓ/10p for vertical stiffenersγ = specific weight of the liquid, ≥ 1.005 N/cm2-m (0.1025 kgf/cm2-m, 0.4444 lbf/in.2-ft).s = spacing of longitudinals or vertical/horizontal stiffeners, in mm (in.)ℓ = span of longitudinals or stiffeners between effective supports, in m (ft)p = pressure, pi, in N/cm2 (kgf/cm2, lbf/in2), at the longitudinal or stiffener considered, as
specified in 5C-1-4/13.1 and 5C-1-4/13.3, or maximum slosh pressure, ps, whichever is
greater. For vertical stiffeners, pressure is to be taken at the middle of span of each
stiffener.ps = c3pis , not to be taken less than c3pis(mid)pis(mid) = nominal slosh pressure at the mid-tank of the bulkhead at the same height as the point
under considerationpis = nominal slosh pressure, as specified in 5C-1-3/11.5.1c3 = as specified below:

for transverse bulkheads

0.60 for angle or T-bar, 0.68 for bulb plate or flat bar, and 0.73 for corrugation, if tank length ℓt is greater
than 1.4 times tank width bt and no transverse swash bulkheads in the tank.

Otherwise c3= cst (cst = 1.0 for pis(mid))cst = ℓt/bt, 1 . 0 ≥ cst ≥ 0 . 71
for longitudinal bulkheads

0.60 for angle or T-bar, 0.68 for bulb plate or flat bar and 0.73 for corrugation, if tank width bt is greater
than 1.4 times tank length ℓt and no longitudinal swash bulkheads in the tank.

Otherwise c3= csℓ (csℓ = 1.0 for pis(mid))csℓ = bt/ℓt, 1 . 0 ≥ csℓ ≥ 0 . 71fb = permissible bending stresses, in N/cm2 (kgf/cm2, lbf/in2).

= 0.70 Smfy for transverse bulkhead stiffeners

= 1 . 4[1 . 0 – 0 . 28(z/B) – 0 . 52α1(SMRB/SMB)(y/yn)]Smfy ≤ 0 . 90Smfy for
longitudinal bulkhead longitudinals below neutral axis

= 2 . 2[1 . 0 – 0 . 28(z/B) – 0 . 52α2(SMRD/SMD)(y/yn)]Smfy ≤ 0 . 90Smfy for
longitudinal bulkhead longitudinals above neutral axisz = transverse distance, in m (ft), measured from the centerline of the vessel to the
longitudinal under consideration at its connection to the associated plateℎ = vertical distance, in m (ft), measured from the tank bottom to the longitudinal under
considerationH = depth of the tank, in m (ft)B = vessel's breadth, in m (ft), as defined in 3-1-1/5.
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Sm , fy and α1 are as defined in 5C-1-4/7.5.α2 , y, yn,SMRD and SMD are as defined in 5C-1-4/9.5.SMRB and SMB are as defined in 5C-1-4/7.3.1.

The effective breadth of plating, be, is as defined in line a) of 5C-1-4/7.7.4 FIGURE 6.

Where the wing ballast tanks are U-shaped, the net section modulus of transverse bulkhead stiffeners in the
wing ballast tanks is also to be not less than as obtained from the above equation with the following
substituted for p and fb:p = nominal pressure, in N/cm2 (kgf/cm2, lbf/in.2), as specified for side shell structure (item 3 case

a) in 5C-1-3/5.7.2 TABLE 3 at each transverse bulkhead stiffener level.fb = Smfy , in N/cm2 (kgf/cm2, lbf/in.2)

Where the breadth of center tank exceeds 0.6B, the net section modulus of transverse bulkhead stiffeners in
the center tank, located outboard of 0.3B from the centerline of the tank, is also to be not less than as
obtained from the above equation with the following substituted for p and fb:p = nominal pressure, in N/cm2 (kgf/cm2, lbf/in2), as specified for inner skin longitudinal bulkhead

structure (item 6 case a) in5C-1-3/5.7.2 TABLE 3 at each transverse bulkhead stiffener level.fb = Smfy , in N/cm2 (kgf/cm2, lbf/in2)

The net moment of inertia of longitudinals on the longitudinal bulkhead, with the associated effective
plating, within the region of 0.1D from the deck is to be not less than io, as specified in 5C-1-4/9.5.

15 Bulkheads - Main Supporting Members

15.1 General
The main supporting members of longitudinal and transverse bulkheads are to be arranged and designed as
indicated in 5C-1-4/11.1.

15.3 Vertical Web on Longitudinal Bulkhead
15.3.1 Section Modulus of Vertical Web on Longitudinal Bulkhead

The net section modulus of the vertical web is to be not less than obtained from the following
equation (see also 5C-1-4/1.3).SM = M/fb     cm3(in3)M = 10, 000kcpsℓb2     N− cm(kgf − cm, lbf − in . )
where
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k = 1.0 (1.0, 0.269)ℓb = span of member, in m (ft), as indicated in 5C-1-4/1.7 FIGURE 2B-a. Where a cross tie
(in wing or center tank) is fitted and is located at a distance greater than 0.7ℓb from the
deck transverse, the effective span of the vertical web may be measured from the deck
transverse to the cross tie and all coefficients determined as if there were no cross ties.
Where both the lower and upper ends of the vertical web are fitted with a bracket of the
same or larger size on the opposite side, the span ℓb may be taken between the toes of
the effective lower and upper brackets.s = spacing of vertical webs, in m (ft)p = nominal pressure, in kN/m2 (tf/m2, Ltf/ft2), at the mid-span of the vertical web, as
specified in 5C-1-3/5.7.2 TABLE 3.fb = permissible bending stress, in N/cm2 (kgf/cm2, lbf/in2)

= 0.70 SmfySm and fy are as defined in 5C-1-4/7.3.1.c is given in 5C-1-4/15.3.2 TABLE 3.

For tankers without cross ties, and fitted with an oil-tight centerline bulkhead, the required section
modulus of the web is to be maintained for 0.6ℓb, measured from the lower end of the web. The
value of the bending moment, M, used for calculation of the required section modulus of the
remainder of the web may be appropriately reduced, but by not more than 20%. Where the
centerline bulkhead is non-tight, the required section modulus is to be maintained throughout.

15.3.2 Web Sectional Area of Vertical Webs on Longitudinal Bulkheads
The net sectional area of the web portion of vertical members is to be not less than obtained from
the following equation:A = F/fs cm2(in2)
The shear force F, in N (kgf, lbf), may be obtained from the following equations (see also
5C-1-4/1.3).F = 1000ks[KUℓ(PU+ PL) – ℎUPU]   for upper part of vertical web

= 1000ks[KLℓ(PU+ PL) – ℎLPL] for lower part of vertical web

but F for lower part of vertical web is not to be less than

= 1000γksKLℓ(PU+ PL)
wherek = 1.0 (1.0, 2.24)PU = nominal pressure, p, in kN/m2 (tf/m2, Ltf/ft2), at the mid-length of upper bracket, as

specified in 5C-1-3/5.7.2 TABLE 3.PL = nominal pressure, p, in kN/m2 (tf/m2, Ltf/ft2), at the mid-length of lower bracket, as
specified in 5C-1-3/5.7.2 TABLE 3.
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ℓ = span of the vertical web, in m (ft), as indicated in 5C-1-4/1.7 FIGURE 2B-a. Where a
cross tie (in wing or center tank) is fitted and is located at a distance greater than 0.7ℓ
from the deck transverse, the effective span of the vertical web may be measured from
the deck transverse to the cross tie and all coefficients determined as if there were no
cross ties.s = spacing of the vertical webs, in m (ft)ℎU = length, in m (ft), of the upper bracket of the vertical web, as indicated in 5C-1-4/1.7
FIGURE 2B-a and 5C-1-4/11.17 FIGURE 8ℎL = length, in m (ft), of the lower bracket of the vertical web, as indicated in 5C-1-4/1.7
FIGURE 2B-a and 5C-1-4/11.17 FIGURE 8γ = 0.57 for tankers without cross ties, (5C-1-4/1.7 FIGURE 2A-b, c and f)

= 0.50 for tankers with one cross tie, (5C-1-4/1.7 FIGURE 2A-d and -e)fs = permissible shear stress, in N/cm2 (kgf/cm2, lbf/in2)

= 0.45 SmfySm and fy are as defined in 5C-1-4/7.3.1.

Coefficients KU and KL are given in 5C-1-4/15.3.2 TABLE 4.

For tankers without cross ties, the required sectional area of the lower part of the web is to be
maintained for 0.6ℓ measured from the lower end of the web.

For tankers with one cross tie, the required sectional area of the lower part of the web is to be
maintained up to the cross tie.

In no case is the shear force for the lower part of the vertical web to be taken less than 120% of
that for the upper part of the vertical web.

TABLE 3
Coefficient c for Vertical Web on Longitudinal Bulkheads

Arrangement of Cross Ties For upper part For lower part

No Cross Ties
(5C-1-4/1.7 FIGURE 2A-b, c & f)
1)Tight Bhd

0.80

Non-tight Centerline Bhd 0.28

One Cross Tie in Center Tank,
(5C-1-4/1.7 FIGURE 2A-e) 0.14 0.31

One Cross Tie in Wing Cargo Tank,
(5C-1-4/1.7 FIGURE 2A-d) 0.18 0.36
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TABLE 4
Coefficients KU and KL for Vertical Web on Longitudinal Bulkhead

Arrangement of Cross Ties KU KL
No Cross Ties
(5C-1-4/1.7 FIGURE 2A-b, c & f )
1) Tight Bhd

0.18 0.28

2) Non-tight Centerline Bhd. 0.09 0.14

One Cross Tie in Center or Wing Cargo Tank,
(5C-1-4/1.7 FIGURE 2A-d & e)

0.08 0.18

15.5 Horizontal Girder on Transverse Bulkhead
15.5.1 Section Modulus of Horizontal Girder on Transverse Bulkhead

The net section modulus of the horizontal girder is to be not less than obtained from the following
equation (see also 5C-1-4/1.3).SM = M/fb cm3(in3)M = 10, 000kcpsℓb2 N− cm(kgf − cm, lbf − in . )
wherek = 1.0 (1.0, 0.269)ℓb = span of the horizontal girders, in m (ft), as indicated in 5C-1-4/1.7 FIGURE 2B-b.

For tankers with four longitudinal bulkheads, (5C-1-4/1.7 FIGURE 2A-d, e and f), ℓb is to be
taken not less than 60% of the breadth of the wing cargo tanks.s = sum of the half lengths, in m (ft), of the frames supported on each side of the horizontal

girder.p = nominal pressure, in kN/m2 (tf/m2, Ltf/ft2), calculated at the mid-span of the horizontal
girder under consideration, as specified in 5C-1-3/5.7.2 TABLE 3.fb = permissible bending stress, in N/cm2 (kgf/cm2, lbf/in2)

= 0.70 SmfySm and fy as defined in 5C-1-4/7.3.1.c for transverse bulkheads without vertical webs

= 0.73 for tankers with an oil-tight centerline bulkhead
(5C-1-4/1.7 FIGURE 2A-c)

= 0.55 for tankers with a non-tight centerline bulkhead
(5C-1-4/1.7 FIGURE 2A-c)

= 0.83 in wing cargo tanks of vessels with four longitudinal
bulkheads (5C-1-4/1.7 FIGURE 2A-d, e and f)

= 0.63 in the center tanks of vessels with four longitudinal
bulkheads (5C-1-4/1.7 FIGURE 2A-d, e and f)
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c for transverse bulkheads with vertical webs

For 5C-1-4/1.7 FIGURE 2A-b, tankers with oil-tight centerline bulkhead and 5C-1-4/1.7
FIGURE 2A-a

= 0.73α2 for α< 0.5

= 0.467α2 + 0.0657 for 0.5 ≤ α ≤ 1.0

= 0.1973α + 0.3354 for α > 1.0c is not to be taken less than 0.013 and need not be greater than 0.73.

For 5C-1-4/1.7 FIGURE 2A-b, tankers with a non-tight centerline bulkhead

= 0.55α2 for α < 0.5

= 0.35α2 + 0.05 for 0.5 ≤ α ≤ 1.0

= 0.15α + 0.25 for α > 1.0c is not to be taken less than 0.013 and need not to be greater than 0.55.α = 0 . 9(ℓst/ℓb)[(I/Iv)(sv/s)]1/4
if more than one vertical web is fitted on the bulkhead, average values of ℓst, sv
and Iv are to be used when these values are not the same for each web.ℓst = span of the vertical web, in m (ft) (5C-1-4/1.7 FIGURE 2B-c)sv = spacing of the vertical webs, in m (ft)I, Iv = moments of inertia, in cm4 (in4), of the horizontal girder and the vertical web clear
of the end brackets.

15.5.2 Web Sectional Area of the Horizontal Girder on Transverse Bulkhead
The net sectional area of the web portion of the horizontal girder is to be not less than obtained
from the following equation:A = F/fs cm2(in2)F = 1000kscp(0 . 5ℓ – ℎe) N(kgf, lbf)
wherek = 1.0 (1.0, 2.24)c = 0.80 for transverse bulkheads without vertical webs

= 0 . 72α1/2 for transverse bulkheads with vertical webs for α ≥ 0.70

= 0 . 887α − 0 . 02 for transverse bulkheads with vertical webs for α < 0.7, 0.1 min.
and 0.8 max.ℓ = distance, in m (ft), between longitudinal bulkheads, as indicated in 5C-1-4/1.7

FIGURE 2B-bs = sum of the half lengths, in m (ft), on each side of the horizontal girder, of the frames
supportedℎe = length of the bracket, in m (ft), as indicated in 5C-1-4/1.7 FIGURE 2B-bp and α are as defined in 5C-1-4/15.5.1.
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fs = permissible shear stress, in N/cm2 (kgf/cm2, lbf/in2)

= 0.45 SmfySm and fy are as defined in 5C-1-4/7.3.1.

15.7 Vertical Web on Transverse Bulkhead
15.7.1 Section Modulus of Vertical Web on Transverse Bulkhead

The net section modulus of the vertical web is to be not less than obtained from the following
equation (see also 5C-1-4/1.3):SM = M/fb cm3(in3)M = 10, 000kcpsℓst2 N− cm(kgf − cm, lbf − in . )
wherek = 1.0 (1.0, 0.269)c = 0.83 for bulkheads without horizontal girders

= 0.83 – 0.52α(but not less than 0.3) for transverse bulkheads with horizontal
girders.ℓst = span of the vertical web, in m (ft), (5C-1-4/1.7 FIGURE 2B-c )s = spacing of vertical webs, in m (ft)p = nominal pressure, in kN/m2 (tf/m2, Ltf/ft2), at the mid-span of the vertical web, as

specified in 5C-1-3/5.7.2 TABLE 3.α = as defined in 5C-1-4/15.5.1, except that the values of s, ℓb and I are to be averaged in
the case that more than one horizontal girder is fitted on the bulkhead.fb = permissible bending stress, in N/cm2 (kgf/cm2, lbf/in2)

= 0.70 SmfySm and fy as defined in 5C-1-4/7.3.1.

The required section modulus for the web is to be maintained for a distance of 0.60ℓst from the
lower end of the span. Above that point, the value of the bending moment, M, used for the
calculation of the required section modulus may be reduced by not more than 20%.

15.7.2 Web Sectional Area of Vertical Web on Transverse Bulkheads
The net sectional area of the web portion of vertical members is to be not less than obtained from
the following equation:A = F/fs cm2(in2)
The shear force F in N (kgf, lbf) may be obtained from the following equations (see also
5C-1-4/1.3).
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F = 1000ks[0 . 18cℓ(PU+ PL) – ℎUPU]   for upper part of vertical webF = 1000ks[0 . 30cℓ(PU+ PL) – ℎLPL] or120kscℓ(PU+ PL) whichever is greater, for lower part of vertical
web

wherek = 1.0 (1.0, 2.24)c = 1.0 for transverse bulkheads without horizontal girders

= 1.13 – 0.6α for transverse bulkheads with horizontal girders, 0.6 min. and 1.0
max.PU = nominal pressure, p, in kN/m2 (tf/m2, Ltf/ft2), at the mid-length of upper bracket, as

specified in 5C-1-3/5.7.2 TABLE 3PL = nominal pressure, p, in kN/m2 (tf/m2, Ltf/ft2), at the mid-length of lower bracket, as
specified in 5C-1-3/5.7.2 TABLE 3ℓ = span of the vertical web, in m (ft), as indicated in 5C-1-4/1.7 FIGURE 2B-cs = spacing of the vertical webs, in m (ft)ℎU = length, in m (ft), of the upper bracket, as indicated in 5C-1-4/1.7 FIGURE 2B-c and
5C-1-4/11.17 FIGURE 8ℎL = length, in m (ft), of the lower bracket, as indicated in 5C-1-4/1.7 FIGURE 2B-c and
5C-1-4/11.17 FIGURE 8α is as defined in 5C-1-4/15.7.1.fs = permissible shear stress, in N/cm2 (kgf/cm2, lbf/in2)

= 0.45 SmfySm and fy are as defined in 5C-1-4/7.3.1.

The required sectional area of the lower portion of the web is to be maintained for a distance of
0.15ℓ from the toe of the lower bracket or 0.33ℓ measured from the lower end of the span,
whichever is greater.

In no case is the shear force for the lower part of vertical web to be taken less than 120% of that
for the upper part of the vertical web.

15.9 Minimum Web Thickness, Proportions, Brackets, Stiffeners, Tripping Brackets, Slots
and Lightening Holes
Requirements for these items are given in 5C-1-4/11.9, 5C-1-4/11.11, 5C-1-4/11.13, 5C-1-4/11.15, and
5C-1-4/11.17.

15.11 Cross Ties
Where cross ties are fitted as an effective support for the tank structural members, they are to be spaced so
as to divide the supported members into spans of approximately equal length. The axial load imposed on
cross ties, W, is to be not greater than the permissible load, Wa, both are as specified below (see also
5C-1-4/1.3). Alternatively, W may be determined from finite element analyses, as specified in 5C-1-5/9,
with the combined load cases in 5C-1-3/9. However, in no case should W be taken less than 85% of that
determined from the approximate equation below. For this purpose, an additional load case is also to be
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investigated modifying load case 5 (of 5C-1-3/Table 1) with a full design draft and Kf0 = 1 . 0 for external
pressure where cross ties are located in wing cargo tanks. (See also 5C-1-5/9.1).W = pbs kN(tf, Ltf)Wa = 0 . 55fcAs kN(tf, Ltf)fc = fE for   fE ≤ Prfyfc = fy 1− Pr 1− Pr fyfE           for   fE > PrfyfE = π2E/(ℓ/r)2
whereb = mean breadth of the area supported, in m (ft)s = spacing of transverses, in m (ft)p = nominal pressure, in kN/m2 (tf/m2, Ltf/ft2), at the center of the area supported by the cross tie as

specified in 5C-1-3/5.7.2 TABLE 3, item 15ℓ = unsupported span of the cross tie, in cm (in.)r = least radius of gyration of the cross tie, in cm (in.)As = net cross section area of the cross tie, in cm2 (in2)fy = minimum specified yield point of the material, in kN/cm2 (tf/cm2, Ltf/in2)Pr = proportional linear elastic limit of the structure, may be taken as 0.6 for steelE = 2.06 × 104 kN/cm2 (2.1 × 103 tf/cm2, 13.4 × 103 Ltf/in2)

Special attention is to be paid to the adequacy of the welded connections for transmission of the tensile
forces and also to the stiffening arrangements at the ends, in order to provide effective means for
transmission of the compressive forces into the webs. In addition, horizontal stiffeners are to be located in
line with and attached to the first longitudinal above and below the ends of the cross ties.

15.13 Nontight Bulkheads
Nontight bulkheads referred to in 5C-1-3/11.3.1 are to be fitted in line with transverse webs, bulkheads or
other structures with equivalent rigidity. They are to be suitably stiffened. Openings in the nontight
bulkhead are to have generous radii and their aggregate area is not to exceed 33%, nor to be less than 10%
of the area of the nontight bulkhead. The net thickness of nontight bulkheads is to be not less than 11.0 mm
(0.433 in.) for oil carriers with L less than or equal to 300 meters and 12.0 mm (0.472 in.) for L over 300
meters. Section moduli of stiffeners and webs may be half of those required for watertight bulkheads in
3-2-9/5.3 and 3-2-9/5.7. In addition, the scantlings of the nontight bulkhead are to comply with the
requirements in 5C-1-5/3.3 and 5C-1-5/5.3.3 using a finite element model in conjunction with the
combined load cases in 5C-1-3/5.7.2 TABLE 1A.

Alternatively, the opening ratio and scantlings may be determined by an acceptable method of engineering
analysis.
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17 Corrugated Bulkheads

17.1 General
All vertically corrugated transverse and longitudinal bulkheads in cargo tanks are to be designed in
compliance with the requirements specified in this subsection and the strength assessment criteria with
respect to yielding, buckling and ultimate strength, and fatigue as specified in 5C-1-5.

In general, the approximation equations given below are applicable to vertical corrugations with
corrugation angles, ϕ (5C-1-4/17.9 FIGURE 10 or 5C-1-4/17.9 FIGURE 9), within the range between 60
and 90 degrees. For corrugation angles less than 60 degrees and corrugation in the horizontal direction,
direct calculations may be required.

17.3 Plating
The net thickness of the vertically corrugated plating is not to be less than t1, t2, t3 and t4 obtained from
the following equations:t1 = 0 . 516k1a(pℓ/f1)1/2 in mm (in.) for flange and web platingt2 = 0 . 42k2a(fy/E)1/2 in mm (in.) for flange platingt3 = k(a/k3)(f3)1/210−3 in mm (in.) for flange platingt4 = 100F/(df4) in mm for web platingt4 = F/(df4) in in. for web plating

but not less than 9.5 mm (0.37 in.)

wherek = 0.728 (2.28, 0.605)a = width of flange plating, in mm (in.) (5C-1-4/17.9 FIGURE 9 or 5C-1-4/17.9 FIGURE 10)c = width of web plating, in mm (in.) (5C-1-4/17.9 FIGURE 9 or 5C-1-4/17.9 FIGURE 10)d = depth of corrugation, in mm (in.) (5C-1-4/17.9 FIGURE 9 or 5C-1-4/17.9 FIGURE 10)ϕ = corrugation angle, (5C-1-4/17.9 FIGURE 9 or 5C-1-4/17.9 FIGURE 10)k1 = (1 – c/a+ c2/a2)1/2k2 = f2/(0 . 73fy)k3 = 7 . 65 – 0 . 26(c/a)2F = shear force, in N (kgf, lbf), imposed on the web plating at the lower end of corrugation
span

= k4sℓ(0 . 375pℓ+ 0 . 125pu)k4 = 10 (10, 12)s = spacing of corrugation, in mm (in.), i.e. a+ ccos   ϕ, (5C-1-4/17.9 FIGURE 9 or
5C-1-4/17.9 FIGURE 10)ℓ = span of corrugation, in m (ft.), taken as the distance between lower and upper stools at
centerline
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pℓ,pu = nominal pressure, in N/cm2 (kgf/cm2, lbf/in2), at the lower and upper ends of span,
respectively, as specified in 5C-1-3/5.7.2 TABLE 3f1 = permissible bending stress, in N/cm2 (kgf/cm2, lbf/in2)

= 0.90 Smfyf2 = maximum vertical bending stress in the flange at the mid-depth of corrugation span to be
calculated from 5C-1-4/17.5 below, in N/cm2 (kgf/cm2, lbf/in2)f3 = maximum vertical bending stress in the flange at the lower end of corrugation span to be
calculated from5C-1-4/17.5 below, in N/cm2 (kgf/cm2, lbf/in2)f4 = permissible shear stress, in N/cm2 (kgf/cm2, lbf/in2)

= 0.40 SmfyE , Sm and fy are as defined in 5C-1-4/7.3.1.

The plate thickness, as determined above based on the maximum anticipated pressures, is to be generally
maintained throughout the entire corrugated bulkhead, except that the net thickness of plating above 2/3 of
span, ℓ, from the top of the lower stool may be reduced by 20%.

17.5 Stiffness of Corrugation
17.5.1 Depth/Length Ratio

The depth/length ratio (d/ℓ) of the corrugation is not to be less than 1/15 where d and ℓ are as
defined in 5C-1-4/17.3 above.

17.5.2 Section Modulus
The net section modulus for any unit corrugation is not to be less than obtained from the following
equation for all anticipated service loading conditions.SM = M/fb cm3(in3)M = 1000(Ci/Cj)psℓo2/k N− cm(kgf − cm, lbf − in . )
wherek = 12 (12, 83.33)ℓo = nominal length of the corrugation, in m (ft), measured from the mid-depth of the lower

stool to the mid-depth of the upper stoolp = (pu+ pℓ)/2 , N/cm2 (kgf/cm2, lbf/in2)fb = permissible bending stress, in N/cm2 (kgf/cm2, lbf/in2)

= 0.90 Smfy, for lower end of corrugation span ℓ
= cefy ≤ 0 . 90Smfy, for the mid ℓ/3 region of the corrugationce = 2 . 25/β – 1 . 25/β2 for β ≥ 1.25

= 1.0 for β < 1.25β = (fy/E)1/2a/tftf = net thickness of the corrugation flange, in mm (in.)Ci = the bending moment coefficients as given below
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Values of Ci (All Bulkheads with Lower and Upper Stools)

Bulkhead Lower End of
Span ℓ Mid-depth Upper End of

Span ℓ
Trans. Bhd:
(w/Long'l Bhd)
(w/out Long'l Bhd)

C1C2 Cm1Cm2 0.80Cm1
0.65Cm2

Long'l. Bhd. C3 Cm3 0.65Cm3C1 = a1+ b1(kAdt/Bd)1/2 ≥ 0 . 6
where a1 = 0 . 95− 0 . 26/Rb, b1 = − 0 . 20 + 0 . 05/RbCm1 = am1+ bm1(kAdt/Bd)1/2 ≥ 0 . 55
where am1 = 0 . 63 + 0 . 16/Rb, bm1 = – 0 . 25 – 0 . 07/RbC2 = a2+ b2(kAdt/Bd)1/2 ≥ 0 . 6
where a2 = 0 . 84 – 0 . 07/Rb, b2 = – 0 . 24 + 0 . 02/RbCm2 = am2+ bm2(kAdt/Bd)1/2 ≥ 0 . 55
where am2 = 0 . 56 + 0 . 05/Rb, bm2 = – 0 . 34 – 0 . 03/RbC3 = a3+ b3(kAdℓ/Ld)1/2 ≥ 0 . 6
where a3 = 1 . 07 – 0 . 21/Rb, b3 = – 0 . 21 + 0 . 04/RbCm3 = am3+ bm3(kAdℓ/Ld)1/2 ≥   0 . 55
where am3 = 0 . 30 + 0 . 07/Rb, bm3 = – 0 . 12 – 0 . 03/RbCj = the bending moment factors due to sloshing effect

Values of Cj (All Bulkheads with Lower and Upper Stools)

Bulkhead Mid-depth Upper End of
Span ℓ

Trans. Bhd: Cmj1 Cmj2
Long'l. Bhd. Cmj3 Cmj4Cmj1 = 1 . 83 PPs – 0 . 74 ≥ 0 . 40 if   PPs < 0 . 95

= 1.0 if   PPs ≥ 0 . 95Cmj2 = 3 . 73 PPs – 2 . 36 ≥ 0 . 62 if   PnPs < 0 . 90
= 1.0 if   PPs ≥ 0 . 90Cmj3 = 4 . 14 PPs – 3 . 14 ≥ 0 . 75 if   PPs < 1 . 00
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= 1.0 if   PPs ≥ 1 . 00Cmj4 = 2 . 36 PPs – 1 . 71 ≥ 0 . 72 if   PPs < 1 . 15
= 1.0 if   PPs ≥ 1 . 15Ps = (psu+ psℓ)/2 N/cm2 (kgf/cm2, lbf/in2)P = (pu+ pℓ)/2 N/cm2 (kgf/cm2, lbf/in2)psℓ, psu = sloshing pressure, in N/cm2 (kgf/cm2, lbf/in2), at the lower and upper ends of span,

respectively, as specified in 5C-1-3/11.5, calculated at the same locations
indicated for pℓ and pu.pℓ,pu = nominal pressure, in N/cm2 (kgf/cm2, lbf/in2), at the lower and upper ends of span,
respectively, as specified in 5C-1-3/5.7.2 TABLE 3, to be calculated at a section
located B/4 from the C.L. when the vessel has one or no longitudinal bulkheads.
For vessels with two longitudinal bulkheads, the nominal pressure is to be
calculated at a section located b/4 from the outboard boundary of the center or the
wing tank.Rb = kHst(Bct+ Bst)(1 + Lb/Bb+ 0 . 5Hb/Lb)/(2Bb) for transverse bulkheads

= Hsℓ(Bcℓ+ Bsℓ)(1 + Bb/Lb+ 0 . 5Hb/Bb)/(2Lb) for longitudinal bulkheadsAdt = cross sectional area, in m2 (ft2), enclosed by the outside lines of upper stool of
transverse bulkheadAdℓ = cross sectional area, in m2 (ft2), enclosed by the outside lines of upper stool of
longitudinal bulkheadsBct = width of the bottom stool of transverse bulkhead, in m (ft), at the top (5C-1-4/17.9
FIGURE 10 or 5C-1-4/17.9 FIGURE 9)Bcℓ = width of the bottom stool of longitudinal bulkhead, in m (ft), at the top
(5C-1-4/17.9 FIGURE 10)Bst = width of the bottom stool of transverse bulkhead, in m (ft), at the inner bottom
level (5C-1-4/17.9 FIGURE 10)Bsℓ = width of the bottom stool of longitudinal bulkhead, in m (ft), at the inner bottom
level (5C-1-4/17.9 FIGURE 10)Hb = double bottom height, in m (ft)Hst = height of the bottom stool of transverse bulkhead, in m (ft), from the inner bottom
to the top (5C-1-4/17.9 FIGURE 10 or 5C-1-4/17.9 FIGURE 9)Hsℓ = height of the bottom stool of longitudinal bulkhead, in m (ft), from the inner
bottom to the top (5C-1-4/17.9 FIGURE 10)Bb = transverse distance, in m (ft), between hopper tanks at the inner bottom level
(5C-1-4/17.9 FIGURE 10 or 5C-1-4/17.9 FIGURE 9)Bd = transverse distance, in m (ft), between upper wing tanks or between upper wing
tank and centerline deck structure, at the deck level (see 5C-1-4/17.9 FIGURE 10
or 5C-1-4/17.9 FIGURE 9).Lb = longitudinal distance, in m (ft), between bottom stools in the loaded tanks at the
inner bottom level (5C-1-4/17.9 FIGURE 10 or 5C-1-4/17.9 FIGURE 9)Ld = longitudinal distance, in m (ft), between upper stools in the loaded tanks at the
deck level (5C-1-4/17.9 FIGURE 10)
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k = 1 (1, 3.2808)B = breadth of vessel, as defined in 3-1-1/5, in m (ft)b = width of tank under consideration, in m (ft)a , ℓ, s, pu and pℓ are as defined in 5C-1-4/17.3 above.E is as defined in 5C-1-4/7.3.Sm and fy are as defined in 5C-1-4/7.5.

The developed net section modulusSM may be obtained from the following equation, where a, c,d, tf(net), and tw(net), all in cm (in.), are as indicated in 5C-1-4/17.9 FIGURE 9.SM = d(3atf+ ctw)/6 cm3(in3)
17.7 Bulkhead Stools

17.7.1 Lower Stool
The height of the lower stool is to be not less than 3 times the minimum depth of corrugation
required by 5C-1-4/17.5.1 above. The net thickness and material of the stool top plate is not to be
less than that required for the bulkhead plating in 5C-1-4/17.3 above. The net thickness of the
upper portion of vertical or sloping stool side plate within the region of one meter from the stool
top is not to be less than the required flange plate thickness to meet the bulkhead stiffness
requirement at the lower end of the corrugation in 5C-1-4/17.5 above. The net thickness of the
stool side plating and the net section modulus of the stool side stiffeners are not to be less than
those required for plane transverse or longitudinal bulkhead plating and stiffeners in 5C-1-4/13.1,
5C-1-4/13.3 and 5C-1-4/13.5, with the corresponding tank pressure specified in 5C-1-3/5.7.2
TABLE 3. The ends of stool side vertical stiffeners are to be attached to brackets at the upper and
lower ends of the stool.

The extension of the top plate beyond the corrugation is not to be less than the as-built flange
thickness of the corrugation. The stool bottom is to be installed in line with double bottom floors
or girders, fitted with proper brackets, and diaphragms are to be provided in the stool to effectively
support the panels of the corrugated bulkhead. The width of the stool at the inner bottom is to be
not less than 2.5 times the mean depth of the corrugation. Scallops in the brackets and diaphragms
in way of the top and bottom connections to the plates and in the double bottom floors or girders
are to be avoided.

17.7.2 Upper Stool
The upper stool is to have a depth generally not less than 2 times the minimum depth of
corrugation as specified in 5C-1-4/17.5 above and is to be properly supported by girders or deep
brackets.

The width of the stool bottom plate should generally be the same as that of the lower stool top
plate. The net thickness of the stool bottom plate should generally be the same as that of the
bulkhead plating, and the net thickness of the lower portion of stool side plate is not to be less than
80% of that required for the bulkhead plating in 5C-1-4/17.3 above for the upper one-third portion
of the bulkhead. The net thickness of the stool side plating and the net section modulus of the stool
side stiffeners are not to be less than those required for plane transverse bulkhead plating and
stiffeners in 5C-1-4/13.1, 5C-1-4/13.3 and 5C-1-4/13.5, with the corresponding tank pressure
specified in 5C-1-3/5.7.2 TABLE 3. The ends of stool side stiffeners are to be attached to brackets
at the upper and lower ends of the stool. Brackets or diaphragms are to be fitted to effectively
support the web panels of the corrugated bulkhead. Scallops in the brackets and diaphragms in
way of the connection to the stool bottom plate are to be avoided.
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17.7.3 Alignment
Stool side vertical stiffeners and their brackets in the lower stool of the transverse bulkhead should
align with the inner bottom longitudinal to provide appropriate load transmission between the
stiffening members.

17.9 End Connections
The structural arrangements and size of the welding at the ends of corrugations are to be designed to
develop the required strength of the corrugated bulkhead. Where shedder plates (slanting plates) are fitted
at the end connection of the corrugation to the lower stool, appropriate means are to be provided to prevent
the possibility of gas pockets being formed in way of these plates within the cargo tanks.

Welding for all connections and joints is to be in compliance with the Rules. The welded connection of the
bulkhead to the stools within 10% of the depth of the corrugation from the outer surface of the corrugation,d1, is to be double continuous with fillet size not less than 0.7 times the thickness of bulkhead plating or
penetration welds of equal strength (see 5C-1-4/17.9 FIGURE 11).
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FIGURE 9 
Definition of Parameters for Corrugated Bulkhead 

(Tankers without Longitudinal Bulkhead at Centerline)
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FIGURE 10 
Definition of Parameters for Corrugated Bulkhead 
(Tankers with Longitudinal Bulkhead at Centerline)
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FIGURE 11 
Corrugated Bulkhead End Connections
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C H A P T E R  1
Vessels Intended to Carry Oil in Bulk (150 meters (492 feet) or more in

Length)

S E C T I O N  5
Total Strength Assessment

1 General Requirements

1.1 General 1995
In assessing the adequacy of the structural configuration and the initially selected scantlings, the strength
of the hull girder and the individual structural member or element is to be in compliance with the failure
criteria specified in 5C-1-5/3 below. In this regard, the structural response is to be calculated by performing
a structural analysis, as specified in 5C-1-5/9, or by other equivalent and effective means. Due
consideration is to be given to structural details, as specified in 5C-1-4/1.5.

1.3 Loads and Load Cases
In determination of the structural response, the combined load cases given in 5C-1-3/9.3 are to be
considered together with sloshing loads specified in 5C-1-3/11. Bowflare/bottom slamming and other loads
as specified in 5C-1-3/13, are also to be considered as necessary.

1.5 Stress Components
The total stress in stiffened plate panels are divided into the following three categories:

1.5.1 Primary
Primary stresses are those resulting from hull girder bending. The primary bending stresses may
be determined by simple beam method using the specified total vertical and horizontal bending
moments and the effective net hull girder section modulus at the section considered. These
primary stresses, designated by fL1 (fL1V, fL1H for vertical and horizontal bending, respectively),
may be regarded as uniformly distributed across the thickness of plate elements, at the same level
measuring from the relevant neutral axis of the hull girder.

1.5.2 Secondary
Secondary stresses are those resulting from bending of large stiffened panels between longitudinal
and transverse bulkheads, due to local loads in an individual cargo or ballast tank.

The secondary bending stresses, designated by fL2 or fT2, are to be determined by performing a
3D FEM analysis as outlined in this section.
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For stiffened hull structures, there is another secondary stress due to the bending of longitudinals
or stiffeners with the associated plating between deep supporting members or floors. The latter
secondary stresses are designated by fL2*  or fT2* , and may be approximated by simple beam theory.

The secondary stresses, fL2, fT2,fL2*  or fT2* , may be regarded as uniformly distributed in the flange
plating and face plates.

1.5.3 Tertiary
Tertiary stresses are those resulting from the local bending of plate panels between stiffeners. The
tertiary stresses, designated by fL3 or fT3, can be calculated from classic plate theory. These
stresses are referred to as point stresses at the surface of the plate.

3 Failure Criteria - Yielding

3.1 General
The calculated stresses in the hull structure are to be within the limits given below for all the combined
load cases specified in 5C-1-3/9.3.

3.3 Structural Members and Elements
For all structural members and elements, such as longitudinals/stiffeners, web plates and flanges, the
combined effects of all the calculated stress components are to satisfy the following limits.fi ≤ Smfy
wherefi = stress intensity

=   fL2+ fT2 – fLfT+ 3fLT2 1/2 N/cm2 (kgf/cm2, lbf/in2)fL = calculated total in-plane stress in the longitudinal direction including primary and secondary
stresses

= fL1+ fL2+ fL2* N/cm2 (kgf/cm2, lbf/in2)fL1 = direct stress due to the primary (hull girder) bending, N/cm2 (kgf/cm2, lbf/in2)fL2 = direct stress due to the secondary bending between bulkheads in the longitudinal direction,
N/cm2 (kgf/cm2, lbf/in2)fL2* = direct stress due to local bending of longitudinal between transverses in the longitudinal
direction, N/cm2 (kgf/cm2, lbf/in2)fT = calculated total direct stress in the transverse/vertical direction, including secondary stresses

= fT1+ fT2+ fT2* N/cm2 (kgf/cm2, lbf/in2)fLT = calculated total in-plane shear
stress,

N/cm2 (kgf/cm2, lbf/in2)

fT1 = direct stress due to sea and cargo load in the transverse/vertical direction, N/cm2 (kgf/cm2,
lbf/in2)fT2 = direct stress due to the secondary bending between bulkheads in the transverse/vertical
direction, N/cm2 (kgf/cm2, lbf/in2)
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fT2* = direct stress due to local bending of stiffeners in the transverse/vertical direction, N/cm2

(kgf/cm2, lbf/in2)fy = specified minimum yield point, N/cm2 (kgf/cm2, lbf/in2)Sm = strength reduction factor, as defined in 5C-1-4/7.3.1

For this purpose, fL2*  and fT2*  in the flanges of longitudinal and stiffener, at the ends of span may be
obtained from the following equation:fL2* fT2* = 0 . 071spℓ2/SML SMT N/cm2(kgf/cm2, lbf/in2)
wheres = spacing of longitudinals (stiffeners), in cm (in.)ℓ = unsupported span of the longitudinal (stiffener), in cm (in.)p = net pressure load, in N/cm2 (kgf/cm2, lbf/in2), for the longitudinal (stiffener)SML(SMT) = net section modulus, in cm3 (in3), of the longitudinal (stiffener)

3.5 Plating
For plating away from knuckle or cruciform connections or high stress concentrations and subject to both
in-plane and lateral loads, the combined effects of all the calculated stress components are to satisfy the
limits specified in 5C-1-5/3.3 with fL and fT modified as follows:fL = fL1+ fL2+ fL2* + fL3 N/cm2(kgf/cm2, lbf/in2)fT = fT1+ fT2+ fT2* + fT3 N/cm2(kgf/cm2, lbf/in2)
wherefL3, fT3 = plate bending stresses between stiffeners in the longitudinal and transverse directions,

respectively, and may be approximated as follows.fL3 = 0 . 182p(s/tn)2 N/cm2 (kgf/cm2, lbf/in2)fT3 = 0 . 266p(s/tn)2 N/cm2 (kgf/cm2, lbf/in2)p = lateral pressures for the combined load case considered (see 5C-1-3/9), in N/cm2 (kgf/
cm2, lbf/in2)s = spacing of longitudinals or stiffeners, in mm (in.)tn = net plate thickness, in mm (in.)

For plating within two longitudinals or stiffeners from knuckle or cruciform connections of high stress
concentrations, the combined effects of the calculated stress components are to satisfy the following stress
limit:fi ≤ 0 . 80Smfy
where
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fi = stress intensity

= fL2+ fT2− fLfT+ fLT2 1/2 N/cm2 (kgf/cm2, lbf/in2)fL = calculated total in-plane stress in the longitudinal direction including primary and secondary
stresses

= fL1+ fL2 N/cm2 (kgf/cm2, lbf/in2)fT = calculated total direct stress in the transverse/vertical direction, including secondary stresses

= fT1+ fT2 N/cm2 (kgf/cm2, lbf/in2)

In addition, the failure criteria for knuckle or cruciform connections in 5C-1-5/11 are to be complied with.fL1,   fL2,   fL2* ,   fT1,   fT2 and fT2*  are as defined in 5C-1-5/3.3.

5 Failure Criteria - Buckling and Ultimate Strength

5.1 General
5.1.1 Approach

The strength criteria given here correspond to either serviceability (buckling) state limits or
ultimate state limits for structural members and panels, according to the intended functions and
buckling resistance capability of the structure. For plate panels between stiffeners, buckling in the
elastic range is acceptable provided that the ultimate strength of the structure satisfies the specified
design limits. The critical buckling stresses and ultimate strength of structures may be determined
based on either well-documented experimental data or a calibrated analytical approach. When a
detailed analysis is not available, the equations given in 5C-1-A2 may be used to assess the
buckling strength.

5.1.2 Buckling Control Concepts
The strength criteria, in 5C-1-5/5.3 through 5C-1-5/5.11 are based on the following assumptions
and limitations with respect to buckling control in design.

5.1.2(a) The buckling strength of longitudinals and stiffeners is generally greater than that of the
plate panels they support.

5.1.2(b) All longitudinals with their associated effective plating are to have moments of inertia not
less than io given in 5C-1-A2/11.1.

5.1.2(c) The main supporting members, including transverses, girders and floors, with their
associated effective plating are to have the moments of inertia not less than Is given in 5C-1-
A2/11.5.

In addition, tripping (e.g. torsional instability) is to be prevented as specified in 5C-1-A2/9.5.

5.1.2(d) Face plates and flanges of girders, longitudinals and stiffeners are proportioned such that
local instability is prevented. (See 5C-1-A2/11.7)

5.1.2(e) Webs of longitudinals and stiffeners are proportioned such that local instability is
prevented. (See 5C-1-A2/11.9).

5.1.2(f) Webs of girders, floors and transverses are designed with proper proportions and stiffening
systems to prevent local instability. Critical buckling stresses of the webs may be calculated from
equations given in 5C-1-A2/3.
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For structures which do not satisfy these assumptions, a detailed analysis of buckling strength
using an acceptable method is to be submitted for review.

5.3 Plate Panels
5.3.1 Buckling State Limit

The buckling state limit for plate panels between stiffeners is defined by the following equation:(fLb/fcL)2+ (fTb/fcT)2+ (fLT/fcLT)2 ≤ 1 . 0
wherefLb = fL1+ fL2 = calculated total compressive stress in the longitudinal direction for the

plate, in N/cm2 (kgf/cm2, lbf/ in.2), induced by bending of the hull girder
and large stiffened panels between bulkheadsfTb = fT1+ fT2 = calculated total compressive stress in the transverse/vertical direction, in
N/cm2 (kgf/cm2, lbf/in.2)fLT = calculated total in-plane shear stress, in N/cm2 (kgf/cm2, lbf/in.2)fcL, fcT and fcLT are the critical buckling stresses corresponding to uniaxial compression in the

longitudinal, transverse/vertical directions and edge shear, respectively, in N/cm2 (kgf/cm2, lbf/in2),
and may be determined from the equations given in 5C-1-A2/3.fL, fT and fLT are to be determined for the panel in question under the load cases specified in
5C-1-3/9 including the primary and secondary stresses as defined in 5C-1-5/3.1.

5.3.2 Effective Width
When the buckling state limit specified in 5C-1-5/5.3.1 above is not satisfied, the effective widthbwL or bwT of the plating given below is to be used instead of the full width between longitudinals,s, for determining the effective hull girder section modulus, SMe, specified in 5C-1-5/5.13 and
also for verifying the ultimate strength as specified in 5C-1-5/5.3.3 below. When the buckling
state limit in 5C-1-5/5.3.1 above is satisfied, the full width between longitudinals, s, may be used
as the effective width, bwL, for verifying the ultimate strength of longitudinals and stiffeners
specified in 5C-1-5/5.5, and for determining the effective hull girder section modulus SMe
specified in 5C-1-5/5.13 below.

5.3.2(a) For long plate:bwL/s = C
C = 2 . 25/β − 1 . 25/β2 for β ≥ 1 . 25

= 1.0 for β < 1 . 25β = fy/E 1/2s/tns, tn and E are as defined in 5C-1-5/5.3.1 above.fy = specified minimum yield point of the material, in N/cm2 (kgf/cm2, lbf/in2)

5.3.2(b) For wide plate (compression in transverse direction):
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bwT/ℓ = Cs/ℓ + 0 . 115(1 – s/ℓ)(1 + 1/β2)2 ≤ 1 . 0
whereℓ = spacing of transverses, in cm (in.)s = longitudinal spacing, in cm (in.)C,β are as defined in 5C-1-5/5.3.2(a) above.

5.3.3 Ultimate Strength
The ultimate strength of a plate panel between stiffeners is to satisfy all of the following
equations:(fLb/fuL)2+ (fLT/fuLT)2 ≤ Sm(fTb/fuT)2+ (fLT/fuLT)2 ≤ Sm(fLb/fuL)2+ (fTb/fuT)2 – η(fLb/fuL)(fTb/fuT) + (fLT/fuLT)2 ≤ Sm
wherefLb, fTb and fLT are as defined in 5C-1-5/5.3.1 above.Sm is as defined in 5C-1-4/7.3.1.η = 1 . 5− β/2 ≥ 0β is as defined in 5C-1-5/5.3.2 above.fuL, fuT and fuLT are the ultimate strengths with respect to uniaxial compression and edge shear,
respectively, and may be obtained from the following equations, except that they need not be
taken less than the corresponding critical buckling stresses specified in 5C-1-5/5.3.1 above.fuL = fybwL/sfuT = fybwT/ℓfuLT = fcLT+ 0 . 5 fy− 3fcLT / 1 + α+ α2 1/2
whereα = ℓ/sfy, bwL, bwT, s, ℓ andfcLT are as defined above.

For assessing the ultimate strength of plate panels between stiffeners, special attention is to be
paid to the longitudinal bulkhead plating in the regions of high hull girder shear forces and the
bottom and inner bottom plating in the mid portion of cargo tanks subject to bi-axial compression.
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5.5 Longitudinals and Stiffeners
5.5.1 Beam-Column Buckling State Limits and Ultimate Strength

The buckling state limits for longitudinals and stiffeners are considered as the ultimate state limits
for these members and are to be determined as follows:fa/ fcaAe/A +mfb/fy ≤ Sm
wherefa = nominal calculated compressive stress

= P/A, N/cm2 (kgf/cm2, lbf/in2)P = total compressive load, N (kgf, lbf )fca = critical buckling stress as given in 5C-1-A2/5.1, N/cm2 (kgf/cm2, lbf/in2)A = total net sectional area, cm2 (in2)

= As+ stnAs = net sectional area of the longitudinal, excluding the associated plating, cm2 (in2)Ae = effective net sectional area, cm2 (in2)

= AS+ bwLtnbwL = effective width, as specified in 5C-1-5/5.3.2 aboveE = Young's modulus, 2.06 × 107 N/cm2 (2.1 × 106 kgf/cm2, 30 × 106 lbf/in2) for steelfy = minimum specified yield point of the longitudinal or stiffener under consideration,
N/cm2 (kgf/cm2, lbf/in2)fb = bending stress, N/cm2 (kgf/cm2, lbf/in2)

= M/SMeM = maximum bending moment induced by lateral loads

= cmpsℓ2/12 N-cm (kgf-cm, lbf-in.)cm = moment adjustment coefficient, and may be taken as 0.75p = lateral pressure for the region considered, N/cm2 (kgf/cm2, lbf/in2)s = spacing of the longitudinals, cm (in.)SMe = effective section modulus of the longitudinal at flange, accounting for the effective
breadth, be, cm3 (in3)be = effective breadth, as specified in 5C-1-4/7.7.4 FIGURE 6, line bm = amplification factor

= 1/[1 – fa/π2E(r/ℓ)2] ≥ 1 . 0Sm is as defined in 5C-1-4/7.3.1.r and ℓ are as defined in 5C-1-A2/5.1.
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5.5.2 Torsional-Flexural Buckling
In general, the torsional-flexural buckling strength of longitudinals and stiffeners is to satisfy the
ultimate state limits given below:fa/(fctAe/A) ≤ Sm
wherefa = nominal calculated compressive stress, as defined in 5C-1-5/5.5.1 abovefct = critical torsional-flexural buckling stress, and may be determined by equations given in

5C-1-A2/5.3.Ae and A are as defined in 5C-1-5/5.5.1 above and Sm is as defined in 5C-1-4/7.3.1.

5.7 Stiffened Panels
5.7.1 Large Stiffened Panels between Bulkheads

For a double hull tanker, assessment of buckling state limit is not required for the large stiffened
panels of the bottom and inner bottom structures, side shell and inner skin. Assessments of the
buckling state limits are to be performed for large stiffened panels of the deck structure and other
longitudinal bulkheads. In this regard, the buckling strength is to satisfy the following condition
for uniaxially or orthogonally stiffened panels.(fL1/fcL)2+ (fT1/fcT)2 ≤ Sm
wherefL1, fT1 = the calculated average compressive stresses in the longitudinal and transverse/

vertical directions respectively, as defined in 5C-1-5/3.3 abovefcL, fcT = the critical buckling stresses for uniaxial compression in the longitudinal and
transverse direction, respectively, and may be determined in accordance with
5C-1-A2/7, in N/cm2 (kgf/cm2, lbf/in2)Sm = strength reduction factor, as defined in 5C-1-4/7.3.1

5.7.2 Uniaxially Stiffened Panels between Transverses and Girders
The bucking strength of uniaxially stiffened panels between deep transverses and girders is also to
be examined in accordance with the specifications given in 5C-1-5/5.7.1 above by replacing fL1
and fT1 with fLb and fTb, respectively. fLb and fTb are as defined in 5C-1-5/5.3.1 above.

5.9 Deep Girders and Webs
5.9.1 Buckling Criteria

In general, the stiffness of the web stiffeners along the depth of the web plating is to be in
compliance with the requirements of 5C-1-A2/11.3. Web stiffeners which are oriented parallel to
and near the face plate, and thus subject to axial compression, are also to satisfy the limits
specified in 5C-1-5/5.5, considering the combined effect of the compressive and bending stresses
in the web. In this case, the unsupported span of these parallel stiffeners may be taken between
tripping brackets, as applicable.

The buckling strength of the web plate between stiffeners and flange/face plate is to satisfy the
limits specified below.

5.9.1(a) For web plate :
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(fLb/fcL)2+ (fb/fcb)2+ (fLT/fcLT)2 ≤ Sm
wherefLb = calculated uniform compressive stress along the length of the girder, N/cm2 (kgf/cm2,

lbf/in2)fb = calculated ideal bending stresses, in N/cm2 (kgf/cm2, lbf/in2)fLT = calculated total in-plane shear stress, in N/cm2 (kgf/cm2, lbf/in2)Sm = strength reduction factor, as defined in 5C-1-4/7.3.1fLb, fb and fLT are to be calculated for the panel in question under the combined load cases
specified in 5C-1-3/9.3.fL, fb and fLT may be calculated from the relative displacements of four
corner nodes of the panel. Care should be taken where one corner of the panel is located in an area
of high stress concentration because the stresses calculated by the displacement method tend to be
conservative. If the mesh is sufficiently refined, the plate panel stresses may be calculated from
the displacements slightly away from the corner point in the said high stress concentration.fL, fb
and fLT may be also directly calculated from the components stresses for the elements in the
panel, provided sufficient number of elements exists to represent stress distributions in the panel.fcLb, fcb andfcLT are critical buckling stresses with respect to uniform compression, ideal bending
and shear, respectively, and may be determined in accordance with 5C-1-A2.

In the determination of fcL and fcLT the effects of openings are to be considered.

5.9.1(b) For face plate and flange. The breadth to thickness ratio of face plate and flange is to
satisfy the limits given in 5C-1-A2/11.

5.9.1(c) For large brackets and sloping webs. The buckling strength is to satisfy the limits
specified in 5C-1-5/5.9.1(a) above for web plate.

5.9.2 Tripping
Tripping brackets are to be provided in accordance with 5C-1-A2/9.5.

5.11 Corrugated Bulkheads
5.11.1 Local Plate Panels

5.11.1(a) Buckling criteria. The buckling strength of the flange and web plate panels is not to be
less than that specified below.(fLb/RℓfcL)2+ (fTb/RtfcT)2+ (fLT/fcLT)2 ≤ Sm for flange panels(fLb/RℓfcL)2+ (fb/fcb)2+ (fLT/fcLT)2 ≤ Sm for web panels

All the parameter definitions and calculations are as specified in 5C-1-5/5.3.1 and 5C-1-5/5.9.1(a),
except that fLb is the average compressive stress at the upper and lower ends of the corrugation,
and an average value of fTb, fLT and fb, calculated along the entire length of the panel should be
used in the above equation.

5.11.1(b) Ultimate strength. The ultimate strength of flange panels in the middle one-third of the
depth are to satisfy the following criteria, considering a portion of flange panel having a length of
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three times the panel width, a, with the worst bending moments in the mid-depth region for all
load cases.(fLb/fuL)2+ (fTb/fuT)2 ≤ Sm
wherefLb = the calculated average compressive bending stress in the region within 3a in length, N/cm2 (kgf/cm2,

lbf/in.2)fTb = horizontal compressive stresses, as specified in 5C-1-5/5.11.1(a) abovefuL and fuT may be calculated in accordance with 5C-1-5/5.3.3 above.

5.11.2 Unit Corrugation
Any unit corrugation of the bulkhead may be treated as a beam column and is to satisfy the
buckling criteria (same as the ultimate strength) specified in 5C-1-5/5.5.1. The ultimate bending
stress is to be determined in accordance with 5C-1-A2/5.5.

5.11.3 Overall Buckling
The buckling strength of the entire corrugation is to satisfy the equation given in 5C-1-5/5.7.1
with respect to the biaxial compression by replacing the subscripts “L” and “T” with “V” and “H”
for the vertical and horizontal directions respectively.

5.13 Hull Girder Ultimate Strength
In addition to the strength requirements specified in 5C-1-4/3.1, the maximum longitudinal bending
stresses in the deck and bottom plating for the combined load cases given in 5C-1-3/9.3 are to be not
greater than that given in 5C-1-5/5.13.1 below

5.13.1 fL ≤ Smfy
wherefL = total direct stress in the longitudinal direction, N/cm2 (kgf/cm2, lbf/in2)

= fb1+ fb2fb1 = effective longitudinal bending stress, N/cm2 (kgf/cm2, lbf/in2)

= Mt/SMeMt = Ms+ kukcMw, ku = 1 . 15, kc = 1 . 0, N-cm (kgf-cm, lbf-in.)SMe = effective section modulus, as obtained from 5C-1-5/5.13.2 below, cm3 (in3)

Sm = strength reduction factor, as defined in 5C-1-4/7.3.1fy = minimum specified yield point of the material, N/cm2 (kgf/cm2, lbf/in2)fb2 = secondary bending stress of large stiffened panel between longitudinal bulkheads and transverse
bulkheads, N/cm2 (kgf/cm2, lbf/in2)
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5.13.2 Calculation of SMe
For assessing the hull girder ultimate strength, the effective section modulus is to be calculated,
accounting for the buckling of plate panels and shear lag effects as applicable.

5.13.2(a) Effective width. The effective widths of the side, bottom shell, inner bottom plating and
longitudinal bulkhead plating are to be used instead of the full width between longitudinals. The
effective width, bwL is given in 5C-1-5/5.3 above.

5.13.2(b) Shear lag. For double hull tankers without longitudinal bulkheads (except the inner
skins), the effective breadths, Be, of the deck and inner and outer bottom plating, are to be
determined based on the cL/b ratio as defined below.cL/b = 12 10 9 8 7 6 5 42Be/B = 0.98 0.96 0.95 0.93 0.91 0.88 0.84 0.78

wherecL is the length between two points of zero bending moment, away from the midship, and may be
taken as 60% of the ship length.b is the distance from the centerline of the vessel to the center of the side ballast tank, as shown in
5C-1-5/5.13.2 FIGURE 1.

For tankers with a centerline swash or oil tight longitudinal bulkhead, b may be taken as 2 3 of that
indicated in 5C-1-5/5.13.2 FIGURE 1.

For cL/b > 12, no shear lag effects need to be considered.

The effective sectional areas of deck, inner bottom and bottom longitudinals are to be reduced by
the same ratio, 2Be/B, for calculating SMe.
Alternatively, the hull girder ultimate strength can be determined in accordance with Appendix
5C-1-A5.
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FIGURE 1

7 Fatigue Life

7.1 General
An analysis is to be made of the fatigue strength of welded joints and details, in highly stressed areas,
especially where higher strength steel is used. Special attention is to be given to structural notches, cutouts,
and bracket toes, and also to abrupt changes of structural sections. A simplified assessment of the fatigue
strength of structural details may be accepted when carried out in accordance with Appendix 5C-1-A1.

The following subparagraphs are intended to emphasize the main points and to outline procedures where
refined spectral analysis techniques are used to establish fatigue strength.
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7.1.1 Workmanship
As most fatigue data available were experimentally developed under controlled laboratory
conditions, consideration is to be given to the workmanship expected during construction.

7.1.2 Fatigue Data
In the selection of S-N curves and the associated stress concentration factors, attention is to be
paid to the background of all design data and its validity for the details being considered. In this
regard, recognized design data, such as those by AWS (American Welding Society), API
(American Petroleum Institute), and DEN (Department of Energy), should be considered. Sample
fatigue data and their applications are shown in Appendix 5C-1-A1.

If other fatigue data are to be used, the background and supporting data are to be submitted for
review.

In this regard, clarification is required whether or not the stress concentration due to the weld
profile, certain structural configurations and also the heat effects are accounted for in the proposed
S-N curve. Consideration is also to be given to the additional stress concentrations.

7.1.3 Total Stress Range
For determining total stress ranges, the fluctuating stress components resulting from the load
combinations specified in 5C-1-A1/7.5 are to be considered.

7.1.4 Design Consideration
In design, consideration is to be given to the minimization of structural notches and stress
concentrations. Areas subject to highly concentrated forces are to be properly configured and
stiffened to dissipate the concentrated loads. See also 5C-1-4/1.5.

7.3 Procedures
The analysis of fatigue strength for a welded structural joint/detail may be performed in accordance with
the following procedures.

7.3.1 Step 1 – Classification of Various Critical Locations
The class designations and associated load patterns are given in 5C-1-A1/3.3.5 TABLE 1

7.3.2 Step 2 – Permissible Stress Range Approach
Where deemed appropriate, the total applied stress range of the structural details classified in Step
1 may be checked against the permissible stress ranges as shown in Appendix 5C-1-A1.

7.3.3 Step 3 – Refined Analysis
Refined analyses are to be performed as outlined in 5C-1-5/7.3.3(a) or 5C-1-5/7.3.3(b) below for
the structural details for which the total applied stress ranges obtained from Step 2 are greater than
the permissible stress ranges, or for which the fatigue characteristics are not covered by the
classified details and associated S-N curves.

The fatigue life of structures is generally not to be less than 20 years unless otherwise specified.

7.3.3(a) Spectral Analysis. Alternatively, a spectral analysis may be performed as outlined in
5C-1-5/7.5 below to directly calculate fatigue lives for the structural details in question.

7.3.3(b) Refined fatigue data. For structural details which are not covered by the detail
classifications, proposed S-N curves and the associated SCF's, when applicable, may be submitted
for consideration. In this regard, sufficient supporting data and background are also to be
submitted for review. The refined SCF's may be determined by finite element analyses.
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7.5 Spectral Analysis
Where the option in 5C-1-5/7.3.3(a) is exercised, a spectral analysis is to be performed in accordance with
the following guidelines.

7.5.1 Representative Loading Patterns
Several representative loading patterns are to be considered to cover the worst scenarios
anticipated for the design service life of the vessel with respect to hull girder local loads.

7.5.2 Environmental Representation
Instead of the design wave loads specified in Section 5C-1-3, a wave scatter diagram (such as
Walden's Data) is to be employed to simulate a representative distribution of all the wave
conditions expected for the design service life of the vessel. In general, the wave data is to cover a
time period of not less than 20 years. The probability of occurrence for each combination of
significant wave height and mean period of the representative wave scatter diagram is to be
weighted based on the transit time of the vessel at each wave environment within anticipated
shipping routes. The representative environment (the wave scatter diagram) is not to be taken less
severe than North Atlantic Ocean in terms of fatigue damage.

7.5.3 Calculation of Wave Load RAO's
The wave load RAO's with respect to the wave-induced bending moments, shear forces, motions,
accelerations and hydrodynamic pressures can then be predicted by ship motion calculation for a
selected representative loading condition.

7.5.4 Generation of Stress Spectrum
The stress spectrum for each critical structural detail (spot) may be generated by performing a
structural analysis accounting for all the wave loads separately for each individual wave group.
For this purpose, the 3D structural model and 2D models specified in 5C-1-5/9 may be used for
determining structural responses. The additional secondary and tertiary stresses are also to be
considered.

7.5.5 Cumulative Fatigue Damage and Fatigue Life
Based on the stress spectrum and wave scatter diagram established above, the cumulative fatigue
damage and the corresponding fatigue life can be estimated by the Palmgren-Miner linear damage
rule.

9 Calculation of Structural Responses

9.1 Methods of Approach and Analysis Procedures
Maximum stresses in the structure are to be determined by performing structural analyses as outlined
below. Guidelines on structural idealization, load application, and structural analysis are given in the ABS
Guidance Notes on SafeHull Finite Element Analysis of Hull Structures.

In general, the strength assessment is to be focused on the results obtained from structures in the mid hold
of a three hold length model. However, the deck transverse, the side transverse, the vertical web on
longitudinal bulkheads, the horizontal girder and the vertical web on transverse bulkheads and the cross tie
are to be assessed using the end holds of a three hold length model as well.

9.3 3D Finite Element Models
A simplified three-dimensional finite element model, representing usually three bays of tanks within 0 . 4L
amidships, is required to determine the load distribution in the structure.

The same 3D model may be used for hull structures beyond 0 . 4L amidships, with modifications to the
structural properties and the applied loads, provided that the structural configurations are considered as
representative of the location under consideration.
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9.5 2D Finite Element Models
Two-dimensional fine mesh finite element models are required to determine the stress distribution in major
supporting structures, particularly at intersections of two or more structural members.

9.7 Local Structural Models
A 3D fine mesh model is to be used to examine stress concentrations, such as at intersections of
longitudinals with transverses and at cut outs.

9.9 Load Cases
When performing structural analysis, the eight combined load cases specified in 5C-1-3/9.1 are to be
considered. In general, the structural responses for the still-water conditions are to be calculated separately
to establish reference points for assessing the wave-induced responses. Additional load cases may be
required for special loading patterns and unusual design functions, such as sloshing loads, as specified in
5C-1-3/11. Additional load cases may also be required for hull structures beyond the region of 0 . 4L
amidships.

11 Critical Areas
The fatigue strength of the following critical areas is to be verified by fine mesh finite element models
built in accordance with Appendix 5C-1-A1:

● Typical deck longitudinal connection at transverse bulkhead

● Typical bottom and inner bottom longitudinal connections at transverse bulkhead and the 1st web
frames adjacent to transverse bulkhead

● Typical side shell longitudinal connections at transverse bulkhead and the 1st web frames adjacent to
transverse bulkhead

● Critical areas of transverse web frames in 5C-1-5/11 FIGURE 2

● Critical areas of horizontal girders on transverse bulkhead in 5C-1-5/11 FIGURE 3

● Critical areas of buttress structure in 5C-1-5/11 FIGURE 4

The mesh size in way of high stress concentration is to be of plate thickness dimension (t). The element
stress intensity at half plate thickness dimension (t/2) away from the weld toe is to satisfy the following
stress limit:fi ≤ fu
wherefi = stress intensity

 = fL2+ fT2 − fLfT+ 3fLT2 1/2
  N/cm2 (kgf/cm2, lbf/in2)fL = calculated total in-plane element stress in the longitudinal directionfT = calculated total in-plane element stress in the transverse/vertical directionfLT = calculated total in-plane element shear stressfu = the minimum tensile strength of the material
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FIGURE 2
Critical Areas in Transverse Web Frame

FIGURE 3
Critical Areas in Horizontal Girder on Transverse Bulkhead
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FIGURE 4
Critical Areas of Buttress Structure
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C H A P T E R  1
Vessels Intended to Carry Oil in Bulk (150 meters (492 feet) or more in

Length)

S E C T I O N  6
Hull Structure Beyond 0.4L Amidships

1 General Requirements

1.1 General
The structural configurations, stiffening systems and design scantlings of the hull structures located beyond0 . 4L amidships, including the forebody, aft end and machinery spaces, are to be in compliance with
5C-2-2/17 and this Section of the Rules.

1.3 Structures within the Cargo Space Length
The scantlings of longitudinal structural members and elements in way of cargo spaces beyond the 0 . 4L
amidships may be gradually reduced toward 0 . 125L from the ends, provided that the hull girder section
modulus complies with 3-2-1/3.7.1 and that the strength of the structure satisfies the material yielding,
buckling and ultimate strength criteria specified in 5C-1-5/3 and 5C-1-5/5.

The scantlings of main supporting members in way of the cargo space length beyond 0 . 4L amidships are
to comply with the requirements of 5C-1-4/11. Where the structural configuration is different from that
amidships due to the hull form of the vessel, additional evaluation is to be performed. The structural
evaluation using the actual configuration is to be carried out to ensure that the arrangement of openings
necessary for access (5C-1-1/5.19), ventilation (5C-1-1/5.23), fabrication, etc. is satisfactory.

3 Forebody Side Shell Structure
In addition to the requirements specified in other relevant sections of the Rules, the scantlings of the
structure forward of 0 . 4L amidships are also to satisfy the requirements in 5C-1-6/3.1, 5C-1-6/3.3 and
5C-1-6/3.5 below.

The nominal design corrosion values in the forepeak tank may be taken as 1.5 mm in determining design
scantlings.

3.1 Side shell Plating
3.1.1 Plating Forward of Forepeak Bulkhead

The net thickness of the side shell plating forward of the forepeak bulkhead is to be not less thant1, t2 and t3 specified below.
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t1 = 0 . 73s(k1p/f1)1/2 in mm (in.)  

t2 = 0 . 73s(k2p/f2)1/2 in mm (in.)  

t3 = 0 . 73sk(k3k4pb/f3)1/2 in mm (in.),
for side shell and bow plating above LWL in the region
from the forward end to the forepeak bulkhead

wheres = spacing of stiffeners, in mm (in.)k1 = 0.342 for longitudinally and 0 . 50k2 for transversely
stiffened platingk2 = 0 . 50k2 for longitudinally and 0.342 for transversely stiffened
platingk3   = 0.50k4 = 0.74k = [3 . 075(α)1/2 – 2 . 077]/(α+ 0 . 272) (1 ≤α≤ 2)

= 1.0 (α> 2)α = aspect ratio of the panel (longer edge/shorter edge)f1 = 0 . 65Smfy , in N/cm2 (kgf/cm2, lbf/in2) in the longitudinal direction for longitudinally stiffened
platingf2 = 0 . 85Smfy , in N/cm2 (kgf/cm2, lbf/in2) in the transverse (vertical) directionf3 = 0 . 85Smfy , in N/cm2 (kgf/cm2, lbf/in2)p = nominal pressure |pi – pe|, in N/cm2 (kgf/cm2, lbf/in2), as specified in 5C-1-3/5.7.2 TABLE 3 at the
upper turn of bilge level amidships with the following modifications

i) Ati is to be calculated at the forward or aft end of the tank, whichever is greater

ii) Ae is to be calculated at the center of the panel in accordance with 5C-1-3/5.5.3, using
L.C.7 with kfo = 1 . 0 and xo located amidships

iii) Be is to be calculated at 0 . 05L from FP in accordance with 5C-1-3/5.5 (ps+ kupd, full
draft, heading angle = 0, ku = 1 . 1)pb = the maximum bow pressure = kupbijku = 1.1pbij = nominal bow pressure as specified in 5C-1-3/13.1.1 at the lowest point of the panel, in N/cm2 (kgf/

cm2, lbf/in2)Sm and fy as defined in 5C-1-4/7.3.1.

3.1.2 Plating between Forepeak Bulkhead and 0.125L from FP
Aft of the forepeak bulkhead and forward of 0 . 125L from FP, the side shell plating is to be not
less than as given in 5C-1-6/3.1.1 with Be calculated at0 . 125L and the following permissible
stress.
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f1 = permissible bending stress in the longitudinal direction, in N/cm2 (kgf/cm2, lbf/in2)

= 0 . 50Smfy, for L ≥ 190 m (623 ft)

= [0 . 50 + 0 . 10(190− L)/40]Smfy, for L < 190 m (623 ft)f2 = 0 . 80Smfy , in N/cm2 (kgf/cm2, lbf/in2) in the transverse (vertical) direction

3.1.3 Plating between 0.3L and 0.125L from FP
The net thickness of the side shell plating between 0 . 3L and 0 . 125L from FP is to be determined
from the equations in 5C-1-4/5.3 and 5C-1-6/3.1.2 above with Be calculated at the longitudinal
location under consideration. Between 0 . 3L and 0 . 25L from FP the internal pressure need not be
greater than that obtained amidships. The permissible stress f1 between 0 . 3L and 0 . 2L from FP
is to be obtained by linear interpolation between midship region (5C-1-4/9.1) and the permissible
stress f1 as specified in 5C-1-6/3.1.2.

3.3 Side Frames and Longitudinals
3.3.1 Side Frames and Longitudinals Forward of 0.3L from FP

The net section modulus of side longitudinals and frames in association with the effective plating
to which they are attached, is to be not less than that obtained from the following equation:SM = M/fbi in   cm3(in3)M = 1000psℓ2/k in   N− cm(kgf − cm, lbf − in . )
wherek = 12 (12, 83.33)p = nominal pressure |pi – pe|, in N/cm2 (kgf/cm2, lbf/in2), as specified in 5C-1-3/5.7.2 TABLE 3 with

the following modifications.

i) Ati is to be calculated at the forward or aft end of the tank, whichever is greater. Between0 . 3L and 0 . 25L aft of the FP the internal pressure need not be greater than that obtained
amidships.

ii) Ae is to be calculated at the center of the panel in accordance with 5C-1-3/5.5.3 using L.C.7
with kfo = 1 . 0 and xo located amidships.

iii) Be is to be calculated at the center of the panel in accordance with 5C-1-3/5.5 (ps+ kupd,
full draft, heading angle = 0, ku = 1 . 1), with the distribution of pd, as shown in
5C-1-6/3.3.1 FIGURE 1, at the side longitudinal and frame under consideration.

Longitudinal distribution of pd may be taken as constant from the FP to forepeak bulkhead as per
5C-1-6/3.1.1 and from 0 . 125L to the forepeak bulkhead as per 5C-1-6/3.1.2. pd is to be
calculated in accordance with 5C-1-3/5.5 between 0 . 3L and 0 . 125L from FP as per 5C-1-6/3.1.3.

fbi = 0 . 80   Smfy in N/cm2 (kgf/cm2, lbf/in2), for longitudinals between 0 . 125L and 0 . 2L from FP

= 0 . 85   Smfy in N/cm2 (kgf/cm2, lbf/in2), for longitudinals forward 0 . 125L from FP

= 0 . 85   Smfy in N/cm2 (kgf/cm2, lbf/in2), for vertical frames (other than hold frames)

Between 0 . 3L and 0 . 2L from FP the permissible stress is to be obtained by linear interpolation
between midship region and 0 . 80Smfy
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Sm and fy are as defined in 5C-1-4/7.3.1.s and ℓ are as defined in 5C-1-4/7.5.

For side longitudinal/stiffener in the region forward of 0 . 0125L from FP and above LWL, the
section modulus is not to be less than obtained from the above equation based onp = pb, fb = 0 . 95Smfy and k = 16 (16, 111.1), where pb is as defined in 5C-1-6/3.1 above.

FIGURE 1 
Transverse Distribution of pd

3.5 Side Transverses and Stringers in Forebody
The requirements of the subparagraphs below apply to the region forward of the cargo spaces where single
side skin construction is used.

3.5.1 Section Modulus
The net section modulus of side transverse and stringer in association with the effective side shell
plating is not to be less than obtained from the following equation:SM = M/fb in   cm3(in3)
3.5.1(a) Longitudinally Framed Side Shell
For side stringerM = 1000c1c2psℓtℓs/k in   N− cm(kgf − cm, lbf − in . )
For side transverse, M is not to be less than M1 or M2, whichever is greaterM1 = 1000c3psℓt2(1 . 0 – c4ϕ)/k in   N− cm(kgf − cm, lbf − in . )
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M2 = 850p1sℓt12 /k in   N− cm(kgf − cm, lbf − in . )
wherek = 0.12 (0.12, 0.446)c1 = 0 . 125 + 0 . 875ϕ , but not less than 0.3

Coefficients c2, c3 and c4 are given in the tables below.

Coefficient c2
Number of Side Stringers Between
Platforms (flats)

No Stringer One Stringer More than one
Stringer

Top Stringer

0.0 0.90

0.70

Stringers Between Top and Lowest
Stringers

0.75

Lowest Stringer 0.80

Coefficient c3
Number of Side Stringers Between
Platforms (flats)

No Stringer One Stringer More than one
Stringer

Transverse above Top Stringer

0.85

0.55 0.55

Transverse Between Top and
Lowest Stringers

- 0.64

Transverse Below Lowest Stringer 0.68 0.68

Coefficient c4
Number of Side Stringers Between
Platforms (flats)

No Stringer One Stringer More than one
Stringer

Transverses 0.0 0.75 0.80
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p = nominal pressure, pi− pe , in kN/m2 (tf/m2, Ltf/ft2), over the side transverses using the same load
cases as specified in 5C-1-3/5.7.2 TABLE 3 for side transverses with the following modifications.

i) Ae is to be considered for case “a” and calculated in accordance with 5C-1-3/5.5.3 using
L.C.7 with kfo = 1 . 0 and xo located amidships

ii) Be is to be calculated in accordance with 5C-1-3/5.5 (ps+ kupd, full draft, heading angle =
0, ku = 1) with the distribution of pd as shown in 5C-1-6/3.3.1 FIGURE 1.Bi,Ae and Be may be taken at the center of the side shell panel under consideration.p1 = nominal pressure, |pi – pe|, in kN/m2 (tf/m2, Ltf/ft2), using the same load cases as specified in

5C-1-3/5.7.2 TABLE 3 for side transverses with the following modifications.

i) Ae is to be considered for case “a” and calculated in accordance with 5C-1-3/5.5.3 using
L.C.7 with kfo = 1 . 0 and xo located amidships

ii) Be is to be calculated in accordance with 5C-1-3/5.5 (ps+ kupd, full draft, heading angle =
0, ku = 1) with the distribution of pd as shown in 5C-1-6/3.3.1 FIGURE 1.Bi,Ae and Be calculated at the midspan ℓs1 (between side stringers or between side stringer and

platform, flat as shown in 5C-1-6/3.5.4 FIGURE 2 of the side transverse under consideration.

For side transversess = sum of half distances, in m (ft.), between side transverse under consideration and adjacent side
transverses or transverse bulkhead

For side stringerss = 0 . 45ℓsϕ = 1/(1 + α)α = 1 . 33(It/Is)(ℓs/ℓt)3It = moment of inertia, in cm4 (in4) (with effective side plating), of side transverse. It is to be taken
as average of those at the middle of each span ℓt1 between side stringers or side stringer and
platform (flat), clear of the bracketIs = moment of inertia, in cm4 (in4) (with effective side plating), of side stringer at the middle of the
span ℓs, clear of the bracketℓt, ℓs = spans, in m (ft.), of the side transverse (ℓt) and side girder (ℓs) under consideration as shown in
5C-1-6/3.5.4 FIGURE 2ℓt1 = span, in m (ft.), of side transverse under consideration between stringers, or stringer and
platform (flat), as shown in 5C-1-6/3.5.4 FIGURE 2b

When calculating α, if more than one side transverse or stringer is fitted and they are not identical,
average values of It and Is within side shell panel (panel between transverse bulkheads and
platforms, flats) are to be used.fb = permissible bending stress in N/cm2 (kgf/cm2, lbf/in2)

= 0 . 75SmfySm and fy are as defined in 5C-1-4/7.3.1.
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The bending moment for side transverse below stringer (or below the platform if no stringer is
fitted) is not to be less than 80% of that for side transverse above stringer (or above platform if no
stringer is fitted).

3.5.1(b) Transversely Framed Side Shell
For side transverseM = 1000c1psℓtℓs/k in   N− cm(kgf − cm, lbf − in . )
For side stringer, M is not to be less than M1 or M2, whichever is greaterM1 = 1000c2psℓs2 1 . 0− c3ϕ1 /k   in   N− cm(kgf − cm, lbf − in . )M2 = 1100p1sℓs12 /k   in   N− cm(kgf − cm, lbf − in . )
wherek = 0 . 12(0 . 12, 0 . 446)c1 = 0 . 10 + 0 . 7ϕ1, but   not   to   be   taken   less   than   0 . 085
If no side transverses are fitted between transverse bulkheadsc2 = 1 . 1c2 = 0
If side transverses are fitted between transverse bulkheadsc2 = 0.8c3 = 0.8
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p = nominal pressure, |pi – pe|, in kN/m2 (tf/m2, Ltf/ft2), over the side stringers using the
same load cases as specified in 5C-1-3/5.7.2 TABLE 3 for side transverses in lower
wing tank. Ati,Ae and Be may be taken at the center of the side shell panel under
consideration with the following modifications

i) Ae is to be calculated in accordance with 5C-1-3/5.5.3 using L.C.7 withkfo = 1 . 0 and xo located amidships

ii) Be is to be calculated in accordance with 5C-1-3/5.5 (ps+ kupd, full draft,
heading angle = 0, ku = 1) with the distribution of pd as shown in
5C-1-6/3.3.1 FIGURE 1.p1 = nominal pressure, |pi – pe|, in kN/m2 (tf/m2, Ltf/ft2), using the same load cases as

specified in 5C-1-3/5.7.2 TABLE 3 for side transverses in lower wing tank, with Ati,Ae
and Be calculated at the midspan ℓs1 (between side transverses or between side
transverse and transverse bulkhead as shown in 5C-1-6/3.5.4 FIGURE 2 a of the side
stringer under consideration, with the following modifications.

i) Ae is to be calculated in accordance with 5C-1-3/5.5.3 using L.C.7 withkfo = 1 . 0 and xo located amidships

ii) Be is to be calculated in accordance with 5C-1-3/5.5 (ps+ kupd, full draft,
heading angle = 0, ku = 1) with the distribution of pd as shown in
5C-1-6/3.3.1 FIGURE 1.

For side stringerss = sum of half distances, in m (ft.), between side stringer under consideration and adjacent side stringers
or platforms (flats)

For side transversess = 0 . 45ℓtϕ1 = α/(1 + α)ℓs1 = span, in m (ft.), of the side stringer under consideration between side transverses or side transverse
and transverse bulkhead, as shown in 5C-1-6/3.5.4 FIGURE 2afb = permissible bending stress, in N/cm2 (kgf/cm2, lbf/in2)

= 0 . 75SmfySm and fy are as defined in 5C-1-4/7.3.1.ℓt, ℓs and α are as defined in 5C-1-6/3.5.1(a) above.

3.5.2 Sectional Area of Web
The net sectional area of the web portion of the side transverse and side stringer is not to be less
than obtained from the following equation:A = F/fs
3.5.2(a) Longitudinally Framed Side Shell
For side stringer
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F = 1000kc1pℓs in   N(kgf, lbf)
For side transverse, F is not to be less than F1 or F2 whichever is greaterF1 = 850kc2pℓs(1 . 0 – c3ϕ – 2ℎe/ℓ) N(kgf, lbf)F2 = 1700kc2p1s(0 . 5ℓ1 – ℎe) N(kgf, lbf)
wherek = 0 . 5(0 . 5, 1 . 12)
Coefficients c1, c2 and c3 are given in the tables below.

Coefficient c1
Number of Side Stringers Between
Platforms (flats)

No Stringer One Stringer More than one
Stringer

Stringers 0.0 0.52 0.40

Coefficient c2
Number of Side Stringers Between
Platforms (flats)

No Stringer One Stringer More than one
Stringer

Transverses Above Top Stringer

1.0

0.9 0.9

Transverse Between Top and
Lowest Stringers

- 0.95

Transverse Below Lowest Stringer 1.0 1.0

Coefficient c3
Number of Side Stringers Between
Platforms (flats)

No Stringer One Stringer More than one
Stringer

Transverses 0.0 0.5 0.6ℓ = span, in m (ft), of the side transverse under consideration between platforms (flats), as shown in
5C-1-6/3.5.4 FIGURE 2bℓ1 = span, in m (ft), of the side transverse under consideration between side stringers or side stringer and
platform (flat), as shown in 5C-1-6/3.5.4 FIGURE 2bℎe = length, in m (ft), of the end bracket of the side transverse, as shown in 5C-1-6/3.5.4 FIGURE 2b

To obtain F1, ℎe is equal to the length of the end bracket at the end of span ℓ of side transverse, as
shown in 5C-1-6/3.5.4 FIGURE 2b.

To obtain F2, ℎe is equal to the length of the end bracket at the end of span ℓ1 of side transverse, as
shown in 5C-1-6/3.5.4 FIGURE 2b.fs = permissible shear stress, in N/cm2 (kgf/cm2, lbf/in2)

= 0 . 45   Smfy
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Sm and fy are as defined in 5C-1-4/7.3.1.p, p1, ϕ and s are as defined in 5C-1-6/3.5.1(a) above.

The shear force for the side transverse below the lowest stringer (or below the platform if no
stringer is fitted), is not to be less than 110% of that for the side transverse above the top stringer
(or above the platform is no stringer is fitted).

3.5.2(b) Transversely Framed Side Shell
For side transverseF = 850kc1pℓs in   N(kgf, lbf)
For side stringer, F is not to be less than F1 or F2 whichever is greaterF1 = 1000kpℓs(1 . 0 – 0 . 6ϕ1 – 2ℎe/ℓ) in   N(kgf, lbf)F2 = 2000kp1s(0 . 5ℓ1 – ℎe) in   N(kgf, lbf)
wherek = 0.5 (0.5, 1.12)c1 = 0 . 1 + 0 . 7ϕ1 , but not to be taken less than 0.2ℓ = span, in m (ft.), of the side stringer under consideration between transverse bulkheads as shown in

5C-1-6/3.5.4 FIGURE 2aℓ1 = span, in m (ft.), of the side stringer under consideration between side transverses or side transverse
and bulkhead, as shown in 5C-1-6/3.5.4 FIGURE 2aℎe = length, in m (ft.), of the end bracket of the side stringer under consideration as shown in 5C-1-6/3.5.4
FIGURE 2a

To obtain F1, ℎe is equal to the length of the end bracket at the end of span ℓ of the side stringer, as
shown in 5C-1-6/3.5.4 FIGURE 2a.

To obtain F2, ℎe is equal to the length of the end bracket at the end of span ℓ1 of the side stringer,
as shown in 5C-1-6/3.5.4 FIGURE 2a.fs = permissible shear stress, in N/cm2 (kgf/cm2, lbf/ in2)

= 0 . 45SmfySm and fy are as defined in 5C-1-4/7.3.1.p, p1,ϕ1 and s are as defined in 5C-1-6/3.5.1(a) above.

3.5.3 Depth of Transverse/Stringer
The depths of side transverses and stringers, dw, are neither to be less than obtained from the
following equations nor to be less than 2.5 times the depth of the slots respectively.

3.5.3(a) Longitudinally Framed Shell
For side transverse

If side stringer is fitted between platforms (flats)
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dw = (0 . 08 + 0 . 80α)ℓt for   α ≤ 0 . 05= (0 . 116 + 0 . 084α)ℓt for   α > 0 . 05
and need not be greater than 0 . 2ℓt
If no side stringer is fitted between platforms (flats), dw is not to be less than 0 . 2ℓt or 0 . 06D,
whichever is greater.

For side stringerdw = (0 . 42 – 0 . 9α)ℓs for   α ≤ 0 . 2= (0 . 244 – 0 . 0207α)ℓs for   α > 0 . 2α is not to be taken greater than 8.0 to determine the depth of the side stringer.ℓt, ℓs and α are as defined in 5C-1-6/3.5.1(a) above.D is as defined in 3-1-1/7.

3.5.3(b) Transversely Framed Side Shell
For side stringer

If side transverse is fitted between transverse bulkheadsdw = (0 . 08 + 0 . 80α1)ℓs for   α1 ≤ 0 . 05= (0 . 116 + 0 . 084α1)ℓs for   α1 > 0 . 05
and need not be greater than 0 . 2ℓs
If no side transverse is fitted between transverse bulkheadsdw = 0 . 2ℓs
For side transversedw = (0 . 277 – 0 . 385α1)ℓt for   α1 ≤ 0 . 2= (0 . 204 – 0 . 205α1)ℓt for   α1 > 0 . 2α1 is not to be taken greater than 7.5 to determine the depth of the side transverse

whereα1 = 1/αℓt, ℓs and α are as defined in 5C-1-6/3.5.1(a) above.

3.5.4 Thickness (1 July 2021)
The net thickness of side transverse and stringer is not to be less than 9.0 mm (0.354 in.)
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FIGURE 2 
Definition of Spans

5 Transition Zone
In the transition zone between the forepeak and the No.1 cargo tank region due consideration is to be given
to the proper tapering of major longitudinal members within the forepeak such as flats, decks, horizontal
ring frames or side stringers aft into the cargo hold. Where such structure is in line with longitudinal
members aft of the forward cargo tank bulkhead, this may be effected by the fitting of large tapering
brackets. These brackets are to have a taper of 4:1.
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7 Forebody Strengthening for Slamming
Where the hull structure is subject to slamming as specified in 5C-1-3/13, proper strengthening will be
required as outlined below. For strengthening to account for bottom slamming, the requirements of this
subsection apply to vessels with a heavy weather ballast draft forward of less than 0 . 04L and greater than0 . 025L. Vessels with heavy weather ballast draft forward equal to or less than 0 . 025L will be subject to
special consideration.

7.1 Bottom Slamming
7.1.1 Bottom Plating

When bottom slamming as specified in 5C-1-3/13, is considered, the bottom structure in the
region of the flat bottom forward of 0 . 25L measured from the FP is to be in compliance with the
following requirement.

The net thickness of the flat bottom plating forward of 0 . 25L measured from the FP is not to be
less than t obtained from the following equation:t = 0 . 73s(k2k3ps/f)1/2 in   mm(in . )
wheres = spacing of longitudinal or transverse stiffeners, in mm (in.)k2 = 0 . 5k2 for longitudinally stiffened plating

= 0.342 for transversely stiffened platingk3 = 0.74k = (3 . 075(α)1/2 – 2 . 077)/(α+ 0 . 272), (1 ≤ α ≤ 2)
= 1.0 (α > 2)α = aspect ratio of the panel (longer edge/shorter edge)ps = the design slamming pressure = kupsi

For determination of t, the pressure ps is to be taken at the center of the supported panel.

psi = nominal bottom slamming pressure as specified in 5C-1-3/13.3.1, in N/cm2 (kgf/cm2, lbf/in2)ku = slamming load factor = 1.1

The maximum nominal bottom slamming pressure occurring along the vessel is to be applied to
the bottom plating between the foremost extent of the flat of bottom and 0 . 125L from the FP. The
pressure beyond this region may be gradually tapered to the longitudinal location where the
nominal slamming pressure is calculated as zero.f = permissible bending stress, in N/cm2 (kgf/cm2, lbf/in2)

= 0 . 85SmfySm and fy are as defined in 5C-1-4/7.3.1.

7.1.2 Bottom Longitudinals and Stiffeners (1 July 2021)
The section modulus of the stiffener including the associated effective plating on the flat bottom
forward of 0 . 25L measured from FP is not to be less than obtained from the following equation:
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SM = M/fb in   cm3(in3)M = 1000pssℓ2/k   in   N− cm(kgf − cm, lbf − in . )
wherek = 16 (16, 111.1)ps = the design slamming pressure = kupsi
For determination of M, the pressure ps is to be taken at the midpoint of the span ℓ.

psi = nominal bottom slamming pressure as specified in 5C-1-3/13.3.1, in N/cm2 (kgf/cm2, lbf/in2)ku = slamming load factor = 1.1

The maximum nominal bottom slamming pressure occurring along the vessel is to be applied to
the bottom stiffeners between the foremost extent of the flat of bottom and 0 . 125L from the FP.
The pressure beyond this region may be gradually tapered to the longitudinal location where the
nominal slamming pressure is calculated as zero.s = spacing of longitudinal or transverse stiffeners, in mm (in.)ℓ = the unsupported span of the stiffener, in m (ft)fb = 0 . 9Smfy for transverse and longitudinal stiffeners in the region forward of 0 . 125L measured from

the FP

= 0 . 8Smfy for longitudinal stiffeners in the region between 0 . 2L and 0 . 25L measured from the FPfb at intermediate locations between 0.125L and 0.2L measured from the FP may be obtained by
linear interpolation.

The effective breadth of plating be is as defined in 5C-1-4/7.5.

Struts connecting the bottom and inner bottom longitudinals are not to be fitted.

7.1.3 Bottom Floors
The arrangements and scantlings of floors are to be adequate for bottom slamming loads as
specified in 5C-1-3/13.

The spacing of floors forward of amidships need not be less than the spacing amidships.

7.3 Bowflare Slamming
When bowflare slamming as specified in 5C-1-3/13.5, is considered, the side shell structure above the
waterline in the region between 0 . 0125L and 0 . 25L from the FP is to be in compliance with the
following requirements.

7.3.1 Side Shell Plating
The net thickness of the side shell plating between 0 . 0125L and 0 . 25L from the FP is not to be
less than t1 or t2, whichever is greater, obtained from the following equations:t1 = 0 . 73s(k1ps/f1)1/2 in   mm(in . )
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t2 = 0 . 73s(k2ps/f2)1/2 in   mm(in . )
whereps = the maximum slamming pressure = kupijpij = nominal bowflare slamming pressure as specified in 5C-1-3/13.5.1, at the lowest point of the panel, in

N/cm2 (kgf/cm2, lbf/in2)ku = slamming load factor = 1.1f1 = 0 . 85Smfy for side shell plating forward of 0 . 125L from the FP, in N/cm2 (kgf/cm2, lbf/in2)

= 0 . 75Smfy for side shell plating in the region between 0 . 125L and 0 . 25L from the FP, in N/cm2

(kgf/cm2, lbf/in2)f2 = 0 . 85Smfy , in N/cm2 (kgf/cm2, lbf/in2)k1 = 0.342 for longitudinally stiffened plating

= 0.5 for transversely stiffened platingk2 = 0.5 for longitudinally stiffened plating

= 0.342 for transversely stiffened platings, Sm and fy are as defined in 5C-1-6/7.1.1 above.

7.3.2 Side Longitudinals and Stiffeners
The section modulus of the stiffener, including the associated effective plating, is not to be less
than obtained from the following equation:SM = M/fb in   cm3(in3)M = 1000pssℓ2/k   in   N− cm(kgf − cm, lbf − in . )
wherek = 16 (16, 111.1)ℓ = unsupported span of the stiffener, in m (ft)ps = the maximum slamming pressure, in N/cm2 (kgf/cm2, lbf/in2), as defined in 5C-1-6/7.3.1, at the

midpoint of the span ℓs and fb are as defined in 5C-1-6/7.1 above

The effective breadth of plating, be, is as defined in 5C-1-4/7.5.

7.3.3 Side Transverses and Side Stringers
For the region between 0 . 0125L and 0 . 25L from the FP, the net section modulus and sectional
area requirements for side transverses and side stringers in 5C-1-6/3.5 are to be met with the bow
flare slamming pressure as specified in 5C-1-3/13.5.1 and with the permissible bending stress ofƒb = 0 . 64Smƒy and the permissible shear stress of ƒs = 0 . 38Smƒy.
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C H A P T E R  1
Vessels Intended to Carry Oil in Bulk (150 meters (492 feet) or more in

Length)

S E C T I O N  7
Cargo Oil and Associated Systems

1 General

1.1 Application (2024)
1.1.1 Flashpoint

The requirements of Part 5C, Chapter 1, Section 7 (referred to as Section 5C-1-7) apply primarily
to vessels intended to carry in bulk oil or petroleum products having a flashpoint of 60°C (140°F),
closed cup test, or below. Vessels intended only to carry in bulk oil or petroleum products having a
flashpoint exceeding 60°C (140°F) may comply with the requirements of 5C-1-7/1.9 hereunder.

1.1.2 Class Notations (2024)
The requirements of Section 5C-1-7 form a part of the necessary condition for assigning the
mandatory classification notation Oil Carrier. Vessels intended only to carry in bulk oil or
petroleum products having a flashpoint exceeding 60°C (140°F), the mandatory classification
notation Fuel Oil Carrier is to be assigned. See 5C-1-1/1.1 and 5C-2-1/1.1.

Where requested by the owner, vessels in which all cargo piping and valve control piping are
located above the double bottom will be assigned the optional notation CPP (Cargo Piping
Protected). The optional CPP notation is not a condition of classification. See 5C-1-7/3.3.4.

Where requested by the owner, vessels arranged for bow or stern loading and unloading will be
assigned the optional notation BLU (Bow Loading and Unloading arrangements) or the optional
notation SLU (Stern Loading and Unloading arrangement). See the ABS Guide for the Class
Notation for Bow or Stern Unloading (BLU or SLU) for Oil Carriers, Liquified Gas Carriers or
Chemical Carriers.

Where a cargo vapor emission control system is installed, the requirements of 5C-1-7/21 are
applicable. Systems satisfying these requirements will be assigned with the optional notation VEC
(Vapor Emission Control). Systems satisfying the additional requirements of 5C-1-7/21.19 for
lightering operation will be assigned with the optional notation VEC-L (Vapor Emission Control-
Lightering).

Where an Enhanced Cargo Tank Cleaning system is installed, the provisions of 5C-1-7/35 are
applicable. Where requested by the owner, systems satisfying these provisions will be assigned
with the optional notation ECTC.

PART 5C
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1.1.3  AMS Notation (2024)
The requirements of Part 4, pertaining to assigning the mandatory machinery classification
notation AMS, are applicable to oil carriers and fuel oil carriers in addition to the requirements of
this section. See 4-1-1/1.5.

1.3 Definitions
1.3.1 Crude Oil Carrier

Crude Oil Carrier is a vessel engaged in the trade of carrying crude oil. Crude oil means any
liquid hydrocarbon mixture occurring naturally in the earth whether or not treated to render it
suitable for transportation and includes:

● Crude oil from which certain distillate fractions may have been removed; and

● Crude oil to which certain distillate fractions may have been added.

1.3.2 Product Carrier
Product Carrier is a vessel engaged in the trade of carrying oil other than crude oil.

1.3.3 Oil Carrier
As used throughout the Rules, Oil Carrier means any vessel engaged in the trade of carrying
crude oil or other oil products having a flashpoint of 60°C (140°F) or less.

1.3.4 Fuel Oil Carrier
As used throughout the Rules, Fuel Oil Carrier means any vessel engaged in the trade of carrying
oil or oil products having a flashpoint above 60°C (140°F).

1.3.5 Combination Carrier (2024)
Combination Carrier is a vessel intended for carriage of either oil or dry cargoes in bulk. These
cargoes are not carried simultaneously, with the exception of oil retained in the slop tanks. Vessels
described in 5C-3-1/1.5.3 and 5C-3-1/1.5.4 are examples of Combination Carriers.

1.3.6 Segregated Ballast (2024)
Segregated Ballast is the ballast water introduced into a tank which is completely separated from
the cargo oil and fuel oil systems and which is permanently allocated to the carriage of ballast or
cargoes other than oil, see 5C-1-7/5.3.1.

1.3.7 Cargo Area (2024)
Cargo Area is that part of the vessel that contains cargo tanks, slop tanks and cargo pump rooms
including ballast pump rooms, cofferdams, ballast tanks and void spaces adjacent to cargo tanks
and also deck areas throughout the entire length and breadth of the part of the vessel over the
above mentioned spaces.

1.3.8 Hazardous Areas (2024)
Areas where flammable or explosive gases or vapors are normally present or likely to be present
are known as Hazardous Areas. The flammable or explosive atmosphere is expected to exist
continuously or intermittently. The cargo area, spaces around cargo tank openings, spaces around
disconnectable cargo oil pipe joints, etc. are to be regarded as hazardous areas. The word
"hazardous", where used in this section, means the presence of a flammable atmosphere.

IEC 60092-502 “Electrical Installations in Ships – Tankers – Special Features” divides the areas
into either non-hazardous, Zone 0, Zone 1 or Zone 2. (See also Section 4 of IEC 60092-502 for
details of classification of hazardous areas)

1.3.8(a) Non-hazardous Area (2024)
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Non-hazardous Area is an area in which an explosive gas atmosphere is not expected to be present
in quantities high enough to require special precautions for the construction, installation and use of
equipment.

1.3.8(b) Zone 0
Zone 0 is an area where an explosive gas atmosphere is present continuously or is present for long
periods.

1.3.8(c) Zone 1
Zone 1 is an area where an explosive gas atmosphere is likely to occur in normal operations.

1.3.8(d) Zone 2
Zone 2 is an area where an explosive gas atmosphere is not likely to occur in normal operation
and, if it does occur, is likely to do so only infrequently and will exist for a short period only.

1.3.9 Flashpoint (2024)
A Flashpoint is the temperature in degrees Celsius (Fahrenheit), closed cup test, at which a
product will give off enough flammable vapor to be ignited, as determined by an approved
flashpoint apparatus.

1.3.10 Clean Ballast (2024)
Clean Ballast is ballast in a tank which, since oil was last carried therein, has been cleaned such
that effluent from it discharged from a stationary ship into clean calm water on a clear day would
not produce visible traces of oil on the surface of the water or the adjoining shoreline or cause a
sludge or emulsion to be deposited beneath the surface of the water upon adjoining shorelines.

1.3.11 Dirty Ballast (2024)
Dirty Ballast is ballast water which may contain residual oil and other constituents as a result of
ballast water being stored in the fuel/cargo tanks.

1.5 Plans and Data to be Submitted (2024)
The following plans and data specific to oil carriers are to be submitted for review:

Booklet showing standard construction details for piping, see 4-6-1/9.5.

General arrangement showing the location of the cargo pump room, cargo pumps and cargo tanks.

Cargo oil pumping and tank stripping system.

Cargo oil heating system.

Arrangement of cargo pumps, including drives and drive shaft bulkhead gland arrangements.

Cargo pump room ventilation.

Pipe tunnel/duct keel ventilation.

Gas detection systems for cargo pump room and pipe tunnel/duct keel/double hull space.

Bilge system.

Segregated ballast or ballast system and oily water handling.

Cargo tanks venting and purging and/or gas freeing systems including details of the pressure/vacuum
valves.
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Cargo tank level gauging system.

Inert gas system, including inert gas generating plant, all control and monitoring devices, and inert gas
distribution piping.

Instruction manual for inert gas system.

Cargo vapor emission control system, see further details in 5C-1-7/21.3.

Instruction manual for vapor emission control operation.

Crude oil washing system and operational manual.

Oil discharge monitoring and control system and operational manual.

Fixed deck foam fire extinguishing system.

Fixed fire extinguishing system for cargo pump room.

Hazardous area plan and electrical equipment data, see 4-8-1/5.3.2.

Other electrical systems and installation, see 4-8-1/5.

1.7 General Principles (2024)
1.7.1 Basic Requirements (2024)

The requirements of Section 5C-1-7 are intended to address flammable and pollution hazards of
cargo oil and are to be read in conjunction with the requirements in Part 5C, Chapter 1 and Part
5C, Chapter 2.

With respect to flammability hazards, these requirements (following the intent of SOLAS) seek to:

● Segregate cargo oil from its ignition sources;

● Reduce the flammability of cargo oil vapor and air mixtures by means of:

Cargo tank inerting,

Effective dispersion of vapor released to the atmosphere, and

Forced ventilation of enclosed spaces such as cargo pump room;

● Monitor the concentration of hydrocarbon gas in the cargo pump room and double hull and
double bottom spaces; and

● Observe the safety of electrical equipment in hazardous areas; and

● Provide effective means of extinguishing fires should they break out.

With respect to pollution hazards, these requirements (following the intent of MARPOL Annex I)
seek to:

● Provide segregated ballast;

● Separation of ballast piping from cargo piping, ballast piping from cargo tank, and cargo
piping from ballast tanks;

● Provide effective means for cargo tank cleaning;

● Provide means for processing and discharging contaminated waters.
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1.7.2 Spaces Adjacent to Cargo Tanks
Tanks and spaces separated from cargo tanks by a single deck or bulkhead have the possibility to
be contaminated by cargo oil or vapor due to possible impairment of the common boundary. These
tanks and spaces are regarded as hazardous spaces. Piping serving or having an opening into these
tanks or spaces is likewise to be regarded as contaminated, and therefore, is not permitted to enter
machinery and other spaces normally containing sources of ignition except that short lengths of all
welded steel pipe are acceptable. The pipe is to be adequately secured and is to have minimum
wall thickness according to Column E of 4-6-2/9.19 TABLE 4. Fuel oil bunker tanks adjacent to
cargo oil tanks and associated bunker fuel oil piping are excluded.

1.7.3 Piping Passing Through Cargo Tanks (2024)
Piping that passes through cargo oil tanks, due to possible deterioration or leakage in the pipe or
pipe joints, has the possibility to lead to contamination of liquid within the piping by cargo oil or
vapor. Such piping is not permitted to enter machinery and other spaces normally containing
sources of ignition. Steam systems and hydraulic systems used for operating valves located in
cargo tanks and for heating of cargo oil tanks are excluded from this consideration. See 5C-1-7/3.5
and 5C-1-7/9.3, respectively.

1.9 Cargo Oil Having a Flashpoint Exceeding 60°C (2024)
1.9.1 Application (2024)

For vessels intended only to carry in bulk oil or petroleum products having a flashpoint exceeding
60°C (140°F), the requirements of Section 5C-1-7 only apply where appropriate. The
requirements addressing flammable hazards of oil and vapor, such as that described in principle in
5C-1-7/1.7, do not apply; only the following requirements for oil pollution prevention are
applicable

i) Cargo oil piping, tank level gauging, venting and heating systems: the requirements of
4-6-4/13 for fuel oil storage and transfer systems may apply in lieu of the provisions in
Section 5C-1-7. However, pollution prevention measures in Section 5C-1-7 are
applicable. Specifically, the following requirements of Section 5C-1-7 are applicable:

● 5C-1-7/3.3.1, except 5C-1-7/3.3.1(c), 5C-1-7/3.3.1(d) and 5C-1-7/3.3.1(e), for cargo
pumps

● 5C-1-7/3.3.4, except 5C-1-7/3.3.4(e) for cargo piping -pollution prevention measures

● 5C-1-7/3.5, for remotely operated valves

● 5C-1-7/11, cargo tank venting, only if pressure/vacuum valve controlled venting is
provided

● 5C-1-7/11.9, vent outlets from cofferdams and ballast tanks adjacent to cargo tanks

● 5C-1-7/21, cargo vapor emission control system, where provided

ii) Bilge and ballast systems: the requirements of 4-6-4/5 and 4-6-4/7 apply in lieu of the
requirements of Section 5C-1-7. However, pollution prevention measures in Section
5C-1-7 are applicable. In addition, the following requirements of Section 5C-1-7 are
applicable:

● 5C-1-7/5.3.1, except 5C-1-7/5.3.1(b), for ballast pumps

● 5C-1-7/5.3.2(a) and 5C-1-7/5.3.2(d) for ballast pipe routing

● 5C-1-7/5.3.3 and 5C-1-7/5.3.4 for discharge of segregated ballast water, dirty ballast
water, etc.

● 5C-1-7/7.1, 5C-1-7/7.3.3 and 5C-1-7/7.5 for bilge system of cargo pump room, where
a cargo pump room is provided
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iii) Cargo tank protection: a fixed deck foam system complying with 5C-1-7/27 is to be
provided in accordance with SOLAS regulation II-2/1.6.4, as amended, except for vessels
of less than 2000 GRT.

iv) Electrical systems: requirements of Part 4, Chapter 8 will suffice; requirements of
5C-1-7/31 need not apply.

v) Electrical systems: Vessels subject to SOLAS are to comply with the requirements of
Clause 4.3.1 of IEC 60092-502 (1999) “Electrical Installations in Ships – Tankers –
Special Features” in accordance with SOLAS regulation II-1/45.11, as amended.

vi) Electrical systems: Vessels subject to SOLAS are to comply with the requirements of
Clause 4.3.2 of IEC 60092-502 (1999) “Electrical Installations in Ships – Tankers –
Special Features” when cargoes are heated to a temperature within 15°C of their
flashpoint in accordance with SOLAS regulation II-1/45.11, as amended.

vii) For integrated cargo and ballast system requirements, see 5C-1-7/33.

3 Cargo Oil Handling, Stripping and Crude Oil Washing Systems (2024)

3.1 Objective (2024)
The following requirements are specific to cargo oil handling, cargo oil stripping and crude oil washing
systems. Requirements not specifically addressed in this section, such as piping material, piping design,
fabrication, testing, general installation details, and component certification, as given in Sections 4-6-1,
4-6-2, and 4-6-3, are to be complied with, as applicable.

3.1.1 Goals (2024)
The cargo oil handling, stripping and crude oil washing systems are to be designed, constructed,
operated, and maintained to meet the following goals:

Goal No. Goals

STAB 6 provide means to control the overall vessel weight and distribution to maintain adequate trim
and stability.

FIR 1 prevent the occurrence of fire and explosions.

ENV 1 prevent and minimize oil pollutions due to vessel operation and accidents.

COMM 1.3 enable personnel to inform without delay any incident that may cause pollution of the marine
environment.

CARGO 1 enable all cargoes be stored and secured in such a way that the ship and persons onboard and
the environment are not put as risk.

CARGO 3 be equipped to handle and transfer cargo safely.

CARGO 5 enable monitoring of the cargo and vessel storage, securing or containment systems.

MGMT 1 provide for safe practices in ship operation and a safe working environment.

AUTO 1 perform its functions as intended in a safe manner.

AUTO 2 indicate the system operational status and alert the operators of any essential machinery/systems
deviate from its defined design/operating conditions or intended performance.

AUTO 3 have an alternative means to enable safe operation in the event of an emergency or failure of
remote control.

AUTO 4 provide the equivalent degree of safety and operability from a remote location as those provided
by local controls.
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Materials are to be suitable for the intended applicaton in accordance with the following goals and
support the Tier 1 Goals listed above.

Goal No. Goal

MAT 1 The selected materials’ physical, mechanical, and chemical properties are to meet the design
requirements appropriate for the application, operating conditions, and environment.

The goals in the cross-referenced Rules are also to be met.

3.1.2 Functional Requirements (2024)
In order to achieve the above stated goals, the design, construction, installation and maintenance
of the cargo oil handling, stripping and crude oil washing systems are to be in accordance with the
following functional requirements:

Functional
Requirement No.

Functional Requirements

Stability (STAB)

STAB-FR1 Provide arrangements to allow cargo tanks to be used for ballasting to maintain adequate
stability during emergency condition.

Materials (MAT)

MAT-FR1 Material of cargo piping is to be suitable for external loads and environment exposed to.

Fire Safety (FIR)

FIR-FR1 Sources of ignition and hazardous cargo are to be separated to minimize fire/explosion risk.

FIR-FR2 Protection to spray from pressurized flammable oil piping system/equipment is to be
provided.

FIR-FR3 Means are to be provided to prevent flame from entering the oil tank.

FIR-FR4 Arrangements are to be provided to prevent build-up of static electricity and increased risk
of fire/explosion due to electrostatic discharge.

FIR-FR5 Arrangements are to be provided for cargo oil systems installed outside cargo area to
minimize risk of fire/explosion.

Protection of Environment (ENV)

ENV-FR1 Suitable isolation arrangements to segregate cargo and ballast systems is to be provided.

ENV-FR2 Arrangements are to be provided for cargo oil systems installed outside cargo area to
minimize risk of pollution/leakage.

Communication (COMM)

COMM-FR1
(MGMT)

Means of communications are to be provided between different control locations to allow
effective and safe operations.

Cargo (CARGO)

CARGO-FR1 Provide redundant means of pumping from the cargo tanks in case of failure of any one
cargo pump.

CARGO-FR2 Provide protective devices if the system can be subjected to a pressure more than its design
pressure.

CARGO-FR3 The cargo piping is to be independent of or separated from other piping systems and tanks to
prevent contamination/pollution.
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Functional
Requirement No.

Functional Requirements

CARGO-FR4 Provide arrangements to enable flexibility in movements and to prevent excessive stresses
while transferring the fluid media.

CARGO-FR5 The vessel is to be designed to conduct safe cargo loading and unloading operations.

CARGO-FR6 Means are to be provided to drain all cargo tanks and oil piping after completion of cargo
discharge for proper cargo unloading operations.

Automation: Control, Monitoring and Safety Systems (AUTO)

AUTO-FR1 Means to detect the abnormal conditions of the pumps and provide visual and audible
notification at all control stations are to be provided.

AUTO-FR2 There are to be local and remote means to shut down the pumps at control stations during
emergency and prevent the escalation of hazards.

AUTO-FR3 Arrangements are to be provided to override the automated system to regain control of the
equipment/valves during emergency.

The functional requirements in the cross-referenced Rules/Regulations are also to be met.

3.1.3 Compliance (2024)
A vessel is considered to comply with the goals and functional requirements within the scope of
classification when the prescriptive requirements are complied with or when an alternative
arrangement has been approved. Refer to Part 1D, Chapter 2.

3.3 Cargo Oil System
3.3.1 Cargo Pumps

3.3.1(a) Certification
Cargo pumps are to be certified in accordance with 4-6-1/7.3.

3.3.1(b) Alternative means of pumping
Should a cargo pump be inoperable, there is to be an alternative means of pumping from the cargo
tanks. This requirement is met by the provision of at least two cargo pumps. Where a single deep
well or submerged pump is installed in each cargo tank, an emergency means for pumping out the
tank is to be provided. For this purpose, a portable pump, which can be used safely, is accepted.

3.3.1(c) Prime movers
Cargo and stripping pump prime movers that contain a source of vapor ignition are not to be
installed in the same space as the pumps and piping. Such prime movers are to be separated from
the pumps by a gastight bulkhead.

3.3.1(d) Cargo and stripping pump drive shaft (2024)
Where the pump prime mover is separated from the pump by a gastight bulkhead, a flexible
coupling is to be fitted in the drive shaft passing through this gastight bulkhead. A stuffing box or
a bulkhead gland is to be provided in way of the shaft penetration at the gastight bulkhead.

Such stuffing box or bulkhead gland is to be gas tight and is to be designed to prevent any leakage
of gas from the cargo pump room into the machinery space.

Means are to be provided for lubricating the stuffing boxes or bulkhead glands from outside the
cargo pump room. The sealing part of these stuffing boxes or bulkhead glands is to be of non-
sparking construction. If a bellows piece is incorporated in the design, it is to be pressure tested
before being fitted.
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3.3.1(e) Temperature alarm (2024)
Temperature sensing devices are to be provided for pump bulkhead shaft glands, pump bearings
and pump casings for pumps located in cargo pump room (see 5C-1-7/3.3.1(c), 5C-1-7/5.3.1(b)
and 5C-1-7/7.3.1). High temperature audible and visual alarms are to be provided at the cargo
control room or at the cargo pump control station.

3.3.1(f) Relief valve
A relief valve is to be installed in the discharge of each cargo and stripping pump. The outlet from
the relief valve is to be led to the suction side of the pump. This relief valve need not be fitted in
the case where centrifugal pumps are installed and the piping is designed to withstand the shut-off
head of the pumps.

3.3.1(g) Cargo pump bypass
A bypass is to be fitted around the cargo pump where cargo loading is arranged through the riser
or suction piping. Omission of the bypass is acceptable, if the cargo pump is of a type designed to
allow flow through.

3.3.1(h) Pressure gauges (2024)
One pressure gauge for each pump is to be located at the pump discharge. Where pumps are
operated by prime movers external to the cargo pump room, additional pressure gauges are to be
installed at either the cargo control room or at the cargo pump control station.

3.3.1(i) Local Shutdown
A manually activated shutdown for the cargo pumps, including the stripping pump, is to be
provided at the lower level in the cargo pump room.

3.3.1(j) Double Seal Arrangement (2021)
Where centrifugal pump is used, a double seal arranged to contain leakage from the primary shaft
seal of the cargo pump casing is to be provided.

3.3.1(k) Leakage Alarm (2021)
Remote audible and visual alarms indicating leakage from the primary shaft seal of the cargo
pump casing (see 5C-1-7/3.3.1(j)) is to be provided at the cargo control room or at the pump
control station. See also 5C-1-7/31.15.5.

3.3.1(l) External Shutdown
Means are to be provided to shutdown the cargo pumps, including the stripping pump, at the cargo
control room or at the pump control station.

3.3.2 Cargo Oil Piping - Safety Measures
3.3.2(a) Independence of cargo piping
Cargo piping systems are to be independent of all other piping systems, except for emergency
connection to the ballast system, see 5C-1-7/5.3.1(c), and approved connection to inert gas main,
see 5C-1-7/25.25.4.

3.3.2(b) Routing
Cargo piping is not to be led outside of the cargo area except where permitted for bow or stern
loading and unloading in 5C-1-7/3.3.3. Cargo piping is not to pass through fuel-oil tanks or spaces
containing machinery where sources of ignition are normally present. See also 5C-1-7/3.3.4(a).

3.3.2(c) Provision for expansion
Provisions are to be made for the expansion of cargo piping. The use of expansion bellows, slip
joints or pipe bends satisfies this requirement.

3.3.2(d) Static electricity
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Cargo piping is be grounded in accordance with the requirements of 4-6-2/9.15. Cargo loading
lines inside the tanks are to be led as low as practicable to reduce the risk of generating static
electricity due to free fall of oil in the tank.

3.3.2(e) Ordinary cast iron
Ordinary cast iron is permitted in cargo piping, except that in cargo piping on weather decks it is
accepted for pressures up to 16 bar (16.3 kgf/cm2, 232 psi) only. Ordinary cast iron is not to be
used for cargo manifolds and associated valves and fittings for connection to cargo handling
hoses. See also 4-6-2/3.1.4 for other limitations for use of ordinary cast iron.

3.3.2(f) Spray Shields (1 July 2020)
A spray shield or spray protection cover is to be provided around the shaft seals of the cargo
pump.

3.3.2(g) Aluminum Coatings (1 July 2022)
Paint containing greater than 10 percent aluminum is not to be used in cargo tanks, on tank decks
in way of cargo tanks, and in pump rooms and cofferdams, nor in any other area where cargo
vapor may accumulate.

Aluminized pipes may be permitted in ballast tanks, in inerted cargo tanks and, provided the pipes
are protected from accidental impact, in hazardous areas on open deck.

3.3.3 Bow or Stern Loading and Unloading (2024)
Where bow or stern loading and unloading connections are provided, the arrangements are to be as
follows:

i) Cargo lines outside the cargo area are to be installed outside accommodation spaces,
service spaces, machinery spaces and control stations.

ii) Pipe joints outside of the cargo area are to be welded except for connections to the
manifold or the loading and unloading equipment.

iii) The cargo loading and unloading lines are to be clearly identified and provided with
means to segregate them from the cargo main line when not in use. The separation is to be
achieved by:

● Two valves, located in the cargo area, which can be locked in the closed position, and
fitted with means to detect leakage past the valves; or

● One valve together with another closing device providing an equivalent standard of
segregation, such as a removable spool piece or spectacle flange.

iv) The loading and unloading connection is to be fitted with a shut-off valve and a blank
flange. The blank flange is not required if an equivalent means of closing is incorporated
in the connection to the hose coupling.

v) Arrangements are to be provided for cargo lines outside the cargo area for easy draining
to a slop tank or cargo tank and for cleaning and inerting. Spill containment is to be
provided under the loading and unloading manifold. The space within 3 m (10 ft) from
the oil spill containment boundary and the manifold is considered to be hazardous.
Accordingly, there is to be no source of ignition present within this space. Electrical
equipment, if installed in this space, is to be of the certified safe type, see 5C-1-7/31.9.

vi) Means of communication (e.g., telephones, two-way portable radios, etc.) is to be
provided on board between the cargo control station and the location of the cargo shore
connection. See also 5C-1-7/11.11.1 for measures for preventing liquid rising in the vent
pipes.

vii) Fixed deck fire extinguishing system complying with the requirements of 5C-1-7/27.19.

Part 5C Specific Vessel Types
Chapter 1 Vessels Intended to Carry Oil in Bulk (150 meters (492 feet) or more in Length)
Section 7 Cargo Oil and Associated Systems 5C-1-7

ABS RULES FOR BUILDING AND CLASSING MARINE VESSELS • 2024 172



viii) See 3-4-1/7.3.1 for requirements applicable to the exterior boundaries of superstructures
and deckhouses which face the cargo shore connection, the overhanging decks which
support such accommodation, and the outboard sides of the superstructures and
deckhouses for the specific distances from the boundaries which face the cargo shore
connection.

3.3.4 Cargo Piping - Pollution Prevention Measures
3.3.4(a) Routing. (2024)
For oil carriers and fuel oil carriers of 5,000 tons deadweight and above, cargo piping, including
cargo tank vent and sounding pipes, is not to pass through ballast tanks. Short runs of such pipes
are permitted provided they have all joints welded and are of wall thickness not less than that in
Column E of 4-6-2/9.19 TABLE 4 or equivalent construction. See also 5C-1-7/5.3.2(a) for ballast
pipe routing.

For vessels less than 5,000 tons deadweight, cargo piping passing through ballast tanks is to be
steel with a minimum thickness according to Column E of 4-6-2/9.19 TABLE 4, or equivalent
construction. In such cargo piping, all joints are to be welded or have extra heavy flanges; no
gland-type expansion joint is permitted. The number of flanged joints is to be kept to a minimum.

Where at the request of the owner, cargo piping and the valve control piping are located above the
double bottom, the vessel will be assigned with the optional notation CPP (Cargo Piping
Protected). This applies also to cargo piping and valve control piping installed in pipe tunnel or
duct keel.

3.3.4(b) Stripping and small diameter lines.
For crude oil carriers of 20,000 tons deadweight and above and product carriers of 30,000 tons and
above, means are to be provided to drain all cargo tanks and all oil lines at completion of cargo
discharge, where necessary by connection to a stripping device. The line and pump drainings are
to be capable of being discharged either ashore and to a cargo tank or a slop tank. For discharge
ashore a special small diameter line is to be provided and is to be connected to the vessel's deck
discharge manifold outboard of the manifold valves on both sides of the vessel. The cross
sectional area of the small diameter line is not to exceed 10% of that of the main cargo discharge
line.

In order to minimize the possibility of flammable vapors being admitted to the cargo pump room,
vents from drain tanks serving automatic stripping systems are to terminate in the weather and be
fitted with corrosion resistant flame-screens or pressure/vacuum relief valves. Alternatively, the
vents led to the slop tank are acceptable.

3.3.4(c) Sea chests.
Where it is necessary to provide sea connections to the cargo oil pumps to enable ballasting of
cargo tanks during severe weather conditions, tank cleaning, etc., a means of isolating the pumps
from the sea chests when they are not being used for this operation is to be provided. This is to be
achieved by a blank flange or a removable spool piece. The spool piece, if used, is to be stowed as
in 5C-1-7/3.3.4(d) below. A shut-off valve is to be fitted on each side of the blank flange or the
removable spool piece.

Alternatively, two valves are to be installed at the sea chest connection. One of these valves is to
be capable of being locked in closed position and means - such as a test cock - is to be provided
for detecting leakage past these valves.

3.3.4(d) Connection to ballast system.
Connection of the cargo system to the ballast system is only permitted by a removable spool piece
in an emergency. The arrangements of the spool piece are to include a non-return valve to prevent
cargo from entering the ballast system, and shut-off valves and blind flanges on both the ballast
end and the cargo end of the connection. The spool piece is to be stowed in a conspicuous manner
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so that it is readily available whenever the need arises. A permanent notice is to be displayed to
prohibit unauthorized use of spool piece.

3.3.4(e) Crude oil washing system.
For crude oil carriers of 20,000 tons deadweight and above, a crude oil washing system complying
with:

● MARPOL 73/78, Annex I, Regulation 33 ,

● IMO Resolution A.446 (XI) Revised specifications for the design, operation and control of
crude oil washing systems, and

● IMO Resolution A.497 (XII) Amendments to the revised specifications for the design,
operation and control of crude oil washing systems

● IMO Resolution A.897 (21) Amendments to the revised specifications for the design,
operation and control of crude oil washing systems [Resolution A.446 (XI) as amended by
resolution A.497 (XII)]

Where a crude oil washing system is fitted on a vessel of less than these deadweight sizes, only
requirements concerning safety need be complied with.

The crude oil washing system is to be operated only when the cargo tank is inerted with an inert
gas system complying with 5C-1-7/25.

3.3.4(f) Slop tanks. (2024)
For oil and fuel oil carriers of 150 gross tonnage and above, slop tanks of number and sizes
complying with 5C-1-1/5.1 and MARPOL 73/78, Annex I, Regulation 29 are to be provided to
receive dirty ballast residues, tank washings and other oil residues. Slop tanks which can be used
as cargo tanks are to be so designed with respect to the position of inlets, outlets, baffles or weirs
where fitted, so as to avoid excessive turbulence and entrainment of oil or emulsion with water.

3.3.5 Cargo Oil Piping Pressure Tests
After installation, cargo oil piping systems are to be tested to 1.5 times the design pressure of the
system.

3.5 Remotely Operated Valves
3.5.1 Alternative Means of Operation (2024)

Remotely operated valves, if located on deck or in the cargo pump room, are to be provided with
local manual means of operation. A hand wheel or a connection to a portable hand-pump is
acceptable as a local manual means of operation. Where such valves are located in cargo tanks and
such local manual means are not practicable, alternative means are to be provided for pumping out
the cargo tank in the event of a valve actuator failure. The installation of two independent suctions
will be acceptable as an alternative means.

3.5.2 Valve Actuators
Valve actuators are to be of a type that will prevent the valve from opening in the event of the loss
of pressure in the actuating system. Means are to be provided for indicating open/close position of
the valve.

3.5.3 Valve Actuating System
A pneumatic system is not to be used for actuating valves installed in cargo tanks. Where the
actuating system is hydraulic, arrangements are to be made to lead the hydraulic oil tank vent to
the weather and to fit the vent opening with a flame screen. Hydraulic piping is to enter cargo tank
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through the highest part of the tank. System operating pressures, on both the outflow and the
return sides, are to be higher than the highest static head of the cargo tank.

5 Ballast System and Oily Water Handling
For purposes of oil pollution prevention, every crude oil carrier of 20,000 tons deadweight and above and
every product carrier of 30,000 tons deadweight and above are to be provided with segregated ballast
tanks. The capacity of the segregated ballast tanks is to be such that the vessel can operate safely on ballast
voyages without recourse to using cargo tanks for water ballast. However, in cases of severe weather or
other emergency conditions, ballast water can be carried in the cargo tanks, provided that such cargo tanks
have been previously crude oil washed. See 5C-1-1/5 and MARPOL 73/78, Annex I, Regulation 18.

5.1 Objective (2024)
5.1.1 Goals

The ballast systems are to to be designed, constructed, operated, and maintained to meet the
following goals:

Goal No. Goals

STAB 6 provide means to control the overall vessel weight and distribution to maintain adequate trim
and stability.

FIR 1 prevent the occurrence of fire and explosions.

ENV 1 prevent and minimize oil pollutions due to vessel operation and accidents.

ENV 13 provide means to monitor and record environmental discharges.

The goals in the cross-referenced Rules are also to be met.

5.1.2 Functional Requirements
In order to achieve the above stated goals, the design, construction, installation and maintenance
of the ballast systems are to be in accordance with the following functional requirements:

Functional
Requirement No.

Functional Requirements

Stability (STAB)

STAB-FR1 There are to be redundant means for deballasting to improve availability.

Fire Safety (FIR)

FIR-FR1 The ballast piping is not to be routed through cargo tanks and to areas where sources of
ignition are normally present to prevent fire/explosion.

Protection of Environment (ENV)

ENV-FR1 Arrangements are to be provided to process, monitor and discharge dirty ballast and oil
contaminated water to minimize oil pollution from discharges.

ENV-FR2 Arrangements are to be provided to discharge dirty ballast and oil contaminated water to
shore reception facilities.

ENV-FR3 The ballast piping is not to be routed through cargo tanks to prevent contamination/
pollution.

The functional requirements in the cross-referenced Rules/Regulations are also to be met.
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5.1.3 Compliance
A vessel is considered to comply with the goals and functional requirements within the scope of
classification when the prescriptive requirements are complied with or when an alternative
arrangement has been approved. Refer to Part 1D, Chapter 2.

5.3 Ballast System
5.3.1 Ballast Pumps

5.3.1(a) Certification.
Ballast pumps are to be certified in accordance with 4-6-1/7.3.

5.3.1(b) Ballast pump prime movers.
Ballast pumps are to be located in the cargo pump room or other similar spaces within the cargo
area and are to comply with the same requirements as cargo pumps in 5C-1-7/3.3.1(c),
5C-1-7/3.3.1(d) and 5C-1-7/3.3.1(e).

5.3.1(c) Deballasting.
Where only one ballast pump is provided, a second means of deballasting is to be provided. An
eductor or a temporary connection between the ballast and cargo piping satisfies this requirement.
A portable spool piece arranged in accordance with 5C-1-7/3.3.4(d) is acceptable as the temporary
connection.

5.3.2 Ballast Piping
5.3.2(a) Routing.
For purposes of minimizing oil contamination, oil carriers or fuel oil carriers of 5,000 tons
deadweight and above, ballast piping, including vents and sounding piping for segregated ballast
tanks, is not to pass through cargo tanks. However, short runs of such pipe are permitted provided
they are all welded steel pipes with a minimum wall thickness not less than that in Column E of
4-6-2/9.19 TABLE 4, or equivalent construction. See 5C-1-7/3.3.4(a) for cargo pipe routing.

For vessels less than 5,000 tons deadweight, ballast piping passing through cargo tanks is to be
steel with a minimum thickness according to Column E of 4-6-2/9.19 TABLE 4, or equivalent
construction. In such ballast piping, all joints are to be welded or have extra heavy flanges; no
gland-type expansion joint is permitted. The number of flanged joints is to be kept to a minimum.

5.3.2(b) Hazards.
Ballast piping passing through cargo tanks (where permitted) or connected to ballast tanks
adjacent to cargo tanks is not to lead into or pass through spaces where sources of ignition are
normally present except that short lengths of all welded steel pipe are acceptable. The pipe is to be
adequately secured and is to have minimum wall thickness according to Column E of 4-6-2/9.19
TABLE 4. See 5C-1-7/1.7.

5.3.2(c) Use of fire main.
It is acceptable for the fire main to be used for ballasting, or deballasting with eductors, provided
the branch pipe from the fire main used for this purpose is led from the upper deck and fitted with
a stop-check valve.

5.3.2(d) Provision for expansion.
Provisions are to be made for the expansion of ballast piping. The use of expansion bellows, slip
joints or pipe bends satisfies this requirement.

5.3.3 Discharge of Segregated Ballast
Provisions are to be made so that segregated ballast can be discharged above the waterline in the
deepest ballast condition. Discharge below the waterline is permitted if discharge procedures in
accordance with MARPOL 73/78 Annex I are adhered to.
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5.3.4 Discharge of Dirty Ballast and Oil Contaminated Water
5.3.4(a) Processing.
Means are to be provided to allow dirty ballast or oil contaminated water from cargo tank areas to
be processed prior to discharging. These means are to include slop tanks [see 5C-1-7/3.3.4(f)], oil/
water interface detectors [see 5C-1-7/5.3.4(c)], and oil discharge monitoring and control system
[see 5C-1-7/5.3.4(b)].

5.3.4(b) Oil discharge monitoring and control system. (2024)
Oil and fuel oil carriers of 150 gross tonnage and above are to be provided with an oil discharge
monitoring and control system complying with MARPOL 73/78, Annex I, Regulation 31 and IMO
Resolution MEPC.108(49) amended by MEPC.240(65), respectively.

5.3.4(c) Oil water interface detector.
Oil carriers and fuel oil carriers of 150 gross tonnage and above are to be provided with an
effective oil/water interface detector complying with IMO Resolution MEPC.5(XIII) for
determination of oil/water interface in slop tanks. It is to be available for use in other tanks where
the separation of oil and water is effected, and from which effluent is intended to discharge
directly to the sea.

5.3.4(d) Discharge to sea.
Provisions are to be made for the discharge to be led to the open deck or to either side of the
vessel above the waterline in the deepest ballast condition. Discharge below the waterline is
permitted if discharge procedures in accordance with MARPOL 73/78 Annex I are adhered to.
The discharge is to be monitored by the oil discharge monitoring and control system. The
discharge lines for dirty ballast and oil-contaminated water is permitted to pass through fuel oil
tanks, provided that the lines have all joints welded and are of wall thickness not less than that in
Column E of 4-6-2/9.19 TABLE 4 or equivalent construction.

5.3.4(e) Discharge to shore.
Means are to be provided to discharge dirty ballast water or oil contaminated water to shore
reception facilities. A discharge manifold for this purpose is to be located on the open deck on
both sides of the vessel. A cargo oil pump, through the emergency connection in 5C-1-7/3.3.4(d),
is acceptable for this purpose.

7 Bilge System
Provision are to be made for removing drainage from pump room bilges and cofferdams in the cargo area.
Bilge systems for machinery spaces and spaces outside the cargo area are not to be used for this purpose.

Overboard discharge of oil or oil-contaminated water from cargo pump room bilges and cofferdams in
cargo area is to be prohibited unless processed in accordance with 5C-1-7/5.3.4(a).

7.1 Objective (2024)
7.1.1 Goals

The bilge systems are to be designed, constructed, operated, and maintained to meet the following
goals:

Goal No. Goals

STAB 5 be able to remove accumulated liquids to mitigate the effects of flooding.

FIR 1 prevent the occurrence of fire and explosions.

CARGO 1 enable all cargoes to be stored and secured in such a way that the ship, persons onboard and the
environment are not put as risk.
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Goal No. Goals

AUTO 1 perform its functions as intended in a safe manner.

AUTO 2 indicate the system operational status and alert the operators of any deviation of essential
machinery/systems from their defined design/operating conditions or intended performance.

The goals in the cross-referenced Rules are also to be met.

7.1.2 Functional Requirements
In order to achieve the above stated goals, the design, construction, installation and maintenance
of the bilge systems are to be in accordance with the following functional requirements:

Functional
Requirement No.

Functional Requirements

Stability (STAB)

STAB-FR1 Arrangements are to be made for clearing accumulated liquids from bilges and cofferdams
in the cargo area to prevent flooding.

Fire Safety (FIR)

FIR-FR1 Accumulated liquids in the cargo area are not to be transported through spaces where
sources of ignition are normally present to prevent fire/explosion.

Cargo (CARGO)

CARGO-FR1 There are to be means to safely discharge the machinery space bilge to the slop tank to
minimize the risk of migration of cargo oil or vapor from the slop tank to the machinery
spaces.

Automation: Control, Monitoring and Safety Systems (AUTO)

AUTO-FR1 There are to be means to detect leakage and accumulation of liquids in the cargo pump room
and provide visual and audible notification at manned locations.

The functional requirements in the cross-referenced Rules/Regulations are also to be met.

7.1.3 Compliance
A vessel is considered to comply with the goals and functional requirements within the scope of
classification when the prescriptive requirements are complied with or when an alternative
arrangement has been approved. Refer to Part 1D, Chapter 2.

7.3 Cargo Pump Room and Cofferdam Bilge System (2024)
The bilge system for the cargo pump room and cofferdams are to be provided with a dedicated bilge pump,
an eductor or a connection to the suction of a cargo or stripping pump.

7.3.1 Dedicated Bilge Pump
Where a bilge pump or eductor is used it is not to be located, nor is the piping to pass through,
machinery space or other similar spaces where sources of vapor ignition is normally present. Bilge
pumps located in the cargo pump room are to comply with the same requirements as cargo pumps
in 5C-1-7/3.3.1(c), 5C-1-7/3.3.1(d) and 5C-1-7/3.3.1(e).

7.3.2 Cargo or Stripping Pumps as Bilge Pump
Where bilge suction is provided from a cargo or stripping pump, a stop-check valve is to be fitted
in the branch connection to the bilges. Where the bilge suction branch connection is arranged such
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that it is subjected to the static head of oil from the filling line during loading, a shut-off valve, in
addition to the stop-check valve is to be provided in the bilge branch suction connection.

7.3.3 Bilge Pump and Valve Control (2024)
Cargo pump room bilge suction and discharge valves and the bilge-pump controls are to be
operable in the cargo pump room, unless flag Administrations have a specific requirement for
remote operation, either from an accessible position outside the cargo pump room or from the
cargo pump room casing above the freeboard deck.

7.5 Bilge Alarms
A high level of liquid in the pump room bilge is to activate an audible and visible alarm in the cargo
control room and on the navigation bridge.

7.7 Discharge of Machinery Space Bilges into Slop Tank (2022)
When bilge pumps in the machinery space are arranged to discharge into a cargo slop tank, the discharge
piping is to be arranged as follows:

i) The discharge line is to enter the cargo slop tank from the weather deck through the tank top.

ii) The tank penetration is to be located as close to the vertical tank boundary as practicable.

iii) Within the tank, to prevent the free fall of liquid, the discharge line is to be as short as practicable,
and the outlet is to be arranged to discharge against the vertical boundary.

iv) A stop-check valve is to be provided in the discharge line and is to be located either within the
machinery space or immediately outside of the machinery space, and as close to the machinery
space bulkhead as possible.

v) In order to prevent cargo vapor from entering the machinery spaces, a loop seal is to be provided
in the discharge line. This loop seal is to be located outside the machinery space, and preferably, in
the cargo pump room. The height of the loop seal is to provide a static head greater than the
pressure setting of the cargo slop tank pressure/vacuum valve, or a minimum of 762 mm (30 in.),
whichever is greater. A means is to be provided to prevent the loop seal from freezing where
exposed to the weather.

vi) A non-return valve is to be located in the discharge line on deck as close to the tank penetration as
practicable.

vii) Alternatively, separation by means of removal of spool pieces will be accepted if the isolation
arrangement is as follows:

a) A stop-check valve is to be provided in the discharge line and is to be located within the
machinery space as close to the machinery space bulkhead as possible. The intent is that
the stop check valve in the machinery room traps a column of water in the vertical section
of the discharge line leading to the open deck. The trapped water column serves as a
secondary means preventing the hazardous vapors from entering machinery space.

b) A stop valve is to be located in the open deck on the horizontal section of the discharge
line to which a removable spool piece can be connected when needed. The other end of
the spool piece is to be connected to the pipe going to the screw down stop check valve
(described in vi) above) located at the slop tank.

c) The spool piece is to be removed any time the line is not in use. The installation/removal
of the spool piece is to be carried out under the supervision of a responsible officer on
board. A permanent notice is to be displayed to prohibit unauthorized use of spool piece.

9 Cargo Heating Systems
The temperature of the heating medium is not to exceed 220°C (428°F).
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9.1 Objective (2024)
9.1.1 Goals

The cargo oil heating systems are to be designed, constructed, operated, and maintained to meet
the following goals:

Goal No. Goals

FIR 1 prevent the occurrence of fire and explosions.

CARGO 1 enable all cargoes be stored and secured in such a way that the ship and persons onboard and
the environment are not put at risk.

The goals in the cross-referenced Rules are also to be met.

9.1.2 Functional Requirements
In order to achieve the above stated goals, the design, construction, installation and maintenance
of the cargo oil heating systems are to be in accordance with the following functional
requirements:

Functional
Requirement No.

Functional Requirements

Fire Safety (FIR)

FIR-FR1 Means are to be provided to prevent flame from entering the tanks of the cargo oil heating
system.

Cargo (CARGO)

CARGO-FR1
(FIR)

Means are to be provided to minimize the risk of migration of cargo oil or vapor to the
machinery space through the heating system.

CARGO-FR2 Means are to be provided to detect the high and low levels in the thermal oil expansion tank
to allow the cargo oil tanks to be properly heated.

The functional requirements in the cross-referenced Rules/Regulations are also to be met.

9.1.3 Compliance
A vessel is considered to comply with the goals and functional requirements within the scope of
classification when the prescriptive requirements are complied with or when an alternative
arrangement has been approved. Refer to Part 1D, Chapter 2.

9.3 Steam Heating System
9.3.1 Cargo Oil Backflow

To minimize the risk of cargo oil or vapor from returning to the machinery space through the
steam heating system, the following arrangements are to be provided:

● The steam supply and return lines are to be led into the cargo tanks from above the main deck.

● Means are to be fitted to determine whether the condensate return is contaminated with oil.

● All joints in the heating elements within cargo tanks are to be welded. Flanged joints are
permitted for installation purposes but are to be kept to a minimum.

9.3.2 Inspection Tank
An inspection tank is to be provided for detection of oil contamination in the condensate return.
The tank is to be of the closed type, dedicated to the cargo heating system only, with no
interconnection to any other system, and vented to the weather. The vent outlet is to be fitted with
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a corrosion resistant flame screen. The inspection tank may be located within the machinery space,
in which case the vent is to terminate outside the cargo area and the area within 3 m (10 ft) of the
outlet is to be considered hazardous.

9.5 Thermal Oil Heating System
9.5.1 General Requirements

Fired and exhaust gas thermal oil heaters are to meet the requirements in 4-4-1/13. The automatic
burner and flow regulation control systems are to be capable of maintaining the thermal oil at the
desired temperature. In no case is the temperature to exceed that indicated in 5C-1-7/9.1.

9.5.2 Indirect Heating Systems
9.5.2(a) (2024)
Heating of cargo oil with flashpoint below 60°C (140°F) is to be by means of a secondary circuit,
which is to be located entirely in the cargo area.

Vents from the thermal oil expansion tank and that from the oil storage tank are to be led to the
weather. The vent outlet is to be fitted with a corrosion resistant flame screen.

9.5.2(b) 
The thermal oil expansion tank for the secondary system located outside of the cargo tank area is
acceptable, provided that the requirements in 5C-1-7/9.5.3.iii and 5C-1-7/9.5.3.iv are complied
with.

9.5.3 Direct Heating System
For heating systems with a single circuit, the following additional requirements are complied with:

i) The system is arranged so that a positive pressure is maintained in the heating coils of at
least 3 m (10 ft) water column above the static head of the cargo and vapor. This pressure
differential is to be maintained whether the thermal oil circulating pumps are in operation
or not.

ii) The valves which could isolate individual heating coils in the cargo tanks are provided
with locking arrangements to confirm that the coils are under static pressure at all times.

iii) The thermal oil expansion tank is fitted with high- and low-level alarms.

iv) A means is provided in the thermal oil expansion tank to detect the presence of cargo oil
vapor. Portable equipment is acceptable provided that the use of this device will not cause
the escape of cargo oil vapor into the machinery space.

11 Cargo Tank Venting

11.1 Objective (2024)
The venting systems of cargo tanks are to be entirely distinct from the vent pipes of the other
compartments of the vessel. The arrangements and position of openings in the cargo tank deck from which
emission of flammable vapors can occur are to be such as to minimize the possibility of flammable vapors
being admitted to enclosed spaces containing a source of ignition, or collecting in the vicinity of deck
machinery and equipment which has the possibility to constitute an ignition hazard. In accordance with
this general principle the criteria in 5C-1-7/11.3 to 5C-1-7/11.19 will apply.

11.1.1 Goals (2024)
The cargo tank venting systems are to be designed, constructed, operated, and maintained to meet
the following goals:
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Goal No. Goals

FIR 1 prevent the occurrence of fire and explosions.

ENV 1 prevent and minimize oil pollution due to vessel operation and accidents.

CARGO 3 be equipped to handle and transfer cargo safely.

CARGO 5 enable monitoring of the cargo and vessel storage, securing, or containment systems.

The goals in the cross-referenced Rules are also to be met.

11.1.2 Functional Requirements (2024)
In order to achieve the above stated goals, the design, construction, installation and maintenance
of the cargo tank venting systems are to be in accordance with the following functional
requirements:

Functional
Requirement No.

Functional Requirements

Fire Safety (FIR)

FIR-FR1 There are to be means to prevent flame from entering the tanks through the cargo venting
system to prevent fire/explosions.

FIR-FR2 The arrangements and position of openings in the cargo tank deck from which emission of
flammable vapors can occur are to be such as to minimize the possibility of flammable
vapors being admitted to enclosed spaces containing a source of ignition or collecting in the
vicinity of deck machinery and equipment which may constitute an ignition hazard and
cause fire/explosions.

FIR-FR3 Status of any bypass arrangements of pressure/vacuum valves is to be provided clearly to
prevent unintended release of flammable vapors.

FIR-FR4 There are to be arrangements to isolate the slop tank vent from the cargo tanks so as to
prevent fire/explosion in combination carriers.

Protection of Environment (ENV)

ENV-FR1 Venting arrangements are to be self-draining to the cargo tanks under all normal conditions
of trim and list of the vessel to prevent pollution due to overflow.

ENV-FR2 There are to be means to protect against liquid from rising in the venting system to a height
which would exceed the design head of the cargo tanks so as to prevent pollution due to
overflow.

Cargo (CARGO)

CARGO-FR1 Vents are to be designed and suitably located to prevent overpressure or under pressure
(vacuum) in the cargo tanks during carriage, cargo loading, discharging and ballasting
operation.

CARGO-FR2 There are to be redundant means of allowing full flow relief of vapor, air or inert gas
mixtures to prevent overpressure or under pressure (vacuum) during cargo loading,
discharging and ballasting.

CARGO-FR3 There are to be arrangements to isolate the slop tank vent from the cargo tanks so as to
prevent contamination of cargoes in combination carriers.

The functional requirements in the cross-referenced Rules/Regulations are also to be met.

Part 5C Specific Vessel Types
Chapter 1 Vessels Intended to Carry Oil in Bulk (150 meters (492 feet) or more in Length)
Section 7 Cargo Oil and Associated Systems 5C-1-7

ABS RULES FOR BUILDING AND CLASSING MARINE VESSELS • 2024 182



11.1.3 Compliance (2024)
A vessel is considered to comply with the goals and functional requirements within the scope of
classification when the prescriptive requirements are complied with or when an alternative
arrangement has been approved. Refer to Part 1D, Chapter 2.

11.3 Venting Capacity (1 July 2018)
The venting arrangements are to be so designed and operated as to confirm that neither pressure nor
vacuum in cargo tanks is to exceed design parameters and be such as to provide for:

i) The flow of the small volumes of vapor, air or inert gas mixtures caused by thermal variations in a
cargo tank in all cases through pressure/vacuum valves;

ii) The passage of large volumes of vapor, air or inert gas mixtures during cargo loading and
ballasting, or during discharging; and

iii) A secondary means of allowing full flow relief of vapor, air or inert gas mixtures to prevent
overpressure or underpressure in the event of the failure of the arrangements in 5C-1-7/11.3.ii.
Alternatively, pressure sensors fitted in each tank protected by the arrangements required in
5C-1-7/11.3.ii, with a monitoring system in the vessel's cargo control room or the position from
which cargo operations are normally carried out satisfies the aforementioned requirement. Such
monitoring system is also to provide an alarm facility which is activated by detection of over
pressure or underpressure conditions within a tank. In addition, the secondary means are to be
capable of preventing overpressure or underpressure in the event of damage to, or inadvertent
closing of, the means of isolation required 5C-1-7/11.5.2.

11.5 Vent Piping
11.5.1 Venting Arrangement (2024)

The venting arrangements in each cargo tank are to be independent or combined with other cargo
tanks, and it is also acceptable to incorporate the venting arrangement into the inert gas piping.

11.5.2 Combined Venting System (1 July 2018)
Where the arrangements are combined with other cargo tanks, either stop valves or other
acceptable means are to be provided to isolate each cargo tank. Where stop valves are fitted, they
are to be provided with locking arrangements, which are to be under the control of the responsible
vessel's officer. There is to be a clear visual indication of the operational status of the valves or
other acceptable means. Where tanks have been isolated, it is to be confirmed that relevant
isolation valves are opened before cargo loading or ballasting or discharging of the tanks is
commenced. Any isolation must also continue to permit the flow caused by thermal variations in a
cargo tank in accordance with 5C-1-7/11.3.i. Any isolation is also to continue to permit the
passage of large volumes of vapor, air or inert gas mixtures during cargo loading and ballasting, or
during discharging in accordance with 5C-1-7/11.3.ii.

11.5.3 Isolation from Common Venting System
Where it is intended to load, ballast or discharge a cargo tank or a cargo tank group while it is
isolated from the common venting system, such cargo tank or cargo tank group is to be fitted with
means of over-pressure and under-pressure protection as in 5C-1-7/11.3.iii

11.5.4 Cargo Tanks Vent Pipe Wall Thickness
11.5.4(a) Mild Steel Pipe Wall Thickness. Cargo vent pipe wall thickness for liquid cargo tanks is
to comply with the following requirements where mild steel pipe is used:

i) External diameter of pipes equal to or less than 80 mm (3.15 in.): thickness not less than
6.0 mm (1/4 in.)

ii) External diameter of pipes equal to or more than 165 mm (6.5 in.): thickness not less than
8.5 mm (1/3 in.)
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iii) Intermediate sizes are to be determined by linear interpolation.

11.5.4(b) Stainless Steel Pipe Wall Thickness. Stainless steel pipe is accepted provided the
following is complied with:

i) Vent pipe from upper deck to 2 m (6.6 ft) above the deck is at least Schedule 20 and from
2 m (6.6 ft) above deck up to the termination of the P/V valve at least Schedule 10.

ii) Pipe lateral supports for cargo vent pipes are to be installed.

Notes:

1 The green sea loading for appurtenances located in the forward 25% L of the vessel are not intended to
apply to cargo tank vent pipes.

2 The relaxation of reduced wall thickness with stainless steel is to be limited to cargo tank vent pipes
only.

3 The requirements of 4-6-4/9.3.2,4-6-2/9.19 TABLE 4 and 3-2-17/9 are not applicable to the cargo vent
pipes.

11.7 Self-draining of Vent Piping
The venting arrangements are to be connected to the top of each cargo tank and are to be self-draining to
the cargo tanks under all normal conditions of trim and list of the vessel. Where it is not be possible to
provide self-draining lines, permanent arrangements are to be provided to drain the vent lines to a cargo
tank.

11.9 Flame Arresting Devices
The venting system is to be provided with devices to prevent the passage of flame into the cargo tanks. The
design, testing and locating of these devices are to comply with the following IMO documents:

● MSC/Circ.677 as amended by MSC/Circ.1009 & MSC.1/Circ.1324 Revised standards for the design,
testing and locating of devices to prevent the passage of flame into cargo tanks in tankers, and

● MSC/Circ.450/Rev.1 Revised factors to be taken into consideration when designing cargo tank venting
and gas freeing arrangements.

Vent outlets from cofferdams and ballast tanks adjacent to cargo tanks are to be fitted with corrosion
resistant flame screens having a clear area through the mesh of not less than the area of the pipe. However,
on vessels intended to carry fuel oil or petroleum products having a flashpoint exceeding 60°C (140°F), the
vent outlets from cofferdams and ballast tanks adjacent to these cargo tanks need not be fitted with flame
screens.

11.11 Protection for Tank Overpressurization and Vacuum
11.11.1 Liquid Rising in Vent Pipes

Provision is to be made to guard against liquid rising in the venting system to a height which
would exceed the design head of cargo tanks. This is to be accomplished by:

i) high level alarms or overflow control systems or other equivalent means,

ii) gauging devices, and

iii) cargo tank filling procedures.

In the event that protection is by means of an overflow control system, an analysis is to be
submitted to indicate that, in the worst overflowing condition, the tanks will not be over-
pressurized.
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11.11.2 Pressure/Vacuum Valve Setting
Where pressure/vacuum valves are installed, the pressure setting of these valves is to be in
accordance with the following table:

 Vessel size Pressure/Vacuum setting

a) 103 m (337 ft.) in length or more P ≤ 0 . 21 bar (0.21 kgf/cm2, 3 psi)V ≥ – 0 . 07 bar ( – 0.07 kgf/ cm2, – 1 psi)

b) 61 m (200 ft.) in length or less P ≤ 0 . 12 bar (0.12 kgf/cm2, 1.7psi)V ≥ – 0 . 07 bar ( – 0.07 kgf/cm2, – 1 psi)

c) Vessels of intermediate lengths Interpolate between (a) and (b)

d) Vessels with specially designed integral
tanks

(see 5C-1-1/1.13 and 5C-2-1/1.15).

P ≤ 0 . 69 bar (0.70 kg/cm2, 10 psi)

P = Pressure above atmospheric; V = Pressure below atmospheric

In addition, calculations are to submitted to show that the cargo tanks will not be subjected to a
pressure or vacuum in excess of their design pressure. See 5C-1-7/11.3 and 5C-1-7/11.17 for P/V
valve capacity and 5C-1-7/21.5.2(d) for pressure/vacuum valve capacity correction.

11.13 Position of Pressure/Vacuum Valves
Openings for pressure release required by 5C-1-7/11.3.i are to:

i) have as great a height as is practicable above the cargo tank deck to obtain maximum dispersal of
flammable vapors but in no case less than 2 m above the cargo tank deck;

ii) be arranged at the furthest distance practicable but not less than 5 m from the nearest air intakes
and openings to enclosed spaces containing a source of ignition and from deck machinery and
equipment which has the possibility to constitute an ignition hazard.

11.15 Pressure/Vacuum Valve Bypass
Bypass arrangements for pressure/vacuum valves required by 5C-1-7/11.3.i are acceptable when they are
located in a vent main or masthead riser. Where such an arrangement is provided there are to be suitable
indicators to show whether the bypass is open or closed.

11.17 Vent Outlets for Large Flow Volumes
Vent outlets for cargo loading, discharging and ballasting required by paragraph 5C-1-7/11.13.ii are to:

i) Permit the free flow of vapor mixtures; or permit the throttling of the discharge of the vapor
mixtures to achieve a velocity of not less than 30 m/s (100 ft/s);

ii) Be so arranged that the vapor mixture is discharged vertically upwards;

iii) Where the method is by free flow of vapor mixtures, be such that the outlet is to be not less than 6
m above the cargo tank deck or fore and aft gangway if situated within 4 m (13.2 ft) of the
gangway and located not less than 10 m (33 ft) measured horizontally from the nearest air intakes
and openings to enclosed spaces containing a source of ignition and from deck machinery and
equipment which has the possibility to constitute an ignition hazard;

iv) Where the method is by high velocity discharge, be located at a height not less than 2 m (6.6 ft)
above the cargo tank deck and not less than 10 m (33 ft) measured horizontally from the nearest
air intakes and openings to enclosed spaces containing a source of ignition and from deck
machinery and equipment which has the possibility to constitute an ignition hazard. These outlets
are to be provided with high velocity devices of an approved type;
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v) Be designed on the basis of the maximum designed loading rate multiplied by a factor of at least
1.25 to take account of gas evolution, in order to prevent the pressure in any cargo tank from
exceeding the design pressure. The master is to be provided with information regarding the
maximum permissible loading rate for each cargo tank and in the case of combined venting
systems, for each group of cargo tanks.

11.19 Arrangement for Combination Carriers
In combination carriers, the arrangement to isolate slop tanks containing oil or oil residues from other
cargo tanks are to consist of blank flanges which will remain in position at all times when cargoes other
than liquid cargoes having flashpoint of 60°C (140°F) or less are carried.

13 Cargo Tank Level Gauging

13.1 Objective
13.1.1 Goal (2024)

The cargo tank level gauging systems are to be designed, constructed, operated, and maintained to
meet the following goal:

Goal No. Goal

CARGO 5 enable monitoring of the cargo and vessel storage, securing, or containment system.

The goals in the cross-referenced Rules are also to be met.

13.1.2 Functional Requirement (2024)
In order to achieve the above stated goals, the design, construction, installation and maintenance
of the cargo tank level gauging systems are to be in accordance with the following functional
requirement:

Functional
Requirement No.

Functional Requirement

Cargo (CARGO)

CARGO-FR1 Means are to be provided to measure the level of liquid in cargo tanks.

The functional requirements in the cross-referenced Rules/Regulations are also to be met.

13.1.3 Compliance (2024)
A vessel is considered to comply with the goals and functional requirements within the scope of
classification when the prescriptive requirements are complied with or when an alternative
arrangement has been approved. Refer to Part 1D, Chapter 2.

13.1.4 Cargo Tanks Fitted with Inert Gas System
Cargo tanks fitted with an inert gas system are to be provided with approved closed level gauging
devices which will not permit the escape of cargo vapor to the atmosphere when being used. Such
devices are to be of the fixed or portable type.

13.1.5 Cargo Tanks not Fitted with Inert Gas System
Cargo tanks not fitted with an inert gas system are to be provided with sounding pipes, ullage
measurement fittings, etc., which allow a limited amount of cargo vapor to escape into the
atmosphere when being used. Such devices are to be installed in the weather.
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15 Cargo Tank Purging and/or Gas-freeing
Reference is to be made to IMO documents MSC/Circ.677 and MSC/Circ.450/Rev.1 (see 5C-1-7/11.9).

15.1 Objective (2024)
15.1.1 Goals

The cargo tank purging and/or gas freeing arrangements are to be designed, constructed, operated,
and maintained to meet the following goals:

Goal No. Goals

FIR 1 prevent the occurrence of fire and explosions.

CARGO 1 enable all cargoes be stored and secured in such a way that the ship, persons onboard and the
environment are not put at risk.

The goals in the cross-referenced Rules are also to be met.

15.1.2 Functional Requirements
In order to achieve the above stated goals, the design, construction, installation and maintenance
of the cargo tank purging and/or gas freeing are to be in accordance with the following functional
requirements:

Functional
Requirement No.

Functional Requirements

Cargo (CARGO)

CARGO-FR1
(FIR)

Arrangements for purging and/or gas freeing are to be such as to minimize the hazards due
to the dispersal of flammable vapors in the atmosphere and minimize the hazards due to
flammable mixtures in a cargo tank.

The functional requirements in the cross-referenced Rules/Regulations are also to be met.

15.1.3 Compliance
A vessel is considered to comply with the goals and functional requirements within the scope of
classification when the prescriptive requirements are complied with or when an alternative
arrangement has been approved. Refer to Part 1D, Chapter 2.

15.3 Vessels Fitted with Inert Gas System
When the vessel is provided with an inert gas system, the cargo tanks are to first be purged in accordance
with the provisions of 5C-1-7/25.25 until the concentration of hydrocarbon vapors in the cargo tanks has
been reduced to less than 2% by volume. Thereafter, venting at the cargo tank deck level is acceptable.

15.5 Vessels without Inert Gas System (2024)
When the vessel is not provided with an inert gas system, the operation is to be such that the flammable
vapor is initially discharged:

i) Through the vent outlets as specified in 5C-1-7/11.17; or

ii) Through outlets at least 2 m (6.6 ft) above the cargo tank deck level with vertical efflux velocity of
at least 30 m/s (100 ft/s) maintained during the gas-freeing operation; or

iii) Through outlets at least 2 m (6.6 ft) above the cargo tank deck level with a vertical efflux velocity
of at least 20 m/s (66 ft/s) and which are protected by suitable devices to prevent the passage of
flame.
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When the flammable vapor concentration at the outlet has been reduced to 30% of the lower flammable
limits, venting be continued at cargo tank deck level is acceptable.

15.7 Fixed Gas-freeing System (2024)
Where a fixed gas-freeing system, independent of the inert gas system, is located in a non-hazardous area
and is connected to the cargo piping or cargo tanks, care is to be taken to prevent cargo and/or cargo vapor
from entering the gas-freeing installation when not in use.

The connection is to include the following arrangements:

i) A non-return valve located within the cargo area,

ii) A shutoff valve located at the non-hazardous space boundary and shutoff valve at the cargo side of
the non-return valve,

iii) A spectacle flange on the cargo side of the non-return valve,

iv) The shutoff valve located at the non-hazardous space boundary, interlocked such that the valve
opens as the fans are started, and closes when the fans are stopped.

17 Ventilation and Gas Detection (other than Double Hull and Double
Bottom Spaces) (2024)

17.1 Objective (2024)
17.1.1 Goals

The ventilation and gas detection systems (5C-1-7/17, 5C-1-7/19 and 5C-1-7/20) are to be
designed, constructed, operated, and maintained to meet the following goals:

Goal No. Goals

FIR 1 prevent the occurrence of fire and explosions.

AUTO 1 perform its functions as intended in a safe manner.

AUTO 2 indicate the system operational status and alert the operators of any essential machinery/systems
deviate from its defined design/operating conditions or intended performance.

AUTO 4 provide the equivalent degree of safety and operability from a remote location as those provided
by local controls.

The goals in the cross-referenced Rules are also to be met.

17.1.2 Functional Requirements
In order to achieve the above stated goals, the design, construction, installation and maintenance
of the ventilation and gas detection systems (5C-1-7/17, 5C-1-7/19 and 5C-1-7/20) are to be in
accordance with the following functional requirements:

Functional
Requirement No.

Functional Requirements

Fire Safety (FIR)

FIR-FR1 Ventilation is to be designed to minimize the accumulation of the flammable vapors in the
space and on deck to a level below explosion limits.

FIR-FR2 Emergency ventilation is to be designed and arranged to operate in the event of flooding in
the space.
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Functional
Requirement No.

Functional Requirements

FIR-FR3 Electrical equipment is to be suitable for the intended hazardous environment to prevent
fire/explosion.

FIR-FR4 Provide effective means of a gas detection to monitor the flammable gas concentration in
the spaces adjacent to cargo tanks.

FIR-FR5 Ventilation is to be designed and arranged to prevent flammable vapors from entering safe
areas.

FIR-FR6 Arrangements are to be provided in inerting system to prevent flammable gas from entering
spaces adjacent to cargo tanks to prevent further escalation of hazards.

Automation: Control, Monitoring and Safety Systems (AUTO)

AUTO-FR1 Provide means for remote/automatic shutdown of ventilation in the event of the activation of
the fixed fire-extinguishing system in the space to prevent further escalation of hazards.

AUTO-FR2 Provide visual and audible notification at all control and monitoring stations to warn the
personnel of abnormal levels of flammable gas in the spaces to prevent further escalation of
hazards.

The Functional Requirements in the cross-referenced Rules/Regulations are also to be met.

17.1.3 Compliance
A vessel is considered to comply with the goals and functional requirements within the scope of
classification when the prescriptive requirements are complied with or when an alternative
arrangement has been approved. Refer to Part 1D, Chapter 2.

17.2 Cargo Pump Room Ventilation and Gas Detection (2024)
17.2.1 Ventilation (2024)

Cargo pump rooms are to be mechanically ventilated and discharges from the exhaust fans are to
be led to a place on the open deck where such discharges will not cause a fire or explosion hazard.
The ventilation of these rooms is to have sufficient capacity to minimize the possibility of
accumulation of flammable vapors.

The number of changes of air is to be at least 20 per hour, based upon the gross volume of the
space.

The air ducts are to be arranged so that all of the space is effectively ventilated. In particular, the
intakes are to be arranged as per 5C-1-7/17.2.2. The ventilation is to be of the suction type using
fans of the non-sparking construction. See 5C-1-7/17.2.3. The inlets and outlets of cargo pump
room ventilation systems are to be capable of being closed from outside the cargo pump room.
The means of closing are to be easily accessible, as well as prominently and permanently marked,
and are to indicate whether the shut-off is open or closed.

17.2.2 Arrangements of Air Intakes
The ventilation trunking within the cargo pump room is to be arranged as follows:

17.2.2(a) Main intakes.
The main intakes are to be located just above the platform plates on bottom longitudinals or inner
bottom so that the air in the bilge spaces can be extracted. The platform plates are to be of the
open grating type to allow the free flow of air.

17.2.2(b) Emergency intakes.

Part 5C Specific Vessel Types
Chapter 1 Vessels Intended to Carry Oil in Bulk (150 meters (492 feet) or more in Length)
Section 7 Cargo Oil and Associated Systems 5C-1-7

ABS RULES FOR BUILDING AND CLASSING MARINE VESSELS • 2024 189



Emergency intake(s) are to be provided at approximately 2 m (6.5 ft) above the lowest platform
plating so that they can be used when the main intakes, as stated in 5C-1-7/17.2.2(a), are sealed
off due to flooding in the bilges. The air change, when only the emergency intakes are in use, is to
be at least 15 air changes per hour.

17.2.2(c) Dampers. (2024)
Where the emergency intakes share the main exhaust ducts with the main intakes, the emergency
intakes are to be provided with dampers capable of being opened or closed from the exposed main
deck and within the cargo pump room. 

17.2.3 Fans and Fan Motors (1 July 2022)
Fan motors are to be located outside the pump room and outside the ventilation ducts except that
special consideration may be given to locate the fan motors inside the ventilation ducts when it is
established that it is not practicable to be located outside. Fans are to be of non-sparking
construction in accordance with 4-8-3/11. Remote or automatic shutdown of the fan motors upon
release of the fire-extinguishing medium is required.

17.2.4 Gas Detection System (2024)
The cargo pump room is to be fitted with a fixed gas detection system complying with the
following:

i) The system is to be arranged to continuously measure the concentration of hydrocarbon
gas. A system using sequential sampling is acceptable provided the system is dedicated to
cargo pump room sampling only.

ii) Sampling points or detector heads are to be located in positions in order that potentially
dangerous leakages are readily detected. Positions are to include the exhaust ventilation
duct and lower part of the pump room above the floor plate level.

iii) The system is to give a visual indication in the cargo control room of the level of
concentration of hydrocarbon gas, and is to initiate a continuous visual and audible alarm
if the concentration exceeds 10% of the lower flammable limit. Such alarm is to be
provided in the cargo control room cargo pump room, engine control room and on the
navigation bridge.

iv) Components of the system installed in the cargo pump room are to be in compliance with
5C-1-7/31.1.iii.

See 5C-1-7/20 for fixed hydrocarbon gas detection system requirements.

17.3 Precautions for Ventilation of Accommodation and Machinery Spaces (2024)
Ventilation inlets and outlets and other deckhouse and superstructure boundary space openings are to be
located away from the cargo tank vents required in 5C-1-7/11. Such vents, especially for machinery
spaces, are to be situated towards the aft end of the vessel. ABS technical assessment and approval are to
be carried out for the arrangement of ventilation inlets and outlets and other deckhouse and superstructure
boundary space openings when the vessel is equipped to load or discharge at the stern. Sources of ignition
such as electrical equipment are to be so arranged as to avoid an explosion hazard.

17.5 Pipe Tunnel or Duct Keel Ventilation and Gas Detection (2024)
17.5.1 Ventilation (2024)

A permanent mechanical ventilating system is to be provided for a pipe tunnel or duct keel. Where
a permanent lighting system is installed in such a space, the ventilation system is to be capable of
providing at least eight (8) changes of air per hour based on the gross volume of the space. The
system is to have mechanical exhaust, natural or mechanical supply, and ducting as required to
effectively purge this space and all connecting access trunks. Fan motors are to be located outside
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the space in question and outside the ventilation ducts. Fans are to be of non-sparking construction
in accordance with 4-8-3/11.

17.5.2 Gas Detection System (2024)
An approved gas detection system complying with 5C-1-7/17.2.4 is to be provided to monitor the
pipe tunnel or duct keel.

17.7 Portable Gas Detectors
17.7.1 All Oil Tankers (2024)

Every oil tanker is to be provided with at least two portable gas detectors capable of measuring
flammable vapor concentrations in air and at least two portable O2 analyzers. Alternatively, at
least two gas detectors, each capable of measuring both oxygen and flammable vapor
concentrations in air (%LEL), are to be provided. See also 5C-1-7/19.5.1. Suitable means are to be
provided for the calibration of the instruments. Portable gas detectors being calibrated on board or
ashore in accordance with the manufacturer's instructions are acceptable means.

17.7.2 Oil Tankers with Inert Gas Systems (2024)
In addition, for tankers fitted with inert gas systems, at least two portable gas detectors are to be
capable of measuring flammable vapors concentration in an inerted atmosphere (% gas by
volume). This requirement is satisfied by the detectors addressed in 5C-1-7/17.7.1, provided the
flammable vapor concentration detectors are capable of measuring flammable vapor concentration
in an inerted atmosphere as well as in air. Otherwise, two additional flammable vapor
concentration detectors capable of measuring flammable vapor concentration in an inerted
atmosphere are to be carried on board. In addition, suitable arrangement are to be made on each
cargo tank such that the condition of the tank atmosphere can be determined using these portable
gas detectors.

17.9 Ventilation and Gas Detection for Combination Carriers (2024)
17.9.1 Ventilation (2024)

In combination carriers, all cargo spaces and any enclosed spaces adjacent to cargo spaces are to
be capable of being mechanically ventilated. Portable fans are acceptable as the means of
mechanical ventilation.

17.9.2 Gas Detection (2024)
An approved fixed gas detection system capable of monitoring flammable vapors is to be provided
in cargo pump rooms, pipe tunnel/duct keel, and cofferdams adjacent to slop tanks (see
5C-1-7/17.2.4 and 5C-1-7/17.5.2). Suitable arrangements are to be made to facilitate measurement
of flammable vapors in all other spaces within the cargo tank area. Such measurements are to be
made possible from open deck or easily accessible positions.

17.11 Cargo Oil Sample Locker Ventilation (2024)
If cargo oil samples are stowed outside the cargo area, then the sample stowage space is to be regarded as a
cargo service space.

Commentary:

It is recommended that the space be provided with independent mechanical ventilation of the certified safe type with non-
sparking fans having a capacity of at least six air changes per hour, capable of being stopped and with means of closure of
vent openings from outside the space.

End of Commentary
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19 Double Hull and Double Bottom Space Inerting, Ventilation and Gas
Detection (2024)

19.1 Air Supply
Double hull and double bottom spaces in way of cargo tanks are to be fitted with suitable connections for
the supply of air.

19.3 Vessels Fitted with Inert Gas System (2024)
On oil carriers required to be fitted with inert gas systems:

i) Double hull and double bottom spaces are to be fitted with suitable connections for the supply of
inert gas;

ii) Where such spaces are connected to a permanently fitted inert gas distribution system, means are
to be provided to prevent hydrocarbon gases from the cargo tanks entering the double hull and
double bottom spaces through the system;

iii) Where such spaces are not permanently connected to an inert gas distribution system, appropriate
means are to be provided to allow connection to the inert gas main.

19.5 Requirements for Gas Detection (2024)
19.5.1 Portable Gas Detectors (2024)

Portable gas detectors for measuring oxygen and flammable vapor concentrations in double hull
and double bottom spaces are to be provided. See 5C-1-7/17.7 regarding the required number of
detectors. In selecting these detectors, due attention is to be given for their use in combination
with the fixed hydrocarbon gas detection systems referred to in 5C-1-7/19.5.2 and 5C-1-7/19.5.3.

19.5.2 Fixed Gas Detection System (2024)
Where the atmosphere in double hull and double bottom spaces cannot be accurately measured by
the portable gas detectors using flexible gas sampling hoses, such spaces are to be fitted with a
fixed hydrocarbon gas detection system. The configurations of such line systems are to be adapted
to the design of such spaces, see 5C-1-7/20.5.

19.5.3 Fixed Gas Detection System for Oil Carriers 20,000 DWT and Above (2024)
In addition to the requirements in 5C-1-7/19.5.1 and 5C-1-7/19.5.2, oil carriers of 20,000 tons
deadweight and above, are to be provided with a fixed hydrocarbon gas detection system
complying with 5C-1-7/20 for measuring hydrocarbon gas concentrations in all ballast tanks and
void spaces of double-hull and double-bottom spaces adjacent to the cargo tanks, including the
forepeak tank and any other tanks and spaces under the bulkhead deck adjacent to cargo tanks.

19.5.4 Oil Tankers Provided with Constantly Operating Inerting Systems
Spaces within oil tankers provided with constantly operating inerting systems need not be
equipped with fixed hydrocarbon gas detection equipment in those spaces.

19.5.5 Cargo Pump Rooms
Notwithstanding the above, cargo pump rooms subject to the provisions of 5C-1-7/3.3.1,
5C-1-7/7.5, 5C-1-7/17.2.4 and 5C-1-7/31.15 need not comply with the requirements of
5C-1-7/19.5.3.

20 Fixed Hydrocarbon Gas Detection System (2024)
This section is based on the technical requirements of Chapter 16, "Fixed hydrocarbon gas detection
systems", of the International Code of Fire Safety Systems (FSS Code) which are contained in their
entirety and are required for classification. The parts in this section which are classification requirements
and not based on the Code are presented in non-italics “Times New Roman” type style, etc.
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The term “shall be” is to be understood to read as “is to be” or “are to be” unless otherwise specified. The
term “Administration” is to be read as “ABS”.

20.1 Application (2024)
This section details the specification for fixed hydrocarbon gas detection systems as required by SOLAS
chapter II-2.

A combined gas detection system required by 5C-1-7/17.2.4, 5C-1-7/19.5.2 and 5C-1-7/19.5.3 may be
accepted in cases where the system fully complies with the requirement of SOLAS regulation II-2/2, as
amended.

20.3 Engineering Specification
20.3.1  General

20.3.1(a) Performance Standards. (2024)
The fixed hydrocarbon gas detection system referred to in 5C-1-7/20 shall be designed,
constructed and tested to the satisfaction of the Administration based on performance standards
developed by the Organization.*

Note:

Refer to Guidelines for the design, construction and testing of fixed hydrocarbon gas detection system, (MSC.1/
Circ.1370).

20.3.1(b) Arrangement.
The system shall be comprised of a central unit for gas measurement and analysis and gas
sampling pipes in all ballast tanks and void spaces of double-hull and double-bottom spaces
adjacent to the cargo tanks, including the forepeak tank and any other tanks and spaces under the
bulkhead deck adjacent to cargo tanks.

20.3.1(c) Systems Integration. (2024)
The system may be integrated with the cargo pump-room gas detection system, provided that the
spaces referred to in 5C-1-7/20.3.1(b) are sampled at the rate required in 5C-1-7/20.5.3(a).
Continuous sampling from other locations may also be considered provided the sampling rate is
complied with.

Commentary:

ABS Interpretation of 20.3.1(c)

The “other location” (e.g., entrance to accommodation space) not required by Rules/Regulations should be decided
by the owner/shipyard.

End of Commentary

20.5 Component Requirements
20.5.1 Gas Sampling Lines

20.5.1(a) Common Sampling Lines.
Common sampling lines to the detection equipment shall not be fitted, except the lines serving
each pair of sampling points as required in 5C-1-7/20.5.1(c).

20.5.1(b) Materials.
The materials of construction and the dimensions of gas sampling lines shall be such as to prevent
restriction. Where non-metallic materials are used, they shall be electrically conductive. The gas
sampling lines shall not be made of aluminum.
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20.5.1(c) Lines Sizes and Arrangement.
The configuration of gas sampling lines shall be adapted to the design and size of each space.
Except as provided in 5C-1-7/20.5.1(d) and 5C-1-7/20.5.1(e), the sampling system shall allow for
a minimum of two hydrocarbon gas sampling points, one located on the lower and one on the
upper part where sampling is required. When required, the upper gas sampling point shall not be
located lower than 1 m (3.3 ft) from the tank top. The position of the lower located gas sampling
point shall be above the height of the girder of bottom shell plating but at least 0.5 m (1.65 ft) from
the bottom of the tank and it shall be provided with means to be closed when clogged. In
positioning the fixed sampling points, due regard should also be given to the density of vapors of
the oil products intended to be transported and the dilution from space purging or ventilation.

20.5.1(d) Sampling in Tank. (2024)
For ships with deadweight of less than 50,000 tons, the Administration may allow the installation
of one sampling location for each tank for practical and/or operational reasons.

20.5.1(e) Ballast Tanks and Void Spaces (2024)
For ballast tanks in the double-bottom, ballast tanks not intended to be partially filled and void
spaces, the upper gas sampling point is not required.

20.5.1(f) Lines Cleaning.
Means shall be provided to prevent gas sampling lines from clogging when tanks are ballasted by
using compressed air flushing to clean the line after switching from ballast to cargo loaded mode.
The system shall have an alarm to indicate if the gas sampling lines are clogged.

20.5.2 Gas Analysis Unit
The gas analysis unit shall be located in a safe space and may be located in areas outside the
ship's cargo area; for example, in the cargo control room and/or navigation bridge in addition to
the hydraulic room when mounted on the forward bulkhead, provided the following requirements
are observed:

i) Sampling lines shall not run through gas safe spaces, except where permitted under
5C-1-7/20.5.2.v;

ii) The hydrocarbon gas sampling pipes shall be equipped with flame arresters. Sample
hydrocarbon gas is to be led to the atmosphere with outlets arranged in a safe location,
not close to a source of ignitions and not close to the accommodation area air intakes;

iii) A manual isolating valve, which shall be easily accessible for operation and maintenance,
shall be fitted in each of the sampling lines at the bulkhead on the gas safe side;

iv) The hydrocarbon gas detection equipment including sample piping, sample pumps,
solenoids, analyzing units etc., shall be located in a reasonably gas-tight cabinet (e.g.,
fully enclosed steel cabinet with a door with gaskets) which is to be monitored by its own
sampling point. At a gas concentration above 30% of the lower flammable limit inside the
steel enclosure the entire gas analyzing unit is to be automatically shut down; and

v) Where the enclosure cannot be arranged directly on the bulkhead, sample pipes shall be
of steel or other equivalent material and without detachable connections, except for the
connection points for isolating valves at the bulkhead and analyzing unit, and are to be
routed on their shortest ways.

20.5.3 Gas Detection Equipment
20.5.3(a) Lines Spacing.
The gas detection equipment shall be designed to sample and analyze from each sampling line of
each protected space, sequentially at intervals not exceeding 30 min.

20.5.3(b) Portable Instruments. (2024)
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Means shall be provided to enable measurements with portable instruments, in case the fixed
system is out of order or for system calibration. In case the system is out of order, procedures shall
be in place to continue to monitor the atmosphere with portable instruments and to record the
measurement results. See 5C-1-7/17.7 and 5C-1-7/19.5.1.

20.5.3(c) Audible and Visual Alarms.
Audible and visual alarms are to be initiated in the cargo control room, navigation bridge and at
the analyzing unit when the vapor concentration in a given space reaches a pre-set value, which
shall not be higher than the equivalent of 30% of the lower flammable limit.

20.5.3(d) Testing and Calibrating.
The gas detection equipment shall be so designed that it may readily be tested and calibrated.

21 Cargo Vapor Emission Control Systems

21.1 Objective (2024)
While the installation of a cargo vapor control system is optional for classification purposes, where
installed, the requirements of 5C-1-7/21 are applicable. These requirements cover systems employed to
collect cargo oil vapor, primarily during cargo loading operations, for disposal at shore facilities. Systems
satisfying these requirements will be assigned with the optional notation VEC. Systems satisfying the
additional requirements of 5C-1-7/21.19 for lightering operation will be assigned with the optional
notation VEC-L.

21.1.1 Goals (2024)
The cargo vapor emission control systems are to be designed, constructed, operated, and
maintained to meet the following goals:

Goal No. Goals

FIR 1 prevent the occurrence of fire and explosions.

ENV 1 prevent and minimize oil pollution due to vessel operation and accidents.

ENV 6 prevent and minimize air pollution.

CARGO 3 be equipped to handle and transfer cargo safely.

CARGO 5 enable monitoring of the cargo and vessel storage, securing, or containment systems.

SAFE 1.1 minimize danger to persons onboard, the vessel, and surrounding equipment/installations from
hazards associated with machinery and systems.

MGMT 1 provide for safe practices in ship operation and a safe working environment.

AUTO 1 perform its functions as intended in a safe manner.

AUTO 2 indicate the system operational status and alert the operators of any essential machinery/systems
deviate from its defined design/operating conditions or intended performance.

The goals in the cross-referenced Rules are also to be met.

21.1.2 Functional Requirements (2024)
To achieve the above stated goals, the design, construction, installation and maintenance of the
cargo vapor emission control systems are to be in accordance with the following functional
requirements:

Part 5C Specific Vessel Types
Chapter 1 Vessels Intended to Carry Oil in Bulk (150 meters (492 feet) or more in Length)
Section 7 Cargo Oil and Associated Systems 5C-1-7

ABS RULES FOR BUILDING AND CLASSING MARINE VESSELS • 2024 195



Functional
Requirement No.

Functional Requirements

Fire Safety (FIR)

FIR-FR1 Provide arrangements to monitor and prevent the relief and discharge of flammable vapors
so as to minimize the risk of fire/explosion during vapor collection and transfer operations.

FIR-FR2 Vapor collection system arrangements are to be provided so as to prevent fire/explosion
during lightering operation.

Protection of Environment (ENV)

ENV-FR1 Provide arrangements to monitor and prevent relief and discharge of flammable vapors to
minimize the risk of air pollution during vapor collection and transfer operation.

Cargo (CARGO)

CARGO-FR1 Arrangements are to be provided to safely transfer the flammable vapors from the cargo
tanks to shore facilities during cargo transfer operations.

Safety to Personnel (SAFE)

SAFE-FR1 The maximum allowable cargo transfer rate is to be determined to prevent the cargo tanks
from overpressure or vacuum during cargo transfer operations.

Safety Management (MGMT)

MGMT-FR1 There are to be arrangements to enable personnel to check and prevent overfilling before
commencement of cargo transfer operations.

MGMT-FR2 Provide information and instructions for safe practices of ship vapor emission control
operation and protection of environment.

Automation: Control, Monitoring and Safety Systems (AUTO)

AUTO-FR1 (FIR/
ENV)

Provide display with visual and audible notification at all control and monitoring stations to
warn of abnormal conditions in the vapor collection piping during vapor collection and
transfer operation to minimize the risk of air pollution and fire/explosion.

AUTO-FR2 (FIR/
ENV)

There are to be independent arrangements and means to monitor and display system
parameters and alarms at all control and monitoring stations so as to prevent overflow
during cargo transfer operation and minimize the risk of pollution and fire/explosions.

AUTO-FR3 Provide, sufficient redundancy and fault-tolerance, alarm and monitoring of tank levels at all
control stations to prevent overflow during cargo transfer operation and minimize the risk of
pollution and fire/explosion.

The functional requirements in the cross-referenced Rules/Regulations are also to be met.

21.1.3 Compliance (2024)
A vessel is considered to comply with the goals and functional requirements within the scope of
classification when the prescriptive requirements are complied with or when an alternative
arrangement has been approved. Refer to Part 1D, Chapter 2.

21.3 Plans and Data to be Submitted (2024)
Where a cargo vapor emission control system is to be installed, the following plans and particulars are to
be submitted for review.

● Cargo vapor emission control and collection piping; associated venting and inert gas systems; drainage
arrangements; bill of materials.
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● Maximum allowable cargo transfer rate; pressure/vacuum valve capacity test reports and settings;
associated calculations (see 5C-1-7/21.5).

● Tank gauging systems; overfill control, instrumentation and alarm systems; overfill settings.

● Hazardous locations and certified safe electrical equipment in these locations.

21.5 Cargo Transfer Rate
21.5.1 Maximum Allowable Cargo Transfer Rate

The cargo vapor emission control system is to be designed for a predetermined maximum
allowable cargo transfer rate, which is not to exceed the least of the following:

i) The maximum designed loading rate used in determining the pressure setting of the
pressure/vacuum valves.

ii) The maximum designed discharge rate used in determining the vacuum setting of the
pressure/vacuum valves.

iii) A rate determined by pressure drop calculations where, for a given pressure at the vapor
reception facility connection to the vessel, the pressure in any tank connected to the
system exceeds 80 percent of the pressure setting of any pressure/vacuum valve in the
cargo tank venting system.

21.5.2 Calculations (2024)
The following calculations are to be submitted to substantiate the adequacy of the proposed cargo
transfer rates. In these calculations, for tanks connected to the pressure/vacuum valve (or breaker),
the capacity of the pressure/vacuum valve is to be taken into account.

21.5.2(a) Pressure/vacuum valve pressure relief capacity.
Calculations are to verify that the valve can discharge vapor at a flow rate equal to 1.25 times
maximum design loading rate specified in 5C-1-7/21.5.1.i while maintaining a pressure in the tank
not exceeding the design head of the tank. Where spill valves or rupture disks are fitted (see
5C-1-7/21.15.5), the pressure maintained in the tank is not to exceed the designed opening
pressures of these devices.

21.5.2(b) Pressure/vacuum valve vacuum relief capacity.
Calculations are to verify that, at the maximum designed discharge rate specified in
5C-1-7/21.5.1.ii, the vacuum relief setting will not allow the tank to exceed its allowable designed
vacuum.

21.5.2(c) System pressure drop.
Calculations are to demonstrate that the requirement of 5C-1-7/21.5.1.iii is satisfied for each cargo
handled. The pressure drop through the system, from the most remote cargo tank to the vessel
shipside vapor connection, is to be determined. Hoses normally carried on board the vessel are to
be included in the calculation. The calculations are to be performed at several transfer rates,
including the maximum transfer rate, assuming a 50 percent cargo vapor and air mixture and a
vapor growth rate appropriate for the specific cargo being considered in the calculation.

21.5.2(d) Pressure/vacuum valve capacity correction. (2024)
Where the capacities of a pressure/vacuum valve are obtained by testing with air only, refer to the
following equations to correct the capacities for cargo oil vapor.QA = QL · R · FR = 1 + 0 . 25 Pv0 . 88       SI   &   MKS   unitsR = 1 + 0 . 25 Pv12 . 5       US   units
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F = ρvaρa
whereQA = required air equivalent volumetric flow rate; m3/h (gpm) (or consistent system of units)QL = cargo transfer rate; m3/h (gpm) (or consistent system of units)R = vapor growth rate; to be as calculated above or 1.25, whichever is larger; dimensionlessF = density correction factor; dimensionlessPv = saturated vapor pressure, absolute, at 46.1°C (115°F); barA (kgf/cm2 A, psiA)ρva = vapor-air mixture density at 46.1°C (115°F) and pressure setting of pressure/vacuum valve; kg/m3

(lb/ft3) (or consistent system of units)ρa = air density at 46.1°C (115°F) and pressure setting of pressure/vacuum valve; kg/m3 (lb/ft3) (or
consistent system of units)

Commentary:

Refer to the USCG "Industry Guidelines for Determining the Maximum Liquid Transfer Rate for a Tank Vessel
transferring a Flammable or Combustible Cargo Using a Vapor Control System”.

End of Commentary

21.7 Vapor Collection Piping (2024)
Vapor collection piping is not to interfere with the proper operation of cargo tank venting system. Means
are to be provided on deck, to isolate the vapor collection system from the inert gas system. This
requirement is satisfied if the vapor collection system is connected to the inert gas main forward of the
non-return devices and the positive means of closure required by 5C-1-7/25.19.8. Means are to be provided
to drain and collect condensate from each low point in the vapor collection piping system.

Vessels collecting vapors from incompatible cargoes simultaneously are to have a means of maintaining
separation of the vapors throughout the collection system.

Vapor collection piping should be electrically bonded to the hull and should be electrically continuous.

See 5C-1-7/Figure 1.
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FIGURE 1 
Typical Cargo Vapor Emission Control System Arrangement (2024)

21.9 Ship Side Vapor Connection
21.9.1 Location and Valve (2022)

The ship side vapor connection to shore facilities is to be installed as close to each cargo transfer
manifold as practicable in an easily accessible position and is to be fitted with a shutoff valve
capable of manual operation. The open/closed position of the valve is to be clearly indicated and
visible.

21.9.2 Connection Flange (1 July 2018)
The ship side vapor connection flange, vapor hose flange, or vapor line adapter flange, as
applicable, for connection to shore facilities is to have dimensions meeting ANSI B16.5 Pipe
Flanges and Flanged Fitting for Class 150 flanges. The flange face of the ship side vapor
connection flange is to be fitted with a protruding stud, 12.7 mm (1/2 in.) in diameter and at least
25.4 mm (1 in.) long.

To guard against the possible misconnection of the vessel’s vapor manifold to a standard liquid
line transfer hose, a cylindrical stud is to be permanently attached to each presentation flange face.
To complete the “Lug and Hole” arrangement, blank flanges, inboard ends of reducers and hoses
intended for connection solely to the vapor line will have a corresponding hole to accommodate
the lug on the presentation flange.

21.9.3 Color Code and Labeling
The last 1.0 m (3.3 ft) of vapor piping inboard of the vapor connection flange is to be painted red/
yellow/red with the red bands 0.1 m (0.33 ft) wide, and the yellow band 0.8 m (2.64 ft) wide. The
yellow band is to be labeled with “VAPOR” in black letters at least 50 mm (2 in.) high.

21.9.4 Hoses (2022)
Hoses, carried onboard for shore/lightering vapor connection, are to comply with the following:

● Maximum allowable working pressure is to be at least 0.34 bar (0.35 kgf/cm2, 5 psi).

● Maximum allowable vacuum is to be at least 0.14 bar (0.14 kgf/cm2, 2 psi) below
atmospheric.
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● Burst pressure is not to be less than five times its maximum allowable working pressure.

● Electrically continuous with a maximum resistance of 10,000 ohms.

● Abrasion resistant and non-kinking.

● Provided with hose handling equipment, e.g. hose saddles.

21.11 Pressure/Vacuum Protection of Cargo Tanks
21.11.1 Pressure/Vacuum Valves

For vessels intended to operate with vapor emission control systems, the cargo tanks are to be
equipped with a venting system complying with 5C-1-7/11. Each tank venting system is to be
fitted with a pressure/vacuum relief valve of suitable setting and capacity (see 5C-1-7/21.11.2).
Pressure/vacuum breaker installed in the inert gas main satisfies this requirement.

21.11.2 Pressure/Vacuum Valve Relief Capacity and Setting
21.11.2(a) Relief capacity. (2024)
The pressure relief capacity of the pressure/vacuum valve (or breaker) installed in the venting
system is to be based on 1.25 times the designed loading rate. The vacuum relief capacity is to be
based on the maximum discharge rate. See 5C-1-7/11.17 and 5C-1-7/21.5. Relief capacities are to
be verified by tests (e.g. in accordance with API Standard 2000, ISO 15364) or as in the case of
pressure/vacuum breaker by calculations. Flame arrestors, where fitted, are to be included in the
tests or calculations. Test or calculation reports are to be submitted for review.

21.11.2(b) Settings.
The maximum pressure and vacuum settings are to be in accordance with 5C-1-7/11.11. Further,
the pressure relief setting is not to cause the valve to open at a pressure of less than 0.07 bar (0.07
kg/cm2, 1 psig). The vacuum relief setting is not to open at less than 0.03 bar (0.03 kg/cm2, 0.5 psi)
below atmospheric pressure in the tank vapor space.

21.11.3 Valve Operational Checks
The pressure/vacuum valve (or breaker) is to have a mechanical means to check its proper
operation and to confirm that it will not remain in the open position. Pressure/vacuum breaker of
the liquid filled type is to be fitted with a level gauge, complete with mechanical protection, for
determining its set pressure.

21.11.4 Pressure/Vacuum Displays and Alarms
Displays of pressure/vacuum in the vapor collection piping are to be fitted at each cargo control
station. In addition, high and low pressure (or vacuum) alarms, set as follows, are also to be fitted:

● For high-pressure alarm, no higher than 90% of the lowest pressure setting of pressure/
vacuum valves in the venting system.

● For low-pressure alarm, no lower than 0.01 bar (0.01 kgf/cm2, 0.144 psi) for inerted cargo
tanks; and no lower than the lowest vacuum setting of the pressure/vacuum valve in the
venting system for non-inerted tanks.

Sensors for the displays and alarms are to be installed in the main vapor collection line and are to
be capable of being isolated for maintenance.

21.13 Gauging Systems (2024)
A closed tank gauging system capable of measuring the full height of the tank is to be fitted. Tank level
display is to be provided at each cargo control station.

If portable gauging devices are used, the number of devices available is to be equal to the maximum
number of tanks that can be loaded simultaneously, plus two additional units.
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See 5C-1-7/13.1.5 for level gauging of cargo tanks not fitted with inert gas system.

21.15 Tank Overfill Protection
21.15.1 High Level and Overfill Alarms (2024)

Each cargo tank is to be fitted with a high level alarm and an overfill alarm, which are to be
independent of each other. At least the overfill alarm is to be independent of the tank gauging
system. The alarm systems are to be self-monitoring (or fitted with other means of testing) and
provided with alarms for failure of tank level sensor circuits and power supply. All alarms are to
have visual and audible signals and are to be given at each cargo control station to alert the ship
operator. In addition, overfill alarms are to be given also in the cargo deck area in such a way that
they can be seen and heard from most locations.

21.15.2 Level Alarm Setting
The high level alarm is to be set at no less than that corresponding to 95% of tank capacity, and
before the overfill alarm level is reached. The overfill alarm is to be set so that it will activate
early enough to allow the crew in charge of the transfer operations to stop the transfer before the
tank overflows.

21.15.3 Alarm Labels
At each cargo control station, the high level alarms and the overfill alarms are to be identified with
the labels “HIGH LEVEL ALARM” and “TANK OVERFILL ALARM”, respectively, in black
letters at least 50 mm (2 in.) high on a white background.

21.15.4 Operational Checks
Each alarm system is to have a means of checking, locally at the tank, to assure proper operation
prior to cargo transfer operation. This is not required if the system has self-monitoring feature.

21.15.5 Mechanical Overfill Control Devices
Installation of spill valves, rupture disks, and other such devices will not alleviate the alarm
requirements in 5C-1-7/21.15.1 and 5C-1-7/21.15.2. Where fitted they are to meet the following
requirements.

21.15.5(a) Spill Valves. Spill valves are to be designed to relieve cargo at a pressure higher than
the pressure setting of the pressure/vacuum valves at maximum cargo transfer rate and vapor rate
of 1.25 times maximum cargo transfer rate. At relieving, the tank is to be subjected to a pressure
no higher than the design head of the tank. Construction of spill valves is to meet a recognized
standard such as ASTM F1271 Standard Specification for Spill Valves for Use in Marine Tank
Liquid Overpressure Protection Applications. Spill valves are to be so installed as to preclude
unwarranted opening due to sloshing.

21.15.5(b) Rupture Disks. The installation of rupture disks is to meet intent of 5C-1-7/21.15.5(a),
with the exception of compliance with ASTM F1271.

21.17 Electrical Installations
Electrical installations are to meet 5C-1-7/31.

21.19 Vapor Collection for Lightering Operations
21.19.1 General

Lightering is the transfer of cargo oil from one vessel to another. Requirements in 5C-1-7/21.19
are intended for service vessels, which receive and transport cargo oil between a facility and
another vessel. The vapor collection system of such a vessel is to meet the requirements of
5C-1-7/21.1 through 5C-1-7/21.17 and the additional provisions of 5C-1-7/21.19.
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21.19.2 Oxygen Analyzer (2022)
Service vessels are to be fitted with an oxygen analyzer within 3 m (10 ft) of its vapor connection
flange. The analyzer is to provide display of oxygen content in the vapor collection piping as well
as alarm, when the oxygen content exceeds 8 percent by volume, at the cargo control station.
Means, such as a connection for injecting a span gas of known concentration for testing and
calibrating the oxygen analyzer are to be provided.

21.19.3 Hose Inerting
Means for inerting the transfer hose between vessels is to be provided on the service vessel.

21.19.4 Insulating Flange
A means of electrical insulation (i.e. an insulating flange or a length of non-conducting hose) is to
be provided at the vessel vapor connection flange.

21.19.5 Detonation Arrestor
Where the cargo tanks of the lightered vessel are not inerted, a detonation arrestor is to be installed
in the vapor collection piping not more than 3 meters (10 ft) inboard of the vapor connection
flange on the service vessel. The detonation arrestor is to be capable of arresting a detonation from
either side of the device, and be built to a recognized standard.

21.19.6 Vapor Balancing
Vapor balancing is not to be utilized when only the vessel to be lightered has inerted tanks.

21.21 Instruction Manual (2024)
An instruction manual including procedures relating to vapor emission control operations is to be
submitted for verification that the information in the manual on the vapor emission control system is
consistent with design information considered in the review of the system and is to be provided on board.
The instruction manual is also to include:

● Cargo tanks to which cargo vapor emission control system applies; and

● Maximum cargo transfer rate and maximum specific weight of cargo vapor considered.

23 Cargo Tank Protection

23.1 Objective (2024)
23.1.1 Goals

The cargo tank protection equipment on the vessel is to be designed, constructed, operated, and
maintained to meet the following goals:

Goal No. Goal

FIR 1 prevent the occurrence of fire and explosion.

FIR 4 detect, contain, control and suppress or swiftly extinguish a fire in the compartment of origin.

The goals in the cross-referenced Rules are also to be met.

23.1.2 Functional Requirements
In order to achieve the above stated goals, the design, construction, installation and maintenance
of the cargo tank protection equipment on the vessel are to be in accordance with the following
functional requirements:
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Functional
Requirement No.

Functional Requirements

Fire Safety (FIR)

FIR-FR1 Provide arrangements to prevent dangerous accumulations of explosive mixtures in intact
cargo tanks during normal service.

FIR-FR2 Provide suitable fire fighting equipment/arrangement for the vessel type to battle the fire in
the vessel.

FIR-FR3 Provide protection for firefighters to allow effective and safe firefighting activities.

The functional requirements in the cross-referenced Rules/Regulations are also to be met.

23.1.3 Compliance
A vessel is considered to comply with the goals and functional requirements within the scope of
classification when the prescriptive requirements are complied with or when an alternative
arrangement has been approved. Refer to Part 1D, Chapter 2.

23.2 Inert Gas System and Deck Foam System
23.2.1 Inert Gas System (2021)

For oil carriers of 8,000 tons deadweight and upwards, the protection of the cargo tanks is to be
achieved by a fixed inert gas system, in accordance with the requirements of 5C-1-7/25.

However, for oil carriers of 8,000 tons deadweight and upwards but less than 20,000 tons
deadweight, in lieu of a fixed installation, equivalent arrangements or means of protection in
compliance with 5C-1-7/23.1.4 is accepted.

23.2.2 Deck Foam System
For oil carriers of 20,000 tons deadweight and upwards the protection of the cargo tanks deck area
is to be achieved by a fixed deck foam system in accordance with the requirements of 5C-1-7/27,
except that, in lieu of this installation, alternative arrangements and equipment in compliance with
5C-1-7/23.1.3, is accepted.

Oil carriers of less than 20,000 tons deadweight are to be provided with a deck foam system or
equivalent. Where, in addition to the deck foam system or equivalent, a fixed inert gas system is
installed on oil carriers of less than 20,000 tons deadweight, the system is to be in accordance with
the requirements of 5C-1-7/25.

23.2.3 Alternative to Deck Foam System (2024)
ABS technical assessment and approval will be carried out for the proposed alternative to deck
foam system as follows:

i) Capable of extinguishing spill fires and also preclude ignition of spilled oil not yet
ignited; and

ii) Capable of combating fires in ruptured tanks.

23.2.4 Alternative to Inert Gas System (2024)
ABS technical assessment and approval will be carried out for the proposed alternative to inert gas
system as follows:

i) Capable of preventing dangerous accumulations of explosive mixtures in intact cargo
tanks during normal service throughout the ballast voyage and necessary in-tank
operations; and
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ii) So designed as to minimize the risk of ignition from the generation of static electricity by
the system itself.

23.3 Crude Oil Washing (2024)
All crude oil carriers, regardless of size, operating with a cargo tank cleaning procedure using crude oil
washing are to be fitted with an inert gas system complying with the requirements of 5C-1-7/25 and with
fixed tank washing machines. See 5C-1-7/3.3.4(e).

23.5 Fire Main Isolation Valve (2024)
Isolation valves are to be fitted in the fire main at poop front in a protected position and on the tank deck at
intervals of not more than 40 m (131 ft), to preserve the integrity of the fire main system in case of fire or
explosion. (SOLAS II-2/10.2.1.4.4).

23.7 Fire-fighter's Outfits
Oil carriers are to carry two fire-fighter's outfits in addition to those required in 4-7-3/15.5.2(a).

25 Inert Gas System (2024)
This section is based on the technical requirements of the Chapter 15, "Inert gas systems", of the
International Code of Fire Safety Systems (FSS Code) which are contained in their entirety and are
required for classification.

The term “shall be” is to be understood to read as “is to be” or “are to be” unless otherwise specified, the
term “Administration” is to be read as “ABS”. The parts in this section which are classification
requirements and not based on the Code are presented in non-italics “Times New Roman” type style, etc.

25.1 General (2024)
The inert gas system referred in SOLAS chapter II-2 shall be disginded, contructed and tested to the
satisfaction of the Administration. It shall be designed to be capable of rendering and maintaining the
atmosphere of the relevant cargo tanks non-flammable*.

Note:

*Refer to Revised standards for the design, testing and locating devices to prevent the passage of flame into cargo tanks in
tanks (MSC/Circ.677, as amended by MSC/Circ.1009 and MSC.1/Circ.1324) and Revised factors to be taken into
consideration when designing cargo tank venting and gas-freeing arrangements (MSC/Circ.731).

25.1.1 Definitions
Throughout this subsection, the following definitions will apply:

i) Cargo Tanks: Cargo tanks means those cargo tanks, including slop tanks, which carry
cargoes, or cargo residues, having a flashpoint not exceeding 60ºC.

ii) Inert Gas System: Inert gas system includes inert gas systems using flue gas, inert gas
generators, and nitrogen generators and means the inert gas plant and inert gas
distribution together with means for preventing backflow of cargo gases to machinery
spaces, fixed and portable measuring instruments and control devices.

iii) Gas-safe Space: Gas-safe space is a space in which the entry of gases would produce
hazards with regard to flammability or toxicity.

iv) Gas-free: Gas-free is a condition in a tank where the content of hydrocarbon or other
flammable vapor is less than 1% of the lower flammable limit (LFL), the oxygen content
is at least 21%, and no toxic gases are present*
Note: *Refer to the Revised recommendations for entering enclosed spaces aboard ships, Resolution

A.1050(27).
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25.1.2 Materials
Materials used in inert gas systems shall be suitable for their intended purpose. In particular,
those components which may be subjected to corrosive action of the gases and/or liquids are to be
either constructed of corrosion-resistant material or lined with rubber, glass fiber epoxy resin or
other equivalent coating material. See ABS Guidance Manual for Material Selection and
Inspection of Inert Gas Systems 1980.

25.3 Objective (2024)
25.3.1 Goals

The inert gas system is to be designed, constructed, operated, and maintained to meet the
following goals:

Goal No. Goals

FIR 1 prevent the occurrence of fire and explosion.

CARGO 3 be equipped to handle and transfer cargo safely.

SAFE 1.1 minimize the danger to persons onboard, the vessel, and surrounding equipment/installations
from hazards associated with machinery and systems.

MGMT 3 establish procedures, plans and instruction for operations concerning the safety of the
personnel, vessel, and protection of the environment.

AUTO 1 perform its functions as interned and in a safe manner.

AUTO 2 indicate the system operational status and alter operators of any essential machinery/systems
deviate from its defined design/operating conditions or intended performance.

AUTO 5 provide a safety system that will automatically lead machinery controlled to a fail-safe state in
response to a fault which may endanger the safety of persons onboard, machinery/equipment or
the environment.

Materials are to be suitable for the intended applicaton in accordance with the following goal and
support the Tier 1 Goals listed above.

Goal No. Goal

MAT 1 The selected materials’ physical, mechanical, and chemical properties are to meet the design
requirements appropriate for the application, operating conditions, and environment.

The goals in the cross-referenced Rules are also to be met.

25.3.2 Functional Requirements
In order to achieve the above stated goals, the design, construction, installation and maintenance
of the inert gas systems are to be in accordance with the following functional requirements:

Functional
Requirement No.

Functional Requirements

Material (MAT)

MAT-FR1 Chemical Composition to be considered for corrosion resistance, weldability, final
mechanical properties.

Fire Safety (FIR)

FIR-FR1 Arrangements are to be provided to prevent dangerous accumulations of explosive mixtures
in intact cargo tanks during normal service including purging and gas-freeing.
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Functional
Requirement No.

Functional Requirements

FIR-FR2 Arrangements are to be provided to deliver appropriate amounts of inert gas to the cargo
tanks to prevent fire/explosion.

FIR-FR3 Arrangements are to be provided to the automatically vent the inert gas when dangerous
levels are detected in the tank to prevent fire/explosion.

FIR-FR4 Arrangements are to be provided to automatically regulate the flow of the inert gas to the
cargo tanks to prevent fire/explosion.

FIR-FR5 Arrangements are to be provided to prevent accumulation of cargo or water in the inert gas
system piping under normal conditions to allow proper flow.

FIR-FR6 Arrangements are to be provided to prevent the flammable vapors and liquids from the
cargo tanks to enter the gas safe space through the inert gas piping.

FIR-FR7 The system is to be arranged such that the accumulation of dangerous vapors in pockets
formed by the internal structural member of the cargo tank is minimized.

FIR-FR8 Acceptable connections between inert gas mains and cargo piping system are to be provided
with appropriate isolation arrangements to prevent flammable vapors and liquids entering
the inert gas system.

FIR-FR9 Arrangements are to be provided to discharge the enriched gases produced from the inert
gas systems to a safe location of the open deck to prevent fire/explosion.

FIR-FR10 Arrangements are to be provided to supply inert gas to the ballast tank at all times to prevent
fire/explosion from the flammable vapors that may have leaked in from the adjacent cargo
tanks to the ballast tanks.

Safety Management (MGMT)

MGMT-FR1 Information is to be provided onboard covering the operations, safety and maintenance
requirements and occupational health hazards relevant to the inert gas system and its
application to the cargo tank system.

Cargo Safety (CARGO)

CARGO-FR1 Arrangements are to be provided to enable the functioning of the inert gas plant to be
stabilized before commencing cargo discharge.

CARGO-FR2 Arrangements are to be provided for the isolation/separation from the inert gas main to each
cargo tank and indication of the status of the isolation at manned location to allow safe
cargo handling and transfer operations.

Safety of Personnel (SAFE)

SAFE-FR1 Redundant arrangements are to be provided to enable the inert gas main to be connected to
an external supply of inert gas for reliability.

SAFE-FR2 Arrangements are to be provided to isolate the combustion units and the scrubbing
arrangement to prevent soot from the oil burning apparatus to enter and contaminate the
inert gas system.

SAFE-FR3 Arrangements are to be provided to effectively cool and remove the impurities from the gas
generated from the combustion units to acceptable levels for the cargo and tank structure.

SAFE-FR4 Arrangements are to be provided to minimize the amount of water in the inert gas from the
cooling arrangements carried over to the blower to prevent corrosion in the components and
structure.

SAFE-FR5 The system is to be designed and located to prevent leakage of gas generated from the
combustion units into the enclosed spaces to prevent asphyxiation.
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Functional
Requirement No.

Functional Requirements

Automation: Control, Monitoring and Safety Systems (AUTO)

AUTO-FR1
(CARGO)

Means are to be provided to indicate the operation status of the inert gas system and monitor
the inert gas in the control panel to allow safe cargo handling and transfer operations.

AUTO-FR2 Arrangements are to be provided to monitor the oxygen level for spaces containing the inert
gas system with visible and audible notification at manned stations to alert the crew of the
dangerous condition.

AUTO-FR3 Means are to be provided for visible and audible notifications at manned locations for
abnormal conditions of the inert gas systems to prevent further escalation of hazards.

AUTO-FR4 Arrangements are to be provided for automatic shutdown of the inert gas system when
predetermined limits are reached to prevent further escalation of hazards.

AUTO-FR5 Means are to be provided to monitor/display the sulfur dioxide content levels in the inert gas
to the ballast tanks and provide visual and audible notification when the excess levels are
detected to prevent air pollution and acidification of ballast water.

The Functional Requirements in the cross-referenced Rules/Regulations are also to be met.

25.3.3 Compliance
A vessel is considered to comply with the goals and functional requirements within the scope of
classification when the prescriptive requirements are complied with or when an alternative
arrangement has been approved. Refer to Part 1D, Chapter 2.

25.5 System Capacity and Oxygen Content
The system shall be capable of:

i) inerting empty cargo tanks and maintaining the atmosphere in any part of any cargo tank with an
oxygen content not exceeding 8% by volume and at a positive pressure at all times in port and at
sea except when it is necessary for such a tank to be gas free;

ii) eliminating the need for air to enter a tank during normal operations except when it is necessary
for such a tank to be gas free;

iii) purging empty cargo tanks of hydrocarbon gas or other flammable vapors so that subsequent gas
freeing operations will at no time create a flammable atmosphere within the tank;

iv) delivering inert gas to the cargo tanks at a rate of at least 125% of the maximum rate of discharge
capacity of the vessel expressed as a volume flow rate. For chemical carriers and chemical/
product carriers, the Administration may accept inert gas systems having a lower delivery
capacity is acceptable, provided that the maximum rate of discharge of cargoes from cargo tanks
being protected by the system is restricted to not more than 80% of the inert gas capacity; and

v) delivering inert gas with an oxygen content of not more than 5% by volume to the cargo tanks at
any required rate of flow.

25.7 Type of Inert Gas
25.7.1 Inert Gas Supply (2024)

The inert gas supply is to be:

i) treated flue gas from main or auxiliary boilers, or

ii) gas for an oil or gas-fired gas generator, or

iii) gas from nitrogen generators.
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The Administration may accept systems using inert gases from one or more separate gas
generators or other sources or any combination thereof, provided that an equivalent level of safety
is achieved. Such systems shall comply, as far as practicable, with the requirements of 5C-1-7/25.
Systems using stored carbon dioxide shall not be permitted unless the Administration is satisfied
the risk of ignition from the generation of static electricity by the system itself is minimized.

25.7.2 Location of Inert Gas Generators
The inert gas generators shall be located outside the cargo tank area. Spaces containing inert gas
generators shall have no direct access to accommodation, service or control station spaces, but
may be located in machinery spaces. If they are not located in machinery spaces, such a
compartment shall be separated by a gastight steel bulkhead and/or deck from accommodation,
service and control station spaces. Adequate positive-pressure-type mechanical ventilation shall
be provided for such a compartment.

25.7.3 Fuel Oil Pumps for Inert Gas Generators
Two fuel oil pumps shall be fitted to the inert gas generator. Suitable fuel oils in sufficient quantity
shall be provided for the inert gas generators.

25.7.4 Pump Certification
The fuel oil pumps serving the boiler or inert gas generator are to be certified in accordance with
4-6-1/7.3.1.vi.

25.9 Inert Gas Isolating Valves (2024)
For systems using flue gas, flue gas isolating valves shall be fitted in the inert gas mains between the
boiler uptakes and the flue gas scrubber. These valves shall be provided with indicators to show whether
they are open or shut, and precautions shall be taken to maintain them gastight and keep the seatings clear
of soot. Arrangements are to be made to ensure that boiler soot blowers cannot be operated when the
corresponding flue gas valve is open.

25.11  Cooling and Scrubbing Arrangement (2024)
25.11.1 General (2024)

Means shall be fitted which will effectively cool the volume of gas specified in 5C-1-7/25.5 and
remove solids and sulfur combustion products. The cooling water arrangements shall be such that
an adequate supply of water will always be available without interfering with any essential
services on the ship. Provision shall also be made for an alternative supply of cooling water and
the capacity of this alternative supply need not exceed 50 % of that of the working pump, provided
sufficient spares recommended by the manufacture for the working pump are carried on board.

25.11.2 Filters
Filters or equivalent devices shall be fitted to minimize the amount of water carried over to the
inert gas blowers.

25.11.3 Pump Certification
The cooling water pumps serving the flue gas scrubber are to be certified in accordance with
4-6-1/7.3.1.vi.

25.13 Blowers (2024)
25.13.1 Number of Blowers

At least two blowers are to be fitted which together are to be capable of delivering to the cargo
tanks at least the volume of gas required by 5C-1-7/25.5.

For systems fitted with inert gas generator, the Administration may permit only one blower if that
system is capable of delivering the total volume of gas required by 5C-1-7/25.5 to the cargo tanks,
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provided that sufficient spares for the blower and its prime mover are carried on board to enable
any failure of the blower and its prime mover to be rectified by the ship's crew.

When two blowers are provided, the total required gas capacity shall be divided evenly between
the two and in no case is one blower to have a capacity less than 1/3 of the total required.

25.13.2 Blower Piping and Safety Measures
The inert gas system shall be so designed that the maximum pressure which it can exert on any
cargo tank will not exceed the test pressure of any cargo tank [0.24 bar (0.24 kgf/cm2, 3.5 psi)].

Arrangements shall be provided to enable the functioning of the inert gas plant to be stabilized
before commencing cargo discharge. If the blowers shall be used for gas freeing, their air inlets
are to be provided with blanking arrangements.

The system shall be designed to ensure that if the oxygen content exceeds 5% by volume, the inert
gas shall automatically vent to the atmosphere.

Where inert gas generators are served by positive displacement blowers, a pressure relief device
shall be provided to prevent excess pressure being developed on the discharge side of the blower.

25.15 Prevention of Flue Gas Leakage (2024)
25.15.1 General

Special consideration shall be given to the design and location of scrubber and blowers with
relevant piping and fittings in order to prevent flue gas leakage into enclosed spaces.

25.15.2 Leakage During Maintenance
To permit safe maintenance, an additional water seal or other effective means of preventing flue
gas leakage shall be fitted between the flue gas isolating valves and scrubber or incorporated in
the gas entry to the scrubber.

25.17 Gas Regulating Valve
25.17.1 General (2024)

A gas regulating valve shall be fitted in the inert gas main. This valve shall be automatically
controlled to close as required in 5C-1-7/25.37.3 and 5C-1-7/25.37.4. It shall also be capable of
automatically regulating the flow of inert gas to the cargo tanks unless means are provided to
automatically control inert gas flow rate.

25.17.2 Location of Gas Regulating Valve
The gas regulating valve shall be located at the forward bulkhead of the forwardmost gas-safe
space through which the inert gas main passes.

25.19 Non-return Devices
25.19.1 General (2024)

At least two non-return devices shall be fitted in order to prevent the return of vapor and liquid to
the inert gas plant, or to any gas-safe spaces.

The first non-return device shall be a deck seal of the wet, semi-wet, or dry type or a double-block
and bleed arrangement. Two shut-off valves in series with a venting valve in between, may be
accepted provided:

i) the operation of the valve is automatically executed. Signal(s) for opening/closing is (are)
to be taken from the process directly (e.g., inert gas flow or differential pressure); and

ii) alarm for faulty operation of the valves is provided (e.g., the operation status of “blower
stop” and “supply valve(s) open” is an alarm condition)
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Where a double block and bleed valve is installed, the system shall ensure upon loss of power or
loss of inert gas supply, the block valves are automatically closed and the bleed valve is
automatically opened.

25.19.2 Location of Non-return Devices (2024)
The non-return devices referred to in 5C-1-7/25.19.1 and 5C-1-7/25.19.8 shall be located in the
cargo area on deck.

25.19.3 Water Supply to Water Seal
A water seal, if fitted, shall be capable of being supplied by two separate pumps, each of which
shall be capable of maintaining an adequate supply at all times. The audible and visual alarm on
the low level of water in the water seal shall operate at all times.

25.19.4 Function of Water Seal (2024)
The arrangement of the water seal, or equivalent devices, and its associated fittings shall be such
that it will prevent backflow of vapors and liquids and will ensure proper functioning of the seal
under operating conditions.

25.19.5 Anti-freeze Arrangement for Water Seal
Provision shall be made to ensure that the water seal is protected against freezing, in such a way
that the integrity of seal is not impaired by overheating.

25.19.6 Water Loop Protection for Gas Safe Spaces
A water loop or other approved arrangement shall also be fitted to each associated water supply
and drain pipe and each venting or pressure-sensing pipe leading to gas-safe spaces. Means are to
be provided to prevent such loops from being emptied by vacuum.

25.19.7 Hydrostatic Head of Water Seal and Water Loop
Any water seal, or equivalent device, and all loop arrangements shall be capable of preventing
return of vapors and liquids to the inert gas plant at a pressure equal to the test pressure of the
cargo tanks.

25.19.8 Non-return Valve
The second non-return device shall be a non-return valve or equivalent capable of preventing the
return of vapors and liquids and fitted between the deck water seal (or equivalent device) and the
first connection from the inert gas main to a cargo tank. It shall be provided with positive means
of closure. As an alternative to positive means of closure, an additional valve having such means
of closure may be provided between the non-return valve and the first connection to the cargo
tanks to isolate the deck water seal, or equivalent device, from the inert gas main to the cargo
tanks.

25.21 Inert Gas Piping
25.21.1 General

Inert gas piping systems shall not to pass through accommodation, service and control station
spaces.

The inert gas main may be divided into two or more branches downstream of the non-return
devices required by 5C-1-7/25.19.

25.21.2 Branch Piping Isolation
25.21.2(a) Oil Carriers (2024)
The inert gas mains shall be fitted with branch piping leading to the cargo tank. Branch piping for
inert gas is to be fitted with either a stop valve or an equivalent means of control for isolating
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each tank. Where stop valves are fitted, they shall be provided with locking arrangements. The
control system shall provide unambiguous information of the operational status of such valves to
at least the control panel required in 5C-1-7/25.31.

25.21.2(a) Interpretation of 5C-1-7/25.21.2(a) (IMO MSC.1/Circ.1582 and IACS UI SC285)

Limit switches are to be used to positively indicate both open and closed positions. Intermediate
position status is to be indicated when the valve is in neither the open nor closed position.

25.21.2(b) Combination Carriers (2024)
In combination carriers, the arrangement to isolate the slop tanks containing oil or oil residues
from other tanks is to consist of blank flanges which will remain in position at all times when
cargoes other than oil are being carried except as provided for in the relevant section of the
guidelines developed by the Organization.*

Note:

*Refer to the Revised Guidelines for inert gas systems (MSC/Circ.353, as amended by MSC/Circ.387).

25.21.2(c) Separation from Inert Gas Main (2024)
Each cargo tank not being inerted shall be capable of being separated from the inert gas main by:

i) removing spool-pieces, valves or other pipe sections, and blanking the pipe ends; or

ii) arrangement of two spectacle flanges in series with provisions for detecting leakage into
the pipe between the two spectacle flanges; or

iii) equivalent arrangements to the satisfaction of the Administration, providing at least the
same level of protection.

25.21.3 Overpressure and Vacuum Protection of Isolated Tanks
Means shall be provided to protect cargo tanks against the effect of overpressure or vacuum
caused by thermal variations and/or cargo operations when the cargo tanks are isolated from the
inert gas mains. See also 5C-1-7/11.5.

25.21.4 Self-draining of Piping
Piping systems shall be so designed as to prevent the accumulation of cargo or water in the
pipelines under all normal conditions. See also 5C-1-7/11.7.

25.21.5 External Supply Connection (2024)
Arrangements shall be provided to enable the inert gas main to be connected to an external supply
of inert gas. The arrangements shall consist of a 250 mm (10 in.) nominal pipe size bolted flange,
isolated from the inert gas main by a valve and located downstream of the non-return valve
referred to in 5C-1-7/25.19.8. The design of the flange is to conform to the appropriate Class in
the Standards adopted for the design of other external connections in the ship's cargo piping
system. See also 4-6-2/5.5.4.

25.23 Venting for Large Gas Volumes
The arrangements for the venting of all vapors displaced from the cargo tanks during loading and
ballasting are to comply with 5C-1-7/11.17 and are to consist of either one or more mast risers, or a
number of high velocity vents. The inert gas supply mains used for such venting is acceptable.

25.25 Inerting, Purging or Gas-freeing of Empty Tanks
The arrangements for inerting, purging or gas freeing of empty tanks as required in 5C-1-7/25.3 are to be
such that the accumulation of hydrocarbon vapors in pockets formed by the internal structural members in
a tank is minimized.
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25.25.1 Position of Gas Outlet Pipe
On individual cargo tanks the gas outlet pipe, if fitted, is to be positioned as far as practicable from
the inert gas/air inlet and in accordance with 5C-1-7/11. The inlet of such outlet pipe is to be
located either at deck level or at not more than 1 m above the bottom of the tank.

25.25.2 Size of Gas Outlet Pipe
The cross sectional area of such gas outlet pipe is to be such that an exit velocity of at least 20 m/s
(66 ft./s) can be maintained when any three tanks are being simultaneously supplied with inert gas.
Their outlets are to extend not less than 2 m (6.6 ft.) above deck level.

25.25.3 Gas Outlet Pipe
Suitable shutoff arrangements shall be provided on the discharge outlet of each generator plant.

25.25.4 Connection to Cargo Piping
25.25.4(a) Acceptable connection arrangement.
If a connection is fitted between the inert gas supply mains and the cargo piping system,
arrangements shall be made to ensure an effective isolation having regard to the large pressure
difference which may exist between the systems. This shall consist of two shut-off valves with an
arrangement to vent the space between the valves in a safe manner or an arrangement consisting
of a spool-piece with associated blanks. See 5C-1-7/25.25.4(a) FIGURE 2.

FIGURE 2 
Connection between Inert Gas Main and Cargo Piping (2024)

25.25.4(b) Non-return valve.
The valve separating the inert gas main from the cargo main and which is on the cargo main side
shall be a non-return valve with a positive means of closure.

25.27 Pressure/Vacuum-breaking Devices
25.27.1 General

One or more pressure/vacuum-breaking devices are to be provided on the inert gas supply main to
prevent the cargo tanks from being subject to:

i) a positive pressure in excess of the test pressure of the cargo tank if the cargo were to be
loaded at the maximum specified rate and all other outlets were left shut; or

ii) a negative pressure in excess of 700 mm (27.5 in.) water gauge if cargo were to be
discharged at the maximum rated capacity of the cargo pumps and the inert gas blowers
were to fail.
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Such devices are to be installed on the inert gas main unless they are installed in the venting
system required by 5C-1-7/11.1 or on individual cargo tanks.

25.27.2 Location and Design
The location and design of the devices are to be in accordance with 5C-1-7/11.

25.29 Instrumentation at Gas Blower Outlets (2024)
In addition to the requirements of 5C-1-7/25.31, means are to be provided for continuously indicating the
temperature of the inert gas at the discharge side of the system, whenever it is operating.

25.31 Monitoring of Inert Gas (2024)
The operation status of the inert gas system shall be indicated in a control panel.

25.31 Interpretation of 5C-1-7/25.31 (IMO MSC.1/Circ.1582 and IACS UI SC286)

The operational status of the inert gas system shall be based on indication that inert gas is being supplied
downstream of the gas regulating valve and on the pressure or flow of the inert gas mains downstream of
the non-return devices. However, the operational status of the IG system as required in 5C-1-7/25.31 does
not require additional indicators and alarms other than those specified in 5C-1-7/25.37 or 5C-1-7/25.41, as
appropriate.

25.31.1 Instrumentation at Inert Gas Supply Main (2024)
Instrumentation shall be fitted for continuously indicating and permanently recording, when the
inert gas is being supplied:

i) the pressure of the inert gas supply mains downstream of the non-return devices required
by 5C-1-7/25.19.1; and

ii) the oxygen content of the inert gas.

25.31.2 Cargo Control Room Displays (2024)
The indicating and recording devices in 5C-1-7/25.31.1 shall be placed in the cargo control room
where provided. But where no cargo control room is provided, they shall be placed in a position
easily accessible to the officer in charge of the cargo operations.

25.31.3 Navigation Bridge and Machinery Control Room Displays (2024)
In addition, meters (displays) shall be fitted

i) in the navigation bridge to indicate at all times the pressure referred to in
5C-1-7/25.31.1.i and the pressure in the slop tanks of combination carriers, whenever
those tanks are isolated from the inert gas main; and

ii) in the machinery control room or in the machinery space to indicate the oxygen content
referred to in 5C-1-7/25.31.1.ii.

25.33 Fixed Sensors (1 July 2021)
Two oxygen sensors shall be positioned at appropriate locations in the space or spaces containing the inert
gas system. If the oxygen level falls below 19%, these sensors shall trigger alarms, which shall be both
visible and audible inside and outside the space or spaces and shall be placed in such a position that they
are immediately received by responsible members of the crew.
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25.35 <No Text>
25.37 Alarms and Shutdowns

25.37.1 Alarms for Flue Gas Type Systems (2024)
Audible and visual alarms shall be provided, based on the system design, to indicate:

i) oxygen content in excess of 5% by volume as referred to in 5C-1-7/25.31.1.ii.;

ii) failure of the power supply to the indicating devices as referred to in 5C-1-7/25.31.1;

iii) gas pressure less than 100 mm water gauge as referred to in 5C-1-7/25.31.1.i. The alarm
arrangement shall be such as to ensure that the pressure in slop tanks in combination
carriers can be monitored at all times;

iv) high gas pressure as referred to in 5C-1-7/25.31.1.i.; and

v) failure of power supply to the automatic control system

25.37.2 Alarms for Inert Gas Generator Type Systems (2024)
In addition to the requirements in 5C-1-7/25.37.1, audible and visual alarms are to be provided to
indicate:

i) insufficient fuel oil supply to the oil-fired inert gas;

ii) failure of the power supply to the generator (This condition is to also automatically shut
down the gas-regulating valve.);

iii) low water pressure or low flow rate to the cooling and scrubbing arrangement;

iv) high water level in the cooling and scrubbing arrangement;

v) high gas temperature;

vi) failure of the inert gas blowers; and

vii) low water level in the water seal.

In addition, the fuel oil supply to the gas generator is to be automatically shut down in the event of
a) low water pressure (or flow) to scrubber; and b) high gas temperature.

25.37.3 Automatic Shutdown of the Inert Gas Blowers and its Components Parts (2024)
Automatic shutdown of the inert gas blower and its components parts shall be arranged on
predetermined limits being reached taking into account the provisions of 5C-1-7/25.31,
5C-1-7/25.37, 5C-1-7/25.41.5(a) and 5C-1-7/25.41.5(c).

25.37.4 Alarms in Cargo Control Room and Machinery Space
The alarms required in 5C-1-7/25.37.1.i, 5C-1-7/25.37.1.iii and 5C-1-7/25.37.1.v shall be fitted in
the machinery space and cargo control room, where provided, but in each case in such a position
that they are immediately received by responsible members of the crew.

25.37.5 Additional Low Inert Gas Pressure Protection (2024)
An audible alarm system independent of that required in 5C-1-7/25.37.1.iii or automatic shutdown
of cargo pumps shall be provided to operate on predetermined limits of low pressure in the inert
gas mains being reached.

25.37.5 Interpretation of 5C-1-7/25.37.5 (IMO MSC.1/Circ.1582 and IACS UI SC287) (1 July
2019)

The term "alarm system independent" as specified in 5C-1-7/25.37.5 means that a second pressure
sensor, independent of the sensor serving the alarms for low pressure, high pressure and pressure
indicator/recorder is to be provided. Notwithstanding the above, a common programmable logic
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controller (PLC) is, however, to be accepted for the alarms in the control system. The independent
sensor is not to be required if the system is arranged for the shutdown of cargo pumps. If a system
for shutdown of cargo pumps is arranged, an automatic system shutting down all cargo pumps is
to be provided. The shutdown is to be alarmed at the control station. The shutdown is not to
prevent the operation of ballast pumps or pumps used for bilge drainage of a cargo pump room.

25.39 Instruction Manuals (2024)
Detailed instruction manuals shall be provided on board, covering the operations, safety and maintenance
requirements and occupational health hazards relevant to the inert gas system and its application to the
cargo tank system*. The manuals shall include guidance on procedures to be followed in the event of a
fault or failure of the inert gas system.

Note:

*Refer to Revised Guidelines for inert gas systems (MSC/Circ.353, as amended by MSC/Circ.387).

25.41 Nitrogen Generator Inert Gas Systems
25.41.1 Application

The requirements of 5C-1-7/25.41 apply where inert gas is produced by separating air into its
component gases by passing compressed air through a bundle of hollow fibers, semi-permeable
membranes or absorber materials. Where such systems are provided in place of the boiler flue gas
or oil fired inert gas generators, the following requirements are also applicable for the piping
arrangements, alarms and instrumentation downstream of the gas generator:

5C-1-7/25.17.1 5C-1-7/25.17.2 5C-1-7/25.21 5C-1-7/25.23 5C-1-7/25.25

5C-1-7/25.27 5C-1-7/25.31 (except 5C-1-7/25.31.1.ii)

5C-1-7/25.37.1.ii 5C-1-7/25.37.1.iii 5C-1-7/25.37.1.iv 5C-1-7/25.37.1.v

5C-1-7/25.37.4 5C-1-7/25.37.6 5C-1-7/25.37.8 5C-1-7/25.39  

25.41.2 Nitrogen Generator
25.41.2(a) Capacity. A nitrogen generator consists of a feed air treatment system and any number
of membrane or absorber modules in parallel necessary to meet the required capacity which is to
be at least 125% of the maximum discharge capacity of the ship expressed as a volume.

25.41.2(b) Gas Specification. The nitrogen generator is to be capable of delivering high purity
nitrogen with oxygen content not exceeding 5% by volume. The system is to be fitted with
automatic means to discharge “off-spec” gas to the atmosphere during start-up and abnormal
operation. The block and bleed arrangement indicated in 5C-1-7/25.41.4 is not to be used for this
purpose.

25.41.2(c) Air Compressors (1 July 2015). The system shall be provided with one or more
compressors to generate enough positive pressure to be capable of delivering the total volume of
gas required by 5C-1-7/25.41.2(a). If more than one air compressor is provided, the total required
capacity of the system is to be divided equally between the compressors, and in no case is one
compressor to have a capacity less than 1/3 of the total capacity required.

25.41.2(d) Feed Air Treatment. A feed air treatment system shall be fitted to remove free water,
particles and traces of oil from the compressed air, and to preserve the specification temperature.

25.41.2(e) Nitrogen Receiver (2024)
Where a nitrogen receiver/buffer tank is installed, it may be installed in a dedicated compartment,
in a separate compartment containing the air compressor and the generator, in the engine-room,
or in the cargo area. Where the nitrogen receiver or buffer tank is installed in an enclosed space,

Part 5C Specific Vessel Types
Chapter 1 Vessels Intended to Carry Oil in Bulk (150 meters (492 feet) or more in Length)
Section 7 Cargo Oil and Associated Systems 5C-1-7

ABS RULES FOR BUILDING AND CLASSING MARINE VESSELS • 2024 215



the access shall be arranged only from the open deck and the access door shall open outwards.
Adequate, independent mechanical ventilation of the exhaust type is to be provided for the
compartment, and alarm shall be provided as in 5C-1-7/25.41.3.

In order to permit maintenance, means of isolation are to be fitted between the generator and the
receiver.

25.41.2(f) Enriched Gases . The oxygen-enriched air from the nitrogen generator and the nitrogen-
product enriched gas from the protective devices of the nitrogen receiver are to be discharged to a
safe location* on the open deck.

Notes:
* “Safe location” needs to address the two types of discharges separately:

1 Oxygen-enriched air from the nitrogen generator – safe locations on the open deck are:

● Outside of hazardous area;

● Not within 3 m (10 ft) of areas traversed by personnel; and

● Not within 6 m (20 ft) of air intakes for machinery (engines and boilers) and all ventilation inlets.

2 Nitrogen-product enriched gas from the protective devices of the nitrogen receiver – safe locations on
the open deck are:

● Not within 3 m (10 ft) of areas traversed by personnel; and

● Not within 6 m (20 ft) of air intakes for machinery (engines and boilers) and all ventilation inlets/
outlets.

25.41.3 Location of Installation (2024)
The air compressor and the nitrogen generator may be installed in the engine room or in a
separate compartment. A separate compartment and any installed equipment shall be treated as
an “Other machinery space” with respect to fire protection. Where a separate compartment is
provided for the nitrogen generator, the compartment shall be fitted with an independent
mechanical extraction ventilation system provided six air changes per hour. The compartment is to
have no direct access to accommodation spaces, service spaces and control stations.

25.41.4 Non-return Devices
The requirements in 5C-1-7/25.19, as appropriate, are applicable.

25.41.5 Instrumentation
25.41.5(a) Compressed Air. (2024)
In addition to the requirements in 5C-1-7/25.31.1, instrumentation is to be provided for
continuously indicating the temperature and pressure of air at the suction side of the nitrogen
generator.

25.41.5(b) Inert Gas.
Instrumentation is to be fitted for continuously indicating and permanently recording the oxygen
content of the inert gas downstream the nitrogen generator when inert gas is being supplied. This
instrumentation is to be placed in the cargo control room where provided. Where no cargo control
room is provided, they are to be placed in a position easily accessible to the officer in charge of
the cargo operation.

25.41.5(c) Alarms. (2024)
In addition to the requirements in 5C-1-7/25.37 audible and visual alarms shall be provided to
indicate:

i) low air pressure or flow from compressor, as referred to in 5C-1-7/25.41.5(a).i;
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ii) high air temperature as referred to in 5C-1-7/25.41.5(a).i;

iii) high condensate level at automatic drain of water separator as referred to in
5C-1-7/25.41.2(d),

iv) failure of electrical heater, if fitted,

v) oxygen content in excess of that specified in 5C-1-7/25.41.2(b),

vi) failure of power supply to the instrumentation as referred to in 5C-1-7/25.41.5(b).

These alarms are to be fitted in the machinery space and cargo control room, where provided, but
in each case in such a position that they are immediately received by responsible members of the
crew.

25.41.6 Automatic Shutdown
Automatic shutdown of the system is to be arranged for the alarm conditions in
5C-1-7/25.41.5(c).i through 5C-1-7/25.41.5(c).v.

25.41.7 Non-mandatory Systems
Oil carriers of less than 8,000 tons deadweight not fitted with crude oil washing systems are not
required to be fitted with inert gas system.

However, where a nitrogen inerting system is installed on such an oil carrier, it is to comply with
the requirements in 5C-1-7/25.41, except for:

● 5C-1-7/25.41.1;

● 5C-1-7/25.41.2(a) and 5C-1-7/25.41.2(c); and

● where the connections to the cargo tanks, hold spaces or cargo piping are not permanent, the
non-return devices required by 5C-1-7/25.41.4 may be substituted by two non-return valves.

25.43 Inert Gas Systems for Ballast Tanks (2022)
25.43.1 Inert Gas System

25.43.1(a) Objective.
The following requirements are intended to:

i) Prevent the risk of explosion in ballast tanks caused by the ignition of hydrocarbon gas
leaking in from adjacent cargo tanks

ii) Reduce corrosion in ballast tanks

This is achieved by means of replacing the atmospheric content of the ballast tanks with a gas
such as nitrogen, or a mixture of gases such as flue gas, containing reduced levels of oxygen.

25.43.1(b) Class Notation. (2024)
Where requested by the Owner, an inert gas installation, supplying inert gas to ballast tanks, which
is found to comply with the specified requirements and which has been constructed and installed
under survey by the Surveyor, will be assigned and distinguished in the with the optional class
notation IGS – Ballast.

25.43.1(c) System Design.
The inert gas system is to be so designed and operated as to render and maintain the atmosphere of
the ballast tanks as specified at all times, except when such tanks are required to be gas free.

Inert gas system is to comply with requirements of 5C-1-7/25.1 through 5C-1-7/25.41, as
applicable, except as modified by this 5C-1-7/25.43.
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For the purpose of the 5C-1-7/25.43, in referenced 5C-1-7/25.1 through 5C-1-7/25.41; the term
“cargo tank” is to be understood as a “ballast tank”.

25.43.1(d) Capacity of a Dedicated Inert Gas System for Ballast Tanks.
For vessels equipped with a dedicated inert gas system for ballast tanks only, the inert gas system
is to be capable of delivering the inert gas at a rate of at least 125% of the maximum discharge rate
of the ballast tanks.

25.43.1(e) Capacity of a Common Inert Gas Systems for Ballast Tanks and Cargo Tanks.
For vessels equipped with an inert gas system that services both ballast tanks and cargo tanks, the
following also required:

i) Inert Gas Main Connection. Connection of the inert gas main for the ballast tanks with
the inert gas main for the cargo tanks is permitted only upstream of the cargo tanks’ gas-
regulating valve or valves.

ii) Inert Gas System Capacity:

● The inert gas system is to be capable of delivering the inert gas at a rate of at least
125% of the combined maximum rate of discharge of the cargo tanks and the ballast
tanks, or

● The inert gas system is to be capable of delivering inert gas at a rate of at least 125%
of the maximum rate of discharge of the cargo tanks or the ballast tanks, whichever is
greater. The gas regulating valves are to be interlocked so that cargo tanks and ballast
tanks cannot be supplied with inert gas simultaneously.

25.43.1(f) Spectacle Flange for Ballast Inert Gas Main.
The inert gas main for ballast tanks is to be arranged with a spectacle flange installed at the
connection with the inert gas main for cargo tanks. The instruction manual (see 5C-1-7/25.39) is
to contain instructions that the inert gas main for ballast tanks is to be blanked off when the ballast
tanks are in a gas free condition. See also 5C-1-7/25.43.1(g).

25.43.1(g) Inert Gas Quality.
In addition to the oxygen content requirement in 5C-1-7/25.5.2, the system is to be capable of
delivering inert gas with an SO2 content of not more than 2 ppm in the inert gas supply main to the
ballast tanks at any required rate of flow. This may require the installation of two or more
scrubbers in series or a multistage scrubber.

25.43.1(h) Branching of Inert Gas Main.
In addition to the requirements in 5C-1-7/25.21, branch piping to ballast tanks is to be arranged
with spectacle flanges installed at each ballast tank. The instruction manual, see 5C-1-7/25.39, is
to contain instructions that the branch lines are to be blanked off when the corresponding ballast
tanks are in a gas free condition.

25.43.1(i) Inerting, Purging or Gas-freeing of Empty Tanks. (2024)
In addition to the requirements in 5C-1-7/25.25, the arrangements for inerting, purging or gas
freeing of empty tanks, are to be such that the accumulation of air in pockets formed by the
internal structural members in a tank is minimized. Effectiveness of the arrangement is to be
confirmed by means of experiment or computer simulation and submitted to ABS technical
assessment and approval. See Appendix 5C-1-7-A1 for examples of inerting/gas freeing analysis.

Furthermore, 5C-1-7/25.25.4 is not applicable.

25.43.1(j) Monitoring of Inert Gas.
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i) Instrumentation at Inert Gas Supply Main. In addition to the requirements in
5C-1-7/25.37.1, the SO2 content of the inert gas in the inert gas supply mains on the
discharge side of the gas blowers is to be measured and permanently recorded when the
inert gas is being supplied.

ii) Navigation Bridge and Machinery Control Room Displays. In addition to the
requirements in 5C-1-7/25.37.3, displays are to be fitted in the machinery control room or
in the machinery space to indicate the sulfur content referred above.

25.43.1(k) Alarms and Shutdowns.
i) Alarms for Flue Gas Type Systems. In addition to the requirements in 5C-1-7/25.37, for

inert gas systems of the flue gas type, audible and visual alarms are to be provided to
indicate the SO2 content in excess of the limit specified in 5C-1-7/25.43.1(g), as referred
to in 5C-1-7/25.43.1(j).

ii) Additional Low Inert Gas Pressure Protection. An audible alarm system independent of
that required in 5C-1-7/25.37.1.iii is to be provided to operate on predetermined limits of
low pressure in the inert gas mains being reached.

25.43.1(l) Nitrogen Generator Inert Gas Systems.
The requirements of 5C-1-7/25.41 are applicable entirely.

25.43.2 Ballast Tanks Venting
25.43.2(a) General Principles. The venting systems are to be designed so as to maintain the inert
condition in the ballast tanks, except when the tanks are required to be gas free. The venting
systems of inerted ballast tanks are to be entirely distinct from the vent pipes of the other
compartments of the vessel. The arrangements and position of openings in the ballast tank deck
from which emission of inert gas can occur are to be such as to minimize the possibility of gases
being admitted to enclosed spaces, or collecting in the vicinity of deck machinery and equipment,
which may constitute a hazard during operation. In accordance with this general principle, the
criteria in 5C-1-7/11.3 through 5C-1-7/11.15 will apply.

25.43.2(b) Venting Capacity. The venting arrangements are to be so designed and operated as to
ensure that neither pressure nor vacuum in ballast tanks is to exceed design parameters and be
such as to provide for:

i) The flow of the small volumes of air or inert gas mixtures caused by thermal variations in
a ballast tank in all cases through pressure/vacuum valves.

ii) The passage of large volumes of air or inert gas mixtures during ballasting or during
deballasting.

iii) A secondary means of allowing full flow relief of air or inert gas mixtures to prevent
overpressure or underpressure in the event of the failure of the arrangements in
5C-1-7/25.43.2(b).ii. Alternatively, pressure sensors may be fitted in each tank protected
by the arrangements required in 5C-1-7/25.43.2(b).ii, with a monitoring system in the
vessel’s cargo control room or the position from which ballast operations are normally
carried out. Such monitoring system is also to provide an alarm facility which is activated
by detection of overpressure or underpressure conditions within a tank.

25.43.2(c) Vent Piping.

i) Combined Venting System. In addition to the requirements in 5C-1-7/11.5.2, combined
vent pipes from ballast tanks are to be arranged with spectacle flanges installed at each
ballast tank. The operating manual (see 5C-1-7/25.39) is to contain instructions that the
vent lines are to be blanked off when the corresponding ballast tanks are in a gas free
condition.
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ii) Isolation from Common Venting System. Where it is intended to ballast or deballast a
ballast tank or a ballast tank group while it is isolated from the common venting system,
such ballast tank or ballast tank group is to be fitted with means of overpressure and
underpressure protection.

25.43.2(d) Flame Arresting Devices. The requirement of 5C-1-7/11.9 is not applicable.

25.43.2(e) Protection for Tank Overpressurization and Vacuum. The pressure-vacuum valves of
ballast tanks are not to be set at a pressure in excess of the pressure appropriate to the length of the
vessel, as per the table below:

Vessel Size Pressure/Vacuum Setting

a) 103 m (337 ft) in length or more P ≤ 0 . 21 bar (0.21 kgf/cm2, 3 psi)V ≥ – 0 . 07 bar (–0.07 kgf/cm2, –1 psi)

b) 61 m (200 ft) in length or less P ≤ 0 . 12 bar (0.12 kgf/cm2, 1.7 psi)V ≥ – 0 . 07 bar (–0.07 kgf/cm2, –1 psi)

c) Vessels of intermediate lengths Interpolate between (a) and (b)P = Pressure above atmospheric; V = Pressure below atmospheric

25.43.2(f) Arrangement for Combination Carriers. The requirement of 5C-1-7/11.19 is not
applicable.

25.43.3 Ballast Pump Operation
Emergency stop arrangements of the ballast pump prime movers are to be provided at the
location(s) where the ballast system is normally controlled.

27 Fixed Deck Foam System (2024)
This section is based on the technical requirements of Chapter 14, "Fixed deck foam systems", of the
International Code of Fire Safety Systems (FSS Code) which are contained in their entirety and are
required for classification.

The term “shall be” is to be understood to read as “is to be” or “are to be” unless otherwise specified, the
term “Administration” is to be read as “ABS”. The parts in this section which are classification
requirements and not based on the Code are presented in non-italics “Times New Roman” type style, etc.

The arrangements for providing foam are to be capable of delivering foam to the entire cargo tank deck
area as well as into any cargo tank, the deck of which has been ruptured.

The system is to be capable of simple and rapid operation.

The main control station for the system shall be suitably located outside of the cargo tank area, adjacent to
the accommodation spaces and readily accessible and operable in the event of fire in the areas protected.

Commentary:

Reference is to be made to IMO MSC/Circ.1312 Revised Guidelines for the performance and testing criteria and surveys of
foam concentrates for fixed fire extinguishing systems.

End of Commentary
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27.1 Objective (2024)
27.1.1 Goals

The fixed deck foam system is to be designed, constructed, operated, and maintained to meet the
following goals:

Goal No. Goal

FIR 4 detect, contain, control and suppress or swiftly extinguish a fire in the compartment of origin.

The goals in the cross-referenced Rules are also to be met.

27.1.2 Functional Requirements
In order to achieve the above stated goals, the design, construction, installation and maintenance
of the fixed deck foam systems are to be in accordance with the following functional
requirements:

Functional
Requirement No.

Functional Requirements

Fire Safety (FIR)

FIR-FR1

Fire-fighting arrangements are to cover the entire cargo tank deck area including the cargo
loading and discharging stations to swiftly extinguish/control the spread of fire in the cargo
tank deck area as well as any cargo tank and the deck of which has been ruptured to prevent
further escalation of hazards.

FIR-FR2
The fixed fire-extinguishing system is to be provided with a suitable supply rate with a
sufficient quantity of fire-extinguishing medium to swiftly extinguish/control the spread of
fire to prevent further escalation of hazards.

FIR-FR3 The operation of the fixed fire-extinguishing system is not to affect other required fire-
fighting capabilities of the vessel.

The functional requirements in the cross-referenced Rules/Regulations are also to be met.

27.1.3 Compliance
A vessel is considered to comply with the goals and functional requirements within the scope of
classification when the prescriptive requirements are complied with or when an alternative
arrangement has been approved. Refer to Part 1D, Chapter 2.

27.3 Foam Solution Supply Rate (2024)
For tankers carrying:

i) Crude oil or petroleum products having a flashpoint not exceeding 60°C (closed cup), as
determined by an approved flashpoint apparatus, and a Reid vapor pressure which is below
atmospheric pressure for which a regular foam fire-fighting system is effective (refer to SOLAS
regulations II-2/1.6.1 and 10.8); or

ii) petroleum products with a flashpoint exceeding 60°C (closed cup), as determined by an approved
flashpoint apparatus (refer SOLAS regulation II-2/1.6.4), the rate of supply of foam solution shall
not be less than the greatest of the following:

● 0.6 L/min per square meter (0.015 gal/min/ft2) of the cargo deck area, where cargo deck area
means the maximum breadth of the ship multiplied by the total longitudinal extent of the cargo
tank spaces;

● 6 L/min per square meter (0.15 gal/min/ft2) of the horizontal sectional area of the single tank
having the largest such area; or
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● 3 L/min per square meter (0.075 gal/min/ft2) of the area protected by the largest monitor, such
area being entirely forward of the monitor, but in no case should the output of any monitor be
less than 1,250 L/min.

27.5 Foam Concentrate Quantity (2024)
Sufficient foam concentrate shall be supplied to ensure at least 20 min or foam generation in tankers fitted
with an inert gas installation of 30 min of foam generation in tankers not fitted with an inert gas
installation or not required to use an inert gas system.

The foam concentrate supplied onboard is to be approved by the Administration* for the cargoes intended
to be carried. Type B foam concentrate shall be supplied for the protection of crude oil and petroleum
products.

Note:

* Refer to Guidelines for performance and testing criteria and surveys of foam concentrates for fixed fire-extinguishing
system (MSC.1/Circ.1312).

27.7 Required Foam Monitor and Foam Applicator Capacities (2024)
Foam from the fixed foam system shall be supplied by means of monitors and foam applicators. Prototype
tests of the monitors and foam applicators shall be performed to ensure the foam expansion and drainage
time of the foam produced does not differ more than ±10% of that determined in 5C-1-7/27.5. When
medium-expansion ration foam (between 21:1 and 200:1 expansion ration) is employed, the application
rate of the foam and the capacity of a monitor installation shall be to the satisfaction of the Administration.
At least 50% of the foam solution supply rate required in 5C-1-7/27.3.i and 5C-1-7/27.3.ii shall be
delivered from each monitor.

On tankers of less than 4,000 tons deadweight the Administration may not require installation of monitors
but only applicators. However, in such case the capacity of each applicator is to be at least 25% of the
foam solution supply rate required in 5C-1-7/27.3.i or 5C-1-7/27.3.ii.

27.9 Minimum Foam Monitor Capacity (2024)
The number and position of monitors shall be such as to comply with 5C-1-7/27.1. 

The distance from the monitor to the farthest extremity of the protected area forward of that monitor shall
to be more than 75% of the monitor throw in still air conditions.

27.11 Installation at Poop Front (2024)
A monitor and hose connection for a foam applicator are to be situated both port and starboard at the
front of the poop or accommodation spaces facing the cargo tanks deck. The monitors and hose connection
are to be aft of any cargo tank, but locations in the cargo area above pump-rooms, cofferdams, ballast
tanks and void spaces adjacent to cargo tanks are accepted if they are capable of protecting the deck below
and aft of each other.

On tankers of less than 4,000 tons deadweight a hose connection for a foam applicators is to be situated
both port and starboard at the front of the poop or accommodation spaces facing the cargo tanks deck.

27.13 Use and Minimum Capacity of Foam Applicators
Applicators shall be provided to ensure flexibility of action during fire-fighting operations and to cover
areas screened from the monitors.

The capacity of any applicator shall be not less than 400 L/min (106 gpm) and the applicator throw in still
air conditions shall be not less than 15 m (49.2 ft).
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At least four foam applicators shall be provided on all tankers. The number and disposition of foam main
outlets shall be such that foam from at least two applicators can be directed on to any part of the cargo
tanks deck area.

27.15 Foam Main and Fire Main Isolation Valves
Valves shall be provided in the foam main, and in the fire main when this is an integral part of the deck
foam system, immediately forward of any monitor position to isolate damaged sections of those mains.

27.17 Simultaneous Operation (2024)
Operation of a deck foam system at its required output is to permit the simultaneous use of the minimum
required number of jets of water at the required pressure from the fire main. Where the deck supplied foam
system is supplied by a common line from the fire main, additional foam concentrate shall be provided for
operation of two nozzles for the same period of time required for the foam system. The simultaneous use of
the minimum required jets of water shall be possible on deck over the full length of the ship, in the
accommodation, services spaces, control stations, and machinery spaces.

27.19 Bow or Stern Loading and Unloading
Ships fitted with bow or stern loading and unloading arrangements are to be provided with one additional
foam monitor meeting the requirements of 5C-1-7/27.7 and one additional applicator meeting the
requirements of 5C-1-7/27.13. The additional monitor is to be located to protect the bow or stern loading
and unloading arrangements. The area of the cargo line forward or aft of the cargo block area is to be
protected by the above-mentioned applicator.

29 Cargo Pump Room Protection

29.1 Objective (2024)
29.1.1 Goals

The inert gas system for ballast tanks are to be designed, constructed, operated, and maintained to
meet the following goals:

Goal No. Goal

FIR 4 detect, contain, control and suppress or swiftly extinguish a fire in the compartment of origin.

The goals in the cross-referenced Rules are also to be met.

29.1.2 Functional Requirements
In order to achieve the above stated goals, the design, construction, installation and maintenance
of the inert gas systems for ballast tanks are to be in accordance with the following functional
requirements:

Functional
Requirement No.

Functional Requirements

Fire Safety (FIR)

FIR-FR1 Arrangements are to be provided for a fixed fire-extinguishing system in the cargo pump
room are to be provided to swiftly extinguish a fire in the space.

FIR-FR2 Sufficient quantity of fire-extinguishing medium is to be provided to be able to extinguish a
fire in the largest space protected by the system.

The functional requirements in the cross-referenced Rules/Regulations are also to be met.
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29.1.3 Compliance
A vessel is considered to comply with the goals and functional requirements within the scope of
classification when the prescriptive requirements are complied with or when an alternative
arrangement has been approved. Refer to Part 1D, Chapter 2.

29.2 Fixed Fire Extinguishing System (2024)
Each cargo pump room is to be provided with one of the following fixed fire-extinguishing systems
operated from a readily accessible position outside the pump room:

i) A CO2 system complying with the requirements of 4-7-3/3 (or FSS Code Chapter 5) and with the
following:

● The alarm referred to in 4-7-3/3.1.5 (or FSS Code Chapter 5.2.1.3.2) is to be safe for use in a
flammable cargo vapor/air mixture. The electrical alarm actuating mechanism is to be located
outside the pump room. Pneumatic alarms are also acceptable; where fitted, air and not CO2 is
to be used for testing of pneumatic alarms;

● A notice is to be exhibited at the controls stating that due to the electrostatic ignition hazard,
the system is to be used only for fire extinguishing and not for inerting purposes.

ii) A high-expansion foam system complying with the requirements of 4-7-3/5.1 (or FSS Code
Chapter 6), provided that the foam concentrate supply is suitable for extinguishing fires involving
the cargo carried.

iii) A fixed pressure water-spray system complying with the requirements of 4-7-3/7(or FSS Code
Chapter 7).

29.3 Required Quantity of Fire-extinguishing Medium
Where the fire-extinguishing medium used in the cargo pump room system is also used in systems serving
other spaces, the quantity of medium provided or its delivery rate need not be more than the maximum
required for the largest compartment.

31 Electrical Installations (2024)
The following requirements are additional to, or modifying those of, Sections 4-8-1 through 4-8-4, as
appropriate. These requirements address electrical safety associated with hazardous areas of oil carriers.

Oil carriers subject to SOLAS are to comply with the requirements of IEC 60092-502 “Electrical
Installations in Ships – Tankers – Special Features” in accordance with SOLAS regulation II-1/45.11, as
amended.

Where the prescriptive requirements within SOLAS and related Codes (IBC, IGC) and the standards
published by the International Electrotechnical Commission, such as but not limited to IEC
60092-502:1999, are not aligned, the prescriptive requirements in SOLAS and Codes take precedence and
are to be applied. The differences revealed between the abovementioned documents are listed in appendix
3, as provided by IACS (UI SC274). (Unified Interpretations for SOLAS II-1/Reg 45.11)

31.1 Objective (2024)
31.1.1 Goals

The electrical installations are to be designed, constructed, operated, and maintained to meet the
following goals:

Goal No. Goals

FIR 1 prevent the occurrence of fire and explosion.

COMM 1.3 enable personnel to inform without delay of any incident that may cause pollution to the marine
environment.
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Goal No. Goals

MGMT 1 provide for safe practices in ship operation and safe working environment.

AUTO 1 perform its functions as intended and in a safe manner.

AUTO 2 indicate the system operational status and alter operators of any essential machinery/systems
deviate from its defined design/operating conditions or intended performance.

The goals in the cross-referenced Rules are also to be met.

31.1.2 Functional Requirements
In order to achieve the above stated goals, the design, construction, installation and maintenance
of the electrical installations are to be in accordance with the following functional requirements:

Functional
Requirement No.

Functional Requirements

Fire Safety (FIR)

FIR-FR1 Electrical installation in hazardous areas is to be suitable for the environment of flammable
liquids and vapors to prevent ignition leading to fire/explosion.

FIR-FR2 Classify areas onboard likely to have flammable liquids and vapors and provide such
information to allow suitable electrical installations.

Communication (COMM)

COMM-FR1
(MGMT)

Means of a reliable communication is to be provided at all times between the cargo pump
room and the control stations necessary to conduct safe ship operation.

Automation: Control, Monitoring and Safety Systems (AUTO)

AUTO-FR1 Means are to be provided for visible and audible notifications of essential alarms in the
cargo pump room to prevent further escalation of hazards.

The functional requirements in the cross-referenced Rules/Regulations are also to be met.

31.1.3 Compliance
A vessel is considered to comply with the goals and functional requirements within the scope of
classification when the prescriptive requirements are complied with or when an alternative
arrangement has been approved. Refer to Part 1D, Chapter 2.

31.3 Limited Use of Earthed Distribution Systems
An earthed distribution system is not to be used except for the following applications:

i) Earthed intrinsically-safe circuits.

ii) Control circuits and instrumentation circuits where technical or safety reasons preclude the use of
a system without an earthing connection, provided the current in the hull is limited to 5 A or less
in both normal and fault conditions.

iii) Limited and locally earthed systems, provided that any possible resultant earth current does not
flow directly through any hazardous areas.

iv) Alternating-current power networks of 1 kV (rms, line to line) and over, provided that any
possible resultant earth current does not flow directly through any hazardous areas.
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31.5 <No Text>
31.7 <No Text>
31.9 <No Text>
31.11 <No Text>
31.13 Echo Sounder; Speed Log; Impressed Current System (2024)

Hull fittings penetrating the shell and containing transducers for depth sounding or speed log devices, or
containing terminals for anodes or electrodes of impressed current cathodic protection system are not to be
installed in cargo tanks. However, they may be installed in hazardous areas, such as cofferdams adjacent to
cargo tanks, as permitted by IEC 60092-502, provided all of the following are complied with:

i) Hull fittings containing terminals or shell-plating penetrations are to be housed within a gas-tight
enclosure and are not to be located adjacent to cargo tank bulkheads.

ii) The box containing actual electrical connection of the cable, such as a terminal box or junction
box, is to be filled with insulating material, such as silicon grease, silicon sealing or equivalent
and also is to be of gastight construction.

iii) All associated cables passing through these spaces are to be installed in steel pipes with at least
extra-heavy wall thickness, with all joints welded, and with corrosion resistant coating.

iv) Cable gland with gastight packing is to be provided for the cable at both ends of the cable conduit
pipe.

v) Cable inside of the vertical cable conduit pipe is to be suitably supported, e.g., by sand-filling or
by strapping to a support-wire. Alternatively, the cable inside of the vertical conduit pipe may be
accepted without provided support if the mechanical strength of the cable is sufficient to prevent
cable damage due to the cable weight within the conduit pipe under continuous mechanical load.
Supporting documentation is to be submitted to verify the mechanical strength of the cable with
respect to the cable weight inside of the conduit.

31.15 Cargo Pump Room (2024)
31.15.1 Ventilation and Gas Detection

Ventilation arrangements of and the requirement for a gas detection system in the cargo pump
room are to be in accordance with 5C-1-7/17.2.

31.15.2 Lighting
31.15.2(a) Lighting fitted outside the pump room.
As far as practicable, lighting fixtures for pump-room are to be permanently wired and fitted
outside of the pump room. Pump rooms adjacent to engine rooms or similar safe spaces lighted
through substantial glass lenses permanently fitted in the bulkhead or deck are acceptable
provided the construction of the glass lens port is as follows:

● Capable of maintaining watertight and gastight integrity of the bulkhead and deck.

● Suitably protected from mechanical damage.

● Provided with a steel cover capable of being closed and secured on the side of the safe space.

● Both the glass lens and its sealing arrangement will not be impaired by working of the hull.

● Structural strength of the pierced bulkhead or deck is suitably reinforced. See 5C-1-1/5.11 and
5C-2-1/5.5.

31.15.2(b) Lighting fitted inside the pump room.
As an alternative to 5C-1-7/31.15.2(a), certified safe lighting fixtures are permitted to be installed
in the pump room provided they are wired with moisture-resisting jacketed (impervious-sheathed)
and armored or mineral-insulated metal-sheathed cable. Lighting circuits are to be so arranged that
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the failure of any one branch circuit will not leave the pump room in darkness. All switches and
protective devices are to be located outside the pump room. See also 4-8-4/27.11 for lighting
circuits in hazardous areas, however, solidly grounded (earthed) distribution systems are not
permitted on oil carriers. See 5C-1-7/31.3.

31.15.2(c) Lighting/Ventilation Interlock.
Where the emergency lighting does not operate during normal conditions and only comes on when
there is a power failure then this lighting is not to be interlocked with the ventilation.

Where the emergency lighting in the pump room normally operates together with the main
lighting then it is to be interlocked with the ventilation when switching on as described in
paragraph 1, however, the reinstatement of the supply of power to the emergency lighting
following a main power failure is not to be prevented.

Failure of the ventilation system is not to cause the lighting to go out.

31.15.3 Cables Passing Through Pump Room
Where it is necessary for cables, other than intrinsically safe circuits and that supplying lighting
fixtures in pump room, to pass through cargo pump rooms, they are to be installed in extra-heavy
steel pipes, or equivalent.

31.15.4 Means of Communication (2024)
A means of communication is to be provided between the cargo pump room and the navigation
bridge, engine room, and cargo control room. 

VHF/UHF communication is not to be used as a primary communication method unless it can be
established that such arrangements will provide a reliable means of communication. Where
communication by VHF/UHF is determined acceptable, the Operations Manual is to require that
(1) a standby person be available who could be positioned on the pump room top in case
communications through VHF/UHF become difficult during all cargo operations and (2) that a
mean for the individual entering into the pump room to communicate with the standby person is
readily available.

31.15.5 Alarms (2024)
Audible and visual repeaters for essential alarm systems, such as the general alarm are to be
provided within the cargo pump room.

31.17 Pipe Tunnel or Duct Keel
31.17.1 Ventilation and Gas Detection

Pipe tunnels, duct keels and similar spaces are to be provided with a ventilation system (see
5C-1-7/17.5.1) and a gas detection system (see 5C-1-7/17.5.2).

31.17.2 Lighting
Where a permanent lighting system is installed in enclosed spaces such as pipe tunnels, double
bottoms, or duct keels, it is to be in accordance with 5C-1-7/31.15.2(a) and 5C-1-7/31.15.2(b).
The switches are to be accessible to authorized personnel only.

33 Integrated Cargo and Ballast Systems
The following requirements are applicable to integrated cargo and ballast systems installed on vessels
intended to carry oil in bulk regardless of the flashpoint of the cargoes. An “integrated cargo and ballast
system” means any integrated hydraulic and/or electric system used to drive both cargo and ballast pumps
(including active control and safety systems but excluding passive components, e.g., piping).
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33.1 Objective (2024)
33.1.1 Goals

The integrated cargo and ballast systems are to be designed, constructed, operated, and maintained
to meet the following goals:

Goal No. Goals

STAB 6 provide means to control the overall vessel weight and distribution to maintain adequate trim
and stability.

CARGO 3 be equipped to handle and transfer cargo safely.

AUTO 1 perform its functions as intended and in a safe manner.

AUTO 2 indicate the system operational status and alter operators of any essential machinery/systems
deviate from its identified design/operating conditions or intended performance.

AUTO 3 have an alternative means to enable safe operation in the event of an emergency or failure of
remote control.

AUTO 4 provide the equivalent safety and operability from a remote location as those provided by local
controls.

The goals in the cross-referenced Rules are also to be met.

33.1.2 Functional Requirements
In order to achieve the above stated goals, the design, construction, installation and maintenance
of the integrated cargo and ballast systems are to be in accordance with the following functional
requirements:

Functional
Requirement No.

Functional Requirements

Cargo (CARGO)

CARGO-FR1
(STAB)

Designed and arranged to prevent cargo and ballast pumps becoming inoperative
simultaneously due to a single failure in the integrated cargo and ballast system, including
its control and safety systems.

Automation: Control, Monitoring and Safety Systems (AUTO)

AUTO-FR1 Emergency stops are to be arranged to avoid total loss of cargo and ballast pumps in the
event of emergency activation or the failure of control system.

AUTO-FR2 Redundancy for the control system power supply of the integrated cargo and ballast system
is to be provided for reliability.

AUTO-FR3 Means are to be provided at each control stations for visible and audible notifications for
failure of any power supply to prevent further escalation of hazards.

AUTO-FR4 Redundant means of control are to be provided for failure of the automatic or remote control
systems to prevent further escalation of hazards.

The functional requirements in the cross-referenced Rules are also to be met.

33.1.3 Compliance
A vessel is considered to comply with the goals and functional requirements within the scope of
classification when the prescriptive requirements are complied with or when an alternative
arrangement has been approved. Refer to Part 1D, Chapter 2.
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33.5 Design Features
The following design features are to be fitted:

i) The emergency stop circuits of the cargo and ballast systems are to be independent from the
circuits for the control systems. A single failure in the control system circuits or the emergency
stop circuits is not to render the integrated cargo and ballast system inoperative.

ii) Manual emergency stops of the cargo pumps are to be arranged in such a way that they do not
cause the ballast pump power pack to stop and thus make the ballast pumps inoperable.

iii) The control systems are to be provided with backup power supply, which may be satisfied by a
duplicate power supply from the main switchboard. The failure of any power supply is to provide
audible and visible alarm activation at each location where the control panel is fitted.

iv) In the event of failure of the automatic or remote control systems, a secondary means of control is
to be made available for the operation of the integrated cargo and ballast system. This is to be
achieved by manual overriding and/or redundant arrangements within the control systems.

35 Enhanced Cargo Tank Cleaning (2023)

35.1 Introduction
35.1.1 Application (2024)

The requirements of this Subsection apply to tankers (e.g., Chemical Carriers, Oil Carriers) fitted
with permanently installed enhanced cargo tank cleaning systems along with portable tank
cleaning machines. Application to additional vessel types is subject to ABS technical assessment
and approval.

This Subsection provides criteria for the optional notation ECTC (Enhanced Cargo Tank
Cleaning) for ABS classed vessels. The applicable sections of these Rules are to be complied with
in addition to the requirements contained herein.

35.1.2 Objective (2024)
35.1.2(a) Goals
The enhanced cargo tank cleaning systems are to be designed, constructed, operated and
maintained to meet the following goals:

Goal No. Goals

CARGO 7 protect cargo from contamination.

SAFE 1.1 minimize daneger to persons on board, the vessel and surrounding equipment/installation from
hazards associated with machinery and systems.

Materials are to be suitable for the intended application in accordance with the following goals
and support the Tier 1 Goals listed above.

Goal No. Goal

MAT 1 The selected materials’ physical, mechanical, and chemical properties are to meet the design
requirements appropriate for the application, operating conditions, and environment.

The goals in the cross-referenced Rules are also to be met.

35.1.2(b) Functional Requirements
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In order to achieve the above stated goals, the design, construction, installation and maintenance
of the enhanced cargo tank cleaning systems are to in accordance with the following functional
requirements:

Functional
Requirement No.

Functional Requirements

Cargo (CARGO)

CARGO-FR1 Provide arrangment to effectively clean the cargo tanks after unloading of the cargo to
prevent contamination when loading the next cargo in the same tank.

Safety of Personnel (SAFE)

SAFE-FR1 Provide arrangements for the crew to safely clean the cargo tanks.

Materials (MAT)

MAT-FR1 Means are to be provided for visible and audible notifications of essential alarms in the
cargo pump room to prevent further escalation of hazards.

The functional requirements in the cross-referenced Rules are also to be met.

35.1.2(c) Compliance
A vessl is considered to comply with the goals and functional requirements within the scope of
classification when the prescriptive requirements are complied with or when an alternative
arrangements has been approved. Refer to Part 1D, Chapter 2.

35.1.3 Definitions
Cargo Tank Cleaning System. The entire system involved in cleaning the cargo tank including the
fixed and portable tank cleaning machines, nozzles, piping, hoses, heater, cleaning medium tank,
etc.

Corrugated Bulkhead. A bulkhead plate shaped into straight, parallel, regular, and equally curved
ridges and hollows.

Effective Jet Length. 70% of the maximum cleaning jet length at normal operating pressure.

Shadow Area. The area of the tank’s surface not directly impacted by the cleaning jet due to
location, blocking structure, etc.

35.1.4 Classification and Notation (2024)
At the request of the Owner, vessels with cargo tanks that comply with 5C-1-7/35.3.1 and cargo
tank cleaning systems that comply with 5C-1-7/35.3.2 are distinguished with the optional notation
ECTC(C).

In the case of vessels with tank cleaning systems for slop tanks that also comply with the
requirements of this Subsection, the optional notation ECTC(SC), for cargo and slop tanks, is
applied instead.

35.1.5 Documentation (2024)
35.1.5(a) Plan Submission for Review (2024)
The following plans are to be submitted for review:

i) Cargo tank cleaning system diagram, which is to include the following:

● Portable and fixed tank cleaning machine specifications, including nozzle diameters

● Piping diagram including dimensions, material specifications
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● Means of connection for portable tank cleaning machines to fixed piping

● Machine arrangement

● Foundation details

● Stripping and drainage arrangements

● Arrangements of dipping and gas sampling locations

ii) Operating and Equipment Manual, which is to include the following, at a minimum:

● Procedure for operating tank cleaning machines

● Procedure for cleaning shadow areas with portable tank cleaning machines, without
personnel entering the tank

iii) Shadow diagram, which is to consider the following in the shadow area calculations:

● Shadow areas created by all structures, pipes, and pumps are to be included

● Note that ladders, grated platforms, handrails, and heating coils are not to be included
35.1.5(b) Plan Submission for Information (2024)
The following plans are to be submitted for informational purposes:

i) Cargo tank arrangement:

● Structural details

● Material of construction

● Coating Details

● Access openings and closing arrangement details for the portable tank washing
machines

35.3 General
35.3.1 Cargo Tanks

35.3.1(a) Material
Cargo tanks and cargo piping are to be stainless steel or effectively coated to resist corrosion.
Heating coils are to be stainless steel or of a material resistant to corrosion.

35.3.1(b) Structure (2024)
Tanks are to be designed in such a way to avoid the creation of large shadow areas and the
accumulation of cargo to facilitate 96% coverage by tank cleaning machines. Tanks with
corrugated bulkheads are to satisfy the requirement below and are subject to ABS technical
assessment and approval.

Cargo tanks are to have cargo pumps with suction wells suitably located for adequate draining.

i) Corrugated Bulkheads. For bulkheads with horizontal corrugations, the corrugation angle,
with respect to the vertical plane, is not to be greater than 45° to enable the cleaning jet to
have sufficient impact on the tank surface. Further consideration is to be given based on
the cargo tank cleaning system diagram and the shadow diagram.

ii) Horizontal Surfaces. Horizontal surfaces are to be capable of draining under normal
ballast conditions to avoid cargo accumulation.

35.3.1(c) Access Openings for Portable Tank Cleaning Machines
Cargo tanks are to have necessary access openings and closing arrangements for portable tank
cleaning machines.
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35.3.2 Cargo Tank Cleaning Systems
The permanently installed cargo tank cleaning machines and associated systems are to:

i) Cover at least 96% of the tank surface based on effective jet length during anticipated
operating conditions

ii) Maintain a minimum temperature of 85°C (185°F) for hot water washing

iii) Have a pump of sufficient capacity to deliver required pressure and flow rate, as
determined by the manufacturer, needed to clean the largest cargo tank

Additionally, portable tank cleaning machines are to be used via access openings to completely
clean shadow areas, where necessary. Arrangements are to be such that personnel are not required
to enter the tank to use the portable tank cleaning machines.
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C H A P T E R  1
Vessels Intended to Carry Oil in Bulk (150 meters (492 feet) or more in

Length)

S E C T I O N  7
Appendix 1 - Examples of Inerting/Gas Freeing

Analysis of Ballast Tank

1 Introduction
There are two reasons for replacing the atmosphere in a ballast tank:

● To inert the atmosphere, which prevents explosion of any hydrocarbon gas leaking in from adjacent
cargo tanks and reduces tank corrosion.

● To gas-free the tank so as to allow safe personnel entry.

The IMO Guidelines for Inert Gas Systems (1990 Edition) proposes two theories regarding the
replacement of the atmosphere in a cargo tank: dilution theory and replacement theory. The dilution theory
assumes that the incoming gas mixes with the original gas to form a homogeneous mixture throughout the
tank, resulting in the concentration of the original gas decreasing exponentially. The replacement theory
requires a stable horizontal interface between lighter gas entering at the top of the tank and heavier gas at
the bottom, and results in the heavier gas being displaced from the bottom of the tank through some
suitable piping arrangement.

However, a ballast tank structure is unlike a cargo tank in that it is subdivided into smaller interconnected
compartments by the transverse webs and longitudinal girders in the double bottom, and stringer platforms
in the sides. This complex arrangement makes the theories proposed by IMO inappropriate.

The purpose of the analysis required by 5C-1-7/25.43.1(i) is to establish the time required to effectively
inert or gas-free the ballast tanks. Gas-freeing, for example, should be carried out when it is necessary for
personnel entry into a ballast tank, and it should be certain that 21% oxygen by volume is achieved
throughout the tank. Any pockets of gaseous mixtures with an oxygen level below 21% by volume should
be removed.

One method that may be used to confirm the effectiveness of inerting or gas freeing as required by
5C-1-7/25.43.1(i) is to apply numerical simulation using the principles of fluid dynamics, heat and mass
transfer with proper approximations. The example analysis in this Appendix investigates gas replacement
inside a typical ballast tank, and estimates the required number of atmosphere changes for satisfactory
inerting and gas-freeing, including the removal of any air or inert gas pockets.
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There are a number of commercially available computational fluid dynamics (CFD) software packages that
may be used to predict the distribution of multiple gas species (i.e. oxygen, carbon dioxide and nitrogen)
inside of a ballast tank. Such programs should be carefully evaluated before being used.

In this analysis, a suitable CFD software package was chosen to simulate the flow patterns inside of a
ballast tank. By solving the complex governing equations of the flows with multiple species, the software
provides steady and transient analysis of turbulent flows with complex boundary conditions in the tank.

3 Description of the Ballast Tank

3.1 Dimensions
The geometry of the ballast tank in the computer model was taken from a typical ULCC with the following
principal dimensions:

Length: 58.70 m

Depth: 34.00 m

Breadth: 34.00 m

The analyzed ballast tank has a volume of 14,267 m3. All of the surfaces of the ballast tank in the model
were assumed to be adiabatic, i.e., no heat transfer between the gases and the surfaces is considered. Also,
no structural deformation was assumed in the model.5C-1-7-A1/3.1 FIGURE 1 shows the schematic
diagram of the ballast tank with discharge pipe in this analysis.
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FIGURE 1 
Ballast Tank with Discharge Pipe

3.3 Transverse Bulkheads and Frames
Between the transverse bulkheads, there are nine transverse frames with 5.87 m spacing.

Fourteen ballast vent holes of 800 mm by 600 mm on each frame are represented in the model. The
manhole adjacent to the turn of the bilge is modeled as a polygon shape with its area equivalent to the
actual area of 7.52 m2.

3.5 Stringers
Three stringers are located at 9.6 m, 16.6 m and 24.6 m above the base line (A/B), respectively. There are
two access holes of 750 mm by 1800 mm on every stringer, one located at the aft end and the other at the
forward end. Between transverse frames on each stringer, at the sides of the longitudinal inner skin
bulkhead and side shell plating, there are four drain holes of 120 mm by 240 mm with 1.468 m of spacing.

3.7 Girders
One side girder is located 13.00 m off the centerline, and another side girder under the longitudinal
bulkhead is located 25.35 m off the center line. On each side girder, there is one access manhole of 1200
mm by 800 mm at the aft end and two of 1000 mm by 800 mm at the forward end.

Between transverse frames on each girder, there are four drain holes of 150 mm by 300 mm at the side of
the bottom shell plating and two of 100 mm by 200 mm at the side of the inner bottom plating.
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3.9 Discharge Pipe and Gas Outlet
The discharge pipe is of 300 mm ID, installed in the middle of the aft bulkhead and the adjacent transverse
web frame. The open end of the pipe is located halfway between the centerline longitudinal bulkhead and
the adjacent side girder. The position of the gas outlet is located at the forward end of the ballast tank on
the deck level.

3.11 Simulation Model
Numerous openings on girders and stringers provided a unique challenge to numerical simulations in this
analysis. Since a non-structure meshing scheme was used, the cell size ranged from 0.01 m to 0.70 m,
depending on sizes of the openings. The basic philosophy of meshing was that for each opening at least
three cells should be assigned in each direction. As a result, up to 1.97 million nodes and 1.88 million
hexagonal cells were generated in the numerical models. The numerical calculations were carried out on a
UNIX server with two CPUs and up to 4 GB memory. Due to the large sizes of the models, it took about
30 CPU hours to complete the calculation of a three-hour real time simulation.

A complete set of continuity and momentum equations were solved for every species of oxygen, carbon
dioxide and nitrogen. Among various turbulent models (i.e., indoor zero equation, zero equation, two
equation, RNG, etc.) featured in the software package, the two-equation k − ε turbulent model was applied
to capture the turbulent dissipation and kinetic energy, especially in the areas with intensified turbulent
mixing and large velocity gradients.

5 Results
Full-scale, 3D simulations were carried out for inerting and gas-freeing, respectively. Each numerical
simulation resulted in determining if and when the applicable threshold value was reached. For inerting
operation, the threshold value of oxygen was 3% by volume (3.2% by mass), whereas for gas-freeing the
threshold value of oxygen was 21% by volume (23.3% by mass).

The compositions of inert gas and fresh air used throughout this analysis are listed in 5C-1-7-A1/5 TABLE
1:

TABLE 1
Composition of Gases

Inert gas Fresh air

By volume
%

By mass
%

By volume
%

By mass
%

Oxygen 3 3.2 21 23.3

Carbon dioxide 14 20.3 0 0

Nitrogen 87 76.5 79 76.7

During the full-scale 3D simulations, the flow velocity and the concentrations of oxygen, carbon dioxide
and nitrogen inside of the ballast tanks were recorded. The recorded data were written out to graphic and
text files.

5.1 Inerting
The inert gas was discharged into the ballast tank with a flow rate of 9500 m3/hr. At the initial stage, the
ballast tank was filled with air. To illustrate the timeline distribution of gases during the inerting operation,
two plane cuts were made in the ballast tank model: one horizontally through the middle of the tank
bottom, and the other vertically through the middle of the tank side.5C-1-7A1/Figures 2(a) to 2(e) show
the oxygen concentration by mass on both planes at intervals 0.5, 1.0, 1.5, 2.25 and 3.0 hours, respectively.
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After three hours (two atmosphere changes) of inerting, the results of the model calculations show that the
air inside the ballast tank was completely replaced by the inert gas [see 5C-1-7-A1/5.1 FIGURE 2(e)].

FIGURE 2(a) 
Inerting at 0.5 hr (1800 seconds), 0.33 Atmosphere Changes

FIGURE 2(b) 
Inerting at 1.0 hr (3600 seconds), 0.67 Atmosphere Changes
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FIGURE 2(c) 
Inerting at 1.5 hr (5400 seconds), 1.0 Atmosphere Change

FIGURE 2(d) 
Inerting at 2.25 hr (8100 seconds), 1.5 Atmosphere Changes
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FIGURE 2(e) 
Inerting at 3.0 hr (10800 seconds), 2.0 Atmosphere Changes

5.3 Gas-freeing
In the gas-freeing operation, a flow rate of 9500 m3/hr of fresh air was discharged into the ballast tank
initially filled with inert gas.

As per the inerting simulation, two plane cuts were made in the ballast tank model: one horizontally
through the middle of the tank bottom, and the other vertically through the middle of the tank
side.5C-1-7A1/Figures 3(a) to 3(e) show the oxygen concentration by mass on both planes at intervals 0.5,
1.0, 1.5, 2.25 and 3.0 hours, respectively.

After three hours of simulation, the results show that the inert gas inside of the ballast tank was completely
replaced by fresh air [see 5C-1-7-A1/5.3 FIGURE 3(e)].
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FIGURE 3(a) 
Gas-freeing at 0.5 hr (1800 seconds), 0.33 Atmosphere Changes

FIGURE 3(b) 
Gas-freeing at 1.0 hr (3600 seconds), 0.67 Atmosphere Changes

Part 5C Specific Vessel Types
Chapter 1 Vessels Intended to Carry Oil in Bulk (150 meters (492 feet) or more in Length)
Section 7 Appendix 1 - Examples of Inerting/Gas Freeing

Analysis of Ballast Tank
5C-1-7A1

ABS RULES FOR BUILDING AND CLASSING MARINE VESSELS • 2024 240



FIGURE 3(c) 
Gas-freeing at 1.5 hr (5400 seconds), 1.0 Atmosphere Change

FIGURE 3(d) 
Gas-freeing at 2.25 hr (8100 seconds), 1.5 Atmosphere Changes
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FIGURE 3(e) 
Gas-freeing at 3.0 hr (10800 seconds), 2.0 Atmosphere Changes

5C-1-7-A1/5.3 FIGURE 4 shows the averaged oxygen concentrations by mass during the inerting and gas-
freeing operations in the ballast tank. The values in 5C-1-7-A1/5.3 FIGURE 4 were obtained by averaging
the oxygen concentration at every discrete cell over the entire ballast tank at each time step.
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FIGURE 4 
Averaged Oxygen Concentrations

7 Conclusions
Using a computational fluid dynamics (CFD) software package, two sets of simulations were performed:
one for the inerting and one for gas-freeing in a ballast tank. Despite the complex structures and boundary
conditions of the tank, the full-scale 3D simulations provided the timeline concentrations of gaseous
compositions for any location in the ballast tank. For gas-freeing, the simulation results showed that three
hours of operation were sufficient to replace the atmosphere inside of the ballast tank with fresh air.
Similar results were also found for the inerting operation, in which the air was completely replaced by the
inert gas after three hours of operation.

The simulation results can be used to confirm whether or not the arrangement of the discharge pipe and the
system capacity are effective for gas replacement. In this analysis, the arrangement of the discharge pipe
prevented the creation of pockets of gases which may be difficult to replace during the inerting or gas-
freeing operation. In any case, the operating manual should indicate that portable oxygen detectors are to
be used to verify the condition of the tank atmosphere prior to personnel entry.
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C H A P T E R  1
Vessels Intended to Carry Oil in Bulk (150 meters (492 feet) or more in

Length)

A P P E N D I X  1
Fatigue Strength Assessment of Tankers

1 General

1.1 Note
This Appendix provides a designer oriented approach to fatigue strength assessment which may be used,
for certain structural details, in lieu of more elaborate methods, such as spectral fatigue analysis. The term
"assessment" is used here to distinguish this approach from the more elaborate analysis.

The criteria in this Appendix are developed from various sources, including the Palmgren-Miner linear
damage model, S-N curve methodologies, a long-term environment data of the North-Atlantic Ocean
(Walden's Data), etc., and assume workmanship of commercial marine quality acceptable to the Surveyor.
The capacity of structures to resist fatigue is given in terms of permissible stress range to allow designers
the maximum flexibility possible.

While this is a simplified approach, a good amount of effort is still required in applying these criteria to the
actual design. For this reason, PC-based software has been developed and is available to the clients.
Interested parties are kindly requested to contact the nearest ABS plan approval office for more
information.

1.3 Applicability
The criteria in this Appendix are specifically written for tankers to which Part 5C, Chapter 1 is applicable.

1.5 Loadings
The criteria have been written for ordinary wave-induced motions and loads. Other cyclic loadings, which
may result in significant levels of stress ranges over the expected lifetime of the vessel, are also to be
considered by the designer.

Where it is known that a vessel will be engaged in long-term service on a route with a more severe
environment (e.g. along the west coast of North America to Alaska), the fatigue strength assessment
criteria in this Appendix are to be modified accordingly.
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1.7 Effects of Corrosion
To account for the mean wastage throughout the service life, the total stress range calculated using the net
scantlings (i.e. deducting nominal design corrosion values, see 5C-1-2/3.1 TABLE 1 is modified by a
factor Cf. See 5C-1-A1/9.1.1.

1.9 Format of the Criteria
The criteria in this Appendix are presented as a comparison of fatigue strength of the structure (capacity)
and fatigue inducing loads (demands), as represented by the respective stress ranges. In other words, the
permissible stress range is to be not less than the total stress range acting on the structure.

5C-1-A1/5 provides the basis to establish the permissible stress range for the combination of the fatigue
classification and typical structural joints of tankers. 5C-1-A1/7 presents the procedures to be used to
establish the applied total stress range.5C-1-A1/11 provides typical stress concentration factors (SCFs) and
guidelines for direct calculation of the required SCF's. 5C-1-A1/13 provides the guidance for assessment of
stress concentration factors and the selection of compatible S-N data where a fine mesh finite element
approach is used.

3 Connections to be Considered for the Fatigue Strength Assessment

3.1 General
These criteria have been developed to allow consideration of a broad variation of structural details and
arrangements, so that most of the important structural details anywhere in the vessel can be subjected to an
explicit (numerical) fatigue assessment using these criteria. However, where justified by comparison with
details proven satisfactory under equal or more severe conditions, an explicit assessment can be exempted.

3.3 Guidance on Locations
As a general guidance for assessing fatigue strength for a tanker, the following connections and locations
are to be considered:

3.3.1 Connections of Longitudinal Stiffeners to Transverse Web/Floor and to Transverse
Bulkhead

3.3.1(a) Two (2) to three (3) selected side longitudinals in the region from the 1.1 draft to about 1/3
draft in the midship region and also in the region between 0 . 15L and 0 . 25L from F.P.
respectively

3.3.1(b) One (1) to two (2) selected longitudinals from each of the following groups:

● Deck longitudinals, bottom longitudinals, inner bottom longitudinals and longitudinals on side
longitudinal bulkheads

● One longitudinal on each of the longitudinal bulkheads within 0 . 1D from the deck is to be
included

For these structural details, the fatigue assessment is to be first focused on the flange of the
longitudinal at the rounded toe welds of attached flat bar stiffeners and brackets, as illustrated for
Class F item 2) and Class F2 item 1) in 5C-1-A1/3.3.5 TABLE 1.

Then, the critical spots on the web plate cut-out, on the lower end of the stiffener as well as the
weld throat are also to be checked for the selected structural detail. For illustration see 5C-1-
A1/11.3.1 and 5C-1-A1/11.3.2(a), 5C-1-A1/11.3.2(b) and 5C-1-A1/11.3.2(c).

Where the longitudinal stiffener end bracket arrangements are different on opposing sides of a
transverse web, both configurations are to be checked.
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3.3.2 Shell, Bottom, Inner Bottom or Bulkhead Plating at Connections to Webs or Floors (for
Fatigue Strength of Plating)

3.3.2(a) One (1) to two (2) selected locations of side shell plating near the summer LWL
amidships and between 0 . 15L and 0 . 25L from F . P . respectively

3.3.2(b) One (1) to two (2) selected locations in way of bottom and inner bottom amidships

3.3.2(c) One (1) to two (2) selected locations of lower strakes of side longitudinal bulkhead
amidships

3.3.3 Connections of the Slope Plate to Inner Bottom and Side Longitudinal Bulkhead
Plating at the Lower Cargo Tank Corners

One selected location amidships at transverse web and between webs, respectively

For this structural detail, the value of fR, the total stress range as specified in 5C-1-A1/9.1, is to be
determined from fine mesh F.E.M. analyses for the combined load cases, as specified for Zone B
in 5C-1-A1/7.5.2.

3.3.4 End bracket Connections for Transverses and Girders
One (1) to two (2) selected locations in the midship region for each type of bracket configuration

3.3.5 Other Regions and Locations
Other regions and locations, highly stressed by fluctuating loads, as identified from structural
analysis.

TABLE 1
Fatigue Classification for Structural Details

 Long-term
Distribution
Parameter

Permissible
Stress Range

Class
Designation

Description γ kgf/mm2

B Parent materials, plates or shapes as-rolled or drawn, with no flame-cut
edges

0.7
0.8
0.9
1.0

92.2*
75.9
64.2
55.6

C 1) Parent material with automatic flame-cut edges
2) Full penetration seam welds or longitudinal fillet welds made by an
automatic submerged or open arc process, and with no stop-start
positions within the length

0.7
0.8
0.9
1.0

79.2
63.9
53.3
45.7

D 1) Full penetration butt welds between plates of equal width and
thickness made either manually or by an automatic process other than
submerged arc, from both sides, in downhand position
2) Welds in C-2) with stop-start positions within the length

0.7
0.8
0.9
1.0

59.9
47.3
38.9
32.9

E 1) Full penetration butt welds made by other processes than those
specified under D-1)
2) Full penetration butt welds made from both sides between plates of
unequal widths machined to a smooth transition with a slope not more
than 1 in 4. Plates of different thickness are to be likewise machined
with a slope not more than 1 in 3, unless a transition within the weld
bead is approved.

0.7
0.8
0.9
1.0

52.8
41.7
34.2
29.0
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 Long-term
Distribution
Parameter

Permissible
Stress Range

Class
Designation

Description γ kgf/mm2

  

 

3) Welds of brackets and stiffeners to web plate of girders
 

 

*1) The permissible stress range cannot be taken greater than two times the specified minimum tensile strength of the material.
2) To obtain the permissible stress range in SI and U.S. Units, the conversion factors of 9.807 (N/mm2) and 1422 (lbf/in2),
respectively, may be used.

F 1) Full penetration butt welds made on a permanent backing strip
between plates of equal width/thickness or between plates of unequal
width/thickness, as specified in E-2.
2) Rounded fillet welds as shown below

0.7
0.8
0.9
1.0

44.7
35.3
29.0
24.5
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 Long-term
Distribution
Parameter

Permissible
Stress Range

Class
Designation

Description γ kgf/mm2

  

 

3) Welds of brackets and stiffeners to flanges

 

 

4) Attachments on plate or face plate

 

 

F2 1) Fillet welds as shown below with rounded welds and no undercutting 0.7
0.8
0.9
1.0

39.3
31.1
25.5
21.6
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 Long-term
Distribution
Parameter

Permissible
Stress Range

Class
Designation

Description γ kgf/mm2

  

 

2) Overlapped joints with soft-toe brackets as shown below

 

 

3) Fillet welds with any undercutting at the corners dressed out by local grinding
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 Long-term
Distribution
Parameter

Permissible
Stress Range

Class
Designation

Description γ kgf/mm2

G 1) Fillet welds in F2 – 1) without rounded toe welds or with limited
minor undercutting at corners or bracket toes
2) Overlapped joints as shown below

0.7
0.8
0.9
1.0

32.8
25.9
21.3
18.0

  

 

3) Fillet welds in F2–3) with minor undercutting
4) Doubler on face plate or flange
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 Long-term
Distribution
Parameter

Permissible
Stress Range

Class
Designation

Description γ kgf/mm2

W Fillet welds-weld throat 0.7
0.8
0.9
1.0

28.3
22.3
18.4
15.5

  

 

Notes:

1 For brackets connecting two or more load carrying members, an appropriate stress concentration factor (SCF) determined
from fine mesh 3D or 2D finite element analysis is to be used. In this connection, the fatigue class at bracket toes may be
upgraded to class E as shown below.

2 Additional information on stress concentration factors and the selection of compatible S-N data is given in 5C-1-A1/11.
 

5 Permissible Stress Range

5.1 Assumptions
The fatigue strength of a structural detail under the loads specified here, in terms of a long-term,
permissible stress range, is to be evaluated using the criteria contained in this section. The key assumptions
employed are listed below for guidance.

● A linear cumulative damage model (i.e. Palmgren-Miner's Rule) has been used in connection with the
S-N data in 5C-1-A1/5.7 FIGURE 1 (extracted from Ref. 1*).
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● Cyclic stresses due to the loads in 5C-1-A1/7 have been used and the effects of mean stress have been
ignored.

● The target design life of the vessel is taken at 20 years.

● The long-term stress ranges on a detail can be characterized using a modified Weibull probability
distribution parameter (γ).

● Structural details are classified and described in 5C-1-A1/3.3.5 TABLE 1.

● Simple nominal stress (e.g. determined by P/A and M/SM) is the basis of fatigue assessment, rather
than more localized peak stress in way of weld.

* Ref 1: “Offshore Installations: Guidance on Design, Construction and Certification“, Department of
Energy, U.K., Fourth Edition-1990, London: HMSO

The structural detail classification in 5C-1-A1/3.3.5 TABLE 1 is based on joint geometry and direction of
the dominant load. Where the loading or geometry is too complex for a simple classification, a finite
element analysis of the details is to be carried out to determine stress concentration factors. 5C-1-A1/13
contains guidance on finite element analysis modeling to determine stress concentration factors for weld
toe locations that are typically found at longitudinal stiffener end connections.

5.3 Criteria
The permissible stress range obtained using the criteria in 5C-1-A1/5 is to be not less than the fatigue
inducing stress range obtained from 5C-1-A1/7.

5.5 Long Term Stress Distribution Parameter, γ
In 5C-1-A1/3.3.5 TABLE 1, the permissible stress range is given as a function of the long-term distribution
parameter, γ, as defined below.γ = 1 . 40 – 0 . 2αL0 . 2 for 150 < L < 305 m

= 1 . 40 – 0 . 16αL0 . 2 for 492 < L < 1000 ftγ = 1 . 54 – 0 . 245α0 . 8L0 . 2 for L > 305 m

= 1 . 54 – 0 . 19α0 . 8L0 . 2 for L > 1000 ft

whereα = 1.0 for deck structures, including side shell and longitudinal bulkhead structures within 0 . 1D from the deck

= 0.93 for bottom structures, including inner bottom, and side shell and longitudinal bulkhead structures within0 . 1D from the bottom

= 0.86 for side shell and longitudinal bulkhead structures within the region of 0 . 25D upward and 0 . 3D
downward from the mid-depth

= 0.80 for transverse bulkhead structuresα may be linearly interpolated for side shell and longitudinal bulkhead structures between 0 . 1D and0 . 25D (0 . 2D) from the deck (bottom).L and D are the ship's length and depth, as defined in 3-1-1/3.1 and 3-1-1/7 of the Rules.

5.7 Permissible Stress Range
5C-1-A1/3.3.5 TABLE 1contains a listing of the permissible stress ranges, PS, for various categories of
structural details with 20-year minimum design fatigue life. The permissible stress range is determined for
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the combination of the types of connections/details, the direction of dominant loading and the parameter, γ,
as defined in 5C-1-A1/5.5. Linear interpolation may be used to determine the values of permissible stress
range for a value of γ between those given.

For vessels designed for a fatigue life in excess of the minimum design fatigue life of 20 years (see
5C-1-1/1.2), the permissible stress ranges, PS, calculated above are to be modified by the following
equation:PS[Yr] = C(20/Yr)1/mPS
wherePS[Yr] = permissible stress ranges for the target design fatigue life of YrYr = target value in years of “design fatigue life” set by the applicant in five (5) year incrementsm = 3 for Class D through W of S-N curve, 3.5 for Class C or 4 for Class B curvesC = correction factor related to target design fatigue life considering the two-segment S-N curves (see 5C-1-

A1/5.7 TABLE 1A).

TABLE 1A
Coefficient, C

Long-term Stress Distribution
Parameter γ Target Design Fatigue

Life, years Yr S-N Curve Classes

B C D through W

0.7 20 1.000 1.000 1.000

30 1.004 1.006 1.011

40 1.007 1.012 1.020

50 1.010 1.016 1.028

0.8 20 1.000 1.000 1.000

30 1.005 1.008 1.014

40 1.009 1.015 1.025

50 1.013 1.021 1.035

0.9 20 1.000 1.000 1.000

30 1.006 1.010 1.016

40 1.012 1.019 1.030

50 1.017 1.026 1.042

1.0 20 1.000 1.000 1.000

30 1.008 1.012 1.019

40 1.015 1.022 1.035

50 1.020 1.031 1.049

Note: Linear interpolations may be used to determine the values of C where Yr = 25, 35 and 45

Part 5C Specific Vessel Types
Chapter 1 Vessels Intended to Carry Oil in Bulk (150 meters (492 feet) or more in Length)
Appendix 1 Fatigue Strength Assessment of Tankers 5C-1-A1

ABS RULES FOR BUILDING AND CLASSING MARINE VESSELS • 2024 253



FIGURE 1 
Basic Design S-N Curves

Note:

Part 5C Specific Vessel Types
Chapter 1 Vessels Intended to Carry Oil in Bulk (150 meters (492 feet) or more in Length)
Appendix 1 Fatigue Strength Assessment of Tankers 5C-1-A1

ABS RULES FOR BUILDING AND CLASSING MARINE VESSELS • 2024 254



(For the Figure above)

a) Basic design S-N curves

S-N curves represent the relationship between the applied stress range (SB) and the number of cycles (N) to failure under the
stress range. The basic design curves consist of bi-linear relationships between log (SB) and log (N). They are based upon a
statistical analysis of appropriate experimental data and may be taken to represent two standard deviations below the mean
line.

The first segment of the S-N curve is for N ≤ 107 and is of the form:log(N) = log(K2)−mlog(SB)
wherelog(K2) = log(K1)− 2σ
N is the predicted number of cycles to failure under stress range SB;K1 is a constant relating to the mean S-N curve;σ is the standard deviation of log N;m is the inverse slope of the S-N curve.K2 is a constant relating to the first segment of the S-N curve.

The second segment of the S-N curve is for N > 107 and is of the form:log(N) = log(K3)− (m+ 2)log(SB)
wherelog(K3) = log(K2)− 2log(fq)K3 is a constant relating to the second segment of the S-N curve;fq is the stress range at the intersection of the two segments of the S-N curve.

The relevant values of these terms are shown in the table below.

The S-N curves have a change of inverse slope from m to m + 2 at N = 107 cycles.

Details of basic S-N curves

Class K1 σ m K2 fq   (N/mm2) K3
B 2.343 × 1015 0.1821 4.0 1.013 × 1015 100.321 1.019 × 1019

C 1.082 × 1014 0.2041 3.5 4.227 × 1013 78.190 2.584 × 1017

D 3.988 × 1012 0.2095 3.0 1.520 × 1012 53.364 4.328 × 1015

E 3.289 × 1012 0.2509 3.0 1.036 × 1012 46.963 2.284 × 1015

F 1.726 × 1012 0.2183 3.0 0.632 × 1012 39.824 1.002 × 1015

F2 1.231 × 1012 0.2279 3.0 0.431 × 1012 35.061 0.530 × 1015
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Class K1 σ m K2 fq   (N/mm2) K3
G 0.566 × 1012 0.1793 3.0 0.248 × 1012 29.157 0.211 × 1015

W 0.368 × 1012 0.1846 3.0 0.157 × 1012 25.054 0.987 × 1014

7 Fatigue Inducing Loads and Determination of Total Stress Ranges

7.1 General
This section provides: 1) the criteria to define the individual load components considered to cause fatigue
damage (see 5C-1-A1/7.3); 2) the load combination cases to be considered for different regions of the hull
containing the structural detail being evaluated (see 5C-1-A1/7.5); and 3) procedures to idealize the
structural components to obtain the total stress range acting on the structure.

7.3 Wave-induced Loads - Load Components
The fatigue-inducing load components to be considered are those induced by the seaway. They are divided
into the following three groups:

● Hull girder wave-induced bending moments (both vertical and horizontal), see 3-2-1/3.5 and
5C-1-3/5.1.

● External hydrodynamic pressures, and

● Internal tank loads (inertial liquid loads and added static head due to ship's motion).

7.5 Fatigue Assessment Zones and Controlling Load Combination
Depending on the location of the structural details undergoing the fatigue assessment, different
combinations of load cases are to be used to find the appropriate stress range, as indicated below for
indicated respective zones.

7.5.1 Zone A
Zone A consists of deck and bottom structures, and side shell and longitudinal bulkhead structures
within 0 . 1D (D is ship's molded depth) from deck and bottom, respectively. For Zone A, stresses
are to be calculated based on the wave-induced loads specified in 5C-1-3/Table 1 as follows.

7.5.1(a) Calculate dynamic component of stresses for load cases LC1 through LC4, respectively.

7.5.1(b) Calculate two sets of stress ranges, one each for the following two pairs of combined
loading cases.

LC1 and LC2, and

LC3 and LC4

7.5.1(c) Use the greater of the stress ranges obtained by 5C-1-A1/7.5.1(b).

7.5.2 Zone B
Zone B consists of side shell and longitudinal bulkhead structures within the region between 0.25
upward and 0.30 downward from the mid-depth and all transverse bulkhead structures. The total
stress ranges for Zone B may be calculated based on the wave-induced loads specified in 5C-1-3/
Table 1 as follows:

7.5.2(a) Calculate dynamic component of stresses for load cases LC5 through LC8, respectively.
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7.5.2(b) Calculate two sets of stress ranges, one each for the following two pairs of combined
loading cases.

LC5 and LC6, and

LC7 and LC8

7.5.2(c) Use the greater of the stress ranges obtained by 5C-1-A1/7.5.2(b).

7.5.3 Transitional Zone
Transitional zone between A and B consists of side shell and longitudinal bulkhead structures
between 0 . 1D and 0 . 25D (0 . 2D) from deck (bottom).fR = fR(B) – [fR(B) – fR(A)]yu/0 . 15D for upper transitional zonefR = fR(B) – [fR(B) – fR(A)]yℓ/0 . 1D for lower transitional zone

wherefR(A), fR(B) = the total stress range based on the combined load cases defined for Zone A or Zone B,
respectivelyyu, yℓ = vertical distances from 0 . 25D (0 . 3D) upward (downward) from the mid-depth to the
location considered

7.5.4 Vessels with Either Special Loading Patterns or Special Structural Configuration
For vessels with either special loading patterns or special structural configurations/features,
additional load cases may be required for determining the stress range.

7.7 Primary Stressfd1fd1v and fd1ℎ may be calculated by a simple beam approach. For assessing fatigue strength of side shell
and longitudinal bulkhead plating at welded connections, the value of wave-induced primary stress is to be
taken as that of maximum principal stress at the location considered to account for the combined load
effects of the direct stresses and shear stresses. For calculating the value of fd1v for longitudinal deck
members, normal camber may be disregarded.

7.9 Secondary Stress fd2fd2 may be obtained from orthotropic plating or grillage methods with appropriate boundary conditions.

For those connections specified in 5C-1-A1/3.3.1, the wave-induced secondary bending stress fd2 may be
ignored.

7.11 Additional Secondary Stressesfd2*  and Tertiary Stresses fd3
7.11.1 Calculation of fd2*

Where required, the additional secondary stresses acting at the flange of a longitudinal stiffener,fd2* , may be approximated byfd2* = CtCyM/SM N/cm2(kgf/cm2, lbf/in2)
whereM = Cdpsℓ2/12 N-cm (kgf-cm, lbf-in.), at the supported ends of longitudinal
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Where flat bar stiffeners or brackets are fitted, the bending moment, M, given above, may be
adjusted to the location of the bracket's toe, i.e., MX in 5C-1-4/7.7.4 FIGURE 6.

Where a longitudinal has remarkably different support stiffness at its two ends (e.g. a longitudinal
connected to a transverse bulkhead on one end), considerations are to be given to the increase of
bending moment at the joint.Cd = 1.15 for longitudinal stiffener connections at the transverse bulkhead for

all longitudinals

= 1.0 elsewherep = wave-induced local net pressure, in N/cm2 (kgf/cm2, lbf/in2), for the specified location and load cases
at the mid-span of the longitudinal considereds = spacing of longitudinal stiffener, in cm (in.)ℓ = unsupported span of longitudinal/stiffener, in cm (in.), as shown in 5C-1-4/7.7.4 FIGURE 5SM = net section modulus of longitudinal with the associated effective plating, in cm3 (in3), at flange or
point considered. The effective breadth, be, in cm (in.), may be determined as shown in 5C-1-4/7.7.4
FIGURE 6.Cy = 0 . 656(d/z)4 for side shell longitudinals only where z/d ≥ 0 . 9, but Cy ≥ 0 . 30

= 1.0 elsewherez = distance above keel of side shell longitudinal under considerationd = scantling draft, m (ft)Ct = correction factor for the combined bending and torsional stress induced by lateral loads at the welded
connection of the flat bar stiffener or bracket to the flange of longitudinal, as shown in 5C-1-4/7.7.4
FIGURE 5.

= 1 . 0 + ar for unsymmetrical sections, fabricated or rolled

= 1.0 for tee and flat barsar = CnCpSM/KCp = 31 . 2dw(e/ℓ)2e = horizontal distance between web centerline and shear center of the cross section, including
longitudinal and the effective plating≈ dwbf2tfu/(2SM) cm (in.)K = St. Venant torsion constant for the longitudinal’s cross section, excluding the associated plating.

= [bftf3+ dwtw3 ]/3 cm4 (in4)Cn = coefficient given in 5C-1-A1/7.11.1 FIGURE 2, as a function of ψ, for point (1) shown in 5C-1-
A2/5.5 FIGURE 1.u = 1− 2b1/bfψ = 0 . 31ℓ(K/Γ)1/2Γ = warping constant

= mIyfdw2 + dw3 tw3 /36 cm6 (in6)
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Iyf = tfbf3(1 . 0 + 3 . 0u2Aw/As)/12 cm4 (in4)Aw = dwtw cm2 (in2)As = net sectional area of the longitudinals, excluding the associated plating, cm2 (in2)m = 1 . 0− u(0 . 7− 0 . 1dw/bf)dw, tw, b1, bf, tf, all in cm (in.), are as defined in 5C-1-A2/5.5 FIGURE 1.

For general applications, ar needs not to be taken greater than 0.65 for a fabricated angle bar and
0.50 for a rolled section.

For connection as specified in 5C-1-A1/3.3.2, the wave-induced additional secondary stressfd2*
may be ignored.
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FIGURE 2Cn = Cn(ψ)
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7.11.2 Calculation of fd3
For welded joints of a stiffened plate panel, fd3 may be determined based on the wave-induced
local loads as specified in 5C-1-A1/7.11.1 above, using the approximate equations given below.
For direct calculation, non-linear effect and membrane stresses in the plate may be considered.

For plating subjected to lateral load, fd3 in the longitudinal direction is determined as:fd3 = 0 . 182p(s/tn)2   N/cm2(kgf/cm2, lbf/in2)
wherep = wave-induced local net pressure, in N/cm2 (kgf/cm2, lbf/in2)s = spacing of longitudinal stiffeners, in cm (in.)tn = net thickness of plate, in mm (in.)

9 Resulting Stress Ranges

9.1 Definitions
9.1.1

The total stress range, fR, is computed as the sum of the two stress ranges as follows:fR = cf(fRG+ fRL)   N/cm2(kgf/cm2, lbf/in2)
wherefRG = global dynamic stress range, in N/cm2 (kgf/cm2, lbf/in2)

= |(fd1vi – fd1vj) + (fd1ℎi – fd1ℎj)|fRL = local dynamic stress range, in N/cm2 (kgf/cm2, lbf/in2)

= cw | (fd2i+ fd2i* + fd3i) – (fd2j+ fd2j* + fd3j)|cf = adjustment factor to reflect a mean wasted condition

= 0.95cw = coefficient for the weighted effects of the two paired loading patterns

= 0.75fd1vi, fd1vj = wave-induced component of the primary stresses produced by hull girder vertical bending,
in N/cm2 (kgf/cm2, lbf/in2), for load case i and j of the selected pairs of combined load
cases, respectivelyfd1ℎi, fd1ℎj = wave-induced component of the primary stresses produced by hull girder horizontal
bending, in N/cm2 (kgf/cm2, lbf/in2), for load case i and j of the selected pairs of
combined load cases, respectivelyfd2i, fd2j = wave-induced component of the secondary bending stresses produced by the bending of
cross-stiffened panels between transverse bulkheads, in N/cm2 (kgf/cm2, lbf/in2), for load
case i and j of the selected pairs of combined load cases, respectively
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fd2i* , fd2j* = wave-induced component of the additional secondary stresses produced by the local
bending of the longitudinal stiffener between supporting structures (e.g. transverse
bulkheads and web frames), in N/cm2 (kgf/cm2, lbf/in2), for load case i and j of the
selected pairs of combined load cases, respectivelyfd3i, fd3j = wave-induced component of the tertiary stresses produced by the local bending of plate
elements between the longitudinal stiffeners in, N/cm2 (kgf/cm2, lbf/in2), for load case i
and j of the selected pairs of combined load cases, respectively

For calculating the wave-induced stresses, sign convention is to be observed for the respective
directions of wave-induced loads, as specified in 5C-1-3/Table 1. The wave-induced local loads
are to be calculated with the sign convention for the external and internal loads. However, the total
of the external and internal pressures, including both static and dynamic components, need not be
taken less than zero.

These wave-induced stresses are to be determined based on the net ship scantlings (see 5C-1-
A1/1.3) and in accordance with 5C-1-A1/7.5 through 5C-1-A1/7.11. The results of direct
calculation where carried out may also be considered.

11 Determination of Stress Concentration Factors (SCF's)

11.1 General
This section contains information on stress concentration factors (SCF's) to be considered in the fatigue
assessment.

Where, for a particular example shown, no specific value of SCF is given when one is called for, it
indicates that a finite element analysis is needed. When the fine mesh finite element approach is used,
additional information on calculations of stress concentration factors and the selection of compatible S-N
data is given in 5C-1-A1/13.

11.3 Sample Stress Concentration Factors (SCF's)
11.3.1 Cut-outs (Slots) for Longitudinals

SCF's, fatigue classifications and peak stress ranges may be determined in accordance with 5C-1-
A1/11.3.1 TABLE 2 and 5C-1-A1/11.3.1 FIGURE 3.

TABLE 2Ks (SCF) Values

Configuration

Ks (SCF)

Unsymmetrical Flange Symmetrical Flange

Location [1] [2] [3] [1] [2] [3]

Single-sided Support 2.0 2.1 - 1.8 1.9 -

Single-sided Support with F.B. Stiffener 1.9 2.0 - 1.7 1.8 -

Double-sided Support 3.0 2.6 2.4 2.7 2.4 2.2

Double-sided Support with F.B. Stiffener 2.8 2.5 2.3 2.5 2.3 2.1
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Notes:

a The value of Ks is given based on nominal shear stresses near the locations under consideration.

b Fatigue classification
Locations [1] and [2]: Class C or B as indicated in 5C-1-A1/3.3.5 TABLE 1
Location [3]: Class F

c The peak stress range is to be obtained from the following equations:
1 For locations [1] and [2]fRi = cf[Ksifsi+ fni]
wherecf = 0 . 95fsi = fsc+ αifswi,     fsi ≥ fscαi = 1 . 8 for single-sided supportαi = 1 . 0 for double-sided supportfni = normal stress range in the web platefswi = shear stress range in the web platefswi = Fi/AwFi is the calculated web shear force range at the location considered. Aw is the area of web.fsc = shear stress range in the support (lug or collar plate)= CyP/(Ac+ As)Cy is as defined in 5C-1-A1/7.11.1.P = sℓpopo = fluctuating lateral pressureAc = sectional area of the support or of both supports for double-sided supportAs = sectional area of the flat bar stiffener, if anyKsi = SCFs given aboves = spacing of longitudinal/stiffenerℓ = spacing of transverses
2 For location [3]fR3 = cf[fn32 + (Ksfs2)2]1/2
wherecf = 0 . 95fn3 = normal stress range at location [3]fs2 = shear stress range, as defined in 1 above, near location [3].Ks = SCFs given above
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FIGURE 3 
Cut-outs (Slots) For Longitudinal

11.3.2 Flat Bar Stiffener for Longitudinals
11.3.2(a) For assessing fatigue life of a flat bar stiffener at location [1] or [2] as shown in 5C-1-
A1/11.3.2 FIGURE 4, the peak stress range is to be obtained from the following equation:fRi = [(αifs)2+ fli2]1/2 (i = 1   or   2)
where

Part 5C Specific Vessel Types
Chapter 1 Vessels Intended to Carry Oil in Bulk (150 meters (492 feet) or more in Length)
Appendix 1 Fatigue Strength Assessment of Tankers 5C-1-A1

ABS RULES FOR BUILDING AND CLASSING MARINE VESSELS • 2024 264



fs = nominal stress range in the flat bar stiffener.

= cfCyP/(As+ Ac)P,As,Ac, cf are as defined in 5C-1-A1/11.3.1 and Cy in 5C-1-A1/7.11.1. For flat bar stiffener with
soft-toed brackets, the brackets may be included in the calculation of As.fLi = stress range in the longitudinal at Location i (i = 1 or 2), as specified in 5C-1-A1/9αi = stress concentration factor at Location i (i = 1 or 2) accounting for misalignment and local distortion

At location [1]

For flat bar stiffener without bracketsα1 = 1.50 for double-sided support connection

= 2.00 for single-sided support connection

For flat bar stiffener with bracketsα1 = 1.00 for double-sided support connection

= 1.25 for single-sided support connection

At location [2]

For flat bar stiffener without bracketsα2 = 1.25 for single or double-sided support connection

For flat bar stiffener with bracketsα2 = 1.00 for single or double-sided support connection

11.3.2(b) For assessing the fatigue life of the weld throat as shown in 5C-1-A1/3.3.5 TABLE 1,
Class W, the peak stress range at the weld may be obtained from the following equation:fR = 1 . 25fsAs/Asw
whereAsw = sectional area of the weld throat. Brackets may be included in the calculation of Asw.

fs and As are as defined in 5C-1-A1/11.3.2(a) above.

11.3.2(c) For assessing fatigue life of the longitudinal, the fatigue classification given in 5C-1-
A1/3.3.5 TABLE 1 for a longitudinal as the only load-carrying member is to be considered.
Alternatively, the fatigue classification shown in 5C-1-A1/11.3.2 FIGURE 4, in conjunction with
the combined stress effects, fR, may be used. In calculation of fR, the αi may be taken as 1.25 for
both locations [1] and [2].
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FIGURE 4 
Fatigue Classification for Longitudinals in way of Flat Bar Stiffener

11.3.3 Connection Between Transverse Bulkhead Vertical Web and Double Bottom Girder
Fatigue class designation and SCFs may be determined as shown in 5C-1-A1/11.3.3 FIGURE 5.

FIGURE 5

11.3.4 Connection Between Transverse Bulkhead Vertical Web and Deck Girder
Fatigue class designation and SCFs may be determined as shown in 5C-1-A1/11.3.4 FIGURE 6.
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FIGURE 6

11.3.5 End Connections of Transverse Bulkhead Horizontal Girder to Longitudinal of Side
Shell or Longitudinal Bulkhead

Fatigue class designation and SCFs may be determined as shown in 5C-1-A1/11.3.5 FIGURE 7.

FIGURE 7

11.3.6 Connection of Transverse Bulkhead to Longitudinal Bulkhead
Fatigue class designation and SCFs may be determined as shown in 5C-1-A1/11.3.6 FIGURE 8.
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FIGURE 8

11.3.7 Doublers and Non-load Carrying Members on Deck or Shell Plating
Fatigue class designation may be determined as shown in 5C-1-A1/11.3.7 FIGURE 9.

FIGURE 9 
Doublers and Non-load Carrying Members on Deck or Shell Plating

13 Stress Concentration Factors Determined From Finite Element
Analysis

13.1 Introduction
S-N data and stress concentration factors (SCFs) are related to each other and therefore are to be considered
together so that there is a consistent basis for the fatigue assessment.

The following guidance is intended to help make right decisions.

13.3 S-N Data
S-N data are presented as a series of straight-lines plotted on log-log scale. The data reflect the results of
numerous tests, which often display considerable scatter. The recommended design curves for different
types of structural details and welded connections recognize the scatter in test results in that the design
curves have been based on the selection of the lower bound, 95% confidence limit. In other words, about
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2.5% of the test failure results fall below this curve. Treating the design curve in this manner introduces a
high, yet reasonable degree of conservatism in the design and fatigue evaluation processes.

Individual S-N curves are presented to reflect certain generic structural geometry or arrangements. 5C-1-
A1/3.3.5 TABLE 1 and 5C-1-A1/11.3 contain sketches of weld connections and other details typically
found in ship structures, giving a list of the S-N classification. This information is needed to assess the
fatigue strength of a detail. Also needed is a consistent way to establish the demands or load effects placed
on the detail, so that a compatible assessment can be made of the available strength versus the demand.
Here is where interpretation and judgment enter the fatigue assessment.

S-N curves are obtained from laboratory sample testing. The applied reference stress on the sample which
is used to establish the S-N data is referred to as the nominal stress. The nominal stress is established in a
simple manner, such as force divided by area and bending moment divided by section modulus (P/A &M/SM). The structural properties used to establish the nominal stress are taken from locations away from
any discontinuities to exclude local stress concentration effects arising from the presence of a weld or other
local discontinuity. In an actual structure, it is rare that a match will be found with the tested sample
geometry and loading. One is then faced with the problem of making the appropriate interpretation.

13.5 S-N Data and SCF's
Selection of appropriate S-N data appears to be rather straightforward with respect to “ standard details”
offered in 5C-1-A1/3.3.5 TABLE 1 or other similar reference. However, in the case of welded connections
in complex structures, it is required that SCF's be used to modify the nominal stress range. An often quoted
example of the need to modify nominal stress for fatigue assessment purposes is one shown in 5C-1-
A1/13.5 FIGURE 10 below, relating to a hole drilled in the middle of a flat plate traversed by a butt weld.

In this example, the nominal stress SN is P/Area, but the stress to be used to assess the fatigue strength at
point A is SA or SN · SCF. This example is deceptively simple because it does not tell the entire story. The
most obvious deficiency of the example is that one needs to have a definitive and consistent basis to obtain
the SCF. There are reference books, which indicate that based on the theory of elasticity, the SCF to be
applied in this case is 3.0. However, when the SCF is computed using the finite element analysis
techniques, the SCF obtained can be quite variable depending on the mesh size. The example does not
indicate which S-N curve is to be applied, nor does the example say how it may be necessary to alter the
selection of the design S-N data in consideration of the aforementioned finite element analysis issues.
Therefore, if such interpretation questions exist for a simple example, the higher difficulty of appropriately
treating more complex structures is evident.

Referring to the S-N curves to be applied to welded connections (for example S-N curves D-W in 5C-1-
A1/5.7 FIGURE 1), the SCFs resulting from the presence of the weld itself are already accounted for in
these curves. If one were to have the correct stress distribution in the region - from the weld to a location
sufficiently away from the weld toe (where the stress is suitably established by the nominal stress obtained
from P/A and M/SM) - the stress distribution may be generically separated into three distinct segments,
as shown in 5C-1-A1/13.5 FIGURE 11 below.

● Region III is a segment where the stress gradient is controlled by the nominal stress gradient.

● Region II is a segment where the nominal stress gradient is being modified due to the presence of
other structure, such as the bracket end shown in the figure. This must be accounted for to obtain an
appropriate stress to be used in the fatigue analysis at the weld toe.

● Region I is a segment where the stress gradient is being modified due to the presence of the weld metal
itself. The stress concentration due to the weld is already accounted for in the S-N design curve and
will not be discussed further. Since the typical way to determine the stress distribution is via planar/
linear elements, which ignore the weld, this is consistent with the method of analysis.

This general description of the stress distribution is again inconclusive because one does not know in
advance and with certainty the distances from the weld toe to where the indicated changes of slope for the
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stress gradient occur. For this reason, definite rules need to be established to determine the slopes and with
this knowledge, criteria established to be used to find the stress at the weld toe which is to be used in the
fatigue assessment.

In this regard, two approaches can be used to find the stress at the weld toe, which reflect two methods of
structural idealization. One of these arises from the use of a conventional beam element idealization of the
structure including the end bracket connection, and the other arises from the use of a fine mesh finite
element idealization.

Using a beam element idealization, the nominal stress at any location (i.e. P/A and M/SM) can be
obtained. (See 5C-1-4/7.7.4 FIGURE 6 for a sample beam element model).

In the beam element idealization, there will be questions as to whether or not the geometric stress
concentration due to the presence of other structure is adequately accounted for. This is the “Segment II”
stress gradient previously described. In the beam modeling approach shown in the figure, the influence on
stresses arising from the “carry over” of forces and bending moments from adjacent structural elements has
been accounted for (albeit approximately). At the same time, the strengthening effect of the brackets has
been conservatively ignored. Hence for engineering purposes, this approach is considered to be sufficient
in conjunction with the nominal stress obtained at the location of interest and the nominal S-N curve, i.e.
the F or F2 Class S-N data, as appropriate.

In the fine mesh finite element analysis approach, one needs to define the element size to be used. This is
an area of uncertainty because the calculated stress distribution can be unduly affected by both the
employed mesh size and the uniformity of the mesh adjacent to the weld toe. Therefore, it is necessary to
establish “rules” as given below to be followed in the producing of the fine mesh model adjacent to the
weld toe. Furthermore, since the area adjacent to the weld toe (or other discontinuity of interest) may be
experiencing a large and rapid change of stress (i.e. a high stress gradient), it is also necessary to provide a
rule which can be used to establish the stress at the location where the fatigue assessment is to be made.

5C-1-A1/13.5 FIGURE 12 shows an acceptable method which can be used to extract and interpret the
“near weld toe” element stresses and to obtain a (linearly) extrapolated stress at the weld toe. When plate
or shell elements are used in the modeling, it is recommended that each element size is to be equal to the
plate thickness. When stresses are obtained in this manner, the use of the E Class S-N data is considered to
be acceptable.

Weld hot spot stress can be determined from linear extrapolation of surface component stresses at t/2 and3t/2 from weld toe. The principal stresses at hot spot are then calculated based on the extrapolated
stresses and used for fatigue evaluation. Description of the numerical procedure is given in 5C-1-A1/13.7
below.

FIGURE 10 
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FIGURE 11 

FIGURE 12 

13.7 Calculation of Hot Spot Stress for Fatigue Analysis of Ship Structures
The algorithm described in the following is applicable to obtain the hot spot stress for the point at the toe
of a weld. The weld connects either a flat bar member or a bracket typically to the flange of a longitudinal
stiffener, as shown in 5C-1-A1/13.7.4 FIGURE 13.

Consider the four points, P1 to P4, measured by the distances X1 to X4 from the weld toe, designated as the
origin of the coordinate system. These points are the centroids of four neighboring finite elements, the first
of which is adjacent to the weld toe. Assuming that the applicable surface component stresses, Si, at Pi
have been determined from FEM analysis, the corresponding stresses at “hot spot”, i.e., the stress at the
weld toe, can be determined by the following procedure:

Part 5C Specific Vessel Types
Chapter 1 Vessels Intended to Carry Oil in Bulk (150 meters (492 feet) or more in Length)
Appendix 1 Fatigue Strength Assessment of Tankers 5C-1-A1

ABS RULES FOR BUILDING AND CLASSING MARINE VESSELS • 2024 271



13.7.1
Select two points, L and R, such that points L and R are situated at distances t/2 and 3t/2 from
the weld toe; i.e.,XL = t/2, XR = 3t/2
where t denotes the thickness of the member to which elements 1 to 4 belong (e.g., the flange of a
longitudinal stiffener).

13.7.2
Let X = XL and compute the values of four coefficients as follows:

C1 = [(X – X2)(X – X3)(X – X4)]/[(X1 – X2)(X1 – X3)(X1 – X4)]C2 = [(X – X1)(X – X3)(X – X4)]/[(X2 – X1)(X2 – X3)(X2 – X4)]C3 = [(X – X1)(X – X2)(X – X4)]/[(X3 – X1)(X3 – X2)(X3 – X4)]C4 = [(X – X1)(X – X2)(X – X3)]/[(X4 – X1)(X4 – X2)(X4 – X3)]
The corresponding stress at Point L can be obtained by interpolation as:SL = C1S1+ C2S2+ C3S3+ C4S4

13.7.3
Let X = XR and repeat the step in 5C-1-A1/13.7.2 to determine four new coefficients. The stress at
Point R can be interpolated likewise, i.e.,SR = C1S1+ C2S2+ C3S3+ C4S4

13.7.4
The corresponding stress at hot spot , S0, is given byS0 = (3SL – SR)/2
Note:

The algorithm presented in the foregoing involves two types of operations. The first is to utilize the stress values at
the centroid of the four elements considered to obtain estimates of stress at Points L and R by way of an
interpolation algorithm known as Lagrange interpolation. The second operation is to make use of the stress
estimates, SL and SR, to obtain the hot spot stress via linear extrapolation.

While the Lagrange interpolation is applicable to any order of polynomial, it is not advisable to go beyond the 3rd

order (cubic). Also, the even order polynomials are biased, so that leaves the choice between a linear scheme and a
cubic scheme. Therefore, the cubic interpolation, as described in 5C-1-A1/13.7.2, is to be used. It can be observed
that the coefficients, C1 to C4 are all cubic polynomials. It is also evident that, when X = Xj, which is not equal toXi, all the C's vanish except Ci, and if X = Xi, Ci = 1.
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FIGURE 13 
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C H A P T E R  1
Vessels Intended to Carry Oil in Bulk (150 meters (492 feet) or more in

Length)

A P P E N D I X  2
Calculation of Critical Buckling Stresses

1 General
The critical buckling stresses for various structural elements and members may be determined in
accordance with this Appendix or other recognized design practices. Critical buckling stresses derived
from experimental data or analytical studies may be considered, provided that well-documented supporting
data are submitted for review.

3 Rectangular Plates
The critical buckling stresses for rectangular plate elements, such as plate panels between stiffeners; web
plates of longitudinals, girders, floors and transverses; flanges and face plates, may be obtained from the
following equations, with respect to uniaxial compression, bending and edge shear, respectively.fci = fEi for fEi ≤ Prfyifci = fyi 1 – Pr 1 – Pr fyi/fEi for fEi > Prfyi
wherefci = critical buckling stress with respect to uniaxial compression, bending or edge shear, separately, N/cm2(kgf/

cm2, lbf/in2)fEi = Ki π2E/12 1 – ν2 (tn/s)2 , N/cm2(kgf/cm2, lbf/in2)Ki = buckling coefficient, as given in 5C-1-A2/3 TABLE 1E = modulus of elasticity of the material, may be taken as 2.06 ×107N/cm2(2.1 × 106 kgf/cm2, 30 ×106 lbf/in2) for
steelν = Poisson's ratio, may be taken as 0.3 for steeltn = net thickness of the plate, in cm (in.)s = spacing of longitudinals/stiffeners, in cm (in.)Pr = proportional linear elastic limit of the structure, may be taken as 0.6 for steelfyi = fy , for uniaxial compression and bending
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= fy/ 3 , for edge shearfy = specified minimum yield point of the material, in N/cm2(kgf/cm2, lbf/in2)

TABLE 1 
Buckling Coefficient, Ki

For Critical Buckling Stress Corresponding to fL,   fT,   fb   or   fLT
I. Plate panel between stiffeners Ki
A Uniaxial
compression
1. Long plateℓ ≥ s

 

 

a. For fL′′ = fL:

b. For fL′′ = fL/3:

(see note)

4C1 ,5 . 8C1 ,

 

2. Wide plateℓ ≥ s  

 

a. For fT′′ = fT:

b. For fT′′ = fT/3:

(see note)

1 + s/ℓ 2 2C21 . 45 1 + s/ℓ 2 2C2

 

B Ideal Bending
1. Long plateℓ ≥ s  

 

 

24C1

 

2. Wide plateℓ ≥ s  

 

a. For 1 . 0 ≤ ℓ/s ≤ 2 . 0:
b. For 2 . 0 < ℓ/s: 24 s/ℓ 2C212 s/ℓ C2
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C Edge Shear

 

 

Ki5 . 34 + 4 s/ℓ 2 C1
D Values of C1 and C2
1) For plate panels between angles or tee stiffenersC1 = 1 . 1C2 = 1 . 3 within the double bottom or double side*C2 = 1 . 2 elsewhere

2) For plate panels between flat bars or bulb platesC1 = 1 . 0C2 = 1 . 2 within the double bottom or double side*C2 = 1 . 1 elsewhere

* applicable where shorter edges of a panel are supported by rigid structural members, such as bottom, inner bottom, side
shell, inner skin bulkhead, double bottom floor/girder and double side web stringer.

 

II. Web of Longitudinal or Stiffener Ki
A Axial compression
Same as I.A.1 by replacing s with depth of the web and ℓ with unsupported span

a) For fL′ = fL:

b) For fL′ = fL/2:
(see note)
whereC = 1 . 0 for angle or tee stiffenersC = 0 . 33 for bulb platesC = 0 . 11 for flat bars

4C5 . 2C

B Ideal Bending
Same as I.B.1 by replacing s with depth of the web and ℓ with unsupported span 24C
 

III. Flange and Face Plate Ki
Axial Compression 0.44
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s = b2ℓ = unsupported span

Note:
In I.A. (II.A), Ki for intermediate values of fL′ /fL fT′ /fT  may be obtained by interpolation between a and b.

5 Longitudinals and Stiffeners

5.1 Axial Compression
The critical buckling stress,fca, of a beam-column, i.e. the longitudinal and the associated effective plating,
with respect to axial compression may be obtained from the following equations:fca = fE for fE ≤ Prfyfca = fy 1 – Pr 1 – Pr fy/fE  , for fE > Prfy
wherefE = π2E/ ℓ/r 2 N/cm2 (kgf/cm2, lbf/in.2)ℓ = unsupported span of the longitudinal or stiffener, in cm (in.), as defined in 5C-1-4/7.7.4 FIGURE 5r = radius of gyration of area Ae, in cm (in.)Ae = As+ bwLtnAs = net sectional area of the longitudinals or stiffeners excluding the associated plating, cm2(in.2)bwL = effective width of the plating as given in 5C-1-5/5.3.2, in cm (in.)tn = net thickness of the plating, in cm (in.)fy = minimum specified yield point of the longitudinal or stiffener under consideration, N/cm2 (kgf/cm2, lbf/in.2)Pr and E are as defined in 5C-1-A2/3.

5.3 Torsional/Flexural Buckling
The critical torsional/flexural buckling stress with respect to axial compression of a longitudinal, including
its associated plating (effective width, bwL), may be obtained from the following equations:

fct = fET for fET ≤ Prfyfct = fy 1 – Pr 1 – Pr fy/fET for fET > Prfy
wherefct = critical torsional/flexural buckling stress with respect to axial compression, N/cm2(kgf/cm2, lbf/ in.2)fET = E K/2 . 6 + nπ/ℓ 2Γ + Co ℓ/nπ 2/E /Io 1 + Co ℓ/nπ 2/IofcL  , N/cm2(kgf/cm2, lbf/in.2)K = St. Venant torsion constant for the longitudinal's cross section, excluding the associated plating.

= bftf3+ dwtw3 /3Io = polar moment of inertia of the longitudinal, excluding the associated plating, about the toe (intersection of web
and plating), in cm4(in.4)
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= Ix+mIy+ As xo2+ yo2Ix,Iy = moment of inertia of the longitudinal about the x- and y-axis, respectively, through the centroid of the
longitudinal, excluding the plating (x-axis perpendicular to the web), in cm4(in.4)m = 1 . 0 – u 0 . 7 – 0 . 1dw/bfu = unsymmetry factor

= 1 – 2b1/bfxo = horizontal distance between centroid of stiffener, As, and centerline of the web plate, cm (in.)yo = vertical distance between the centroid of the longitudinal's cross section and its toe, cm (in.)dw = depth of the web, cm (in.)tw = net thickness of the web, cm (in.)bf = total width of the flange/face plate, cm (in.)b1 = smaller outstanding dimension of flange with respect to centerline of web (see 5C-1-A2/5.5 FIGURE 1), cm
(in.)tf = net thickness of the flange/face plate, cm (in.)Co = Etn3/3sΓ = warping constant≅ mIyfdw2 + dw3 tw3 /36Iyf = tfbf3 1 . 0 + 3 . 0u2dwtw/As /12, cm4 in4fcL = critical buckling stress for the associated plating corresponding to n-half waves, N/cm2 (kgf/cm2, lbf/in.2)

= π2E n/α+ α/n 2 tn/s 2/12 1 – ν2α = ℓ/sn = number of half-wave which yield a smallest fETfy = minimum specified yield point of the longitudinal or stiffener under consideration, N/cm2(kgf/cm2, lbf/in.2)Pr,E, s and ν are as defined in 5C-1-A2/3.As, tn and ℓ are as defined in 5C-1-A2/5.1.

5.5 Buckling Criteria for Unit Corrugation of Transverse Bulkhead
The critical buckling stress, which is also the ultimate bending stress, fcb, for a unit corrugation may be
determined from the following equation (See 5C-1-5/5.11.2).fcb = fEc for fEc ≤ Prfyfcb = 1 – Pr 1 – Pr fy/fEc fy for fEc > Prfy
whereFEc = kcE t/a 2
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kc = 0 . 09 7 . 65 – 0 . 26 c/a 2 2
c and a are widths of the web and flange panels respectively, in cm2 (in.2)t = net thickness of the flange panel, in cm (in.)Pr, fy and E are as defined in 5C-1-A2/3.

FIGURE 1
Net Dimensions and Properties of Stiffeners
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7 Stiffened Panels

7.1 Large Stiffened Panels
For large stiffened panels between bulkheads or panels stiffened in one direction between transverses and
girders, the critical buckling stresses with respect to uniaxial compression may be determined from the
following equations:fci = fEi for fEi ≤ Prfyfci = fy 1 – Pr 1 – Pr fy/fEi for fEi > Prfy
wherefEi = kLπ2 DLDT 1/2/tLb2 in the longitudinal direction, N/cm2 (kgf/cm2, lbf/in.2)

fEi = kTπ2 DLDT 1/2/tTℓ2 in the transverse direction, N/cm2 (kgf/cm2, lbf/in.2)

kL = 4 for ℓ/b ≥ 1
= 1/ΦL2+ 2η+ΦL2 for ℓ/b < 1kT = 4 for b/ℓ ≥ 1
= 1/ΦT2 + 2η+ΦT2 for b/ℓ < 1DL = EIL/sL 1 – ν2DT = EIT/sT 1− ν2DT = Etn3/12 1− v2 where no stiffener in the transverse directionℓ, b = length and width between transverse and longitudinal bulkheads, respectively, cm (in.) (See 5C-1-

A2/7.1 FIGURE 2)tL, tT = net equivalent thickness of the plating and stiffener in the longitudinal and transverse direction,
respectively, cm (in.)

= sLtn+ AsL /sL   or   sTtn+ AsT /sTsL, sT = spacing of longitudinals and transverses, respectively, cm (in.) (See 5C-1-A2/7.1 FIGURE 2)ΦL = ℓ/b DT/DL 1/4ΦT = b/ℓ DL/DT 1/4η = IpLIpT / ILIT 1/2
AsL,AsT = net sectional area of the longitudinal and transverse, excluding the associated plating, respectively, cm2

(in.2)IpL, IpT = net moment of inertia of the effective plating alone (effective breadth due to shear lag) about the neutral
axis of the combined cross section, including stiffener and plating, cm4 (in.4)IL, IT = net moment of inertia of the stiffener (one) with effective plating in the longitudinal or transverse
direction, respectively, cm4 (in.4). If no stiffener, the moment of inertia is calculated for the plating only.Fy,Pr,E and ν are as defined in 5C-1-A2/3. tn is as defined in 5C-1-A2/5.1.
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With the exception of deck panels, when the lateral load parameter, qo, defined below is greater than 5,
reduction of the critical buckling stresses given above is to be considered.qo = pnb4/ π4tTDTqo = pnℓ4/ π4tLDL
wherepn = average net lateral pressure, N/cm2 (kgf/cm2, lbf/in.2)DT,DL, b, ℓ, tT, tL and sT are as defined above.

In this regard the critical buckling stress may be approximated byfci′ = Rofci N/cm2(kgf/cm2, lbf/in .2 )
whereRo = 1 – 0 . 045 qo – 5 for qo ≥ 5
For deck panels, Ro = 1 . 0 and fci′ = fci

FIGURE 2

7.3 Corrugated Transverse Bulkheads
For corrugated transverse bulkheads, the critical buckling stresses with respect to uniaxial compression
may be calculated from the equations given in 5C-1-A2/7.1 above by replacing the subscripts “L” and “T”
with “V” and “H”, for the vertical and horizontal directions, respectively, and with the following
modifications. The rigidities DV are DH are defined as follows.
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DV = EIv/sDH = s/ a+ c Et3/12 1 – ν2
whereIv = moment of inertia of a unit corrugation with spacing s, s = a+ ccos   ϕ

= t/4 csinϕ 2 a+ c/4 + csinϕ/12  , in cm4 (in.4)a, c = widths of the flange and web panels, respectively, in cm (in.)t = net thickness of the corrugations, in cm (in.)E and ν are as defined in 5C-1-A2/3.ℓ = length of the corrugation, in cm (in.)sv,   sH = sη, IpH,AsH = 0AsV = tc   sin   ϕϕ is as defined in 5C-1-4/17.9 FIGURE 9 or 5C-1-4/17.9 FIGURE 10.

9 Deep Girders, Webs and Stiffened Brackets

9.1 Critical Buckling Stresses of Web Plates and Large Brackets
The critical buckling stresses of web plates and large brackets between stiffeners may be obtained from the
equations given in 5C-1-A2/3 for uniaxial compression, bending and edge shear.

9.3 Effects of Cut-outs
The depth of cut-out, in general, is to be not greater than dw/3, and the stresses in the area calculated are
to account for the local increase due to the cut-out.

When cut-outs are present in the web plate, the effects of the cut-outs on reduction of the critical buckling
stresses are to be considered, as outlined in the sub-sections below.

9.3.1 Reinforced by Stiffeners Around Boundaries of Cut-outs
When reinforcement is made by installing straight stiffeners along boundaries of the cut-outs, the
critical buckling stresses of web plate between stiffeners with respect to compression and shear
may be obtained from equations given in 5C-1-A2/3.

9.3.2 Reinforced by Face Plates Around Contour of Cut-outs
When reinforcement is made by adding face plates along the contour of the cut-out, the critical
buckling stresses with respect to compression, bending and shear may be obtained from equations
given in 5C-1-A2/3, without reduction, provided that the net sectional area of the face plate is not
less than 8tw2 , where tw is the net thickness of the web plate, and that depth of the cut-out is not
greater than dw/3, where dwis the depth of the web.

9.3.3 No Reinforcement Provided
When reinforcement is not provided, the buckling strength of the web plate surrounding the cut-
out may be treated as a strip of plate with one edge free and the other edge simply supported.
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9.5 Tripping
To prevent tripping of deep girders and webs with wide flanges, tripping brackets are to be installed with a
spacing generally not greater than 3 meters (9.84 ft.).

Design of tripping brackets may be based on the force P acting on the flange as given by the following
equation.P = 0 . 02fcℓ Af+ 13Aw

wherefcℓ = critical lateral buckling stress with respect to axial compression between tripping brackets, N/cm2 (kgf/cm2,
lbf/in.2)fcℓ = fce , for fce ≤ Prfy

= fy 1 – Pr 1 – Pr fy/fce  , for fce > Prfyfce = 0 . 6E bf/tf tw/dw 3  , N/cm2(kgf/cm2, lbf/in.2)Af = net cross sectional area of the flange/face plate, in cm2 (in.2)Aw = net cross sectional area of the web, in cm2 (in.2)Bf, tf,dw, tw are as defined in 5C-1-A2/5.3.E,Pr and fy are as defined in 5C-1-A2/3.

11 Stiffness and Proportions
To fully develop the intended buckling strength of the assemblies of structural members and panels,
supporting elements of plate panels and longitudinals are to satisfy the following requirements for stiffness
and proportion in highly stressed regions.

11.1 Stiffness of Longitudinals
The net moment of inertia of the longitudinals, io, with effective breadth of net plating, is to be not less
than that given by the following equation:

io = stn312 1− v2 γo   cm4(in4)
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whereγo = (2 . 6 + 4 . 0δ)α2+ 12 . 4α – 13 . 2α1/2δ = A/stnα = ℓ/ss = spacing of longitudinals, cm (in.)tn = net thickness of plating supported by the longitudinal, cm (in.)ν = Poisson's ratio

= 0.3 for steelA = net sectional area of the longitudinal (excluding plating), cm2 (in2)

ℓ = unsupported span of the longitudinal, cm (in.)

11.3 Stiffness of Web Stiffeners
The net moment of inertia, i,of the web stiffener, with the effective breadth of net plating not exceeding s
or 0 . 33ℓ, whichever is less, is not to be less than obtained from the following equations:

i = 0 . 17ℓt3(ℓ/s)3     cm4(in4), for ℓ/s ≤ 2 . 0i = 0 . 34ℓt3(ℓ/s)2   cm4(in4), for ℓ/s > 2 . 0
whereℓ = length of stiffener between effective supports, in cm (in.)t = required net thickness of web plating, in cm (in.)s = spacing of stiffeners, in cm (in.)

11.5 Stiffness of Supporting Members
The net moment of inertia of the supporting members, such as transverses and webs, is not to be less than
that obtained from the following equation:Is/io ≥ 0 . 2(Bs/ℓ)3(Bs/s)
whereIs = moment of inertia of the supporting member, including the effective plating, cm4 (in4)io = moment of inertia of the longitudinals, including the effective plating, cm4 (in4)Bs = unsupported span of the supporting member, cm (in.)ℓ and s are as defined in 5C-1-A2/11.1.

11.7 Proportions of Flanges and Face Plates
The breadth-thickness ratio of flanges and face plates of longitudinals and girders is to satisfy the limits
given below.b2/tf = 0 . 4(E/fy)1/2
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whereb2 = larger outstanding dimension of flange, as given in 5C-1-A2/5.5 FIGURE 1, cm (in.)tf = net thickness of flange/face plate, cm (in.)E and fy are as defined in 5C-1-A2/3.

11.9 Proportions of Webs of Longitudinals and Stiffeners
The depth-thickness ratio of webs of longitudinals and stiffeners is to satisfy the limits given below.

dw/tw ≤ 1 . 5(E/fy)1/2 for angles and tee bars

dw/tw ≤ 0 . 85(E/fy)1/2 for bulb plates

dw/tw ≤ 0 . 5(E/fy)1/2 for flat bars

where dw and tw, are as defined in 5C-1-A2/5.3 and E andfy are as defined in 5C-1-A2/3.

When these limits are complied with, the assumption on buckling control stated in 5C-1-5/5.1.2(e) is
considered satisfied. If not, the buckling strength of the web is to be further investigated, as per 5C-1-A2/3.
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C H A P T E R  1
Vessels Intended to Carry Oil in Bulk (150 meters (492 feet) or more in

Length)

A P P E N D I X  3
Application to Single Hull Tankers

1 General
Where due to the nature of the cargo, single hull construction is permitted, the design criteria and
evaluation procedures specified in 5C-1-1 may also be applied to single hull tankers with modifications as
outlined in this Appendix.

1.1 Nominal Design Corrosion Values
Except as modified by the following, the nominal design corrosion values given in 5C-1-2/3.1 TABLE 1
are applicable to the corresponding structural elements of single hull tankers based on the proposed usage
of the individual space.

For bottom plating and contiguously attached structures, the nominal design corrosion values to be used
are:

Wing Ballast Tanks

Bottom Plating 1.00 mm

Bottom Longitudinals, Transverses and Girders (Web and Flange) 1.50 mm

Center or Wing Cargo Tanks

Bottom Plating 1.00 mm

Bottom Longitudinals, Transverses and Girders (Web and Flange) 1.00 mm

In designs which use the wing spaces for both ballast and cargo tanks, all longitudinal structural members
within these spaces are to have nominal design corrosion values as for ballast spaces. The nominal design
corrosion values for transverse structural members are to be based on the actual tank usage.

Consideration may be given for modifying the nominal design corrosion values, depending upon the
degree of cargo corrosiveness.

1.3 Load Criteria
The load criteria and load cases specified in 5C-1-3/1 through 5C-1-3/13 are generally applicable to single
hull tankers by considering the double bottom and wing ballast tanks, such as shown in 5C-1-3/3.1
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FIGURE 1 and 5C-1-3/11.5.3 FIGURE 14, as null, except that the load patterns are specified in 5C-1-
A3/3.3 TABLE 1 for bottom and side shell structures.

1.5 Strength Criteria
1.5.1 Hull Girder Shear Strength

For single hull tankers with two or more longitudinal bulkheads, the net thickness of side shell and
longitudinal bulkhead plating is not to be less than that specified in 5C-1-4/5, wherein the shear
distribution factors, Ds and Di, and local load correction, Ri, may be derived either from direct
calculations or from 5C-2-A1.

1.5.2 Plating & Longitudinals/Stiffeners
The strength requirements for plating and longitudinals/stiffeners specified in 5C-1-4/7 through
5C-1-4/17 and 5C-1-6 are directly applicable to single hull tankers by determining the internal
pressure in accordance with the actual tank arrangement.

3 Main Supporting Structures

3.1 Bottom Transverses
3.1.1 Section Modulus of Bottom Transverses

The net section modulus of the bottom transverse, in association with the effective bottom plating,
is not to be less than obtained from the following equation (see also 5C-1-4/1.3).SM = M/fb cm3(in3)M = 10, 000kcpsℓb2 N− cm(kgf − cm, lbf − in . )
wherek = 1.0 (1.0, 0.269)c = 0 . 83α2 for center tank

= 1.4 for wing tankα = (ℓg/ℓb)[(Ib/Ig)(sg/s)]1/4 ≤ 1 . 0 for tankers with bottom girder

= 1.0 for tankers without bottom girderℓb = span of the bottom transverse, in m (ft), as indicated in 5C-1-A3/3.3 FIGURE 1; the length is to
be not less than 0 . 125B or one-half the breadth of the tank, whichever is the greaterℓg = span of the bottom girder, in m (ft), as indicated in 5C-1-A3/3.3 FIGURE 1s = spacing of the bottom transverse, in m (ft)sg = spacing of the bottom girder, in m (ft)Ib

andIg
= moments of inertia, in cm4 (in4), of the bottom transverse (Ib) and the bottom girder (Ig) with

effective plating to which they are attached (clear of bracket)

p = nominal pressure, in kN/m2 (tf/m2, Ltf/ft2), at the mid-span of the bottom transverse, as
specified in 5C-1-A3/3.3 TABLE 1fb = permissible bending stress

= 0 . 70Smfy
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Sm and fy are as defined in 5C-1-4/7.3.1.

B = vessel breadth, in m (ft)

3.1.2 Web Sectional Area of Bottom Transverse
The net sectional area of the web portion of the bottom transverse is not to be less than obtained
from the following equation:A = F/fs   cm2(in2)
The shear force, F, in N (kgf, lbf), can be obtained from the following equation (see also
5C-1-4/1.3).F = 1000k[ps(Kbℓs – ℎe) + cDBcs]   N(kgf, lbf)
wherek = 1.0 (1.0, 2.24)Kb = 0.5α for center tank

= 0.5 for wing tank

and = 0 for center tank

= 0.15 for wing tank without cross ties

= 0.06 for wing tank with one cross tie

= 0.03 for wing tank with two cross tiesℓs = span of the bottom transverse, in m (ft), as indicated in 5C-1-A3/3.3 FIGURE 1ℎe = length of the bracket of bottom transverse, in m (ft), as indicated in 5C-1-A3/3.3 FIGURE 1D = vessel depth, in m (ft)Bc = breadth of the center tank, in m (ft)P, s and α are as defined in 5C-1-A3/3.1.1.

fs = permissible shear stress

= 0.45SmfySm and fy are as defined in 5C-1-4/7.3.1.

3.3 Bottom Girders
3.3.1 Section Modulus of Bottom Girders

The net section modulus of the bottom girder, in association with the effective bottom plating, is
not to be less than obtained from the following equation (see also 5C-1-4/1.3).SM = M/fb     cm3 in3M = 10, 000kcpsgℓg2 N− cm(kgf − cm, lbf − in . )
where
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k = 1.0 (1.0,0.269)c = 1.0p = nominal pressure, in kN/m2 (tf/m2,Ltf/ft2), at the mid-span of the bottom girder, as specified in 5C-1-
A3/3.3 TABLE 1ℓg and sg are as defined in 5C-1-A3/3.1.1.fb = 0 . 50SmfySm and fy are as defined in 5C-1-4/7.3.1.

3.3.2 Web Sectional Area of Bottom Girder
The net sectional area of the web portion of the bottom girder is not to be less than obtained from
the following equation:A = F/fs     cm2 in2
The shear force, F, in N (kgf, lbf), can be obtained from the following equation (see 5C-1-4/1.3).F = 1000kpsg(0 . 5ℓs – ℎe)
wherek = 1.0 (1.0,2.24)ℓs = span of the bottom grider, in m (ft), as indicated in 5C-1-A3/3.3 FIGURE 1ℎe = length of bracket of bottom girder, in m (ft), as indicted in 5C-1-A3/3.3 FIGURE 1sg is as defined in 5C-1-A3/3.1.1.p is as defined in 5C-1-A3/3.3.1.

fs = permissible shear stress

= 0.35 SmfySm and fy are as defined in 5C-1-4/7.3.1.

TABLE 1
Design Pressure for Local and Supporting Structures

A. Plating & Longitudinals/Stiffeners.

The nominal pressure, P = |Pi− Pe|, is to be determined from load cases “a” & “b” below, whichever is greater, withku = 1 . 10 and kc = 1 . 0, unless otherwise specified in the table
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 Case “a” At fwd end of the tank Case “b” At mid tank/fwd end of tank

Structural
Members/

Components

Draft/Wave
Heading Angle

Location and
Loading Pattern

Coefficient
s Draft/Wave

Heading Angle
Location and

Loading Pattern

Coefficient
sPi Pe Pi Pe

1. Bottom Plating &
Long'1

2/3 design
draft/0°

Full center and
wing tanks

Ai Ae Design draft/0° Midtank of
empty center
and wing tanks

- Be
2. Side Shell Plating
& Long'1

2/3 design
draft/60°

Starboard side
of full wing tank

Bi Ae Design draft/60° Midtank of
empty wing tank

- Be
B. Main Supporting Members

The nominal pressure, P = |Pi− Pe|, is to be determined at the midspan of the structural member at starboard side of
vessel from load cases “a” and “b” below, whichever is greater, with ku = 1 . 0, kc = 1 . 0, unless otherwise specified in the
table

 Midtank for Transverses Midtank for Transverses

Structural
Members/

Components

Draft/Wave
Heading Angle

Location and
Loading Pattern

Coefficient
s Draft/Wave

Heading Angle
Location and

Loading Pattern

Coefficient
sPi Pe Pi Pe

3. Bottom
Transverse & Girder

2/3 design
draft/0°

Full center and
wing tanks

Ai Ae Design draft/0° Midtank of
empty center
and wing tanks

- Be
4. Side Transverses 2/3 design

draft/60°
Wing tanks full Bi - Design draft/60° Midtank of

empty wing tank
- Be

Notes:

1 For calculating pi and pe, the necessary coefficients are to be determined based on the following designated
groups:

a) For piAi:wv = 0 . 75,wℓ(fwd   bhd) = 0 . 25,wℓ(aft   bhd) = – 0 . 25,wt = 0 . 0, cϕ = – 0 . 35, ce = 0 . 0Bi:wv = 0 . 4,wℓ(fwd   bhd) = 0 . 2,wℓ(aft   bhd) = – 0 . 2,wt(starboard) = 0 . 4,wt(port) = – 0 . 4, cϕ = – 0 . 3, ce = 0 . 3
b) For peAe:kℓo = 1 . 0, ku = 1 . 0, kc = – 0 . 5Be:kℓo = 1 . 0

2 For structures within 0 . 4L amidships, the nominal pressure is to be calculated for a tank located amidships. The
longest cargo and ballast tanks in the region should be considered as located amidships

3 In calculation of the nominal pressure, ρg of the liquid cargoes is not to be taken less than 0.1025 kgf/cm2-m
(0.4444 lbf/in2-ft) for structural members 1 and 2 and is not to be taken less than 0.09 kgf/cm2-m (0.3902 lbf/in2-
ft) for cargo tanks and 0.1025 kgf/cm2-m (0.4444 lbf/in2-ft) for ballast tanks for structural members 3 and 4.

4 For all other structures, 5C-1-3/5.7.2 TABLE 3 is applicable.

Part 5C Specific Vessel Types
Chapter 1 Vessels Intended to Carry Oil in Bulk (150 meters (492 feet) or more in Length)
Appendix 3 Application to Single Hull Tankers 5C-1-A3

ABS RULES FOR BUILDING AND CLASSING MARINE VESSELS • 2024 290



FIGURE 1 
Spans of Transverses and Girders
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3.5 Side Transverses
3.5.1 Section Modulus of Side Transverses

The net section modulus of the side transverse, in association with the effective side plating, is not
to be less than obtained from the following equation (see also 5C-1-4/1.3)SM = M/fb cm3(in3)M = 10, 000kcpsℓb2 N− cm(kgf − cm, lbf − in)
wherek = 1.0 (1.0, 0.269)ℓb = span of side transverse, in m (ft), as indicated in 5C-1-A3/3.3 FIGURE 1s = spacing of side transverse, in m (ft)p =

nominal pressure, in kN/m2 (tf/m2, Ltf/ft2), at the mid-span ℓb of the side transverse, as specified in
5C-1-A3/3.3 TABLE 1fb = permissible bending stress, in N/cm2 (kgf/cm2, lbf/in2)

= 0.70 Smfyc is given in 5C-1-A3/3.5.1 TABLE 2.Sm and fy are as defined in 5C-1-4/7.3.1.

For tanker without cross ties, the section modulus of the side transverse as required above is to
extend at least up to 0 . 6ℓb from the lower end of the span. The value of the bending moment, M,
used for the calculation of the required section modulus of the remaining part of side transverse
may be reduced, but not more than 20%.

In the case of one cross tie, the section modulus of the lower (upper) side transverse as required
above is to extend to the cross tie.

In the case of two cross ties, the section modulus of the lower (upper) side transverse as required
above is to extend to the lower (upper) cross tie and may be linearly interpolated between the
cross ties.

TABLE 2
Coefficient c for Side Transverse

Arrangement of Cross Ties For Upper Side Transverse For Lower Side Transverse

No Cross Tie 0.75

One Cross Tie in Wing Tank 0.19 0.33

Two Cross Ties in Wing Tank 0.13 0.20

3.5.2 Web Sectional Area of Side Transverses
The net sectional area of the web portion of the side transverse is not to be less than obtained from
the following equation:A = F/fs   cm2(in2)
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The shear force, F, in N (kgf, lbf), for the side transverse can be obtained from the following
equation (see also 5C-1-4/1.3)F = 1000ks[KUℓs(PU + PL) − ℎUPU] or the upper part of the transverseF = 1000ks[KLℓs(PU+ PL) − ℎLPL] or

= 350ksKLℓs(PU+ PL), whichever is greater, for the lower part of the transverse

In no case is the shear force for lower part of the transverse to be less than 120% of that for the
upper part of the transverse.

wherek = 1.0 (1.0, 2.24)ℓs = span of the side transverse, in m (ft), as indicated in 5C-1-A3/3.3 FIGURE 1s = spacing of the side transverse, in m (ft)PU =
nominal pressure, p, in kN/m2 (tf/m2, Ltf/ft2), at the mid-length of the upper bracket (ℎU/2), as
specified in 5C-1-A3/3.3 TABLE 1PL =
nominal pressure, p, in kN/m2 (tf/m2, Ltf/ft2), at the mid-length of the lower bracket (ℎL/2), as
specified in 5C-1-A3/3.3 TABLE 1ℎU = length of the upper bracket, in m (ft), as indicated in 5C-1-A3/3.3 FIGURE 1ℎL = length of the lower bracket, in m (ft), as indicated in 5C-1-A3/3.3 FIGURE 1fs = permissible shear stress, in N/cm2 (kgf/cm2, lbf/in2)

= 0.45SmfyKU and KL are given in 5C-1-A3/3.5.2 TABLE 3.Sm and fy are as defined in 5C-1-4/7.3.1.

For tanker without cross ties, the sectional area of lower side transverse as required above is to
extend up to 0 . 15ℓ from the toe of the lower bracket or 0 . 3ℓs from the lower end of the span,
whichever is greater.

In the case of one cross tie, the sectional area of the lower (upper) side transverse as required
above is to extend to the cross tie.

In the case of two cross ties, the sectional area of the lower (upper) side transverse as required
above is to extend to the lower (upper) cross tie and may be linearly interpolated between the
cross ties.
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TABLE 3
Coefficients KU and KL for Side Transverses

Arrangement of Cross Ties KU KL
No Cross Tie 0.16 0.30

One Cross Tie in Wing Tank 0.09 0.21

Two Cross Ties in Wing Tank 0.075 0.16

3.7 Deck Transverses
3.7.1 Section Modulus of Deck Transverses

The net section modulus of deck transverses, in association with the effective deck plating, is not
to be less than obtained from the following equation (see also 5C-1-4/1.3).SM = M/fb   cm3(in3)
For deck transverses in wing tanks:M = k(10, 000c1φpsℓt2+ βsMs) ≥ Mo   N− cm(kgf − cm, lbf − in . )
For deck transverses in center tanks:M = k(10, 000c1φpsℓt2+ βbMb) ≥ Mo   N− cm(kgf − cm, lbf − in . )
whereMs = 10,000c2pssℓs2Mb = 10,000c2pbsℓb2Mo = 10,000kc3φpsℓt2k = 1.0 (1.0, 0.269)p = nominal pressure, in kN/m2 (tf/m2, Ltf/ft2), at the mid-span of the deck transverse under

consideration, as specified in 5C-1-3/5.7.2 TABLE 3, Item 16ps = corresponding nominal pressure, in kN/m2 (tf/m2, Ltf/ft2), at the mid-span of the side transverse
( 5C-1-3/5.7.2 TABLE 3, Item 16)pb = corresponding nominal pressure, in kN/m2 (tf/m2, Ltf/ft2), at the mid-span of the vertical web on
longitudinal bulkhead (5C-1-3/5.7.2 TABLE 3 , Item 16)c1 = 0.42 for tanks without deck girderc1 = 0.42α2 for tanks with deck girders, min. 0.05 and max. 0.42α = ℓg/ℓt sg/s IT/Ig 1 4ℓg = span of the deck girder, in m (ft), as indicated in 5C-1-4/1.7 FIGURE 2B-cℓt = span of the deck transverse, in m (ft), as indicated in 5C-1-4/1.7 FIGURE 2A, but is not to be
taken as less than 60% of the breadth of the tankIg, It = moments of inertia, in cm4 (in4), of the deck girder and deck transverse, clear of the brackets,
respectively
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sg = spacing of the deck girders, in m (ft)s = spacing of the deck transverses, in m (ft)

When calculating α, if more than one deck girder is fitted, average values of sg, ℓg and Ig are to be
used when the girders are not identical.

φ = 1 − 5(ℎa/ℓ1)α−1, to be not less than 0.6 for cargo tanks with deck girders

= 1− 5 ℎa/ℓt  , to be not less than 0.6 for cargo tanks without deck girdersℎa = distance, in m (ft.), from the end of the span to the toe of the end bracket of the deck transverse,
as indicated in 5C-1-4/11.17 FIGURE 8βs = 0.9[(ℓs/ℓt)(It/Is)], but is not to be taken less than 0.10 and need not be greater than 0.65βb = 0.9[(ℓb/ℓt)(It/Ib)], but is not to be taken less than 0.10 and need not be greater than 0.50ℓs

andℓb = spans, in m (ft.), of side transverse and vertical web on longitudinal bulkhead, respectively, as
indicated in 5C-1-4/1.7 FIGURE 2A

Is
andIb = moments of inertia, in cm4 (in4), clear of the brackets, of side transverses and vertical web on

longitudinal bulkhead, respectively

fb = permissible bending stress, in N/cm2 (kgf/cm2, lbf/ in2)

= 0.70 SmfySm and fy are as defined in 5C-1-4/7.3.1.c2 is given in 5C-1-A3/3.7.1 TABLE 4 below.

cs = 0.83 for tanks without deck girders

= 1.1c1 for tanks with deck girders

Where no cross ties or other effective supporting arrangements are provided for the wing tank
vertical webs, the deck transverses in the wing tanks are to have section modulus not less than
70% of that required for the upper side transverse.

TABLE 4
Coefficient c2 For Deck Transverse

Arrangement of Cross Ties Center Tank Wing Tank

No Cross Tie 0.4

One Cross Tie in Wing Tank 0.13 0.37

Two Cross Ties in Wing Tank 0.05 0.12

3.7.2 Web Sectional Area of Deck Transverse
The net sectional area of the web portion of deck transverses is not to be less than obtained from
the following equation:
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A = F/fs cm2(in2)F = 1000k c1ps 0 . 50ℓ− ℎe + c2DBcs N(kgf, lbf)
wherek = 1.0 (1.0, 2.24)c1 = 1.30 for tanks without deck girder

= 0.90α1 2 for tanks with deck girder, min. 0.50 and max. 1.0c2 = 0 for center tank

= 0.045 for wing tankℓ = span of the deck transverse, in m (ft), as indicated in 5C-1-4/1.7 FIGURE 2Aℎe = length of the bracket, in m (ft), as indicated in 5C-1-4/1.7 FIGURE 2A-c and 5C-1-4/1.7 FIGURE
2A-d and 5C-1-4/11.17 FIGURE 8D = depth of the tanker, in m (ft), as defined in 3-1-1/7Bc = breadth of the center tank, in m (ft)p, s and α are as defined in 5C-1-A3/3.7.1.

fs = permissible shear stress, in N/cm2 (kgf/cm2, lbf/in2)

= 0.45 SmfySm and fy are as defined in 5C-1-4/7.3.1.

Area A is not to be less than the area obtained based on 5C-1-4/11.9 and 5C-1-4/11.11.

3.9 Longitudinal Bulkhead Vertical Webs
3.9.1 Section Modulus of Vertical Web on Longitudinal Bulkhead

The net section modulus of the vertical web, in association with the effective longitudinal
bulkhead plating, is to be not less than obtained from the following equation (see also 5C-1-4/1.3):SM = M/fb cm3(in3)M = 10, 000kcpsℓb2 N− cm(kgf − cm, lbf − in)
wherek = 1.0 (1.0, 0.269)ℓb = span of vertical web, in m (ft), as indicated in 5C-1-4/1.7 FIGURE 2B-as = spacing of vertical webs, in m (ft)p =

nominal pressure, in kN/m2 (tf/m2, Ltf/ft2) at mid-span ℓb of the vertical web as specified in
5C-1-3/5.7.2 TABLE 3fb = permissible bending stress, in N/cm2 (kgf/cm2, lbf/in2)

= 0.70 Smfy
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c is given in 5C-1-A3/3.9.1 TABLE 5.Sm and fy are as given in 5C-1-4/7.3.1.

For tanker without cross ties, the section modulus of the vertical web as required above is to
extend at least up to 0 . 6ℓ from the lower end of the span. The value of the bending moment M,
used for the calculation of the required section modulus of the remaining part of vertical web may
be reduced, but not more than 20%.

In the case of one cross tie, the section modulus of the lower (upper) vertical web as required
above is to extend to the cross tie.

In the case of two cross ties, the section modulus of lower (upper) vertical web as required above
is to extend to the lower (upper) cross tie and may be linearly interpolated between cross ties.

TABLE 5
Coefficient c for Vertical Web on Longitudinal Bulkhead

Arrangement of Cross Ties For Upper Vertical Web For Lower Vertical Web

No Cross Tie 0.75

One Cross Tie in Wing Tank 0.19 0.33

Two Cross Ties in Wing Tank 0.13 0.20

3.9.2 Web Sectional Area of Vertical Web on Longitudinal Bulkhead
The net sectional area of the web portion of the vertical web is not to be less than obtained from
the following equation:A = F/fs   cm2(in2)
The shear force, F, in N (kgf, lbf), for the vertical web can be obtained from the following
equation (see also 5C-1-4/1.3):

F = 1000ks[KUℓ(PU+ PL)−ℎUPU] for upper part of webF = 1000ks[KLℓ(PU+ PL)−ℎLPL] or

= 350ksKLℓ(PU+ PL), whichever is greater, for lower part of web

In no case is the shear force for lower part of the web to be less than 120% of that for the upper
part of the vertical web.

wherek = 1.0 (1.0, 2.24)ℓ = span of the vertical web, in m (ft.), as indicated in 5C-1-4/1.7 FIGURE 2B-as = spacing of the vertical webs, in m (ft)PU =
nominal pressure, p, in kN/m2 (tf/m2, Ltf/ft2), at the mid-length of upper bracket (ℎU/2), as specified
in 5C-1-3/5.7.2 TABLE 3PL =
nominal pressure, p, in kN/m2 (tf/m2, Ltf/ft2), at the mid-length of the lower bracket (ℎL/2), as
specified in 5C-1-3/5.7.2 TABLE 3ℎU = length of the upper bracket, in m (ft), as indicated in 5C-1-4/1.7 FIGURE 2B-a
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ℎL = length of the lower bracket, in m (ft), as indicated in 5C-1-4/1.7 FIGURE 2B-afs = permissible shear stress, in N/cm2 (kgf/cm2, lbf/in2)

= 0.45 SmfyKU and KL are given in 5C-1-A3/3.9.2 TABLE 6.Sm and fy are as defined in 5C-1-4/7.3.1.

For tanker without cross ties, the sectional area of lower vertical webs as required above is to
extend up to 0 . 15ℓ from the toe of the lower bracket or 0 . 3ℓ from the lower end of the span,
whichever is greater.

In the case of one cross tie, the sectional area of the lower (upper) vertical web as required above
is to extend to the cross tie.

In the case of two cross ties, the sectional area of the lower (upper) vertical web as required above
is to extend to the lower (upper) cross tie and may be linearly interpolated between the cross ties.

TABLE 6
Coefficients KU and KL for Vertical Web on Longitudinal Bulkhead

Arrangement of Cross Ties KU KL
No Cross Tie 0.16 0.30

One Cross Tie in Wing Tank 0.09 0.21

Two Cross Ties in Wing Tank 0.075 0.16

3.11 Other Main Supporting Members
The strength and stiffness requirements specified in 5C-1-4/11 and 5C-1-4/15 for deck girders, vertical
webs and horizontal girders on transverse bulkheads and cross ties are applicable to single hull tankers.

3.13 Proportions
The following specifications are supplemental to 5C-1-4/11.11.

20% for bottom transverses without bottom girder

14% for bottom transverses with one girder

8% for bottom transverses with three girders

20% for bottom girders

12.5% for side transverses

5 Strength Assessment

5.1 General
The failure criteria and strength assessment procedures specified in 5C-1-5 are generally applicable to
single hull tankers, except for the special considerations outlined in 5C-1-A3/5.3 below.
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5.3 Special Considerations
For assessing buckling and fatigue strength in accordance with 5C-1-5/5 and 5C-1-5/7, due consideration
is to be given to the buckling characteristics of large stiffened panels of the side shell and bottom
structures, as well as the realistic boundary conditions of side and bottom longitudinals at transverse
bulkheads for calculating the total stress range with respect to fatigue strength.
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C H A P T E R  1
Vessels Intended to Carry Oil in Bulk (150 meters (492 feet) or more in

Length)

A P P E N D I X  4
Application to Mid-deck Tankers

1 General

1.1 Design Concepts
The term “mid-deck tanker” refers to a cargo tank arrangement with wing ballast tanks, single bottom and
a tight deck (mid-deck) dividing the center or inboard cargo tanks into upper and lower tanks, as shown in
5C-1-A4/1.3 FIGURE 1. The location of the mid-deck is chosen to limit the maximum expected internal
pressure at the bottom to a level less than the minimum anticipated external pressures, in accordance with
Regulation 13 F(4) of Annex I to the International Convention for the Prevention of Pollution from Ships,
so that the outflow of cargo oil may be prevented in grounding damage.

1.3 Design and Strength of Hull Structures
With regard to the design and strength of the hull structure, the criteria and evaluation procedures specified
in 5C-1-1 are generally applicable to mid-deck tankers. Modifications taking the unique characteristics of
this type of design into consideration are outlined in this Appendix.

The nominal design corrosion values specified in 5C-1-2/3.1 TABLE 1 and 5C-1-A3/1.1 may also be used
for mid-deck tankers. For the bottom and mid-deck structures in cargo tanks, the nominal design corrosion
values may be taken as 1.0 mm.
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FIGURE 1 
Typical Cross Section for Mid-deck Tankers

3 Load Criteria

3.1 Loading Patterns and Load Cases
In addition to the loading patterns shown in 5C-1-3/3.1 FIGURE 1a, loading patterns with respect to the
upper and lower cargo tanks are also to be considered to simulate the maximum internal loads imposed on
the mid-deck tanker structures. For this purpose, the cargo loading patterns given in 5C-1-A4/3.1 FIGURE
2 are to be considered in conjunction with 5C-1-3/Table 1, unless the pattern is proven unnecessary.
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FIGURE 2 
Loading Pattern

3.3 Determination of Loads and Scantlings
3.3.1 Hull Girder Loads

The hull girder loads, external pressures, internal pressures and their nominal values and
combined effects, specified in 5C-1-3/3, 5C-1-3/5, 5C-1-3/7 and 5C-1-3/9 are applicable to mid-
deck tankers, except as outlined in 5C-1-A4/5.1 and 5C-1-A4/3.3.2 below.

3.3.2 Internal Pressure
In calculating the internal pressures in the lower cargo tanks, the tanks are to be assumed 100%
full to the level of mid-deck.
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In addition, the scantlings of bulkheads between lower cargo tanks are to be satisfactory for a
scantling head to the upper deck with the ship at the loading berth. Scantlings meeting the
requirements in 5C-2-1 and 5C-2-2 will be acceptable for this purpose.

3.3.3 Partially Filled Tanks
For partially filled tanks, the sloshing loads specified in 5C-1-3/11 are also to be considered.

5 Strength Criteria

5.1 Hull Girder and Structural Elements
In general the strength criteria specified in 5C-1-4 are directly applicable to the mid-deck tankers, with the
exception of the items outlined in 5C-1-A4/5.1.1 and 5C-1-A4/5.1.2 below.

5.1.1 Hull Girder Shearing Strength
In determining the net thickness of the side shell and longitudinal bulkhead plating, the shear
distribution factors, Di, and local load corrections, Ri, given in 5C-1-4/5 are to be modified for the
proposed structural configurations and loading patterns. Direct calculation results justifying the
proposed modifications are to be submitted.

5.1.2 Bottom Structures
For the bottom shell plating and bottom longitudinals, the strength criteria specified in 5C-1-4/7
are directly applicable to the single bottom structures with the corresponding loading patterns
given in 5C-1-A4/3.1.

For the main supporting members, bottom transverses and bottom girders, the strength
formulations for the conventional single hull tankers given in 5C-1-A3 may be applied.

5.3 Mid-deck Structures
For scantling requirements for the mid-deck plating and mid-deck longitudinals, the equations given in
5C-1-4/7.3 and 5C-1-4/7.5 may be employed, by taking the permissible bending stressesf1 = f2 = fb = 0 . 85Smfy, as defined in 5C-1-4/7.3.2 and 5C-1-4/7.5. The nominal pressure, p, is to be
taken from the loaded upper tanks or lower tanks, whichever is greater.

For mid-deck transverses and mid-deck girders, the bending moments and shear forces may be determined
either by a direct calculation (3D F.E. analysis) or by the equations given in 5C-1-4/11 for critical load
cases and loading patterns specified in 5C-1-A4/3 above. In this case, the permissible bending and shear
stresses may be taken as fb = 0 . 7Smfy and fs = 0 . 45Smfy, as defined in 5C-1-4/11 for deck girders and
deck transverses, respectively.

The sectional properties of the mid-deck transverses are also to satisfy the requirements for cross ties,
given in 5C-1-4/15.

7 Strength Assessment

7.1 Failure Criteria
The failure criteria and strength assessment procedures specified in 5C-1-5/3 and 5C-1-5/9 are applicable
to mid-deck tankers with the modified loading patterns and load cases outlined in 5C-1-A4/3 above.

7.3 Special Considerations
In view of the unique cargo tank arrangement for mid-deck tankers, the shear lag effects with respect to the
effective hull girder section modulus and the transverse compression with respect to buckling/ultimate
strength of the mid-deck plating are to be properly considered for assessing strength of the structure.
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C H A P T E R  1
Vessels Intended to Carry Oil in Bulk (150 meters (492 feet) or more in

Length)

A P P E N D I X  5
Hull Girder Ultimate Strength Assessment of Oil Carriers

1 General
The hull structure for oil carriers is to be verified for compliance with the hull girder ultimate strength
requirements specified in this section.

These requirements are applicable to the hull structure within 0 . 4L amidships in sea-going conditions. For
vessels with regions that are subject to higher total vertical bending moment than within 0 . 4L amidships
due to hull girder bending effects, the hull girder ultimate strength in these regions is also to be verified.

3 Vertical Hull Girder Ultimate Limit State
The vertical hull girder ultimate bending capacity is to satisfy the following limit state equation:γSMsw+ γWMw ≤ MUγR
whereMsw = still water bending moment, in kN-m (tf-m), in accordance with 3-2-1/3.3

Mw = maximum wave-induced bending moment, in kN-m (tf-m), in accordance with 3-2-1/3.5.1MU = vertical hull girder ultimate bending capacity, in kN-m (tf-m), as defined in 5C-1-A5/5γS = 1.0 partial safety factor for the still water bending momentγw = 1.20 partial safety factor for the vertical wave bending moment covering environmental and wave load
prediction uncertaintiesγR = 1.10 partial safety factor for the vertical hull girder bending capacity covering material, geometric and
strength prediction uncertainties

In general, for vessels where the hull girder ultimate strength is evaluated with gross scantlings, γR is to be
taken as 1.25.
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5 Hull Girder Ultimate Bending Moment Capacity

5.1 General
The ultimate bending moment capacities of a hull girder section, in hogging and sagging conditions, are
defined as the maximum values (positive MUH, negative MUS) on the static nonlinear bending moment-
curvature relationship M− κ. See 5C-1-A5/5.1 FIGURE 1. The curve represents the progressive collapse
behavior of the hull girder under vertical bending. Hull girder failure is controlled by buckling, ultimate
strength and yielding of longitudinal structural elements.

FIGURE 1 
Bending Moment – Curvature Curve M− κ

The curvature of the critical inter-frame section, κ, is defined as:κ = θℓm−1
where:θ = relative angle rotation of the two neighboring cross-sections at transverse frame positionsℓ = transverse frame spacing in m, i.e., span of longitudinals

The method for calculating the ultimate hull girder capacity is to identify the critical failure modes of all
main longitudinal structural elements.

Longitudinal structural members compressed beyond their buckling limit have reduced load carrying
capacity. All relevant failure modes for individual structural elements, such as plate buckling, torsional
stiffener buckling, stiffener web buckling, lateral or global stiffener buckling and their interactions, are to
be considered in order to identify the weakest inter-frame failure mode.

The effects of shear force, torsional loading, horizontal bending moment and lateral pressure are neglected.

5.3 Physical Parameters
For the purpose of describing the calculation procedure in a concise manner, the physical parameters and
units used in the calculation procedure are given below.
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5.3.1 Hull Girder Load and Cross Section PropertiesMi = hull girder bending moment, in kN-m (tf-m)Fi = hull girder longitudinal force, in kN (tf)Iv = hull girder moment of inertia, in m4SM = hull girder section modulus, in m3SMdk = elastic hull girder section modulus at deck at side, in m3SMkl = elastic hull girder section modulus at bottom, in m3κ = curvature of the ship cross section, in m-1zj = distance from baseline, in m

5.3.2 Material Propertiesσyd = specified minimum yield stress of the material, in N/cm2 (kgf/cm2)E = Young’s modulus for steel, 2.06 × 107 N/cm2 (2.1 × 106 kgf/cm2)ν = Poisson’s ratio, may be taken as 0.3 for steelΦ = edge function as defined in 5C-1-A5/5.9.2ε = relative strain defined in 5C-1-A5/5.9.2

5.3.3 Stiffener Sectional Properties
The properties of a longitudinal’s cross section are shown in 5C-1-A5/5.3.3 FIGURE 2.As = sectional area of the longitudinal or stiffener, excluding the associated plating, in cm2b1 = smaller outstanding dimension of flange with respect to centerline of web, in cmbf = total width of the flange/face plate, in cmdw = depth of the web, in cmtp = net thickness of the plating, in cmtf = net thickness of the flange/face plate, in cmtw = net thickness of the web, in cmxo = distance between centroid of the stiffener and centerline of the web plate, in cmyo = distance between the centroid of the stiffener and the attached plate, in cm
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FIGURE 2 
Dimensions and Properties of Stiffeners

5.5 Calculation Procedure
The ultimate hull girder bending moment capacity MU is defined as the peak value of the curve with
vertical bending moment M versus the curvature κ of the ship cross section as shown in 5C-1-A5/5.1
FIGURE 1.

The curve M− κ is obtained by means of an incremental-iterative approach. The steps involved in the
procedure are given below.

The bending moment Mi which acts on the hull girder transverse section due to the imposed curvature κi is
calculated for each step of the incremental procedure. This imposed curvature corresponds to an angle of
rotation of the hull girder transverse section about its effective horizontal neutral axis, which induces an
axial strain ε in each hull structural element.

The stress σ induced in each structural element by the strain ε is obtained from the stress-strain curveσ − ε of the element, which takes into account the behavior of the structural element in the nonlinear
elasto-plastic domain.

The force in each structural element is obtained from its area times the stress and these forces are summed
to derive the total axial force on the transverse section. Note the element area is taken as the total net area
of the structural element. This total force may not be zero as the effective neutral axis may have moved due
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to the nonlinear response. Hence, it is necessary to adjust the neutral axis position, recalculate the element
strains, forces and total sectional force, and iterate until the total force is zero.

Once the position of the new neutral axis is known, then the correct stress distribution in the structural
elements is obtained. The bending moment Mi about the new neutral axis due to the imposed curvature κi
is then obtained by summing the moment contribution given by the force in each structural element.

The main steps of the incremental-iterative approach are summarized as follows:

Step 1 Divide the hull girder transverse section into structural elements, (i.e., longitudinal stiffened panels
(one stiffener per element), hard corners and transversely stiffened panels), see 5C-1-A5/5.7.

Step 2 Derive the stress-strain curves (also known as the load-end shortening curves) for all structural
elements, see 5C-1-A5/5.9.

Step 3 Derive the expected maximum required curvature, κF. The curvature step size Δκ is to be taken asκF/300. The curvature for the first step, κ1 is to be taken as Δκ.

Derive the neutral axis zNA − i for the first incremental step (i = 1) with the value of the elastic hull girder
section modulus, see 3-2-1/9.

Step 4 For each element (index j), calculate the strain εij = κi zj – zNA − i  corresponding to κi, the
corresponding stress σj, and hence the force in the element σjAj. The stress σj corresponding to the
element strain εij is to be taken as the minimum stress value from all applicable stress-strain curves σ − ε
for that element.

Step 5 Determine the new neutral axis position zNA − i by checking the longitudinal force equilibrium over
the whole transverse section. Hence, adjustzNA − i until:Fi = 10−3ΔAjσj = 0
Note σj is positive for elements under compression and negative for elements under tension. Repeat from
Step 4 until equilibrium is satisfied. Equilibrium is satisfied when the change in neutral axis position is less
than 0.0001 m.

Step 6 Calculate the corresponding moment by summing the force contributions of all elements as follows:Mi = 10−3∑σjAj zj− zNA − i
Step 7 Increase the curvature by Δκ, use the current neutral axis position as the initial value for the next
curvature increment and repeat from Step 4 until the maximum required curvature is reached. The ultimate
capacity is the peak value Mu from the M− κ curve. If the peak does not occur in the curve, then κF is to
be increased until the peak is reached.

The expected maximum required curvature κF is to be taken as:

κF = 3max SMdkσyd, SMklσydEIv
5.7 Assumptions and Modeling of the Hull Girder Cross-section

In applying the procedure described in this Appendix, the following assumptions are to be made:

i) The ultimate strength is calculated at a hull girder transverse section between two adjacent
transverse webs.
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ii) The hull girder transverse section remains plane during each curvature increment.

iii) The material properties of steel are assumed to be elastic, perfectly plastic.

iv) The hull girder transverse section can be divided into a set of elements which act independently of
each other.

v) The elements making up the hull girder transverse section are:

● Longitudinal stiffeners with attached plating, with structural behavior given in 5C-1-A5/5.9.2,
5C-1-A5/5.9.3, 5C-1-A5/5.9.4, 5C-1-A5/5.9.5 and 5C-1-A5/5.9.6

● Transversely stiffened plate panels, with structural behavior given in 5C-1-A5/5.9.7

● Hard corners, as defined below, with structural behavior given in 5C-1-A5/5.9.1

vi) The following structural areas are to be defined as hard corners:

● The plating area adjacent to intersecting plates

● The plating area adjacent to knuckles in the plating with an angle greater than 30 degrees.

● Plating comprising rounded gunwales

An illustration of hard corner definition for girders on longitudinal bulkheads is given in 5C-1-
A5/5.7 FIGURE 3.

vii) The size and modeling of hard corner elements is to be as follows:

● It is to be assumed that the hard corner extends up to s/2 from the plate intersection for
longitudinally stiffened plate, where s is the stiffener spacing

● It is to be assumed that the hard corner extends up to 20tgrs from the plate intersection for
transversely stiffened plates, where tgrs is the gross plate thickness.

Note:

For transversely stiffened plate, the effective breadth of plate for the load shortening portion of the stress-strain curve is to be
taken as the full plate breadth, i.e., to the intersection of other plates – not from the end of the hard corner. The area is to be
calculated using the breadth between the intersecting plates.
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FIGURE 3
Example of Defining Structural Elements

5.9 Stress-strain Curves σ − ε (or Load-end Shortening Curves)
5.9.1 Hard Corners

Hard corners are sturdier elements which are assumed to buckle and fail in an elastic, perfectly
plastic manner. The relevant stress strain curve σ − ε is to be obtained for lengthened and
shortened hard corners according to 5C-1-A5/5.9.2.

5.9.2 Elasto-Plastic Failure of Structural Elements
The equation describing the stress-strain curve σ − ε of the elasto-plastic failure of structural
elements is to be obtained from the following formula, valid for both positive (compression or
shortening) of hard corners and negative (tension or lengthening) strains of all elements (see 5C-1-
A5/5.9.2 FIGURE 4):σ = Φσyd   kN/cm2(kgf/cm2)
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whereΦ = edge function

= –1 for ε < – 1
= ε for – 1 < ε < 1
= 1 for ε > 1ε = relative strain

=
εEεydεE = element strainεyd = strain corresponding to yield stress in the element

= σydE
Note:

The signs of the stresses and strains in this Appendix are opposite to those in the rest of the Rules.
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FIGURE 4
Example of Stress Strain Curves σ − ε

5.9.3 Beam Column Buckling
The equation describing the shortening portion of the stress strain curve σCR1− ε for the beam
column buckling of stiffeners is to be obtained from the following formula:σCR1 = ΦσC1 As+ beff − ptpAs+ stp   kN/cm2(kgf/cm2)
whereσC1 = critical stress, in kgf/cm2 (kgf/cm2)

= σE1ε for   σE1 ≤ σyd2 ε

Part 5C Specific Vessel Types
Chapter 1 Vessels Intended to Carry Oil in Bulk (150 meters (492 feet) or more in Length)
Appendix 5 Hull Girder Ultimate Strength Assessment of Oil Carriers 5C-1-A5

ABS RULES FOR BUILDING AND CLASSING MARINE VESSELS • 2024 312



= σyd 1− σydε4σE1 for   σE1 > σyd2 εσE1 = Euler column buckling stress, in kgf/cm2 (kgf/cm2)

= π2E IEAEℓ2ℓ = unsupported span of the longitudinal, in cms = plate breadth taken as the spacing between the stiffeners, in cmIE = net moment of inertia of stiffeners, in cm4, with attached plating of width beff − sbeff − s = effective width, in cm, of the attached plating for the stiffener

= sβp for βp > 1 . 0
= s for βp ≤ 1 . 0βp = stp εσydEAE = net area of stiffeners, in cm2, with attached plating of width beff − pbeff − p = effective width, in cm, of the plating

= 2 . 25βp − 1 . 25βp2 s for βp > 1 . 25
= s for βp ≤ 1 . 25

5.9.4 Torsional Buckling of Stiffeners
The equation describing the shortening portion of the stress-strain curve σCR2− ε for the lateral-
flexural buckling of stiffeners is to be obtained according to the following formula:σCR2 = Φ AsσC2 + stpσCPAs+ stp     kN/cm2(kgf/cm2)
whereσC2 = critical stress

= σE2ε for   σE2 ≤ σyd2 ε
= σyd 1− σydε4σE2 for   σE2 > σyd2 εσCP = ultimate strength of the attached plating for the stiffener

= 2 . 25βp − 1 . 25βp2 σyd for βp > 1 . 25
= σyd for βp ≤ 1 . 25βp = coefficient defined in 5C-1-A5/5.9.3σE2 = Euler torsional buckling stress, in kN/cm2 (kgf/cm2), equal to reference stress for torsional

buckling σETσET = E K/2 . 6 + nπ/ℓ 2Γ+ Co ℓ/nπ 2/E /Io 1 + Co ℓ/nπ 2/IofcL
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K = St. Venant torsion constant for the longitudinal’s cross section, excluding the associated plating

= bftf3+ dwtw3 /3Io = polar moment of inertia of the longitudinal, excluding the associated plating, about the toe
(intersection of web and plating)

= Ix+mIy+ As xo2+ yo2     in   cm4Ix,   Iy = moment of inertia of the longitudinal about the x- and y-axis, respectively, through the centroid
of the longitudinal, excluding the plating (x-axis perpendicular to the web), in cm4m = 1 . 0 – u 0 . 7 – 0 . 1dw/bfu = unsymmetry factor

= 1 – 2b1/bfCo = Etp3/3sΓ = warping constant≅ mIyfdw2 + dw3 tw3 /36Iyf = tfbf3 1 . 0 + 3 . 0u2dwtw/As /12fcL = critical buckling stress for the associated plating, corresponding to n-half waves

= π2E n/α+ α/n 2 tp/s 2/12 1 – ν2α = ℓ/sℓ = unsupported span of the longitudinal, in cms = plate breadth taken as the spacing between the stiffeners, in cmn = number of half-wave which yield a smallest σET
5.9.5 Web Local Buckling of Stiffeners with Flanged Profiles

The equation describing the shortening portion of the stress strain curve σCR3− ε for the web local
buckling of flanged stiffeners is to be obtained from the following formula:σCR3 = Φσyd beff − ptp+ dw − efftw+ bftfstp+ dwtw+ bftf     kN/cm2(kgf/cm2)
wheres = plate breadth taken as the spacing between the stiffeners, in cmbeff − p = effective width of the attached plating in cm, defined in 5C-1-A5/5.9.3dw− eff = effective depth of the web, in cm

= 2 . 25βw − 1 . 25βw2 dw for βw > 1 . 25
= dw for βw ≤ 1 . 25βw = dwtw εσydE
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5.9.6 Local Buckling of Flat Bar Stiffeners
The equation describing the shortening portion of the stress-strain curve σCR4− ε for the web
local buckling of flat bar stiffeners is to be obtained from the following formula:σCR4 = Φ AsσC4 + stpσCPAs+ stp     kN/cm2(kgf/cm2)
whereσCP = ultimate strength of the attached plating, in kN/cm2 (kgf/cm2)σC4 = critical stress, in kN/cm2 (kgf/cm2)

= σE4ε for   σE4 ≤ σyd2 ε
= σyd 1− σydε4σE4 for   σE4 > σyd2 εσE4 = Euler buckling stress

= 0 . 44π2E12 1− v2 twdw 2
5.9.7 Buckling of Transversely Stiffened Plate Panels

The equation describing the shortening portion of the stress-strain curve σCR5− ε for the buckling
of transversely stiffened panels is to be obtained from the following formula:

σCR5 = min σyd sℓstf 2 . 25βp − 1 . 25βp2 + 0 . 115 1− sℓstf 1 + 1βp2
2

σydΦ     kN/cm2(kgf/cm2)
whereβp = coefficient defined in 5C-1-A5/5.9.3s = plate breadth taken as the spacing between the stiffeners, in cmℓstf = span of stiffener equal to spacing between primary support members, in cm
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C H A P T E R  2
Vessels Intended to Carry Oil in Bulk (Under 150 Meters (492 feet) in

Length)

S E C T I O N  1
Introduction

1 General

1.1 Objective (2024)
1.1.1 Goal

The vessels covered in this section are to be designed, constructed, operated and maintained to:

Goal No. Goals

STRU 1 In the intact condition, have sufficient structural strength to withstand the environmental
conditions, loading conditions, and operational loads anticipated during the design life.

STRU 3 Provide protection to persons onboard, environment and required safety services.

STAB 3 Have adequate freeboard to prevent excessive water on deck.

FIR 1 Prevent the occurrence of fire and explosion.

ENV 1 Prevent and minimize oil pollution due to vessel operation and accidents.

MGMT 3 Establish procedures, plans and instructions for operations concerning the safety of the
personnel, vessel, and protection of the environment (ISM Code)

MGMT 5.1 Design and construct vessel, machinery, and electrical systems to facilitate safe access, ease of
inspection, survey, and maintenance.

1.1.2 Functional Requirements
To achieve the above stated goals, the design, construction, installation, and maintenance are to be
in accordance with the following functional requirements:

Functional
Requirement No.

Functional Requirements

Structure (STRU)

STRU-FR1 Scantlings are to have sufficient strength to resist failure and excessive deformation
associated with buckling and yielding when subjected to the loads anticipated throughout
the service life, such as external sea loads, cargo loads, ballast water and any other liquid
loads, and accidental overfill during loading.
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Functional
Requirement No.

Functional Requirements

STRU-FR2 Prevent fatigue damage throughout the anticipated design life.

STRU-FR3 Provide corrosion protection for ballast tanks and cargo oil tanks of crude oil tankers.

Safety Management (MGMT)

MGMT-FR1 Provide information to enable the vessel to be operated within the design envelope.

MGMT-FR2 Provide satisfactory arrangements for safe access for operation, inspection, and
maintenance.

Fire Safety (FIR)

FIR-FR1 Provide measures to separate cargo oil tanks from the spaces where sources of ignition are
normally present to prevent the occurrence of fire or explosion.

FIR-FR2 Coatings should not produce an ignition source due to contact with objects falling from
heights (ie outfitting components, structure, or dropped objects).

FIR-FR3 Provide cathodic protection fitted in cargo or adjacent ballast tanks that does not produce an
ignition source when falling on structures or contact by dropped objects.

FIR-FR4 (STRU) Provide means for clearing dangerous vapors in dry spaces and/or maintaining the pressure
in tanks within the designed limits for the designed environmental conditions and loading
conditions, including loading/unloading liquids.

FIR-FR5 The proper measures are to be provided to prevent the hazards of fire or explosion from
occurring for the arrangement of machinery, electrical equipment and ventilation of cargo
oil tanks.

Protection of Environment (ENV)

ENV-FR1 Properly arrange cargo oil tanks, fuel oil tanks and cargo pump rooms to protect from
collision or grounding to minimize oil pollution.

Stability (STAB)

STAB-FR1 Provide adequate watertight integrity and restoring energy (stability) to prevent capsize in
all loading conditions and foreseeable operating conditions including severe weather, icing,
dead ship, rolling resonance, and water trapped on deck.

The functional requirements covered in the cross-referenced Rules are also to be met.

1.1.3 Compliance
A vessel is considered to comply with the goals and functional requirements within the scope of
classification when the applicable prescriptive requirements are complied with or when an
alternative arrangement has been approved. Refer to Part 1D, Chapter 2.

1.2 Classification (2024)
In accordance with 1A-1-3/3 of the ABS Rules for Conditions of Classification (Part 1A), the mandatory
classification notation ✠A1 Oil Carrier is to be assigned to vessels designed for the carriage of oil
cargoes in bulk and built to the requirements of this section and other relevant sections of the Rules. As
used in the Rules, the term “oil” refers to petroleum products having flash points at or below 60°C (140°F),
closed cup test, and specific gravity of not over 1.05. Vessels intended to exclusively carry fuel oil having a
flash point above 60°C (140°F), closed cup test, are to receive the mandatory classification notation ✠A1
Fuel Oil Carrier and are to comply with the requirements of this section and other relevant sections of
the Rules, with the exception that the requirements for cofferdams, gas-tight bulkheads, and aluminum
paint may be modified.
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1.3 Application
1.3.1 Structural Arrangement (2024)

The requirements contained in this section are intended to apply to longitudinally framed, all-
welded double hull tankers having proportions in accordance with 3-1-2/7, machinery aft and two
or more continuous longitudinal bulkheads. Where the arrangement differs from that described,
equivalent strength is to be provided.

Double hull tanker: A tank vessel having full depth wing water ballast tanks or other non-cargo
spaces and full-breadth double bottom water ballast tanks or other non-cargo spaces within the
cargo area to prevent liquid cargo outflow in stranding/collision. The size and capacity of these
wing/ double bottom tanks or spaces are to comply with MARPOL 73/78 and national
Regulations, as applicable.

For clarification of the application of the requirements of Part 3 and this Chapter, see 5C-2-1/
Figure 1A.

Commentary:

Mid-deck tankers or single hull tankers may be specially considered. Refer to Appendices 5C-1-A3 and 5C-1-A4
of the archived 2023 Marine Vessel Rules.

End of Commentary
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FIGURE 1A 
Application Scope of Part 3 and 5C-2 (2024)

1.3.2 Engineering Analysis (2024)
Compliance with the requirements of 5C-2-2/13 may be accomplished through a detailed
investigation of the magnitude and distribution of the imposed longitudinal and transverse forces
by using an acceptable method of engineering analysis. Where it can be shown that the calculated
stresses using the loading conditions specified in 5C-2-2/13.5 are less than those stated to be
permissible, consideration will be given to scantlings alternative to those required by this section.
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1.5 Detail Design of Internal Members (2024)
The detail design of internals is to follow the guidance given in 3-1-2/15. See also Appendix 5C-1-A1 and
5C-2-2/13.5.

1.7 Breaks (2024)
Proper measures are to be taken throughout the structure to reduce local stresses at the ends of the cargo oil
spaces, superstructures, etc. The main longitudinal bulkheads are to be suitably tapered at their ends, and
effective longitudinal bulkheads or transition structures beyond cargo spaces are to be located to provide
effective continuity between the structure in way of and beyond the main cargo spaces. Where the break of
a superstructure lies within the midship 0 . 5L, the required shell and deck scantlings for the midship 0 . 4L
may be required to be extended to effect a gradual taper of structure, and the deck stringer plate and
sheerstrake are to be increased. See 5C-2-2/3.3 and 5C-2-2/5.1. Where the breaks of the forecastle or poop
are appreciably beyond the midship 0 . 5L, the requirements of 5C-2-2/3.3 and 5C-2-2/5.1 may be
modified.

1.9 Variations (2024)
Tankers of special type or design differing from those described in the following Rules are to be designed
on the basis of equivalent strength.

1.11 Loading Guidance
Loading guidance is to be as required by 3-2-1/7.

1.13 Higher-strength Materials (2024)
Applications of higher-strength materials for vessels intended to carry oil in bulk are to meet the
requirements of this section, but may be modified generally as outlined in the following sections:

3-2-4 for longitudinals and inner bottom plates

3-2-7 for longitudinals

3-2-8 for deep longitudinal members (3-2-8/9.3)

3-2-10 for bulkhead plating and stiffeners

3-2-2 for shell plating

3-2-3 for deck plating

In such cases, the shear strength of deep members is to be evaluated for compliance with the allowable
shearing stresses.

1.15 Pressure-vacuum Valve Setting (2024)
Where pressure-vacuum valves of cargo oil tanks are set at a pressure in excess of the pressure appropriate
to the length of the vessel (see 5C-1-7/11.11.2), the tank scantlings are to be designed based on the
increased pressure. The design head in Section 5C-2-2 for the structures of cargo oil tanks is to be adjusted
for the increased pressure. Particular attention is to be given to a higher pressure setting of pressure-
vacuum valves as may be required for the efficient operation of cargo vapor emission control systems,
where installed.

1.17 Corrosion Protection of Structure (2024)
For the corrosion protection of structure, see 3-2-18/5.

1.19 Aluminum Paint
Paint containing greater than 10 percent aluminum is not to be used in cargo tanks, on tank decks in way of
cargo tanks, in pump rooms and cofferdams, or in any other area where cargo vapor may accumulate.
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1.21 Tank Design Pressures
The requirements of this section are for tanks intended for the carriage of liquid cargoes with specific
gravities not greater than 1.05. Where the specific gravity is greater than 1.05, the design heads, ℎ, are to
be increased by the ratio of specific gravity to 1.05. See also 5C-1-7/11 with regard to pressure-vacuum
valve setting and liquid level control.

3 Special Requirements for Deep Loading
Where a vessel is intended to operate at the minimum freeboard allowed by the International Convention
on Load Lines, 1966, for Type-A vessels, the conditions in 5C-2-1/3.1 through 5C-2-1/3.9 are to be
complied with.

3.1 Machinery Casings (2024)
Machinery casings are normally to be protected by an enclosed poop or bridge, or by a deckhouse of
equivalent strength. The height of such structure is to be at least 1.8 m (5.9 ft) for vessels up to and
including 75 m (246 ft) in length, and 2.3 m (7.5 ft) for vessels 125 m (410 ft) or more in length. The
minimum height at intermediate lengths is to be obtained by interpolation. The bulkheads at the forward
ends of these structures are to be of not less scantlings than required for deckhouse-front bulkheads. (See
3-2-11/3) Machinery casings may be exposed, provided that they are specially stiffened and there are no
openings giving direct access from the freeboard deck to the machinery space. Where a door complying
with the requirements of 3-2-11/5.3 is fitted in the exposed machinery casing, it is to lead to a space or
passageway which is as strongly constructed as the casing and is to be separated from the engine room by a
second door complying with 3-2-11/5.3. The sill of the exterior door is not to be less than 600 mm (23.5
in.), and of the second door not less than 230 mm (9 in.). See 3-2-15/19.1.

3.3 Access
Satisfactory arrangements are to be provided to safeguard the crew in reaching all parts used in the
necessary work of the ship. See 3-2-17/3.

3.5 Hatchways (2024)
Exposed hatchways on the freeboard and forecastle decks or on the tops of expansion trunks are to be
provided with effective watertight covers of steel. Hatchways made of material other than steel are to have
strength and stiffness equivalent to those of steel.

3.7 Freeing Arrangements
Tankers with bulwarks are to have open rails fitted for at least half the length of the exposed parts of the
freeboard and superstructure deck or other effective freeing arrangements. The upper edge of the
sheerstrake is to be kept as low as practicable. Where superstructures are connected by trunks, open rails
are to be fitted for the whole length of the exposed parts of the freeboard deck.

3.9 Flooding (2024)
Type A tankers of over 150 m (492 ft) in freeboard length (see 3-1-1/3.3) or tankers of over 100 m (328 ft)
in freeboard length (see 3-1-1/3.3), to which freeboards less than type “B” are assigned, are to be able to
withstand the flooding of any compartment or compartments. See Regulation 27 of the International
Convention on Load Lines, 1966.

3.11 Ventilators (2024)
Ventilators to spaces below the freeboard deck are to comply with 3-2-17/11 or be protected by
superstructures or other efficient means.

5 Arrangement (2024)
The arrangements of the vessel are to comply with the requirements in Annex 1 to International
Convention for the Prevention of Pollution from Ships, with regard to oil fuel tank protection (Regulation
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12A), segregated ballast tanks (Regulation 18), their protective locations (Regulation 18.12), collision or
stranding considerations (Regulation 19), pump room bottom protection (Regulation 22), accidental oil
outflow performance (Regulation 23) and slop tanks (Regulation 29). A valid International Oil Pollution
Certificate issued by the Administration may be accepted as an evidence for compliance with these
requirements.

5.1 Subdivision (2024)
The subdivision of tankers is to comply with Regulation 28 of MARPOL Annex I in addition to
5C-2-1/3.9. See Section 3-3-1.

The length of the tanks, location of expansion trunks, and position of longitudinal bulkheads are to be
arranged to avoid excessive dynamic stresses in the hull structure.

5.3 Cofferdams (2024)
Cofferdams, thoroughly oiltight and vented, having widths as required for ready access, are to be provided
for the separation of all cargo tanks from galleys and living quarters, general cargo spaces which are below
the uppermost continuous deck, boiler rooms, and spaces containing propulsion machinery or other
machinery where sources of ignition are normally present. Pump rooms, compartments arranged solely for
ballast, and fuel-oil tanks may be considered as cofferdams in compliance with this requirement. See
example arrangement in 5C-2-1/Figure 1B.

FIGURE 1B 
Example Arrangement for Separation of Cargo Oil Tanks (2024)

Commentary:

The requirement is based on SOLAS Chapter II-2, Reg.4.5.1.
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As per SOLAS II-2/Reg.4.5.1.1, the lower portion of the pump-room may be recessed into machinery spaces of category A to
accommodate pumps, provided that the deck head of the recess is in general not more than one third of the moulded depth
above the keel, except that in the case of ships of not more than 25,000 tonnes deadweight, where it can be demonstrated that
for reasons of access and satisfactory piping arrangements this is impracticable, the Administration may permit a recess in
excess of such height, but not exceeding one half of the moulded depth above the keel.

ABS interpretation is that the 1/3 depth and 1/2 depth distance of the pump-room deck head recess as per SOLAS II−2/Reg.
4.5.1.1 may be measured from the top of the double bottom where it is fitted in accordance with Regulation 22 of Annex I
MARPOL 73/78 as amended. See 5C-2-1/Figure 1C below. The above interpretation is based on the condition that the
pump-room is fitted with a double bottom in accordance with Regulation 22 of Annex I MARPOL 73/78 as amended.
Acceptance by the flag Administration is to be obtained prior to applying this interpretation.

End of Commentary

FIGURE 1C 
Arrangement of Cargo Pump Room Recess into Machinery Spaces (2024)

5.5 Gastight Bulkheads
Gastight bulkheads are to be provided for the isolation of all cargo pumps and piping from spaces
containing stoves, boilers, propulsion machinery, electric apparatus, or machinery where sources of
ignition are normally present. These bulkheads are to comply with the requirements of 3-2-9.

5.7 Cathodic Protection
5.7.1 Anode Installation Plan

Where sacrificial anodes are fitted in cargo or adjacent ballast tanks, their material, disposition and
details of their attachment are to be submitted for approval.

5.7.2 Magnesium and Magnesium Alloy Anodes
Magnesium and magnesium alloy anodes are not to be used.

5.7.3 Aluminum Anodes
Aluminum anodes may be used in cargo tanks of tankers only in locations where the potential
energy does not exceed 275 N-m (28 kgf-m, 200 ft-lb). The height of the anode is to be measured
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from the bottom of the tank to the center of the anode, and its weight is to be taken as the weight
of the anode as fitted, including the fitting devices and inserts.

Where aluminum anodes are located on horizontal surfaces, such as bulkhead girders and
stringers, not less than 1 m (39 in.) wide and fitted with an upstanding flange or face flat
projecting not less than 75 mm (3 in.) above the horizontal surface, the height of the anode may be
measured from this surface.

Aluminum anodes are not to be located under tank hatches or Butterworth openings unless
protected from falling metal objects by adjacent tank structure.

5.7.4 Anode Attachment (2024)
Anodes are to have steel cores sufficiently rigid to avoid resonance in the anode support and are to
be designed to retain the anode even when it is wasted.

The steel cores are to be attached to the structure by means of continuous welds at least 75 mm (3
in.) in length. Alternatively, they may be attached to separate supports by bolting. A minimum of
two bolts with locknuts are to be used. See example fitting in 5C-2-1/Figure 1D.

The supports at each end of an anode are not to be attached to items of structure which are likely
to move independently.

Anode inserts and supports welded directly to the structure are to be arranged so that the welds are
clear of stress raisers.

FIGURE 1D
Example Fitting for Anodes (2024)

5.9 Ports in Pump Room Bulkheads (2024)
Where fixed ports are fitted in the bulkheads between a pump room and the machinery or other safe space,
they are to maintain the gastight and watertight integrity of the bulkhead. The ports are to be effectively
protected against the possibility of mechanical damage and are to be fire resistant. Hinged port covers of
steel, having non-corrosive hinge pins and secured from the safe space side, are to be provided. The covers
are to provide strength and integrity equivalent to the unpierced bulkhead. Except where it may interfere
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with the function of the port, the covers are to be secured in the closed position. Covers made of material
other than steel are to have strength, stiffness and fire-resistant properties equivalent to those of steel.
Lighting fixtures providing strength and integrity equivalent to that of the steel port covers may be
accepted as an alternative.

5.11 Location of Cargo Oil Tank Openings
Cargo oil tank openings, including those for tank cleaning, which are not intended to be secured gastight at
all times during the normal operation of the vessel are not to be located in enclosed spaces. For the purpose
of this requirement, spaces open on one side only are to be considered enclosed. See also 5C-2-1/5.19.

5.13 Structural Fire Protection
The applicable requirements of Section 3-4-1 are to be complied with.

5.15 Allocation of Spaces
5.15.1 Tanks Forward of the Collision Bulkhead

Tanks forward of the collision bulkhead are not to be arranged for the carriage of oil or other
liquid substances that are flammable.

5.15.2 Double Bottom Spaces and Wing Tank Spaces
For vessels of 5000 tons deadweight and above, double bottom spaces or wing tanks adjacent to
cargo oil tanks are to be allocated for water ballast or spaces other than cargo and fuel oil tanks.

5.17 Access to and Within Spaces in, and Forward of, the Cargo Area of Oil Tankers (2019)
The provision of suitable means of access to the hull structures for the purpose of carrying out overall and
close-up surveys and inspections is to be provided for compliance with Regulation II-1/3-6 of SOLAS.

5.19 Duct Keels or Pipe Tunnels in Double Bottom
Duct keels or pipe tunnels are not to pass into machinery spaces. Provision is to be made for at least two
exits to the open deck arranged at a maximum distance from each other. One of these exits may lead to the
cargo pump room, provided that it is watertight and fitted with a watertight door complying with the
requirements of 3-2-9/9.1 and in addition with the following:

i) In addition to bridge operation, the watertight door is to be capable of being closed from outside
the main pump room entrance; and

ii) A notice is to be affixed at each operating position to the effect that the watertight door is to be
kept closed during normal operations of the ship, except when access to the pipe tunnel is
required.

For the requirements of ventilation and gas detection in duct keels or pipe tunnels, see 5C-1-7/31.17.1.

5.21 Ventilation
Holes are to be cut in every part of the structure where otherwise there might be a chance of gases being
“pocketed”. Effective ventilation is to be provided to pump rooms and other working spaces adjacent to the
oil tanks. In general, floor plating is to be of an open type not to restrict the flow of air. See 5C-1-7/17.
Efficient means are to be provided for clearing the oil spaces of dangerous vapors by means of artificial
ventilation or steam. For the venting of the cargo tanks, see 5C-1-7/11 and 5C-1-7/21.

5.23 Pumping Arrangements
See applicable requirements in Section 5C-1-7.
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5.27 Electrical Equipment
See 5C-1-7/31 and 5C-1-7/33.

5.29 Testing (2024)
Testing of the hull structure during construction is to comply with Part 3, Chapter 7.

5.31 Machinery Spaces (2024)
Machinery spaces aft are to be stiffened transversely. Longitudinal material at the break is also to be
properly designed to reduce concentrated stresses in this region. Longitudinal wing bulkheads are to be
incorporated with the machinery casings or with substantial accommodation bulkheads in the tween decks
and within the poop or deckhouse.

5.33 Location of Fuel Tanks in Cargo Area (2024)
Fuel tanks that have a common boundary to cargo tanks are not to be situated within the cargo tank block.
Such tanks may, however, be situated at the forward and aft ends of the cargo tank block instead of
cofferdams. Fuel tanks are not to extend either fully or partly into cargo or slop tanks. They may, however,
be located as independent tanks on open deck in the cargo area subject to spill and fire safety
considerations. Fuel tanks are not permitted to extend into the protective area of cargo tanks required by
MARPOL Annex I.

The arrangement of independent fuel tanks and associated fuel piping systems, including the pumps, can
be as for fuel tanks and associated fuel piping systems located in the machinery spaces, see 4-6-4/13. For
electrical equipment, requirements for hazardous area classification are to be taken into account.

The cargo tank block, shown in 5C-2-1/5.33 FIGURE 1E, is the part of the ship extending from the aft
bulkhead of the aftmost cargo or slop tank to the forward bulkhead of the forward most cargo or slop tank,
extending to the full depth and beam of the ship, but not including the area above the deck of the cargo or
slop tank.

FIGURE 1E
Cargo Tank Block (2024)
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Commentary:

See IACS Unified Interpretation of SOLAS II−2/3.6 and II−2/4.5.1.1 concerning Protection of Fuel Oil Tanks. (IACS UI
SC211)

End of Commentary
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C H A P T E R  2
Vessels Intended to Carry Oil in Bulk (Under 150 Meters (492 feet) in

Length)

S E C T I O N  2
Hull Structure

1 General (2024)

1.1 Objective
1.1.1 Goal

The vessels covered in this section are to be designed, constructed, operated and maintained to:

Goal No. Goals

STRU 1 In the intact condition, have sufficient structural strength to withstand the environmental
conditions, loading conditions, and operational loads anticipated during the design life.

STRU 3 Provide protection to persons onboard, the environment and required safety services.

1.1.2 Functional Requirements
To achieve the above stated goals, the design, construction, installation, and maintenance are to be
in accordance with the following functional requirements:

Functional
Requirement No.

Functional Requirements

Structure (STRU)

STRU-FR1 Adequate longitudinal strength shall be provided to resist bending moments and shear forces
associated with vessel loading and wave loads anticipated during the design lift.

STRU-FR2

Scantlings are to have sufficient strength to resist failure and excessive deformation
associated with buckling and yielding when subjected to the loads anticipated throughout
the service life, including hull girder loads, cargo loads, sloshing loads, green water loads,
hydrostatic loads (tanks and watertight boundaries), etc.

STRU-FR3 Corrugated bulkheads are to be designed with proper connection at the ends to avoid stress
concentrations that may lead to yielding or fatigue cracks.
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Functional
Requirement No.

Functional Requirements

STRU-FR4
Kunckle between inner bottom and hopper plate is to be designed with adequate fatigue
strength to withstand dynamic loads associated with global and local environmental loads
anticipated during the design life.

STRU-FR5 Provide proper structural transition beyond the cargo spaces to avoid stress concentration.

1.1.3 Compliance
A vessel is considered to comply with the goals and functional requirements within the scope of
classification when the applicable prescriptive requirements are complied with or when an
alternative arrangement has been approved. Refer to Part 1D, Chapter 2.

In general, the requirements of Part 3, Chapter 2 are to be complied with except as modified in this
Section.

2 Hull Girder Strength

2.1 Normal-strength Standard
The longitudinal hull girder strength is to be not less than required by the equations given in 3-2-1/3.7 and
3-2-1/3.9. In vessels under 90 m (295 ft) in length, the longitudinal hull girder strength is to be not less
than required by 3-2-1/3.1.

2.3 Still-water Bending Moment Calculations
For still-water bending moment calculations, see 3-2-1/3.3.

3 Shell Plating

3.1 Amidships
Shell plating within the midship 0 . 4L is to be of not less thickness than is required for longitudinal hull
girder strength. It is also not to be less than that obtained from 5C-2-2/3.1.1 through 5C-2-2/3.1.3.

3.1.1 Bottom Shell Thickness (2024)
The bottom shell thickness is to be in accordance with 3-2-2/3.15.

3.1.2 Side Shell Thickness
The thickness t of the side shell plating is not to be less than obtained from 5C-2-2/3.1.2(a) and
5C-2-2/3.1.2(b).

3.1.2(a)t = 0 . 01L(6 . 5 + 21/D) mmt = 0 . 0003937L(2 . 0 + 21/D) in .
3.1.2(b)t = 0 . 0052s 0 . 7d+ 0 . 02L+ 2 . 5 mmt = 0 . 00287s 0 . 7d+ 0 . 02L+ 0 . 1 in .
where
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L = length of vessel, as defined in 3-1-1/3.1d = molded draft to the summer load line, as defined 3-1-1/9, in m (ft)D = molded depth, as defined in 3-1-1/7.1, in m (ft)s = spacing of bottom longitudinals or spacing of side longitudinals or vertical side frames, in mm (in.)

3.1.3 Shell Thickness
Where a double bottom is fitted and is not to be used for the carriage of cargo oil, the bottom shell
thickness may be in accordance with 3-2-2/3.13, and if a double skin is provided and is not to be
used for the carriage of cargo oil, the side shell thickness may be in accordance with 3-2-2/3.9.

3.3 Sheer strake
The thickness of the sheerstrake is to be not less than the thickness of the side-shell plating, nor less than
required by 5C-2-2/5.1.2. The thickness is to be increased 25% in way of breaks of superstructures, but this
increase need not exceed 6.5 mm (0.25 in.). See 5C-2-1/1.7.

3.5 Keel Plate
The thickness of the flat plate keel is to be not less than that required for the bottom shell plating at that
location increased by 1.5 mm (0.06 in.), except where the submitted docking plan (see 3-1-2/11) specifies
all docking blocks be arranged away from the keel.

3.7 Flat of Bottom Forward
Where the heavy weather ballast draft forward is less than 0 . 04L, the plating on the flat of bottom forward
of the location in 3-2-4/15.7.2 TABLE 1B is to be not less than required in 3-2-2/5.5. For this assessment,
the heavy weather ballast draft forward is to be determined by using segregated ballast tanks only.

3.9 Plating Outside Midship 0.4L
The bottom and side shell, including the sheerstrake beyond the midship 0 . 4L, is generally to be in
accordance with the requirements of 3-2-2/5 and is to be gradually reduced from the midship thickness to
the end thickness.

3.11 Vessels under 90 m (295 ft) 
In vessels under 90 m (295 ft) in length, the thickness of the bottom shell is to be obtained from 3-2-2/3.

3.13 Bilge Keels
Bilge keels are to comply with 3-2-2/13.

5 Deck Plating

5.1 Amidships
The strength deck within the midship 0 . 4L is to be of not less thickness than is required to provide the
deck area necessary for longitudinal strength in accordance with 5C-2-2/2; nor is the thickness to be less
than determined by the following equations for thickness of deck plating.

5.1.1 t = 0 . 0016s L − 53 + 0 . 32 LD − 2 . 5     mmt = 0 . 000883s L − 174 + 0 . 0126 LD − 0 . 1     in .
5.1.2 t = s 30 . 48 + L4981 + 40L     L < 150   m
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t = s 100 + L16339 + 40L     L < 492   ft
wheret = plate thickness, in mm (in.)s = spacing of deck longitudinals, in mm (in.)L = length of vessel, as defined in 3-1-1/3.1, in m (ft)D = molded depth, as defined in 3-1-1/7.1, in m (ft)

The thickness of the stringer plate is to be increased 25% in way of breaks of superstructures, but
this increase need not exceed 6.5 mm (0.25 in.). See 5C-2-1/1.7. The required deck area is to be
maintained throughout the midship 0 . 4L of the vessel or beyond the end of a superstructure at or
near the midship 0 . 4L point. From these locations to the ends of the vessel, the deck area may be
gradually reduced in accordance with 3-2-1/11.3. Where bending moment envelope curves are
used to determine the required hull girder section modulus, the foregoing requirements for
strength deck area may be modified in accordance with 3-2-1/11.3. Where so modified, the
strength deck area is to be maintained a suitable distance from superstructure breaks and is to be
extended into the superstructure to provide adequate structural continuity.

5.3 Vessels under 90 m (295 ft)
In vessels under 90 m (295 ft) in length, the thickness of deck plating is to be obtained from 3-2-3/3.

7 Bulkhead Plating

7.1 Plating Thickness
The plating is to be of not less thickness than is required for deep-tank bulkheads by 3-2-10/3, where ℎ is
measured from the lower edge of the plate to the top of the hatch or to a point located 1.22 m (4 ft) above
the deck at side amidships, whichever is greater. The upper strakes are to be increased above these
requirements to provide a proper margin for corrosion. It is recommended that the top strake of a complete
longitudinal bulkhead be not less than 9.5 mm (3/8 in.) in vessels of 91.5 m (300 ft) length, and 12.5 mm (1/2
in.) in vessels of 150 m (492 ft) length, and that the strake below the top strake be not less than 9.5 mm (3/8
in.) in vessels of 122 m (400 ft) length and 10.5 mm (13/32 in.) in vessels of 150 m (492 ft) in length, with
intermediate thicknesses for intermediate lengths. See also 5C-2-1/1.15.

9 Long or Wide Tanks

9.1 Oiltight Bulkheads (2024)
In vessels fitted with long tanks, the scantlings of oiltight transverse bulkheads in smooth-sided tanks are
to be specially considered when the spacing between tight bulkheads, nontight bulkheads, or partial
bulkhead exceeds 12 m (40 ft) in the case of corrugated-type construction, or 15 m (50 ft) in the case of
flat-plate type of construction. Special consideration is to be given to the scantlings of longitudinal oiltight
bulkheads forming the boundaries of wide tanks. Where the length of the smooth-sided tanks exceeds0 . 1L or the breadth exceeds 0 . 6B, nontight bulkheads are to be fitted, unless calculations are submitted to
prove that no resonance due to sloshing will occur in service by prescriptive check as per 5C-1-3/11.3 or
other acceptable method of engineering analysis.

Commentary:

Alternatively, reinforcements to the bulkheads and decks, without nontight bulkheads, may be determined by prescriptive
check as per 5C-1-4/13 to withstand the sloshing pressures specified in 5C-1-3/11.5 or other acceptable method of
engineering analysis.
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End of Commentary

9.3 Nontight Bulkheads (2024)
Nontight bulkheads are to be fitted in line with transverse webs, bulkheads or other structures with
equivalent rigidity. They are to be suitably stiffened. Openings in the nontight bulkhead are to have
generous radii and their aggregate area is not to exceed 33%, nor to be less than 10% of the area of the
nontight bulkhead. Plating is to be of not less thickness than that required by 5C-2-2/17 TABLE 2. Section
moduus of stiffeners and webs is to be one half of the requirements for watertight bulkheads in 3-2-9/5.3
and 3-2-9/5.7.

Commentary:

Alternatively, the opening ratio and scantlings may be determined by an acceptable method of engineering analysis. See
Commentary under 5C-2-2/13.1.

End of Commentary

11 Double Bottom Structure

11.1 General (2024)
A double bottom is to be fitted extending from the collision bulkhead to the after peak bulkhead, as far as
is practicable and compatible with the overall design and operation of the vessel. The arrangement and
double bottom height are to comply with 5C-2-1/5.

Where a double bottom is fitted, it is generally to be arranged with a centerline girder, or equivalent, and,
where necessary, with full depth side girders similar to Section 3-2-4. The arrangements and scantlings of
the double bottom structure as given in Section 3-2-4 are to be used, except where modified by this
section. Increases in scantlings will be required where tanks other than double bottom tanks are designed to
be empty with the vessel in a loaded condition. Alternatively, consideration will be given to arrangements
and scantlings determined by an acceptable method of engineering analysis, provided that the stresses are
in compliance with 5C-2-2/13. See Commentary under 5C-2-2/13.1. Where ducts forming a part of the
double bottom structure are used as a part of the piping system for transferring cargo oil or ballast, the
structural integrity of the duct is to be safeguarded by suitable relief valves or other arrangement to limit
the pressure in the system to the value for which it is designed.

11.3 Floors and Girders (2024)
The thickness of floors and girders is to be as required by Section 3-2-4. Where tanks adjacent to the
double bottom are designed to be empty with the vessel in a loaded condition, the floors and girders in the
double bottom are to specially considered by Engineering Analysis. Where the heavy weather ballast draft
forward is less than 0 . 04L the fore-end arrangement of floors and side girders is to comply with
3-2-4/13.1 and 3-2-4/13.3.

11.5 Inner Bottom
The thickness of the inner-bottom plating is to be not less than required by Section 3-2-10, with a head to
1.22 m (4 ft) above the deck at side amidships or to the top of the hatch, whichever is greater.

11.7 Inner-bottom Longitudinals
Scantlings for inner-bottom longitudinals are to be not less than required in 5C-2-2/15.3, using c = 1 . 00.
Where effective struts are fitted between inner-bottom and bottom longitudinals, the inner-bottom
longitudinals are not to be less than required in 5C-2-2/15.3, using c = 0 . 55, or 85% of the requirement in
3-2-4/11.3 for bottom longitudinals, using c = 0 . 715, whichever is greater.
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11.9 Bottom Longitudinals
Scantlings for bottom longitudinals are to be not less than required by 3-2-4/11.3. Where effective struts
are fitted between bottom and inner-bottom longitudinals, the bottom longitudinals are to be not less than
90% of the inner-bottom longitudinal requirement in 5C-2-2/15.3, using c = 0 . 55, or the requirement in
3-2-4/11.3, using c = 0 . 715, whichever is greater. Where the heavy weather ballast draft forward is less
than 0 . 04L, the flat of bottom-forward longitudinals are to be not less than required by 3-2-4/13.5.

13 Deep Supporting Members

13.1 General (2024)
Webs, girders and transverses which support longitudinal frames, beams or bulkhead stiffeners, generally
are to be in accordance with the following paragraphs. It is recommended that deep girders be arranged in
line with webs and stringers to provide complete planes of stiffness. In vessels without a longitudinal
centerline bulkhead or effective centerline supporting member, a center vertical keel having sufficient
strength to serve as one line of support is to be provided where centerline keel blocks are used in
drydocking operations.

Commentary:

For the acceptable method of engineering analysis mentioned in 5C-2-2/13, yielding strength of deep supporting members
may be assessed through finite element (FE) analysis. In general, a 3D finite element model that consists of one cargo hold
amidship extending one-half cargo hold length beyond two transverse bulkheads should be used in the analysis. Refer to
Section 3-2-20 for guidance on finite element analysis.

Static loads should be applied to the FE model for each of the loading conditions specified in 5C-2-2/13.5. Two opposite
bending moments should be added to the two independent nodes respectively to calibrate the bending moment at midship to
meet the target bending moment. The resultant stresses should be assessed as per 3-2-20/9.1.

Alternatively, for vessels under 120 m, 2D or 3D beam strength analysis of deep supporting members is considered
acceptable.

End of Commentary

13.3 Section Modulus (2024)
Each member, is to have a section modulus, SM, in cm3 (in3), not less than obtained from the following
equation:SM = M/f cm3(in3)
whereM = maximum bending moment along the member between the toes of the end brackets as computed by an

acceptable method of engineering analysis, in kN-cm (kgf-cm, Ltf-in.)f = permissible maximum bending stress, as determined from the following table.

Values of f (Ordinary-strength Steel)

 kN/cm 2 kgf/cm 2 Ltf/in 2

Transverse members 13.9 1420 9

Longitudinal members 9.3 947 6

Note: Local axial loads on webs, girders or transverses are to be accounted for by reducing the maximum permissible
bending stress.
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In addition, the following equation is to be used in obtaining the required section modulus SM.SM = 4 . 74cℎsℓb2 cm3
SM = 0 . 0025cℎsℓb2 in3c for bottom and deck transverses as shown in 5C-2-2/17 FIGURE 1.

= 2.00 for bottom girders, vertical webs on transverse bulkheads, horizontal girders and stringers

= 2.50 for deck girdersc for side transverses and vertical webs on longitudinal bulkheads

= 1.50 without struts

= 0.85 with one horizontal strut

= 0.65 with two horizontal struts

= 0.55 with three horizontal struts

= Where a centerline longitudinal bulkhead is fitted, the value of cfor side-shell transverses and vertical webs on
longitudinal wing bulkheads will be subject to special consideration.

Where no struts or other effective supporting arrangements are provided for the wing-tank vertical
transverses, the deck transverses in the wing tanks are to have section modulus values not less than 70% of
that for the vertical side transverses. In no case are the deck transverses in the wing tank to have less than
70% of the section modulus for the corresponding members in the center tanks.s = spacing of transverses, or width of area supported, in m (ft)ℎ = bottom transverses and girders of the depth of the vessel, D, in m (ft). See also 5C-2-1/1.15.

= side transverses and vertical webs on longitudinal bulkheads, vertical webs on transverse bulkheads and
horizontal girders and stringers, the vertical distance, in m (ft) from the center of the area supported to a point
located 1.22 m (4 ft) above the deck at side amidships in vessels 61 m (200 ft) in length, and to a point located
2.44 m (8 ft) above the deck at side amidships in vessels 122 m (400 ft) in length and above; for intermediate
lengths, intermediate points may be used. The value of ℎ is to be not less than the vertical distance from the
center of the area supported to the tops of the hatches, in m (ft). See also 5C-2-1/1.15.

= deck transverses and girders, in m (ft), is to be measured as indicated above for side transverses, etc., except
that in no case is it to be less than 15% of the depth of vessel.ℓb = span of the member, in m (ft), measured between the points of support as indicated in 5C-2-2/17 FIGURE 1.
Where effective brackets are fitted, the length ℓb is to be measured as indicated in 5C-2-2/17 FIGURE 2a and
5C-2-2/17 FIGURE 2b; nor is the length for deck and bottom transverses in wing tanks to be less than0 . 125B or one-half the breadth of the wing tank, whichever is the greater. Where a centerline longitudinal
bulkhead is also fitted, this minimum length will be specially considered.

Commentary:

Engineering analysis mentioned in Commentary under 5C-2-2/13.1 may be performed to evaluate of effect of a centerline
longitudinal bulkhead.

End of Commentary
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13.5 Local Loading Conditions (2024)
In addition to withstanding the loads imposed by longitudinal hull girder shearing and bending action, the
structure is to be capable of withstanding the following local loading conditions without exceeding the
permissible bending and average shearing stresses stated in 5C-2-2/13.3 and 5C-2-2/13.7.

● Center tank loaded; wing tanks empty; 1/3 summer load line draft

● Center tank empty; wing tanks loaded; 1/3 summer load line draft

● Center and wing tanks loaded; 1/3 summer load line draft

Note:

For loaded tanks the head h is to be measured to a point located 2.44 m (8 ft) above the deck at side, except in the case of
vessels less than 122 m (400 ft) in length, as explained in 5C-2-2/13.3. See also 5C-2-1/1.15.

In addition, where the arrangement of the vessel involves tanks of relatively short length, or tanks
designated as permanent ballast tanks, it is recommended that the following appropriate loading conditions
also be investigated:

● Center tank loaded; wing tanks empty; summer load line draft

● Center tank empty; wing tank loaded; summer load line draft

In all cases, the structure is to be reviewed for other realistic loading conditions associated with the vessel's
intended service.

Commentary:

For acceptable engineering analysis methods, see Commentary under 5C-2-2/13.1.

To comply with 5C-2-1/1.3.3 and 5C-2-1/1.5, the designer should consider carrying out an FEA to evaluate the stress and
fatigue of these critical areas for tankers over 90 m (200 ft) in length for the following cases:

a Fatigue strength of the knuckle between inner bottom and hopper plate should be carried out if the knuckles are not
supported as shown in the figure below. Refer to Section 3-2-20 for FEA strength analysis. Fatigue loads should
consider main global and local wave induced loads which can be either by rule loads or direct calculation as per
the ABS Guide for Spectral-based Fatigue Analysis for Vessels or other equivalent method. The following two
loading conditions should be taken into account:

● Full load condition upon departure

● Normal ballast condition upon arrival
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b Calculations or FE strength analysis should be carried out for vertically corrugated bulkheads where a lower stool
is not fitted. Reference can be made to 3-2-9/7.5. An example of a corrugated bulkhead with and without lower
stool is shown in the figure below:

End of Commentary

13.7 Web Portion of Members (2024)
The net sectional area of the web portion of the member, including effective brackets where applicable, is
not to be less than obtained from the following equation.A = F/q cm2(in2)
where
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F = shearing force at the point under consideration, kN (kgf, Ltf)q = allowable average shearing stress in the web of the supporting member, as determined from 5C-2-2/17 TABLE
1.

For longitudinal supporting members, the value of q is to be 80% of the value shown in 5C-2-2/17 TABLE
1.

Where individual panels exceed the limits given in 5C-2-2/17 TABLE 1, detail calculations are to be
submitted in support of adequate strength against buckling.

The thickness of the web portions of the members is not to be less than given in 5C-2-2/17 TABLE 2 for
minimum thickness. Reduced thickness may be considered for higher strength materials if the buckling and
fatigue strength is proven adequate.

Commentary:

It is recommended that compliance with the foregoing requirement be accomplished through a detailed investigation of the
magnitude and distribution of the imposed shearing forces by means of an acceptable method of engineering analysis. Where
this is not practicable, the following equations may be used as guides in approximating the shearing forces.F = csD(kℓs – ℎe) for bottom transverses

F = cs KLℓsℎ− ℎe ℎ + ℓs2 − ℎe2 for lower side transverses or vertical transverses on longitudinal
bulkheadsF = cs KUℓsℎ− ℎe ℎ− ℓs2 + ℎe2 for upper side transverses or vertical transverses on longitudinal
bulkheads

wherec = 10.05 (1025, 0.0285)s = spacing of transverses, in m (ft)D = depth of vessel, as defined in 3-1-1/7, in m (ft)B = breadth of vessel as defined in 3-1-1/5, in m (ft)ℓs = span of transverse, in m (ft), as indicated in 5C-2-2/17 FIGURE 3ℎe = effective length or height of bracket, in m (ft), as indicated in 5C-2-2/17 FIGURE 3. In no case is ℎe to be
greater than 0 . 33ℓsℎ = vertical distance, in m (ft), as defined in 5C-2-2/13.3, for the particular member in question. See also
5C-2-1/1.15.K = bottom members, K is as shown in 5C-2-2/17 FIGURE 3 for the point under considerationKL = lower side transverses or vertical transverses on longitudinal bulkheads

= 0.65 without struts

= 0.55 with one strut

= 0.43 with two struts

= 0.38 with three or more strutsKU = upper side transverses or vertical transverses on longitudinal bulkheads

= 0.35 without struts

= 0.25 with one strut
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= 0.20 with two struts

= 0.17 with three or more struts

Where a centerline longitudinal bulkhead is fitted, the tabulated values of KL and KU will be specially considered.

The net sectional area of the lower side transverse as required by the foregoing paragraphs should be extended up to the
lowest strut, or to 0 . 33ℓs, whichever point is the higher. The required sectional area of the upper side transverse may be
extended over the upper 0 . 33ℓs of the member.

End of Commentary

13.9 Proportions (2024)
Webs, girders and transverses are to be not less in depth than required by the following, where the required
depth of member is expressed as a percentage of the span.

12.5% for side and deck transverses, for webs and horizontal girders of longitudinal bulkheads, and for
stringers.

20% for deck and bottom centerline girders, bottom transverses, and webs and horizontal girders of
transverse bulkheads.

The depth of side transverses and vertical webs is to be measured at the middle of ℓb, as defined in
5C-2-2/13.3, and the depth may be tapered from bottom to top by an amount not exceeding 8 mm per 100
mm (1 in. per ft). In no case are the depths of members to be less than 3 times the depth of the slots for
longitudinals. The thickness of webs is to be not less than required by 5C-2-2/13.7, nor is it to be less than
the minimum thickness given in 5C-2-2/17 TABLE 2.

Commentary:

Proportions not meeting 3-2-2/13.9 should be determined by shear and buckling strength assessment based on direct
engineering analysis.

End of Commentary

13.11 Brackets
Brackets are generally to be of the same thickness as the member supported, are to be flanged at their
edges, and are to be suitably stiffened.

13.13 Stiffeners and Tripping Brackets
13.13.1 Web Stiffeners

Stiffeners are to be fitted for the full depth of the deep supporting member at the following
intervals, unless specially approved based on the structural stability of deep supporting members:

Location Interval

Bottom every longitudinal

Side every second longitudinal

Bulkhead every second stiffener

Deck every third longitudinal

Special attention is to be given to the stiffening of web plate panels close to change in contour of
web or where higher strength steel is used.
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The moment of inertia, I, of the above stiffener, with the effective width of plating not exceeding s
or 0 . 33ℓ, whichever is less, is not to be less than the following equations:

I = 0 . 19ℓt3(ℓ/s)3 cm4(in4) for ℓ/s ≤ 2 . 0
I = 0 . 38ℓt3(ℓ/s)2 cm4(in4) for ℓ/s > 2 . 0

whereℓ = length of stiffener between effective supports, in cm (in.)t = required thickness of web plating, in cm (in.), but need not be greater than s/80s = spacing of stiffeners, in cm (in.)

Web stiffeners are to be attached to the deep webs, longitudinals and stiffeners by continuous fillet
welds.

Where depth/thickness ratio of the web plating exceeds 200, a stiffener is to be fitted parallel to
the flange at approximately one-quarter depth of the web from the face plate. Special attention is
to be given to providing for compressive loads.

13.13.2 Tripping Bracket
Tripping brackets, arranged to support the flanges, are to be fitted at intervals of about 3 m (10 ft),
close to change of section, and in line with or as near as practicable to the flanges of struts.

13.15 Slots and Lightening Holes
Slots and lightening holes, where cut in webs, are to be kept well clear of other openings. The slots are to
be neatly cut and well rounded. Lightening holes are to be located midway between the slots and at about
one-third of the depth of the web from the shell, deck or bulkhead. Their diameters are not to exceed one-
fourth the depth of the web. In general, lightening holes are not to be cut in those areas of webs, girders
and transverses where the shear stresses are high. Similarly, slots for longitudinals are to be provided with
filler plates or other reinforcement in these same areas. Where openings are required in high shear stress
areas, they are to be effectively compensated. Continuous fillet welds are to be provided at the connection
of the filler plates to the web and of the filler plate to the longitudinals.

13.17 Struts (2024)
Where one or more struts are fitted as an effective supporting system for the wing-tank members, they are
to be spaced so as to divide the supported members into spans of approximately equal length. The value ofW for struts is obtained from the following equation:W = nbℎs kN(tf, Ltf)
wheren = 10.5 (1.07, 0.03)b = mean breadth, in m (ft), of the area supportedℎ = vertical distance, in m (ft), from the center of the area supported to a point located 1.22 m (4 ft) above the deck

at side amidships in vessels 61 m (200 ft) in length and to a point located 2.44 m (8 ft) above the deck at side
amidships in vessels 122 m (400 ft) in length and above; for intermediate lengths, intermediate points may be
used. The value of ℎ is not to be less than the vertical distance, in m (ft), from the center of the area supported
to the tops of the hatches.
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The permissible load of struts, Wa, is to be determined by the following equation and is to be equal to or
greater than the calculated W as determined above.Wa = (k − nℓ/r)A kN(tf, Ltf)
wherek = 12.09 (1.232, 7.83) ordinary strength steel

= 16.11 (1.643, 10.43) HT32

= 18.12 (1.848, 11.73) HT36

= 19.13 (1.951, 12.38) HT40ℓ = unsupported span of the strut, in m (ft)r = least radius of gyration, in cm (in.)A = cross sectional area of the strut, in cm (in.)n = 4.44 (0.452, 0.345) ordinary strength steel

= 7.47 (0.762, 0.581) HT32

= 9.00 (0.918, 0.699) HT36

= 9.76 (0.996, 0.758) HT40

The foregoing equation applies where ℓ/r, with ℓ and r in the same units, is less than 130.

Special attention is to be paid to the end connections for tension members, as well as to the stiffening
arrangements at their ends, to provide effective means for transmission of the compressive forces into the
webs. In addition, horizontal stiffeners are to be located in line with and attached to the first longitudinal
above and below the ends of the struts.

Commentary:

The vertical and longitudinal webs should be provided with adequate fairing end brackets and be securely connected to the
struts. See example figures for connection details designed to avoid cracks at the strut end connection:
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End of Commentary

15 Frames, Beams and Bulkhead Stiffeners

15.1 Arrangement
The sizes of the longitudinals or stiffeners as given in this paragraph are based on the transverses or webs
being regularly spaced. Longitudinals or horizontal stiffeners are to be continuous or attached at their ends
to effectively develop their sectional area. This requirement may be modified in the case of stiffeners on
transverse bulkheads. Longitudinals and stiffeners are to be attached to the transverses or webs to
effectively transmit the loads onto these members. Consideration is to be given to the effective support of
the plating in compression when selecting the size and spacing of longitudinals.
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15.3 Structural Sections
15.3.1 Section Modulus

Each structural section for longitudinal frames, beams, or bulkhead stiffeners, in association with
the plating to which it is attached, is to have a section modulus, SM, not less than obtained from
the following equation:SM = 7 . 8cℎsℓ2 cm3
SM = 0 . 0041cℎsℓ2 in3
wherec = 1.40 for bottom longitudinals

= 0.95 for side longitudinals

= 1.25 for deck longitudinals

= 1.00 for vertical frames

= 1.00 for horizontal or vertical stiffeners on transverse bulkheads and vertical stiffeners on
longitudinal bulkheads

= 0.90 for horizontal stiffeners on longitudinal bulkheads.ℎ = distance, in m (ft), from the longitudinals, or from the middle of ℓ for vertical stiffeners, to a point
located 1.22 m (4 ft) above the deck at side amidships in vessels of 61 m (200 ft) length, and to a
point located 2.44 m (8 ft) above the deck at side amidships in vessels of 122 m (400 ft) length and
above; at intermediate lengths, ℎ is to be measured to intermediate heights above the side of the
vessel. The value of ℎ for bulkhead stiffeners and deck longitudinals is not to be less than the
distance, in m (ft), from the longitudinal, or stiffener to the top of the hatch. See also 5C-2-1/1.15.s = spacing of longitudinals or stiffeners, in m (ft)ℓ = length between supporting points, in m (ft)

The section modulus SM of the bottom longitudinals may be obtained from the above equation
multiplied by R1 where,

15.3.1(a) The bottom hull girder section modulus, SMA, is greater than required by 3-2-1/3.7.1, at
least throughout 0 . 4L amidships,

15.3.1(b) Still-water bending moment calculations are submitted, and

15.3.1(c) Adequate buckling strength is maintained.

The bottom longitudinals, with this modified section modulus are to meet all other Rule
requirements.R1 = n/[n+ fp(1− SMR/SMA)] but is not to be taken less than 0.69

wheren = 7.69 (0.784, 4.978)fp = nominal permissible bending stress, as given in 3-2-1/3.7.1SMR = hull girder section modulus required by 3-2-1/3.7.1, in cm2-m (in2-ft)SMA = bottom hull girder section modulus, cm2-m (in2-ft), with the longitudinals modified as permitted
above.
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Where the heavy weather ballast draft forward is less than 0 . 04L, the flat of bottom forward
longitudinals are not to be less than required by 3-2-4/13.5.

15.3.2 Web Thickness
In addition to the requirements in 3-1-2/13.5.2, the thickness of web portion is to be not less than
the thickness given in 5C-2-2/17 TABLE 2, reduced by 1.0 mm (0.04 in.).

15.5 Bilge Longitudinals
Longitudinals around the bilge are to be graded in size from that required for the lowest side longitudinals
to that required for the bottom longitudinals.

15.7 Vessels under 76 m (250 ft.)
In vessels under 76 m (250 ft) in length, the coefficientc for use in the above equation for bottom
longitudinals may be reduced to 1.30.

17 Structure at Ends
Beyond the cargo spaces, the scantlings of the structure are to be as required in way of the oil spaces, in
association with the values of ℎ in the various equations measured to the upper deck, except that in way of
deep tanks, ℎ is to be not less than the distance, in m (ft), measured to the top of the overflow. In way of
dry spaces, the deck beams and longitudinals are to be as required in 3-2-7. The value of ℎ for deck
transverses in way of dry spaces is to be obtained from 3-2-7 and the section modulus, SM, is to be
obtained from the following equation:SM = 4 . 74cℎsℓ2 cm3
SM = 0 . 0025cℎsℓ2 in3
wherec = 1.23s = spacing of transverses, in m (ft)ℓ = span, in m (ft)

The transition from longitudinal framing to transverse framing is to be effected in as gradual a manner as
possible, and it is recommended that a system of closely spaced transverse floors be adopted in way of the
main machinery.
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FIGURE 1 
Coefficients and Lengths for Transverses
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FIGURE 2 
Lengths with Brackets

Part 5C Specific Vessel Types
Chapter 2 Vessels Intended to Carry Oil in Bulk (Under 150 Meters (492 feet) in Length)
Section 2 Hull Structure 5C-2-2

ABS RULES FOR BUILDING AND CLASSING MARINE VESSELS • 2024 348



FIGURE 3 
Spans of Members and Effective Lengths or Heights of Brackets

TABLE 1
Values of q for Ordinary Strength Steel

s = spacing of stiffeners or depth of web plate, whichever is the lesser, in cm (in.)t = thickness of web plate, in cm (in.)s/t kN/cm 2 kgf/cm 2 Ltf/in. 2

80 and less 8.5 870 5.5

160 maximum 5.4 550 3.5
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TABLE 2
Minimum Thickness for Web Portions of Members

L is the length of the vessel, in m (ft), as defined in 3-1-1/3. For vessels of lengths intermediate to those shown in the table,
the thickness is to be obtained by interpolation.L

meters
t

mm
L

feet
t

in.

61 8.5 200 0.34

82 9 270 0.36

118 10 390 0.40

150 11 492 0.44
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C H A P T E R  2
Vessels Intended to Carry Oil in Bulk (Under 150 Meters (492 feet) in

Length)

S E C T I O N  3
Cargo Oil and Associated Systems

See 5C-1-7.
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C H A P T E R  3
Vessels Intended to Carry Ore or Bulk Cargoes (150 meters (492 feet) or

more in Length)
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C H A P T E R  3
Vessels Intended to Carry Ore or Bulk Cargoes (150 meters (492 feet) or

more in Length)

S E C T I O N  1
Introduction

1 General

1.1 Classification
In accordance with 1A-1-3/3 and 1A-1-3/25 of the ABS Rules for Conditions of Classification (Part 1A),
the classification notation ✠A1 Bulk Carrier, BC-A, (or BC-B or BC-C), SH, SHCM; ✠A1 Ore
Carrier, SH, SHCM; ✠A1 Ore or Oil Carrier, SH, SHCM; or ✠A1 Oil or Bulk/Ore (OBO)
Carrier, SH, SHCM is to be assigned to vessels designed for the carriage of bulk cargoes, or ore cargoes,
and built to the requirements of this Chapter and other relevant Parts/Chapters of the Rules. The bulk
carrier notation BC-A or BC-B denotes that a vessel has been designed for the carriage of dry bulk
cargoes of cargo density of 1.0 tonne/m3 (62.4 lbs/ft3) and above and may or may not have special loading
arrangements. Where a BC-A or BC-B bulk carrier is not designed to carry 3.0 tonnes/m3 (187 lbs/ft3) or
higher density cargoes, it will be distinguished by the maximum cargo density in tonnes/m3 following the
bulk carrier notation, e.g. BC-B (maximum cargo density: 1.90 tonnes/m3). A BC-A bulk carrier
designed to carry heavy cargo with specified holds empty will be distinguished by a supplementary note,
"(holds, x, y,... may be empty)" followed by (maximum cargo density: ρ tonnes/m3). e.g. BC-A
(holds 2, 4, 6 and 8 may be empty with maximum cargo density: 2.50 tonnes/m3. The bulk
carrier notation BC-C denotes that a vessel has been designed for the carriage of cargo of density less than
1.0 tonne/m3 (62.4 lbs/ft3). Additionally, the above bulk carrier notations will be followed by the (no MP)
notation where a bulk carrier has not been designed for loading and unloading in multiple ports, e.g. BC-B
(maximum cargo density: 1.70 tonnes/m3)(no MP). Full particulars of the loading conditions and
the maximum density of the cargoes to be carried, are to be identified on the basic design drawings.

1.2 Optional Class Notation for Design Fatigue Life
Vessels designed and built to the requirements in this Chapter are intended to have a structural fatigue life
of not less than 20 Years. Where a vessel's design calls for a fatigue life in excess of the minimum design
fatigue life of 20 years, the optional class notation FL (year) will be assigned at the request of the
applicant. This optional notation is eligible, provided the excess design fatigue life is verified to be in
compliance with the criteria in 5C-3-A1. Only one design fatigue life value is published for the entire
structural system. Where differing design fatigue life values are intended for different structural elements
within the vessel, the (year) refers to the least of the varying target lives. The 'design fatigue life' refers to
the target value set by the applicant, not the value calculated in the analysis.

PART 5C
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The notation FL (year) denotes that the design fatigue life assessed according to 5C-3-A1 is greater than
the minimum design fatigue life of 20 years. The (year) refers to the fatigue life equal to 25 years or more
(in five-year increments) as specified by the applicant. The fatigue life will be identified in the Record by
the notation FL (year); e.g., FL (30) if the minimum design fatigue life assessed is 30 years.

1.3 Application
1.3.1 Size and Proportions

The requirements contained in this Chapter are applicable to vessels of 150 meters (492 feet) or
more in length, having proportions within the range specified in 3-2-1/2, and are intended for
unrestricted service.

1.3.2 Vessel Types
The equations and formulae for determining design load and strength requirements, as specified in
5C-3-3 and 5C-3-4, are applicable to double hull or single hull bulk carriers and also to ore or
ore/oil carriers with modifications and additions as specified in 5C-3-A3. In general, the strength
assessment procedure and failure criteria as specified in 5C-3-5 are applicable to all types of bulk
carriers.

1.3.3 Direct Calculations
For an ore and ore/oil carrier with length greater than 300 meters (984 feet), the hull structure and
critical structural details are to comply with the requirements of the Dynamic Loading Approach
and the Spectral Fatigue Analysis. The vessel will be identified in the Record by the notations SH-
DLA and SFA, respectively. For analysis using the Dynamic Loading Approach, acceptance of an
equivalent method may be considered by ABS.

Direct calculations with respect to the determination of design loads and the establishment of
alternative strength criteria based on first principles, will be accepted for consideration, provided
that all supporting data, analysis procedures and calculated results are fully documented and
submitted for review. In this regard, due consideration is to be given to theenvironmental
conditions, probability of occurrence, uncertainties in load and response predictions, and
reliability of the structure in service. For long term prediction of wave loads, realistic wave spectra
covering the North Atlantic Ocean and a probability level of 10-8 are to be employed.

1.3.4 Full Ship FE based Fatigue Strength Assessment
For an ore and ore/oil carrier that may be susceptible to wave-induced hull girder vibration
(Springing), hull structure is to be evaluated in accordance with the ABS Guidance Notes on
Springing Assessment for Container Carriers and Ore Carriers.

The fatigue assessment is to be carried out mainly for structure details in the upper flange of hull
structure considering springing contribution to fatigue damage.

1.3.5 SafeHull Construction Monitoring Program
For the class notation SH, SHCM, a Construction Monitoring Plan for critical areas, prepared in
accordance with the requirements of 5C-3-A1, is to be submitted for approval prior to
commencement of fabrication. See 5C-3-A1.

1.3.6 Additional Design Loading Conditions for Bulk Carrier Notation BC-A, BC-B or BC-C
The corresponding design loading conditions in respect to strength and stability for a harmonized
system of bulk carrier notations, BC-A, BC-B or BC-C, are to comply with the requirements of
Section 5C-3-A6.

Part 5C Specific Vessel Types
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1.3.7 Selection of Material Grade
Steel materials for particular locations are not to be of lower grades than those required by
3-1-2/3.1 TABLE 1 for the material class given in 3-1-2/3.3 TABLE 2A, except the special
application for single-side skin bulk carriers subject to SOLAS regulation XII/6.4.3 as indicated in
5C-3-1/1.3.7 TABLE 1.

TABLE 1
Minimum Material Grades for Single-side Skin Bulk Carriers

Subject to SOLAS Regulation XII/6.4.3

Line No. Structural Members Material Grade

BC1 Lower bracket of ordinary side frame (1), (2)

D/DHBC2 Side shell strakes included totally or partially between the two points
located to 0.125ℓ above and below the intersection of side shell and
bilge hopper sloping plate or inner bottom plate (2)

Notes:

1 "Lower bracket" means webs of lower brackets and webs of the lower part of side frames up to the
point of 0 . 125ℓ above the intersection of side shell and bilge hopper sloping plate or inner bottom
plate.

2 The span of the side frame, ℓ, is defined as the distance between the supporting structures.

1.5 Definitions
1.5.1 Bulk Carrier

The class notation Bulk Carrier indicates a sea going self propelled single deck vessel with a
double bottom, lower and upper wing tanks, (hopper and topside tanks), intended for the carriage
of dry cargoes in bulk. Typical midship sections are shown in 5C-3-1/1.5.4 FIGURE 1. The bulk
carrier notations as introduced in 5C-3-1/1.1 are as follows:

BC-A: Bulk carriers designed to carry dry bulk cargoes of cargo density 1.0 tonne/m3 (62.4 lbs/ft3) and above
with specified holds empty in addition to BC-B conditions.

BC-B: Bulk carriers designed to carry dry bulk cargoes of cargo density of 1.0 tonne/m3 (62.4 lbs/ft3) and
above with all cargo holds loaded in addition to BC-C conditions.

BC-C: Bulk carriers designed to carry dry bulk cargoes of cargo density less than 1.0 tonne/m3 (62.4 lbs/ft3).

1.5.1(a) Double Side Skin Bulk Construction is the construction of a hold in which both sides of
the hold are bounded by two watertight boundaries, one of which is the side shell, which are not
less than 1000 mm (39.4 in.) apart measured perpendicular from the outer surface of the inner
watertight boundary to the inner surface of the side shell. This structural configuration will be
identified in the Record with the phrase "Double Sided".

1.5.1(b) Double Side Skin Bulk Carrier is a bulk carrier with all cargo holds of double side skin
construction.

Where the Rules refer to Single Side Skin Bulk Carrier, the following interpretations apply to
ships keel laid or at a similar stage of construction on or after 1 January 2000.

1.5.1(c) Single Side Skin Construction is the construction of a hold in which one or both sides of
the hold are bounded by the side shell only, or by two watertight boundaries, one of which is the
side shell, which are less than 1000 mm (39.4 in.) apart measured perpendicular from the outer
surface of the inner watertight boundary to the inner surface of the side shell.
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1.5.1(d) Single Side Skin Bulk Carrier is a bulk carrier with one or more cargo holds of single side
skin construction.

1.5.2 Ore Carrier
The class notation Ore Carrier indicates a sea going self propelled ship having two longitudinal
bulkheads and a double bottom throughout the cargo region intended for the carriage of ore
cargoes in the center holds only. A typical midship section is shown in 5C-3-1/1.5.4 FIGURE 2.

1.5.3 Ore or Oil Carrier
The class notation Ore or Oil Carrier indicates a sea going self propelled single deck ship
having two longitudinal bulkheads and a double bottom throughout the cargo region intended for
the carriage of ore cargoes in the center holds, or for the carriage of oil cargoes in the center holds
and wing tanks. Typical midship sections are shown in 5C-3-1/1.5.4 FIGURE 4.

1.5.4 Oil or Bulk/Ore (OBO) Carrier
The class notation Oil or Bulk/Ore (OBO) Carrier indicates a sea going self propelled single
deck ship of double skin construction, with a double bottom, lower and upper wing tanks, (hopper
and topside tanks) intended for carriage of oil or dry cargoes including ore in bulk. A typical
midship section is shown in 5C-3-1/1.5.4 FIGURE 3.

FIGURE 1

FIGURE 2
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FIGURE 3

FIGURE 4

1.5.5 Combination Carrier
Is a general term applied to ships intended for carriage of either oil or dry cargoes in bulk; these
cargoes are not carried simultaneously, with the exception of oil retained in the slop tanks. Ships
described in 5C-3-1/1.5.3 and 5C-3-1/1.5.4 are examples of Combination Carriers.

1.7 Section Properties of Structural Members
The geometric properties of structural members may be calculated directly from the dimensions of the
section and the associated effective plating (see 3-1-2/13.3 or 5C-3-4/7 FIGURE 4, as applicable). For
structural member with angle θ (see 5C-3-1/1.7 FIGURE 5) between web and associated plating not less
than 75 degrees, the section modulus, web sectional area, and moment of inertia of the “standard” (θ = 90
degrees) section may be used without modification. Where the angle θ is less than 75 degrees, the sectional
properties are to be directly calculated about an axis parallel to the associated plating. (see 5C-3-1/1.7
FIGURE 5)
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FIGURE 5

For longitudinals, frames and stiffeners, the section modulus may be obtained by the following equation:SM = αθSM90
whereαθ = 1 . 45 – 40 . 5/θSM90 = the section modulus at θ = 90 degrees

The effective section area may be obtained from the following equation:A = A90sinθ
where
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A90 = effective shear area at θ = 90 degrees

1.9 Protection of Structure
For the protection of structure see 3-2-18/5.

3 Arrangement

3.1 General
Watertight and strength bulkheads in accordance with Section 3-2-9 are to be provided. Where this is
impracticable, the transverse strength and stiffness of the hull is to be effectively maintained by deep webs
or partial bulkheads. Where it is intended to carry liquid in any of the spaces, additional bulkheads or
swash bulkheads may be required. Tank bulkheads are to be in accordance with the requirements of Part
5C, Chapter 1. The depth of double bottom at the centerline is not to be less than the height for center
girder as obtained from Section 3-2-4. Tanks forward of the collision bulkhead, are not to be arranged for
the carriage of oil or other liquid substances that are flammable.

3.3 Subdivision and Damage Stability
Single side skin bulk carriers of 150 m (492 ft) in length (Lf) and above, intended to carry solid bulk
cargoes having a density of 1.0 t/m3 (62.4 lb/ft3) or more, are to be able to withstand flooding for
compliance with the Appendix 3-3-A2.(See 3-3-1/5.3 and Appendix 3-3-A2). The review procedures for
the information and calculations are to be in accordance with 3-3-1/5.

3.5 Special Requirements for Deep Loading
Bulk carriers or ore carriers having freeboards assigned based on the subdivision requirements of the
International Convention on Load Lines, 1966, are to comply with those regulations.

5 Carriage of Oil Cargoes

5.1 General
Ore carriers and bulk carriers, which are also intended to carry oil cargoes as defined in Section 5C-1-1,
are to comply with the applicable Sections of Part 5C, Chapter 1, and Part 5C, Chapter 2, in addition to the
requirements of this Chapter.

5.3 Gas Freeing
Prior to and during the handling of bulk or ore cargoes, all spaces are to be free of cargo oil vapors.

5.5 Slop Tanks
Slop tanks are to be separated from spaces that may contain sources of vapor ignition by adequately vented
oiltight cofferdams, as defined in 5C-1-1/5.5, or by cargo oil tanks, which are maintained gas free.

7 Forecastle

7.1 General
These requirements apply to all bulk carriers, ore carriers and combination carriers. These vessels are to be
fitted with an enclosed forecastle on the freeboard deck, in accordance with the requirements in this
section.

7.3 Arrangements
The forecastle is to be located on the freeboard deck with its aft bulkhead fitted in way or aft of the
forward bulkhead of the foremost hold, as shown in 5C-3-1/7 FIGURE 6. However, if this requirement
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hinders hatch cover operation, the aft bulkhead of the forecastle may be fitted forward of the forward
bulkhead of the foremost cargo hold provided the forecastle length is not less than 0 . 07Lf (Lf: see
3-1-1/3.3) abaft the forward perpendicular.

A breakwater is not to be fitted on the forecastle deck with the purpose of protecting the hatch coaming or
hatch covers. If fitted for other purposes, it is to be located such that its upper edge at centerline is not less
than HB/tan 20o forward of the aft edge of the forecastle deck, where HB is the height of the breakwater
above the forecastle (see 5C-3-1/7 FIGURE 6).

7.5 Dimensions
7.5.1 Heights

The forecastle height, HF, above the main deck at side is to be not less than:

● the standard height of a superstructure as specified in the International Convention on Load
Lines, 1966 and its Protocol of 1988, or

● HC+ 0 . 5 m, where HC is the height of the forward transverse hatch coaming of cargo hold
No. 1,

whichever is the greater.

7.5.2 Location of Aft Edge of Forecastle Deck
All points of the aft edge of the forecastle deck are to be located at a distance ℓF:ℓF ≤ 5 HF− HC
from the No. 1 hatch forward coaming plate in order to apply the reduced loading to the No. 1
forward transverse hatch coaming and No. 1 hatch cover in applying 5C-3-4/19.

7.7 Structural Arrangements and Scantlings
The structural arrangements and scantlings of the forecastle are to comply with the applicable requirements
of 3-2-2/5.7, 3-2-5/5, 3-2-7/3, 3-2-11/1.3.2 and 3-2-11/9.

FIGURE 6
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C H A P T E R  3
Vessels Intended to Carry Ore or Bulk Cargoes (150 meters (492 feet) or

more in Length)

S E C T I O N  2
Design Considerations and General Requirements

1 General Requirements

1.1 General
The strength requirements specified in this Chapter are based on a “net” ship approach. In determining the
required scantlings, and performing structural analyses and strength assessments, the nominal design
corrosion values given in 5C-3-2/3.1 TABLE 1 are to be deducted except for the application of 5C-3-4/19
and Appendices 5C-3-A5a, 5C-3-A5b, and 5C-3-A5c where the corrosion additions are specified within
the Section and Appendices themselves.

1.3 Initial Scantling Requirements
The initial plating thicknesses, section moduli of longitudinals/stiffeners, and the scantlings of the main
supporting structures are to be determined in accordance with Section 5C-3-4 for the “net” ship for further
assessment as required in the following subsection. The relevant nominal design corrosion values are then
added to obtain the full scantling requirements.

1.5 Strength Assessment - Failure Modes
A total assessment of the structures determined on the basis of the initial strength criteria in Section 5C-3-4
is to be carried out against the following three failure modes.

1.5.1 Material Yielding
The calculated stress intensities are not to be greater than the yielding state limit given in 5C-3-5/3
for all load cases specified in 5C-3-3/9.

1.5.2 Buckling and Ultimate Strength
For each individual member, plate or stiffened panel, the buckling and ultimate strength are to be
in compliance with the requirements specified in 5C-3-5/5. In addition, the hull-girder ultimate
strength is to be in accordance with 5C-3-5/5.13.

1.5.3 Fatigue
The fatigue strength of structural details and welded joints in highly stressed regions, is to be in
accordance with 5C-3-5/7.
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1.7 Structural Redundancy and Residual Strength
In the early design stages, considerations should be given to structural redundancy and hull-girder residual
strength in the early design stages.

Vessels which have been built in accordance with the procedures and criteria for calculating and evaluating
the residual strength of hull structures in the ABS Guide for Assessing Hull-Girder Residual Strength, in
addition to other requirements of these Rules, will be classed and distinguished in the Record by the
symbol RES placed after the appropriate hull classification notation.

1.9 Strength Assessment in the Flooded Condition
For bulk carriers with single skin construction or double skin construction in which any part of the
longitudinal bulkhead is located within B/5 or 11.5 m, whichever is less, inboard from the ship’s side at
right angle to the centerline at the assigned summer load line, intended to carry solid bulk cargoes having a
density of 1.0 t/m3(62.4 lb/ft.3) or greater, assessments are to be carried out on the structural adequacy of
the following items in the flooded condition in accordance with Appendices 5C-3-A5a, 5C-3-A5b and
5C-3-A5c;

i) Longitudinal Strength of the Hull Girder

ii) Water Tight Corrugated Transverse Bulkheads in Dry Cargo Holds

iii) Double Bottom Floors and Girders in Cargo Holds

3 Nominal Design Corrosion Values (NDCV)

3.1 General
As indicated in 5C-3-2/1.1, the strength criteria specified in this Chapter are based on a “net” ship
approach, wherein the nominal design corrosion values are deducted.

The “net” thickness or scantlings correspond to the minimum strength requirements acceptable for
classification, regardless of the design service life of the vessel. In addition to the coating protection
specified in the Rules, minimum corrosion values for plating and structural members as given in
5C-3-2/3.1 TABLE 1 and 5C-3-2/3.1 FIGURE 1 are to be applied. These minimum corrosion values are
being introduced solely for the above purpose, and are not to be construed as renewal standards.

In view of the anticipated higher corrosion rates for structural members in some regions, such as highly
stressed areas, it is advisable to consider additional design margins for the primary and critical structural
members to minimize repairs and maintenance costs. The beneficial effects of these design margins on
reduction of stresses and increase of the effective hull-girder section modulus can be appropriately
accounted for in the design evaluation.

Part 5C Specific Vessel Types
Chapter 3 Vessels Intended to Carry Ore or Bulk Cargoes (150 meters (492 feet) or more in

Length)
Section 2 Design Considerations and General Requirements 5C-3-2

ABS RULES FOR BUILDING AND CLASSING MARINE VESSELS • 2024 376



FIGURE 1 
Nominal Design Corrosion Values (NDCV)

TABLE 1
Nominal Design Corrosion Values for Bulk Carriers (1)(2)

Group Structural Item NDCV in mm (in.)

1. Outer Skin a. Bottom Shell Plating (including keel and bilge plating) 1.0 (0.04)

b1. Side Shell Plating (above upper turn of bilge to 1.5 m (5 ft.) below deck) 1.5 (0.06)

b2. Side Shell Plating (within 1.5 m (5 ft.) from deck) 2.0 (0.08)

c. Upper Deck Plating (outside the lines of opening) 2.0 (0.08)(3)

d. Upper Deck Plating (within the lines of opening) 1.5 (0.06)

2. Double
Bottom

a. Inner Bottom Plating 2.0 (0.08)

b. Inner Bottom Longitudinals 2.0 (0.08)(7)

c. Floors and Girders 2.0 (0.08)(7)

d1. Miscellaneous Internal Members (in Tank) 2.0 (0.08)(7)

d2. Miscellaneous Internal Members, including CL Girder (in Dry Ducts) 1.5 (0.06)
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Group Structural Item NDCV in mm (in.)

3. Lower Wing
Tank

a. Top (Sloping Bulkhead) Plating 2.0 (0.08)

b. Transverses 1.5 (0.06)

c. Bottom and Bilge Longitudinals 2.0 (0.08)(7)

d1. Side longitudinals (Web) 2.0 (0.08)(7)

d2. Side Longitudinals (Flange) 1.0 (0.04)

e. Top (Sloping Bulkhead) Longitudinals 1.5 (0.06)

4. Upper Wing
Tank

a. Bottom (Sloping Bulkhead) Plating 1.5 (0.06)(4)

b. Inboard (Vertical) Bulkhead Plating 2.0 (0.08)

c. Transverses 1.5 (0.06)(4)

d. Deck Longitudinals 2.0 (0.08)(5)

e1. Side and Diaphragm Longitudinals (Web) 2.0 (0.08)

e2. Side and Diaphragm Longitudinals (Flange) 1.0 (0.04)(4)

f1. Bottom (Sloping Bulkhead) Longitudinals (in Tank) 1.5 (0.06)(4)

f2. Bottom (Sloping Bulkhead) Longitudinals (in Dry Hold) 1.0 (1.14)

g. Diaphragm Plating 1.5 (0.06)(4)

5. Side Frame a. Side Shell Frames in Hold 1.5 (0.06)(6)

b. Web Plates of Lower Bracket or Web Plates of Lower End of Built-Up
Frames

3.5 (0.14)(6)

c. Face Plates of Lower Bracket or Web Plates of Lower End of Built-Up
Frames

1.5 (0.06)(6)

6. Double Side a. Inner Bulkhead Plating 1.5 (0.06)

b1. Diaphragm Plates and Non-tight Stringers 1.5 (0.06)

b2. Tight Stringers 2.0 (0.08)

c1. Inner Bulkhead Longitudinals (Web) 2.0 (0.08)

c2. Inner Bulkhead Longitudinals (Flange) 1.0 (0.04)

d. Inner Bulkhead Vertical Stiffeners 1.5 (0.06)

7. Transverse
Bulkheads

a1. In Hold (including Stools), Plating & Stiffeners (Dry Hold) 1.0 (0.04)(8)

a2. In Hold (including Stools), Plating & Stiffeners (Ballast Hold) 1.5 (0.06)(8)

b. In Upper or Lower Wing Tanks, Plating 1.5 (0.06)(4)

c. In Upper or Lower Wing Tanks, Vertical Stiffeners 1.5 (0.06)

d1. Horizontal Stiffeners (Web) 2.0 (0.08)

d2. Horizontal Stiffeners (Flange) 1.0 (0.04)

e. Internals of Upper and Lower Stool (Dry) 1.0 (0.04)

8. Cross Deck Beams, Girders and other Structures 1.5 (0.06)
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Group Structural Item NDCV in mm (in.)

9. Other
Members

a. Hatch Coaming 1.0 (0.04)

b. Hatch End Beams, Hatch Side Girders (outside Tank) 1.5 (0.06)

c. Internals of void spaces (outside Double Bottom) 1.0 (0.04)

Notes:

1 It is recognized that corrosion depends on many factors, including coating properties, and that actual wastage
rates observed may be appreciably different from those given here.

2 Pitting and grooving are regarded as localized phenomena and are not covered in this table.

3 Includes horizontal and curved portion of round gunwale.

4 To be not less than 2.0 mm (0.08 in.) within 1.5 m (5 ft) from the deck plating.

5 May be reduced to 1.5 mm (0.06 in.) if located outside tank.

6 Including frames in ballast hold.

7 May be reduced to 1.5 mm (0.06 in.) if located inside fuel oil tank.

8 When plating forms a boundary between a hold and a void space, the plating NDCV is determined by the hold
type (dry/ballast).
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C H A P T E R  3
Vessels Intended to Carry Ore or Bulk Cargoes (150 meters (492 feet) or

more in Length)

S E C T I O N  3
Load Criteria

1 General

1.1 Load Components
In the design of the hull structure of bulk carriers, all load components with respect to the hull girder and
local structure as specified in this Chapter and Section 3-2-1 are to be taken into account. These include
static loads in still water, wave-induced motions and loads, slamming, dynamic, thermal and ice loads
where applicable.

3 Static Loads

3.1 Still-water Bending Moments and Shear Forces
For still-water bending moment and shear force calculations for intact conditions see 3-2-1/3.3.

When a direct calculation of wave-induced loads [i.e. longitudinal bending moments and shear forces,
hydrodynamic pressures (external) and inertial forces and added pressure heads (internal)] is not
anticipated, envelope curves are to be provided for the still-water bending moments (hogging and sagging)
and shear forces (positive and negative).

Except for special loading cases, the loading patterns shown in 5C-3-3/3.3 FIGURE 1 are to be considered
in determining local static loads.

For alternate cargo hold loading conditions, modification for the hull girder shear forces may be applied in
accordance with 3-2-1/3.9.3.

For single or double side skin bulk carriers intended to carry solid bulk cargoes having a density of 1.0 t/
m3(62.4 lb/ft3) or greater, still-water bending moment and shear force calculations in the hold flooded
condition are to be submitted for each of the at sea cargo and ballast loading conditions shown in the intact
longitudinal strength calculations. See 5C-3-A5a.

3.3 Bulk Cargo Pressures
The bulk cargo pressures acting on the internal surfaces of the cargo holds, in still water, may be
determined based on the equations given in 5C-3-3/5.7.2 for static cargo pressure components, Psn and Pst
normal and parallel to the wall surface, respectively. For vessels carrying cargoes on deck, the specific
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weight of the cargoes, maximum stowage height and the intended cargo distribution are to be submitted for
review and to be appropriately accounted for in the loading manual.

FIGURE 1 
Loading Pattern of Conventional Bulk Carrier ***

Note:

* The maximum value of cargo specific gravity (relative density) calculated as the maximum cargo weight divided by cargo
volume of each load case is to be used. The specific gravity is not to be taken as less than the higher value of two minimum
specific gravities for all vessels designed for alternate hold loading with certain holds empty and for those designed for
heavy cargo. The lower value of two minimum specific gravities is applicable to all other vessels designed for homogeneous
loading only.

** All vessels are to be checked for the lower specific gravity with minimum 1.0. The higher specific gravity with minimum
1.5 is to be used as special block load case on ship by ship basis.

*** Loading pattern may be subject to special consideration where a vessel is designed for homogeneous loading only.

**** For Load Cases 9 and 10, draft d = 47− 0 . 11 L − 150 L/1000   m ft .
5 Wave-Induced Loads

5.1 General
Where a direct calculation of the wave-induced loads is not available, the approximation equations given
below and specified in 3-2-1/3.5 may be used to calculate the design loads.
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When a direct calculation is performed, envelope curves for the combined wave and still-water bending
moments and shear forces, covering all the anticipated loading conditions are to be submitted for review.

5.3 Additional Wave Induced Moments and Shear Force
5.3.1 Horizontal Wave Bending Moment

The horizontal wave bending moment, expressed in kN-m (tf-m, Ltf-ft), positive (tension port) or
negative (tension starboard), may be obtained from the following equation:MH = ±mℎK3C1L2DCb × 10−3
wheremℎ = distribution factor, as given by 5C-3-3/5.7.4 FIGURE 2K3 = 180 (18.34, 1.68)C1 and Cb are as given in 3-2-1/3.5.L = length of vessel, as defined in 3-1-1/3.1, in m (ft)D = depth of vessel, as defined in 3-1-1/7.3, in m (ft)

5.3.2 Horizontal Wave Shear Force
The envelop of horizontal wave shearing force, FH, expressed in kN (tf, Ltf), positive (toward port
forward) or negative (toward starboard aft), may be obtained from the following equation:FH = ± fℎkC1LD(Cb+ 0 . 7) × 10−2
wherefℎ     =     distribution factor as given in 5C-3-3/5.7.4 FIGURE 3k       =     36 (3.67, 0.34)C1 and Cb are as defined in 3-2-1/3.5.L       =     length of vessel, as defined in 3-1-1/3.1, in m (ft)D       =     depth of vessel, as defined in 3-1-1/7.3, in m (ft)

5.3.3 Torsional Moment
5.3.3(a) Nominal Torsional Moment. The nominal torsional moment amidships, in kN-m (tf-m,
Ltf-ft.), positive clockwise looking forward, may be determined as follows:TM = kLB2d1[(Cw – 0 . 5)2+ 0 . 1][0 . 13 – (e/D)(co/d1)1/2]
wherek = 2.7 (0.276, 0.077)co = 0.14 (0.14, 0.459)d1 = draft, as defined in 3-1-1/9, but not less than 12.5 m (41 ft)
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e = the vertical distance, in m (ft), of the effective shear center of the hull girder within cargo space,
measured from the baseline of the vessel, positive upward.

For simplification, the effective shear center of a typical cargo hold may be estimated by considering
a closed cargo hold, of which the original hatch opening is considered to be closed by a thin plate of
equivalent thickness. This thin plate should be made up by “stretching” lengthwise the cross deck
plating and, if applicable, the upwardly projected upper box stool plating at vessel centerline between
hatch openings to cover the whole length of the cargo hold. This plate’s volume should be equivalent
to the original plate volume of the cross deck plating plus, if applicable, that of the projected upper
box stool plating.Cw = waterplane coefficient for the scantling draft, if not available, it may be approximated by 1.09 Cb .Cw,
but need not be taken greater than 0.98 for typical bulk carriers.Cb is as defined in 3-2-1/3.5.L       =     length of vessel, as defined in 3-1-1/3.1, in m (ft)B       =     breadth of vessel, as defined in 3-1-1/5, in m (ft)D       =     depth of vessel, as defined in 3-1-1/7.3, in m (ft)

5.3.3(b) Distribution of Torsional Moment. The nominal torsional moment along the length of the
vessel L may be obtained by multiplying the midship value by the distribution factor mT given by
5C-3-3/5.7.4 FIGURE 6.

5.5 External Pressures
5.5.1 Pressure Distribution

The external pressures, Pe, positive toward inboard, imposed on the hull in seaways can be
expressed by the following equation at a given location.pe = ρg(ℎs+ kuℎde) ≥ 0   in   N/cm2(kgf/cm2, lbf/in2)
whereρg = specific weight of sea water

= 1.005 N/cm2- m (0.1025 kgf/cm2 - m, 0.4444 lbf/in2- ft)ℎs = hydrostatic pressure head in still water, in m (ft)ku = load factor, and may be taken as unity unless otherwise specified.ℎde = hydrodynamic pressure head induced by the wave, in m (ft), may be calculated as follows:ℎde = kcℎdi
wherekc = correlation factor for a specific combined load case, as given in 5C-3-3/7 and 5C-3-3/9ℎdi = hydrodynamic pressure head, in m (ft), at location i, (i= 1, 2, 3, 4 or 5; see 5C-3-3/5.7.4 FIGURE 4)

= kℓαiℎdo   in   m(ft)kℓ = distribution factor along the length of the vessel

= 1 + (kℓo− 1)cosμ , kℓo is as given in 5C-3-3/5.7.4 FIGURE 5
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ℎdo = 1 . 36   kC1      C1 = as defined in 3-2-1/3.5k = 1 (1, 3.281)αi = distribution factor around the girth of vessel at location i. Intermediate location may be obtained by
linear interpolation.

= 1 . 00− 0 . 25cosμ,       for i = 1,   at  WL,   starboard
= 0 . 40− 0 . 10cosμ,       for i = 2,   at bilge, starboard
= 0 . 30− 0 . 20sinμ,       for i = 3,   at bottom centerline
= 2α3− α2,               for i = 4,   at bilge, port
= 0 . 75− 1 . 25sinμ,       for i = 5,   at  WL,   portμ = wave heading angle to be taken from 0° to 90° (0° for head sea, 90° for beam sea for wave coming

from starboard)

The distribution of the total external pressure including static and hydrodynamic pressure is
illustrated in 5C-3-3/9.3.3 FIGURE 14.

5.5.2 Extreme Pressures
In determining the required scantlings of local structural members, the extreme external pressure,pe, as defined in 5C-3-3/5.5.1 with ku given in 5C-3-3/7 and 5C-3-3/9 is to be used.

5.5.3 Simultaneous Pressures
For performing 3D structural analysis, the simultaneous pressure along any portion of the hull
girder may be obtained frompes = ρg(ℎs+ kfkuℎde) ≥ 0 in   N/cm2(kgf/cm2, lbf/in2)
wherekf is the distribution function of ℎde, corresponding to a designated wave profile along the vessel’s
length, and may be determined as follows:

5.5.3(a) For the combined load cases, L.C.1 through L.C.6 specified in 5C-3-3/Table 1kf = kfo{1 – [1 – cos2π(x/L – xo/L)]cosμ}
5.5.3(b) For the combined load cases, L.C.7 and L.C.8 specified in 5C-3-3/Table 1kf = kfocos{4π(x/L – xo/L – 0 . 25)cosμ}
5.5.3(c) For the combined load cases, L.C.9 and L.C.10 specified in 5C-3-3/Table 1kf = kfocos{4π(x/L – xo/L)cosμ}
wherex = distance from A.P. to the station considered, in m (ft)xo = distance from A.P. to the reference station, in m (ft)

The reference station is the point along the vessel’s length where the wave trough or crest is located
in head seas and may be taken as the mid-point of the mid-hold of the three hold model.
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L = the vessel length, as defined in 3-1-1/3.1, in m (ft)μ = the wave heading angle, to be taken from 0° to 90°kfo = ±1.0, as specified in 5C-3-3/Table 1

The simultaneous pressure distribution around the girth of the vessel is to be determined based on
the wave heading angles specified in 5C-3-3/Table 1.

5.5.4 Impact Loads on Bow and Deck
5.5.4(a) Bow Pressures. When experimental data or direct calculation are not available, nominal
wave-induced bow pressures above LWL in the region from the forward end to the collision
bulkhead may be obtained from the following equation:pbij = kCkCijVij2 sinγij   kN/m2(tf/m2, Ltf/ft2)
wherek = 1.025 (0.1045, 0.000888)Cij = {1 + cos2[90(Fbi− 2aij)/Fbi]}1/2Vij = ω1Vsinαij+ ω2(L)1/2ω1 = 0.515 ( 0.515, 1.68)ω2 = 1.0 ( 1.0, 1.8)V =

75% of the design speed Vd, in knots. V is not to be taken less than 10 knots. Vd is defined in
3-2-14/3.γij = local bow angle measured from the horizontal, not to be taken less than 50°

= tan−1(tanβij/cosaij)αij = local waterline angle measured from the centerline, see 5C-3-3/5.7.4 FIGURE 7, not to be taken less
than 35°βij = local body plan angle measure from the horizontal, see 5C-3-3/5.7.4 FIGURE 7, not to be taken less
than 35°Fbi = freeboard from the highest deck at side to the load waterline (LWL) at station i, see 5C-3-3/5.7.4
FIGURE 7aij = vertical distance from the LWL to WLf, see 5C-3-3/5.7.4 FIGURE 7Ck = 0 . 7 at collision bulkhead and 0.9 at 0.0125L, linear interpolation for in between

= 0 . 9 between 0.0125L and the FP

= 1 . 0 at and forward of the FPi, j = station and waterline, to be taken to correspond to the locations as required by 5C-3-6/1.1

5.5.4(b) Green Water. When experimental data or direct calculation is not available, nominal green
water pressures imposed on deck in the region from the FP to 0.25L aft, including the extension
beyond the FP, may be obtained from the following equations. Pgi is not to be taken less than 20.6
kN/m2 (2.1 tf/m2, 0.192 Ltf/ft2).pgi = k(MRi – k1Fbi)1/2   kN/m2(tf/m2, Ltf/ft2)
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wherek = 19.614 (2.0, 0.0557)k1 = 1.0 (1.0, 3.28)MRi = 0 . 44Ai(VL/Cb)1/2               for   L in meters
= 2 . 615Ai(VL/Cb)1/2             for   L in feetV = 75% of the design speed, Vd, in knots. V is not to be taken less than 10 knots.Vd = as defined in 3-2-14/3Fbi = as defined in 5C-3-3/5.5.4(a)Ai = as shown in 5C-3-3/5.7.4 TABLE 2Cb = as defined in 3-2-1/3.5L = length of vessel, as defined in 3-1-1/3.1, in m (ft)

5.7 Internal Pressures -Inertia Forces and Added Pressure Heads
5.7.1 Ship Motions and Accelerations

In determining cargo pressures and ballast pressures, the dominating ship motions, pitch and roll,
and the resultant accelerations induced by the wave are required. When a direct calculation is not
available, the equations given below may be used.

5.7.1(a) Pitch. The pitch amplitude: (positive bow up)ϕ = k1(V/Cb)1/4/L, in   deg .
but need not to be taken more than 10 deg.

The pitch natural period:Tp = k2 Cbdi   in   sec .
wherek1 = 1030   (3378)                         for   L in m(ft)k2 = 3 . 5   (1 . 932)                           for   di in m(ft)V =

75% of the design speed, Vd, in knots. V is not to be taken less than 10 knots. Vd is defined in
3-2-14/3.di = draft amidships for the relevant loading conditionsL and Cb are as defined in 3-1-1/3.1 and 3-1-1/13.3 respectively.

5.7.1(b) Roll. The roll amplitude: (positive starboard down)θ = CR(35 – kθCdiΔ/1000) if Tr > 20 sec.θ = CR(35 – kθCdiΔ/1000)(1 . 5375 – 0 . 027Tr) if 12.5 ≤ Tr ≤ 20 sec
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θ = CR(35 – kθCdiΔ/1000)(0 . 8625 + 0 . 027Tr) if Tr ≤ 12.5 seckθ = 0.005 (0.05, 0.051)  θ in degrees, need not be taken more than 30 deg.

CR = 1 . 3− 0 . 025VCdi = 1 . 06(di/d)− 0 . 06di = draft amidships for the relevant loading conditions, m (ft)d = draft as defined in 3-1-1/9, in m (ft)∆ = kdLBdCb kN (tf, Ltf)kd = 10.05 (1.025, 0.0286)L and B are as defined in 3-1-1/3.1 and 3-1-1/5 respectively, in m (ft).

The roll natural motion period :Tr = k4kr/GM1/2 in   sec .
wherek4 = 2(1.104) for kr,GM in m (ft)kr = roll radius of gyration, in m (ft), and may be taken as 0.35B for full load conditions and

0.40B for ballast conditions.GM = metacentric height, to be taken as:

= GM(full) for di = d
= 1 . 5   GM(full) for di = 2d/3
= 2 . 0   GM(full) for di = d/2GM(full) = metacentric height for fully loaded condition. If GM(full) is not available, GM(full) may

be taken as 0.12B for the purpose of estimation.

5.7.1(c) Accelerations . The vertical, longitudinal and transverse accelerations of tank contents
(cargo or ballast), av, aℓ and at may be obtained from the following formulae:

av = Cvkvaog m/sec2 (ft/sec2) positive downwardaℓ = Cℓkℓaog m/sec2 (ft/sec2) positive forwardat = Ctktaog m/sec2 (ft/sec2) positive starboard

whereao = ko(2 . 4/L1/2+ 34/L − 600/L2) for L in m

= ko(4 . 347/L1/2+ 111 . 55/L − 6458/L2) for L in ft
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ko = 1.3 – 0.47Cb for strength formulation and
assessment of local structural
elements and members in 5C-3-4,
5C-3-5/1, 5C-3-5/3, and 5C-3-5/5

= 0.86 + 0.048V − 0.47Cb for fatigue strength formulation in
5C-3-5/7 and 5C-3-A1Cv = cosμ+ (1 + 2 . 4z/B)(sinμ)/kvμ = wave heading angle in degrees, 0° for head sea, and 90° for beam sea for wave coming from

starboardkv = [1 + 0 . 65(5 . 3− 45/L)2(x/L − 0 . 45)2]1/2 for L in m

= [1 + 0 . 65(5 . 3− 147 . 6/L)2(x/L − 0 . 45)2]1/2 for L in ftCℓ = 0.35 − 0.0005(L − 200) for L in m

= 0.35 − 0.00015(L − 656) for L in ftkℓ = 0.5 + 8y/LCt = 1 . 27[1 + 1 . 52(x/L − 0 . 45)2]1/2kt = 0.35+y/BL ,B are the length and breadth of vessel, as defined in 3-1-1/3.1 and 3-1-1/5 respectively, in m
(ft).x = longitudinal distance from the AP to the station considered, in m (ft)y = vertical distance from the waterline to the point considered, in m (ft), positive upwardz = transverse distance from the centerline to the point considered, in m (ft), positive starboardg = acceleration of gravity = 9.8 m/sec2 (32.2 ft/sec2)

5.7.2 Bulk Cargo Pressures
5.7.2(a) Bulk Cargo Pressures on Inner Bottom and Side Wall within 0 . 4L Amidships. The bulk
cargo pressures, acting on the inner bottom, side wall and sloped bottom of a cargo hold may be
expressed by pressure components, pcn, pct(t) and pct(ℓ), in directions normal, parallel to the wall
surface in transverse direction, and parallel to the wall surface in longitudinal direction,
respectively. These components can be determined by the following equations:pcn = psn+ kupdn N/cm2 (kgf/cm2, lbf/in2)pct(t) = pst(t)+ kupdt(t) N/cm2 (kgf/cm2, lbf/in2)pct(ℓ) = pst(ℓ)+ kupdt(ℓ) N/cm2 (kgf/cm2, lbf/in2)

wherepsn = nominal static pressure component due to gravity

= ρgℎc{cos2α+ (1− sinαo)sin2α}pst(t) = tangential static pressure component due to gravity in transverse direction (positive shown in
5C-3-3/5.7.4 FIGURE 8)

= ρgℎc(sinαosinαcosα)
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pst(ℓ) = tangential static pressure component due to gravity in longitudinal direction (positive shown in
5C-3-3/5.7.4 FIGURE 8)

= 0pdn = dynamic pressure component due to vessel’s roll, pitch, vertical and transverse accelerations

= kc[pqn+ ρgℎc{(ave/g)cos2α+ kn(ate/g)(b/2ℎc)sin2α}]pqn = additional normal pressure component due to roll and pitch

= ρgℎ*cosϕe[cos2(α − θe) + (1− sinαo)sin2(α − θe)]− psnpdt(t) = tangential dynamic pressure component due to vessel’s roll, pitch, vertical and transverse
accelerations in transverse direction (positive shown in 5C-3-3/5.7.4 FIGURE 8)

= kc[pqt(t)+ ρgℎc{(ave/g)sinαcosα − kn(ate/g)(b/2ℎc)sinαcosα}]pqt(t) = ρgℎ*cosϕesinαosin(α − θe)cos(α − θe)− pst(t)pdt(ℓ) = tangential dynamic pressure component due to vessel’s roll, pitch, vertical and transverse
accelerations in longitudinal direction (positive shown in 5C-3-3/5.7.4 FIGURE 8)

= kc[− ρgℎ*cosϕesinαocos(α − θe)sinϕe]kc = correlation coefficient and may be taken as unity unless otherwise specifiedku = dynamic load factor and may be taken as unity unless otherwise specified

whereρg = specific weight of the bulk cargo considered, in N/cm2-m (kgf/cm2-m, lbf/in2-ft)α = slope of wall measured from horizontal plane, in degrees (see 5C-3-3/5.7.4 FIGURE 9)αo = angle of repose for the bulk cargo considered, normally 30 degrees (Re: “Code of Safe Practice for
Solid Bulk Cargoes” published by IMO)θe = effective angle of roll = 0.71 Cθθ in degreesϕe = effective angle of pitch = 0.71 Cϕϕ in degreesℎc = vertical distance from the top cargo surface to the wall point considered in upright condition, in m
(ft), as shown in 5C-3-3/5.7.4 FIGURE 10ℎ* = vertical distance from the top of cargo surface to the wall point considered in heeled condition, in m
(ft), as shown in 5C-3-3/5.7.4 FIGURE 10b = width of the cargo hold at the level of the wall point considered, in m (ft)ave = effective vertical acceleration

= 0 . 71   cvav, in m/sec2 (ft/sec2)ate = effective transverse acceleration

= 0 . 71   cTat, in m/sec2 (ft/sec2)cv, cT,Cθ and Cϕ are as specified in 5C-3-3/Table 1.

kn = 0.33 unless otherwise specified

Part 5C Specific Vessel Types
Chapter 3 Vessels Intended to Carry Ore or Bulk Cargoes (150 meters (492 feet) or more in

Length)
Section 3 Load Criteria 5C-3-3

ABS RULES FOR BUILDING AND CLASSING MARINE VESSELS • 2024 389



av and at are as specified in 5C-3-3/5.7.1(c).

If the direction of gravity is away from the wall at the point considered, the following equation can
be used:pqn = ρgℎccosϕe[cosθe(1− sinαo)sin2(α − θe)]− psnpqt(t) = ρgℎccosϕecosθe(1− sinαo)sin(α − θe)cos(α − θe)− pstpdt(t) = −ρgℎcsinϕecosθe(1− sinαo)sin(α − θe)cos(α − θe)
5.7.2(b) Bulk Cargo Pressures on Transverse Bulkhead within 0 . 4L Amidships. The bulk cargo
pressures acting on transverse bulkheads and stools can be similarly obtained when the wall angle
is defined as β.

pcn = psn+ kupdn N/cm2(kgf/cm2, lbf/in2)pct(t) = pst(t)+ kupdt(t) N/cm2(kgf/cm2, lbf/in2)pct(ℓ) = pst(ℓ)+ kupdt(ℓ) N/cm2(kgf/cm2, lbf/in2)
wherepsn = nominal static pressure component due to gravity

= ρgℎc{cos2β+ (1− sinαo)sin2β}pst(t) = tangential static pressure component due to gravity in transverse direction (positive
shown in 5C-3-3/5.7.4 FIGURE 8)

= 0pst(ℓ) = tangential static pressure component due to gravity in longitudinal direction
(positive shown in 5C-3-3/5.7.4 FIGURE 8)

= −ρgℎc(sinαosinβcosβ)pdn = dynamic pressure component due to vessel’s roll, pitch, vertical and transverse
accelerations

= kc[pqn+ ρgℎc{(ave/g)cos2β+ kn(aℓe/g)(ℓ/2ℎc)sin2β}]pqn = additional normal pressure component due to roll and pitch

= ρgℎ*cosθe[cos2(β+ ϕe) + (1− sinαo)sin2(β − ϕe)]− psnpdt(t) =
tangential dynamic pressure component due to vessel’s roll, pitch, vertical and
transverse accelerations in transverse direction (positive shown in 5C-3-3/5.7.4
FIGURE 8)

= kc[− ρgℎ*sinαocos(β+ ϕe)sinθe]pdt(ℓ) =
tangential dynamic pressure component due to vessel’s roll, pitch, vertical and
transverse accelerations in longitudinal direction (positive shown in 5C-3-3/5.7.4
FIGURE 8)

= kc[pqt(ℓ)+ ρgℎc{(ave/g)sinβcosβ − kn(aℓe/g)(ℓ/2ℎc)sinβcosβ}]pqt(ℓ) = −ρgℎ*sinαosin(β+ ϕe)cos(β+ ϕe)− pst(ℓ)
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β = slope of wall measured from horizontal plane, in degrees, as shown in 5C-3-3/5.7.4
FIGURE 11ℓ = length of the cargo hold at the level of the wall point considered, in m (ft)aℓe = effective longitudinal acceleration

= 0.71 cLaℓ,, m/sec2 (ft/sec2)cv, cL,Cθ and Cϕ are as specified in 5C-3-3/Table 1.

kn = 0.33 unless otherwise specifiedaℓ is as specified in 5C-3-3/5.7.1(c).

5.7.2(c) Cargo Pressure Outside of 0.4L Amidships. Where the ship form changes significantly
outside 0.4 L amidships, the cargo pressures on the side shell may be obtained based on the vector
sum of the normal and tangential components considering the orientation of the plates.

5.7.2(d) Extreme Cargo Pressure. For assessing local structures at a cargo hold boundary, the
extreme cargo pressure determined based on a specified dynamic load factor , ku (equal or greater
than unity), in 5C-3-3/7 is to be considered.

5.7.2(e) Simultaneous Cargo Pressures. In performing a 3D structural analysis, the internal cargo
pressures may be calculated in accordance with 5C-3-3/5.7.2(a), 5C-3-3/5.7.2(b) and
5C-3-3/5.7.2(c) above for cargo holds in the midbody region. For cargo holds in the fore or aft
body regions, the pressures are to be determined based on linear distributions of acceleration and
ship motions along the length of the vessel.

5.7.3 Internal Ballast Liquid Pressures
For wing and ballast tanks, the internal liquid pressures may be determined in accordance with
5C-1-3/5.7.2 with consideration of overflows.

5.7.3(a) Distribution of Internal Pressures. The internal ballast pressures, pi, positive toward tank
boundaries for a fully filled ballast tank, may be obtained from the following formula:pi = ρg(η+ kuℎd) ≥ 0 in   N/cm2(kgf/cm2, lbf/in2)
whereρg = specific weight of the liquid, in N/cm2-m (kgf/cm2-m, lbf/in2-ft)η = local vertical coordinate for tank boundaries measuring, as shown in 5C-3-3/5.7.4 FIGURE 12, in m

(ft)ku = load factor and may be taken as unity unless otherwise specifiedℎd = wave induced pressure head, including inertial force and added pressure head

= kc(ηiai/g+ Δℎi) , in m (ft)ηi = local coordinate in vertical direction for tank boundaries measuring from the top of the tankkc = correlation factor and may be taken as unity unless otherwise specifiedai = effective resultant acceleration, in m/sec2 (ft/sec2), at the point considered and may be approximated
byai = 0 . 71Cdp[wvav+wℓ(ℓ/ℎ)aℓ+ wt(b/ℎ)at]
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Cdp = 1.0 for rectangular tank, upper wing tank, lower wing tank

= 0.7 for J-shaped ballast tanks of double hull type bulk carrierav, aℓ and at are as given in 5C-3-3/5.7.1(c).wv,wℓ and wt are weighted coefficients and showing directions as specified in 5C-3-3/Table 1.

∆ ℎi = added pressure head due to pitch and roll motions at the point considered, in m (ft), may be
calculated as follows

i) for bow down and starboard down (ϕe < 0,θe > 0)∆ ℎi = ξsin(− ϕe) + (ζesinθecosϕe+ ηecosθecosϕe− η) for tank without overflows∆ ℎi = (ξ − ℓ/2)sin(− ϕe) + (ζesinθecosϕe+ cosθecosϕe− η) for tank with overflowsζe = b − ζηe = η
ii) for bow up and starboard up (ϕe > 0,θe < 0)∆ ℎi = (ℓ− ξ)sinϕe+ (ζesin(− θe)cosϕe+ ηecosθecosϕe− η) for tank without overflows∆ ℎi = (ℓ/2− ξ)sinϕe+ (ζesin(− θe)cosϕe+ ηecosθecosϕe− η) for tank with overflowsζe = ζ − δbηe = η − δℎξ, ζ, η are the local coordinates, in m (ft), for the point considered with respect to the origin shown
in 5C-3-3/5.7.4 FIGURE 12.δb and δℎ are the local coordinate adjustments, in m (ft), for a rounded tank corner, as shown in
5C-3-3/5.7.4 FIGURE 12.

where

θe = 0 . 71Cθθϕe = 0 . 71Cϕϕℓ = length of the tank, in m (ft)b = breadth of the tank considered, in m (ft)ℎ = height of the tank considered, in m (ft)ϕ and θ are pitch and roll amplitude as given in 5C-3-3/5.7.1(a) and (b).Cϕ and Cθ are weighted coefficients and showing directions as given in 5C-3-3/Table 1.

5.7.3(b) Extreme Internal Ballast Pressure. For assessing local structures at a tank boundary, the
extreme internal ballast pressure with ku as specified in 5C-3-3/7, is to be considered

5.7.3(c) Simultaneous Internal Ballast Pressures. In performing a 3D structural analysis, the
internal ballast pressures may be calculated in accordance with 5C-3-3/5.7.3(a) and
5C-3-3/5.7.3(b) above for tanks in the midbody. For tanks in the fore or aft body, the pressures are
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to be determined based on linear distributions of accelerations and ship motions along the length
of the vessel.

5.7.4 Deck Cargo Loads
In addition to the static load components of deck cargoes, the inertia forces with respect to the
vertical accelerations av, are to be considered.

FIGURE 2 
Distribution Factor mℎ
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FIGURE 3 
Distribution Factor fℎ

FIGURE 4 
Distribution of ℎdi
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FIGURE 5 
Pressure Distribution Function kℓo

FIGURE 6 
Distribution Factor mT
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FIGURE 7 
Definition of Bow Geometry

FIGURE 8 
Direction of Positive Tangential Force
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FIGURE 9 
Definition of Wall Angle

FIGURE 10
Definition of Cargo Height at Various Locations
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FIGURE 11 
Definition of Wall Angle for Transverse Bulkhead
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FIGURE 12 
Definition of Tank Geometry

For the lower ballast tanks, η is to be measured from a point located at 2/3 the distance from the top
of the tank to the top of the overflow (minimum 760 mm above deck).

TABLE 1A
Combined Load Cases for Yielding and Buckling Formulation *

 L.C.1 L.C.2 L.C.3 L.C.4 L.C.5 L.C.6 L.C.7 L.C.8 L.C.9 L.C.10

A. HULL GIRDER LOADS**

Vertical
B.M.***kc

Sag(-)
1.0

Hog (+)
1.0

Sag(-)
0.7

Hog (+)
0.7

Sag(-)
0.3

Hog (+)
0.3

Sag(-)
0.4

Hog (+)
0.4

Sag(-)
0.4

Hog (+)
0.4

Vertical
S.F.kc

(+)
0.5

(-)
0.5

(+)
1.0

(-)
1.0

(+)
0.3

(-)
0.3

(+)
0.4

(-)
0.4

(+)
0.4

(-)
0.4
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 L.C.1 L.C.2 L.C.3 L.C.4 L.C.5 L.C.6 L.C.7 L.C.8 L.C.9 L.C.10

Horizontal
B.M.kc 0.0 0.0 0.0 0.0

Stbd Tens
(-)0.3

Port Tens
(+)0.3

Stbd Tens
(-)0.5

Port Tens
(+)0.5

Stbd Tens
(-)1.0

Port Tens
(+)1.0

Horizontal
S.F.kc 0.0 0.0 0.0 0.0

(+)
1.0

(-)
1.0

(+)
0.5

(-)
0.5

(+)
1.0

(-)
1.0

Torsional
Mt.kc 0.0 0.0 0.0 0.0

(-)
0.6

(+)
0.6

(-)
1.0

(+)
1.0

(-)
0.6

(+)
0.6

B. EXTERNAL PRESSUREkc 0.5 0.5 0.5 1.0 0.5 1.0 0.5 1.0 0.5 1.0kf0 -1.0 1.0 -1.0 1.0 -1.0 1.0 -1.0 1.0 -1.0 1.0

C. INTERNAL BULK CARGO PRESSUREkc 0.4 0.4 1.0 0.5 1.0 0.5 1.0 0.5 - -cV 0.8 -0.8 0.8 -0.8 0.4 -0.4 0.7 -0.7 - -cL Fwd Bhd
0.6

Fwd
Bhd-0.6

Fwd Bhd
0.6

Fwd Bhd
-0.6

- - Fwd Bhd
0.7

Fwd Bhd
-0.7

- -

Aft Bhd
-0.6

Aft Bhd
0.6

Aft Bhd
-0.6

Aft Bhd
0.6

- - Aft Bhd
-0.7

Aft Bhd
0.7

- -

cT - - - - Port Wall
-0.9

Port Wall
0.9

Port Wall
-0.7

Port Wall
0.7

- -

- - - - Stbd Wall
0.9

Stbd Wall
-0.9

Stbd Wall
0.7

Stbd Wall
-0.7

- -

cϕ , Pitch -0.35 0.35 -0.70 0.70 0.0 0.0 -0.30 0.30 - -cθ , Roll 0.0 0.0 0.0 0.0 1.0 -1.0 0.30 -0.30 - -

D. INTERNAL BALLAST TANK PRESSUREkc 0.4 0.4 1.0 0.5 1.0 0.5 1.0 0.5 1.0 0.5wv 0.75 -0.75 0.75 -0.75 0.25 -0.25 0.4 -0.4 0.4 -0.4wℓ Fwd Bhd
0.25

Fwd Bhd
-0.25

Fwd Bhd
0.25

Fwd Bhd
-0.25

- - Fwd Bhd
0.2

Fwd Bhd
-0.2

Fwd Bhd
0.2

Fwd Bhd
-0.2

Aft Bhd
-0.25

Aft Bhd
0.25

Aft Bhd
-0.25

Aft Bhd
0.25

- - Aft Bhd
-0.2

Aft Bhd
0.2

Aft Bhd
-0.2

Aft Bhd
0.2wt - - - - Port Wall

-0.75
Port Wall

0.75
Port Wall

-0.4
Port Wall

0.4
Port Wall

-0.4
Port Wall

0.4

- - - - Stbd Wall
0.75

Stbd Wall
-0.75

Stbd Wall
0.4

Stbd Wall
-0.4

Stbd Wall
0.4

Stbd Wall
-0.4cϕ , Pitch -0.35 0.35 -0.70 0.70 0.0 0.0 -0.30 0.30 -0.30 0.30cθ , Roll 0.0 0.0 0.0 0.0 1.0 -1.0 0.30 -0.30 0.30 -0.30

E. REFERENCE WAVE HEADING AND POSITION
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 L.C.1 L.C.2 L.C.3 L.C.4 L.C.5 L.C.6 L.C.7 L.C.8 L.C.9 L.C.10

Heading
Angle

0 0 0 0 90 90 60 60 60 60

Heave Down Up Down Up Down Up Down Up Down Up

Pitch Bow
Down

Bow Up Bow
Down

Bow Up - - Bow
Down

Bow Up Bow
Down

Bow Up

Roll - - - - Stbd
Down

Stbd Up Stbd
Down

Stbd Up Stbd
down

Stbd Up

Draft 2/3 1 2/3 1 2/3 1 2/3 1 **** ****

* ku = 1.0 for all load components.

** Boundary forces are to be applied to produce the above specified hull girder bending moment at the middle of the
structural model, and specified hull girder shear force at one end of the middle hold of the model. The sign convention
for the shear force corresponds to the forward end of middle hold. The specified torsional moment is to be produced at
the aft bulkhead of the middle hold.

 

*** The following still water bending moment (SWBM) is to be used for structural analysis.

 L.C. 1, 3 and 5: Maximum sagging SWBM among alternate hold loading conditions only, but not to be taken less than
20% of the maximum sagging SWBM among all loading conditions.

 L.C. 2, 4 and 6: Maximum hogging SWBM among alternate hold loading conditions only, but not to be taken less than
20% of the maximum hogging SWBM among all loading conditions.

 L.C. 7: Maximum sagging SWBM among all loading conditions other than ballast conditions, but not to be taken less
than 20% of the maximum sagging SWBM among all loading conditions.

 L.C. 8: Maximum hogging SWBM among all loading conditions other than ballast conditions, but not to be taken less
than 20% of the maximum hogging SWBM among all loading conditions.

 L.C. 9: Maximum sagging SWBM among ballast conditions only, but not to be taken less than 20% of the maximum
sagging SWBM among all loading conditions.

 L.C. 10: Maximum hogging SWBM among ballast conditions only, but not to be taken less than 20% of the maximum
hogging SWBM among all loading conditions.

**** For Load Cases 9 and 10, draft d = [47− 0 . 11(L − 150)]L/1000   m (ft).
TABLE 1B

Combined Load Cases for Fatigue Strength Formulation*

 L.C.1 L.C.2 L.C.3 L.C.4 L.C.5 L.C.6 L.C.7 L.C.8 L.C.9 L.C.10

A. HULL GIRDER LOADS**

Vertical
B.M.***kc

Sag(-)
1.0

Hog (+)
1.0

Sag(-)
0.7

Hog (+)
0.7

Sag(-)
0.3

Hog (+)
0.3

Sag(-)
0.4

Hog (+)
0.4

Sag(-)
0.4

Hog (+)
0.4

Vertical
S.F.kc

(+)
0.5

(-)
0.5

(+)
1.0

(-)
1.0

(+)
0.3

(-)
0.3

(+)
0.4

(-)
0.4

(+)
0.4

(-)
0.4

Horizontal
B.M.kc 0.0 0.0 0.0 0.0

Stbd Tens
(-)0.3

Port Tens
(+)0.3

Stbd Tens
(-)0.5

Port Tens
(+)0.5

Stbd Tens
(-)1.0

Port Tens
(+)1.0
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 L.C.1 L.C.2 L.C.3 L.C.4 L.C.5 L.C.6 L.C.7 L.C.8 L.C.9 L.C.10

Horizontal
S.F.kc 0.0 0.0 0.0 0.0

(+)
1.0

(-)
1.0

(+)
0.5

(-)
0.5

(+)
1.0

(-)
1.0

Torsional
Mt.kc 0.0 0.0 0.0 0.0

(-)
0.6

(+)
0.6

(-)
1.0

(+)
1.0

(-)
0.6

(+)
0.6

B. EXTERNAL PRESSUREkc 0.5 0.5 0.5 1.0 0.5 1.0 0.5 1.0 0.5 1.0kf0 -1.0 1.0 -1.0 1.0 -1.0 1.0 -1.0 1.0 -1.0 1.0

C. INTERNAL BULK CARGO PRESSUREkc 0.4 0.4 1.0 0.5 1.0 0.5 1.0 0.5 - -cV 0.8 -0.8 0.8 -0.8 0.4 -0.4 0.7 -0.7 - -cL Fwd Bhd
0.6

Fwd
Bhd-0.6

Fwd Bhd
0.6

Fwd Bhd
-0.6

- - Fwd Bhd
0.7

Fwd Bhd
-0.7

- -

Aft Bhd
-0.6

Aft Bhd
0.6

Aft Bhd
-0.6

Aft Bhd
0.6

- - Aft Bhd
-0.7

Aft Bhd
0.7

- -

cT - - - - Port Wall
-0.9

Port Wall
0.9

Port Wall
-0.7

Port Wall
0.7

- -

- - - - Stbd Wall
0.9

Stbd Wall
-0.9

Stbd Wall
0.7

Stbd Wall
-0.7

- -

cϕ , Pitch -1.0 1.0 -1.0 1.0 0.0 0.0 -0.7 0.7 - -cθ , Roll 0.0 0.0 0.0 0.0 1.0 -1.0 0.7 -0.7 - -

D. INTERNAL BALLAST TANK PRESSUREkc 0.4 0.4 1.0 0.5 1.0 0.5 1.0 0.5 1.0 0.5wv 0.75 -0.75 0.75 -0.75 0.25 -0.25 0.4 -0.4 0.4 -0.4wℓ Fwd Bhd
0.25

Fwd Bhd
-0.25

Fwd Bhd
0.25

Fwd Bhd
-0.25

- - Fwd Bhd
0.2

Fwd Bhd
-0.2

Fwd Bhd
0.2

Fwd Bhd
-0.2

Aft Bhd
-0.25

Aft Bhd
0.25

Aft Bhd
-0.25

Aft Bhd
0.25

- - Aft Bhd
-0.2

Aft Bhd
0.2

Aft Bhd
-0.2

Aft Bhd
0.2wt - - - - Port Wall

-0.75
Port Wall

0.75
Port Wall

-0.4
Port Wall

0.4
Port Wall

-0.4
Port Wall

0.4

- - - - Stbd Wall
0.75

Stbd Wall
-0.75

Stbd Wall
0.4

Stbd Wall
-0.4

Stbd Wall
0.4

Stbd Wall
-0.4cϕ , Pitch -1.0 1.0 -1.0 1.0 0.0 0.0 -0.7 0.7 -0.7 0.7cθ , Roll 0.0 0.0 0.0 0.0 1.0 -1.0 0.7 -0.7 0.7 -0.7

E. REFERENCE WAVE HEADING AND POSITION

Heading
Angle

0 0 0 0 90 90 60 60 60 60
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 L.C.1 L.C.2 L.C.3 L.C.4 L.C.5 L.C.6 L.C.7 L.C.8 L.C.9 L.C.10

Heave Down Up Down Up Down Up Down Up Down Up

Pitch Bow
Down

Bow Up Bow
Down

Bow Up - - Bow
Down

Bow Up Bow
Down

Bow Up

Roll - - - - Stbd
Down

Stbd Up Stbd
Down

Stbd Up Stbd
down

Stbd Up

Draft 2/3 1 2/3 1 2/3 1 2/3 1 **** ****

* ku = 1.0 for all load components.

** Boundary forces are to be applied to produce the above specified hull girder bending moment at the middle of the
structural model, and specified hull girder shear force at one end of the middle hold of the model. The sign convention
for the shear force corresponds to the forward end of middle hold. The specified torsional moment is to be produced at
the aft bulkhead of the middle hold.

 

*** The following still water bending moment (SWBM) is to be used for structural analysis.

 L.C. 1, 3 and 5: Maximum sagging SWBM among alternate hold loading conditions only, but not to be taken less than
20% of the maximum sagging SWBM among all loading conditions.

 L.C. 2, 4 and 6: Maximum hogging SWBM among alternate hold loading conditions only, but not to be taken less than
20% of the maximum hogging SWBM among all loading conditions.

 L.C. 7: Maximum sagging SWBM among all loading conditions other than ballast conditions, but not to be taken less
than 20% of the maximum sagging SWBM among all loading conditions.

 L.C. 8: Maximum hogging SWBM among all loading conditions other than ballast conditions, but not to be taken less
than 20% of the maximum hogging SWBM among all loading conditions.

 L.C. 9: Maximum sagging SWBM among ballast conditions only, but not to be taken less than 20% of the maximum
sagging SWBM among all loading conditions.

 L.C. 10: Maximum hogging SWBM among ballast conditions only, but not to be taken less than 20% of the maximum
hogging SWBM among all loading conditions.

**** For Load Cases 9 and 10, draft d = [47− 0 . 11(L − 150)]L/1000   m (ft).
TABLE 2

Values of Ai and Bi*
 Ai Bi

-0.05L 1.25 0.3600

FP 1.00 0.4000

0.05L 0.80 0.4375

0.10L 0.62 0.4838

0.15L 0.47 0.5532

0.20L 0.33 0.6666

0.25L 0.22 0.8182

0.30L 0.22 0.8182

* Linear interpolation may be used for intermediate values.
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7 Nominal Design Loads

7.1 General
The nominal design loads specified below are to be used for determining the required scantlings of hull
structures in conjunction with the specified permissible stresses given in Section 5C-3-4.

7.3 Hull Girder Loads -Longitudinal Bending Moments and Shear Forces
7.3.1 Total Vertical Bending Moment and Shear Force

The total longitudinal vertical bending moments and shear forces may be obtained from the
following equations:Mt = Msw+ kukcMw kN−m(tf −m, Ltf − ft)Ft = Fsw+ kukcFw kN(tf, Ltf)
whereMsw and Mw are the still water bending moment and wave induced bending moment respectively,
as specified in 3-2-1/3.7 for either hogging or sagging conditions.Fsw and Fw are the still water and wave-induced shear forces respectively, as specified in 3-2-1/3.9
for either positive or negative shear.ku is a load factor and may be taken as unity unless otherwise specified.kc is a correlation factor and may be taken as unity unless otherwise specified.

For determining the hull girder section modulus for 0.4L amidships as specified in 5C-3-4/3, the
maximum still water bending moments, either hogging or sagging, are to be added to the hogging
or sagging wave bending moments, respectively. Elsewhere, the total bending moment may be
directly obtained based on the envelope curves as specified in 5C-3-3/3 and 5C-3-3/5.

For this purpose, ku = 1 . 0, and kc = 1 . 0
7.3.2 Horizontal Wave Bending Moment and Shear Force

For non-head sea conditions, the horizontal wave bending moment and the horizontal shear force
as specified in 5C-3-3/5.3 are to be considered as additional hull girder loads, especially for the
design of the side shell and inner skin structures. The effective horizontal bending moment and
shear force,MHE and FHE, may be determined by the following equations:MHE = kukcMH kN−m(tf −m, Ltf − ft)FHE = kukcFH kN(tf, Ltf)
where ku and kc are a load factor and a correlation factor, respectively, which may be taken as
unity unless otherwise specified.

7.3.3 Torsional Moment
The effective torsional moments for non-head sea conditions are to be considered in addition to
the hull girder loads specified in 5C-3-3/7.3.1 and 5C-3-3/7.3.2 above.TME = kukcTM kN−m(tf −m, Ltf − ft)
where
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ku and kc are as defined above.TM is as specified in 5C-3-3/5.3.3.

7.5 Local Loads for Design of Supporting Structures
In determining the required scantlings of the main supporting structures, such as girders, transverses,
stringers, floors and deep webs, the nominal loads induced by the external and cargo or ballast pressures
distributed over both sides of the structural panel within the cargo hold boundaries are to be considered for
the worst possible load combinations. In general, considerations are to be given to the following two
loading cases accounting for the worst effects of the dynamic load components.

i) Maximum internal cargo pressures for a fully loaded cargo hold with the adjacent holds empty and
minimum external pressures, where applicable.

ii) Empty cargo hold with the fore and aft holds full and maximum external pressures, where
applicable.

The specified design loads for main supporting structures are given in 5C-3-3/7.7 TABLE 3.

7.7 Local Pressures for Design of Plating and Longitudinals
In calculating the required scantlings of plating, longitudinals and stiffeners, the nominal pressures are to
be considered for the two load cases given in 5C-3-3/7.5, using ku = 1 . 1 instead of kc = 1 . 0 as shown
above.

The necessary details for calculating the nominal pressures are given in 5C-3-3/7.7 TABLE 3.

Part 5C Specific Vessel Types
Chapter 3 Vessels Intended to Carry Ore or Bulk Cargoes (150 meters (492 feet) or more in

Length)
Section 3 Load Criteria 5C-3-3

ABS RULES FOR BUILDING AND CLASSING MARINE VESSELS • 2024 405



FIGURE 13 
Location of Hold for Nominal Pressure Calculation

TABLE 3 
Design Pressure for Local and Supporting Members

A. Local Structures-Plating & Long'1s/Stiffeners.
The nominal pressure, p = pi− pe , is to be determined from load cases “a” & “b” below, whichever is greater, withku = 1 . 1 and kc = 1 . 0 unless otherwise specified in the table.
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 Case "a"
At Forward end of the tank or hold

Case "b"
At Mid-Tank/Forward end of tank or hold

Structural Members/
Components

Draft/
Wave
Heading
Angle

Location and
Loading Pattern

Coefficients Draft/Wave
Heading
Angle

Location and
Loading Pattern

Coefficients

pi pe pi pe

1 Bottom Plating
and Long'1

2/3
scantling
draft/0°

Full double bottom
ballast tank

Ati Ae Scantling
draft/0°

Midtank of empty
double bottom
ballast tanks

- Be

2 Inner Bottom
Plating & Long'1
(dry cargo holds)

2/3
scantling
draft/0°

Full double bottom
ballast tank cargo
holds empty

Ati - Scantling
draft/0°

Fwd end of full
cargo hold, ballast
tanks empty

Abi -

Inner Bottom
Plating & Long'1
(ballast or liquid
cargo holds)

2/3
scantling
draft/0°

Full ballast hold,
double bottom
ballast tanks empty

Ati -     

3 Side Shell Plating
& Long'1

2/3
scantling
draft/60°

Starboard side of
full ballast tank

Bti Ae Scantling
draft/60°

Midtank of empty
ballast tanks

- Be

Side Shell Plating
(ballast or liquid
cargo holds)

2/3
scantling
draft/60°

Starboard side of
full ballast or
liquid cargo holds,
adjacent tanks
empty

Bti -     

4 Hold Frame (dry
cargo holds)

Scantling
draft/0°

Empty cargo hold - Be 2/3
scantling
draft/0°

Empty cargo hold - Be

Hold Frame
(ballast or liquid
cargo holds)

2/3
scantling
draft/60°

Starboard side of
full ballast or
liquid cargo holds

Bti Ae     

5 Side Frame in
double hull side
spaces (void)

Scantling
draft/0o

Empty cargo hold - Be 2/3
scantling
draft/0o

Empty cargo hold - Be

Side frame in
double hull side
spaces (ballast
tank)

2/3
scantling
draft//60o

Starboard side of
full ballast

Bti Ae     

6 Deck Plating &
Long'1 (ballast
tank)

2/3
scantling
draft/0°

Full ballast tank Cti -     

Cross Deck
Structure (ballast
hold)

2/3
scantling
draft/0°

Full ballast hold Cti -     
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 Case "a"
At Forward end of the tank or hold

Case "b"
At Mid-Tank/Forward end of tank or hold

Structural Members/
Components

Draft/
Wave
Heading
Angle

Location and
Loading Pattern

Coefficients Draft/Wave
Heading
Angle

Location and
Loading Pattern

Coefficients

pi pe pi pe

7 Lower Wing Tank
Sloping Bulkhead
Plating & Long'1
(dry cargo holds)

Scantling
draft/60°

Full cargo hold,
ballast tanks empty

Bbi - 2/3
scantling
draft/60°

Fwd end and full
port and starboard
ballast tanks cargo
hold empty

Bti -

Lower Wing Tank
Sloping Bulkhead
Plating & Long'1
(ballast or liquid
cargo holds)

2/3
scantling
draft/60°

Starboard side of
full ballast or
liquid cargo holds,
adjacent tanks
empty

Bti -     

8 Upper Wing Tank
Sloping Bulkhead
Plating & Long'1
(dry cargo holds)

2/3
scantling
draft/60°

Starboard side of
full ballast tanks,
cargo hold empty

Bti - 2/3
scantling
draft/60°

Port side of full
ballast tanks, cargo
hold empty

Bti -

Upper Wing Tank
Sloping Bulkhead
Plating & Long'1
(ballast or liquid
cargo holds)

2/3
scantling
draft/60°

Starboard side of
full ballast or
liquid cargo holds,
adjacent tanks
empty

Bti -     

9 All Other Long'1
Bulkhead Plating
(dry cargo holds)

Scantling
draft/60°

Full cargo hold,
ballast tanks or
double hull void
spaces empty

Bbi - 2/3
scantling
draft/60°

Forward end and
full port and
starboard ballast
tanks, double hull
void spaces and
cargo hold empty

Bti -

All Other Long'1
Bulkhead Plating
(ballast or liquid
cargo holds)

2/3
scantling
draft/60°

Starboard side of
full ballast or
liquid cargo holds,
adjacent tanks or
double hull void
spaces empty

Bti -     

10 Transverse
Bulkhead Plating
& Stiffeners (dry
cargo holds)

2/3
scantling
draft/0°

Forward bulkhead
of full cargo hold,
adjacent holds
empty

Abi - Flooded
Condition
(see note 7)

   

Transverse
Bulkhead Plating
& Stiffeners
(ballast or liquid
cargo holds)

2/3
scantling
draft/60°

B/4 off vessel's
centerline of full
ballast hold,
adjacent holds
empty

Bti -     

Transverse
Bulkhead Plating
& Stiffeners (all
other tanks)

2/3
scantling
draft/0°

Forward bulkhead
of full ballast tank,
adjacent tanks
empty

Ati -     
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B. Main Supporting Members
The nominal pressure, p = pi− pe , is to be determined at the mid span of the structural members at starboard side of
vessel from load cases “a” & “b” below, whichever is greater, with ku = 1 . 0 and ku = 1 . 0 unless otherwise specified in
the table.

 Case "a"
At Mid-tank or Mid-hold for Transverses

Case "b"
At Mid-tank or Mid-hold for Transverses

Structural Members/
Components

Draft/
Wave
Heading
Angle

Location and
Loading Pattern

Coefficients Draft/
Wave
Heading
Angle

Location and
Loading Pattern

Coefficients

pi pe pi pe

11 Double Bottom
Floor & Girder

2/3
scantling
draft/0°

Full cargo hold,
ballast tanks empty

Abi Ae Scantling
draft/90°

Mid-tank, cargo
holds and ballast
tanks empty

- Be

12 Bottom Transverse
in Lower Wing
Tank

2/3
scantling
draft/0°

Full lower wing
tank

Ati Ae Scantling
draft/90°

Empty lower wing
tank

- Be

13 Side Transverse in
Lower Wing Tank

2/3
scantling
draft/60°

Full lower wing
tank

Bti Ae Scantling
draft/90°

Empty lower wing
tank

- Be

14 Side Transverse in
Upper Wing Tank

2/3
scantling
draft/60°

Full upper wing
tank

Bti - Scantling
draft/90°

Empty upper wing
tank

- Be

15 Deck Transverse in
Upper Wing Tank

2/3
scantling
draft/60°

Full upper wing
tank

Bti -     

16 Sloping Bulkhead
Transverse in
Lower wing Tank
(dry cargo holds)

Scantling
draft/60°

Full cargo hold,
lower wing tank
empty

Bbi - 2/3
scantling
draft/60°

Full lower wing
tank, cargo hold
empty

Bti -

Sloping Bulkhead
Transverse in
Lower wing Tank
(ballast and liquid
cargo holds)

2/3
scantling
draft/60°

Full ballast or
liquid cargo holds,
lower wing tank
empty

Bti -     

17 Sloping Bulkhead
Transverse in
Upper Wing Tank
(dry cargo holds)

2/3
scantling
draft/60°

Full upper wing
tank

Bti -     

Sloping Bulkhead
Transverse in
Upper Wing Tank
(ballast or liquid
cargo holds)

2/3
scantling
draft/60°

Full hold with
ballast or liquid
cargo, upper wing
tank empty

Bti -     
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 Case "a"
At Mid-tank or Mid-hold for Transverses

Case "b"
At Mid-tank or Mid-hold for Transverses

Structural Members/
Components

Draft/
Wave
Heading
Angle

Location and
Loading Pattern

Coefficients Draft/
Wave
Heading
Angle

Location and
Loading Pattern

Coefficients

pi pe pi pe

18 Horizontal Girder
and Vertical Web
on Transverse
Bulkhead (dry
cargo holds)

2/3
scantling
draft/0°

Forward bulkhead
of full cargo hold,
adjacent holds
empty

Abi - 2/3
scantling
draft/0°

Aft bulkhead of
full cargo hold,
adjacent holds
empty

Cbi -

Horizontal Girder
and Vertical Web
on Transverse
Bulkhead (ballast
or liquid cargo
holds and fore
peak tank)

2/3
scantling
draft/60°

Forward bulkhead
of full ballast hold,
adjacent holds
empty

Bti - 2/3
scantling
draft/60°

Aft bulkhead of
full forepeak tank,
adjacent hold
empty

Dti -

19 Diaphragms and
Stringers in double
hull side tanks or
void spaces (dry
cargo holds)

Scantling
draft/0o

Empty cargo hold,
double hull side
tanks or void
spaces empty

- Be Scantling
draft/0o

Empty cargo hold,
double hull side
tanks or void
spaces empty

- Be

Diaphragms and
Stringers in double
hull side tanks or
void spaces
(ballast or liquid
cargo holds)

2/3
scantling
draft/60o

Starboard side of
full ballast or
liquid cargo holds,
double hull side
tanks full

Bti Ae     

20 Deck Girder and
Hatch-End Beam

2/3
scantling
draft/60°

Full hold with
ballast or liquid
cargo

Bti -     
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Notes:

1 For calculating pi and pe, the necessary coefficients are to be determined based on the following designated
groups:

a) For pti (ballast or liquid cargo pressure):Ati:wv = 0 . 75,wℓ forward   bulkhead = 0 . 25 .wℓ aft   bulkhead = − 0 . 25,wt = 0 . 0,  Cϕ = − 0 . 35,Cθ = 0 . 0Bti:wv = 0 . 4,wℓ forward   bulkhead = 0 . 2,wℓ aft   bulkhead = − 0 . 2,wt starboard = 0 . 4, wt port = − 0 . 4,Cϕ = − 0 . 30,Cθ = 0 . 30Cti:wv = − 0 . 75,wℓ forward   bulkhead = 0 . 25,wt = 0 . 0,Cϕ = − 0 . 35,Cθ = 0 . 0Dti:wv = 0 . 4,wℓ forward   bulkhead = − 0 . 2,wℓ aft   bulkhead = 0 . 2,wt starboard = 0 . 4,wt port = − 0 . 4,Cϕ = 0 . 30,Cθ = 0 . 30
b) For pbi (dry cargo pressure):Abi:cV = 0 . 8, cL   forward   bulkhead = 0 . 6, cL aft   bulkhead = − 0 . 6,cT = 0,Cϕ = − 0 . 35,   Cθ =   0 . 0Bbi:cV = 0 . 7, cL forward   bulkhead = 0 . 7, cL aft   bulkhead = − 0 . 7, cT starboard = 0 . 7,cT port = − 0 . 7,Cϕ = − 0 . 30,Cθ = 0 . 30Cbi:cV = 0 . 8, cL forward   bulkead = − 0 . 6, cL aft bulkhead = 0 . 6, cT− 0,  Cϕ = 0 . 35,Cθ = 0 . 0
c) For pe: :Ae:kℓo = 1 . 0, ku = 1 . 0, kc = − 0 . 5Be:kℓo = 1 . 0

2 For structures within 0.4L amidships, the nominal pressure is to be calculated for a hold located amidships. Each
cargo hold or ballast hold in the region should be considered as located amidships as shown in 5C-3-3/7.7
FIGURE 13.

3 For structures outside 0.4L amidships, the nominal pressure is to be calculated for members in a tank under
consideration.

4 In calculation of the nominal pressure, ρg of the liquid or ballast is not to be taken less than 1.005 N/cm2-m
(0.1025 kgf/cm2-m, 0.4444 lbf/in2-ft)

5 The cargo specific weight of dry cargoes is defined as cargo weight divided by hold volumes for each cargo hold.
In calculation of the nominal pressure, ρg of bulk cargo and ore cargo is not to be taken less than 0.9807 N/cm2-m
(0.1 kgf/cm2-m, 0.4336 lbf/in2-ft) and 1.471 N/cm2-m (0.15 kgf/cm2-m, 0.6503 lbf/in2-ft), respectively.

6 Dry cargoes are to be considered to be stored up to the level of the upper deck at centerline. The design angle of
repose of bulk and ore cargoes may be taken as 30 degrees, unless otherwise specified by designers.

7 The nominal pressure in the flooded holds may be approximated by taking 70% of the nominal ballast pressure as
specified for transverse bulkhead plating and stiffeners (ballast or liquid cargo holds), except for single or double
side skin vessels intended to carry solid bulk cargoes having a density of 1.0 t/m3 (62.4 lb/ft3) or above. For these
vessels, the flooding loads and the strength assessment are to be carried out in accordance with 5C-3-A5b/1.

8 Where cargo is carried on deck, the nominal pressure of deck structures is not to be taken less than the specified
cargo pressure.

9 Combined Load Cases

9.1 Combined Load Cases for Structural Analysis
For assessing the strength of the hull girder structures and in performing a structural analysis as outlined in
5C-3-5, the ten combined load cases specified in 5C-3-3/Table 1 are to be considered. 5C-3-5/9.9 specifies
the load cases to be investigated in assessing the adequacy of structure in each designated hold. Additional
combined loads cases may be required as warranted. The loading patterns are shown in 5C-3-3/3.3
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FIGURE 1 for three cargo hold lengths. The necessary factors and coefficients for calculating hull girder
and local loads are given in 5C-3-3/Table 1. The total external pressure distribution including static and
hydrodynamic pressure is illustrated in 5C-3-3/9.3.3 FIGURE 14.

9.3 Combined Load Cases for Total Strength Assessment
For assessing the failure modes with respect to material yielding, buckling and ultimate strength, the
following combined load cases shall be considered.

9.3.1 Ultimate Strength of Hull Girder
For assessing ultimate strength of the hull girder, the combined effects of the following primary
and local loads are to be considered.

9.3.1(a) Primary Loads, Longitudinal Bending Moments and Shear Forces in Head Sea
Conditions(MH = 0,FH = 0,TM = 0)Mt = Msw+ kukcMw, kc = 1 . 0   hogging and saggingFt = Fsw+ kukcFw, kc = 1 . 0   positive and negative

whereku = 1.15. For vessels with heavy ballast draft forward less than 0.04L or with flare parameter Ar exceeding 21
m (68.9 ft), ku is to be increased as may be required by 5C-3-3/11.1.3 or 5C-3-3/11.3.3, whichever is
greaterMsw,Mw,Fsw and Fsw are as defined in 3-2-1/3.Ar is as defined in 5C-3-3/11.3.3.

9.3.1(b) Local Loads for Large Stiffened Panels. Internal and external pressure loads as given in
Note 1 of 5C-3-3/7.7 TABLE 3 are to be considered.

9.3.2 Yielding, Buckling and Ultimate Strength of Local Structures
For assessing the yielding, buckling and ultimate strength of local structure the ten combined load
cases as given in 5C-3-3/Table 1 are to be considered.

9.3.3 Fatigue Strength
For assessing the fatigue strength of structural joints, the ten combined load cases given in
5C-3-3/9.1 are to be used for a first level fatigue strength assessment as outlined in 5C-3-A1.

Part 5C Specific Vessel Types
Chapter 3 Vessels Intended to Carry Ore or Bulk Cargoes (150 meters (492 feet) or more in

Length)
Section 3 Load Criteria 5C-3-3

ABS RULES FOR BUILDING AND CLASSING MARINE VESSELS • 2024 412



FIGURE 14 
Illustration of Determining Total External Pressure

11 Impact Loads

11.1 Bottom Slamming
For bulk carriers with a heavy weather ballast draft forward less than 0.04L but greater than 0.025L,
bottom slamming loads are to be considered for assessing strength of the flat bottom plating forward and
the associated stiffening system in the fore body region.For this assessment, the heavy ballast draft forward
may be determined with one cargo hold, adapted for carriage of water ballast at sea, full. In addition, the
effects of the slamming loads on the hull girder bending moments are also to be considered for assessing
strength of the fore body structures

11.1.1 Bottom Slamming Pressure
The equivalent bottom slamming pressure for strength formulation and assessment should be
determined based on well-documented experimental data or analytical studies. When these direct
calculations are not available, nominal bottom slamming pressures may be determined by the
following equations:Psi = kki[vo2+MViEni]Ef kN/m2(tf/m2, Ltf/ft2)
wherePsi = equivalent bottom slamming pressure for section ik = 1.025 (0.1045, 0.000888)ki = 2 . 2b*/do+ α ≤ 40b* = half width of flat of bottom at the i-th ship station, see 5C-3-3/13.3 FIGURE 15
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do = 1 10 of the section draft at the heavy ballast condition, see 5C-3-3/13.3 FIGURE 15a = constant as given in 5C-3-3/11.1.1 TABLE 4

where b represents the half breadth at the 1 10 draft of the section, see 5C-3-3/13.3 FIGURE 15.
Linear interpolation may be used for intermediate values.

Ef = f1ω1(L)(1/2), ω1 is defined in 5C-3-3/11.1.3f1 = 0.004 (0.0022) for m (ft)

Ef need not be taken greater than 0.1(11−0.01L)1/2 for SI or MKS Units [0.0175(360−0.1L)1/2 for
U.S. Units).

V = 75% of the design speed Vd in knots. V is not to be taken less than 10 knots.vo = co(L)1/2, in m/s (ft/s)co = 0.29 (0.525) for m (ft)L = vessel length, as defined in 3-1-1/3.1MRi = c1Ai(VL/Cb)1/2c1 = 0.44 (2.615) for m (ft)MVi = BiMRiAi and Bi are as given in 5C-3-3/5.7.4 TABLE 2.

Gei = e[− vo2/Mvi+ di2/MRi)]di = local section draft, in m (ft)Eni = natural log of nini = 5730(MVi/MRi)1/2Gei, if   ni < 1   then Psi = 0
TABLE 4 

Values of α
b/do α b/do α
1.00 0.00 4.00 20.25

1.50 9.00 5.00 22.00

2.00 11.75 6.00 23.75

2.50 14.25 7.00 24.50

3.00 16.50 7.50 24.75

3.50 18.50 25.0 24.75
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11.1.2 Simultaneous Slamming Pressures (2019)
For performing structural analyses to determine overall responses of bottom structures of the first
two cargo holds from the FP, the spatial distributions of instantaneous bottom slamming pressures
on the forward bottom region are shown in 5C-3-3/13.3 FIGURE 15 and 5C-3-3/13.3 FIGURE 16.
The instantaneous girth-wise distribution at station i, as shown in 5C-3-3/13.3 FIGURE 15, may
be assumed to be uniformly distributed over the flat portion of the bottom structures. The largest
value of Psi, determined within the bound of each of the two cargo holds,is to be multiplied by a
factor of 0.71 to take into account the simultaneous loading of these nominal pressure values on
the finite element model. This factored Psi is to be used as the respective peak value of the bottom
pressure distribution in the longitudinal direction, 5C-3-3/13.3 FIGURE 16, for each cargo hold.
This peak value may cover 0.01L portion of the ship bottom and it may be placed at the mid-
section of the cargo hold considered. The base of this distribution may cover 0.15L of the ship
bottom on either side of this mid-section of the cargo hold, but need not go beyond 0.05L aft of theFP.

11.1.3 Effects of Bottom Slamming on Vertical Hull Girder Bending Moment
In addition to the effects of bottom slamming on the bottom structures, the vibratory responses
induced by bottom slamming on the hull girder in terms of vertical bending moment are also to be
considered in the strength assessment as given below.

The load factor, ku, for hull girder ultimate strength assessment in association with wave induced
hogging moment is not to be less than 1.15 or the following, whichever is greater.ku = (1 +Msi2 /Mwi 2 )1/2
whereMwi = wave induced hogging bending moment, as specified in 3-2-1/3.5.1, for ship station i.
Msi = kΓi × 108[b/(ω1dm)]3[Fn/L4] ×Mw10 . Bottom slamming induced vertical bending moment of

ship station i – station 10 being the midship, and station 0, the FP.k = 1.0 (115.74) for m (ft)Γi = envelope curve factors: 2.05, 2.50, 2.35, 2.21, 1.84, 1.84, 2.16, 1.56, corresponding to ship stations at
0.2, 0.3, 0.35, 0.4, 0.5, 0.6, 0.7 and 0.8 L, respectively, measured from the FP. Linear interpolation
may be used for intermediate valuesb = average value of the half breadths at the 1 10 draft of the 6 forward stations, starting from station 0,
the FP, to station 5, the forward quarter length of the vessel.dm = average value of 1 10 drafts at the heavy ballast condition of 6 forward stations, starting from station
0, the FP, to station 5, the quarter length of the vessel.Fn = 0 . 514Vd/(gL)1/2 for SI and MKS units (1 . 688Vd/(gL)1/2 for US units),Vd is the design speed
in knots, g is the acceleration due to gravity (9.807 m/sec2, 32.2 ft/sec2). Fn need not be taken greater
than 0.17.ω1 = natural angular frequency of the hull girder 2-node vertical vibration of the vessel in the wet mode
and the heavy ballast draft condition, in rad/second. If not known, the following equation may be use

= μ[B   D3/(ΔSCb 3L3)]1/2+ co   ≥ 3 . 7
where
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μ = 23400 (7475, 4094)∆S = Δb[1 . 2 + B/(3db)]∆b = vessel displacement at the heavy ballast condition, in kN ( tf, Ltf)db = mean draft of vessel at the heavy ballast condition, in m (ft)co = 1.0 for heavy ballast draftL,B and D are as defined in Section 3-1-1.Cb is as defined in 3-2-1/3.5.1.

For vessels with conventional ship forms and cargo hold arrangements, and a forward draft less
than 0.04L but greater than or equal to 0.03L, ku may be approximated from the envelope curves
given in 5C-3-3/13.3 FIGURE 17. Linear interpolation may be used for determining intermediate
values.

11.3 Bowflare Slamming
For vessels possessing bowflare and having a shape parameter Ar (defined in 5C-3-3/11.3.3) greater than
21 m (68.9 ft.) in the forebody region, bowflare slamming loads are to be considered for assessing the
strength of the side plating and the associated stiffening system in the forebody region of the vessel at its
scantling draft.

11.3.1 Nominal Bowflare Slamming
When experimental data or direct calculation is not available, nominal bowflare slamming
pressures may be determined by the following equations:Pij = Poij   or   Pbij as defined below, whichever is greaterPoij = k1(9MRi− ℎij 2)1/2 kN/m2 (tf/m2, Ltf/ft2)Pbij = k2k3{C2+ KijMvi[1 + Eni]} kN/m2 (tf/m2, Ltf/ft2)

wherek1 = 9.807 (1, 0.0278)k2 = 1.025 (0.1045, 0.000888)k3 = 1 for ℎij ≤ ℎb*
= 1 + (ℎij/ℎb* − 1)2 for ℎb* < ℎij < ℎb*
= 2 for ℎij ≥ ℎb*ℎij = vertical distance measured from the load waterline (LWL) at station i to WLj on the bowflare. The

value of ℎij is not to be taken less than ℎb* .Pbij at a location between LWL and ℎb* above LWL need

not be taken greater than Pbij  * .ℎb* = 0.005(L - 130) + 3.0 (m) for L < 230 m

= 0.005(L - 426.4) + 9.84 (ft) for L < 754

= 7.143 x 10-3(L -230) + 3.5 (m) for 230 m ≤ L < 300 m

= 7.143 x 10-3(L - 754.4) + 11.48 (ft) for 754 ft ≤ L < 984 ft
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= 4.0 m (13.12 ft) for L ≥ 300 m (984 ft)pbij* = Pbi* βi*/βij′
pbi* = Pbij at ℎb* above LWLC2 = 39.2 (422.46)     for m (ft)nij = 5730(MVi/MRi)1/2Gij ≥1.0Eni = natural log of nijGij = e(− ℎij2 /MRi)MRi = see 5C-3-3/11.1.1

MVi = BiMRi, where Bi is given in 5C-3-3/5.7.4 TABLE 2.

Kij = fij[rj/(bbij+ 0 . 5ℎij)]3/2[ℓij/rj][1 . 09 + 0 . 029V − 0 . 47Cb]2rj = (MRi)1/2bbij = bij− bio > 2 . 0 m(6.56 ft)

bij = local half beam of WLj at station i. The value of bij is not to be taken less than 2.0 (6.56) m (ft).bi0 = local waterline half beam at station iℓij = longitudinal distance of WLj at station i measured from amidships.fij = [90/βij′ − 1]2[tan2(βij′ )/9 . 86]cos   γβij′ = normal local body plan angle

= tan−1[tan(βij)/cos(αij)]αij = waterline angle as in 5C-3-3/5.7.4 FIGURE 7βij = local body plan angle measured from the horizontal, in degrees, need not be taken less than 75
degrees, see 5C-3-3/13.3 FIGURE 18βi* = βij′  at ℎb* above LWLV = as defined in 5C-3-3/11.1L = as defined in 3-1-1/3.1, in m (ft)Cb = as defined in 3-2-1/3.5.1 and not to be less than 0.6.γ = ship stem angle at the centerline measured from the horizontal, 5C-3-3/13.3 FIGURE 19, in degrees,
not to be taken greater than 75 degrees.

11.3.2 Simultaneous Bowflare Slamming Pressure
For performing structural analyses to determine overall responses of the hull structures, the spatial
distribution of instantaneous bowflare slamming pressures on the fore body region of the hull may
be expressed by multiplying the calculated maximum bowflare slamming pressures, Pij, at
forward ship stations by a factor of 0.71 for the region between the stem and 0.3L from the FP.
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11.3.3 Effects of Bowflare Slamming on Vertical Hull Girder Bending Moment and Shear Force
The ultimate strength of the hull girder in the forward half-length is to be evaluated as follows.

The load factor, ku, for hull girder ultimate strength assessment in association with wave induced
sagging moment is not to be less than 1.15 or the following, whichever is greater.ku = k{αi(ΔBd/L3)ArFn1/3/ω1}/ Mwi
whereMwi = absolute value of the wave-induced bending moment at the station i, as specified

in 3-2-1/3.5 for sagging conditions, where station 10 denotes the midship.k = 9.81 (1.0, 3.28) for m (ft)αi = envelope curve factors: 9516, 19032, 28382, 32054, 32722, and 31387,
corresponding to stations at 0.1, 0.2, 0.3, 0.35, 0.4, and 0.5L from the FP,
respectively. Linear interpolation may be used for intermediate values.∆ = vessel displacement at the scantling draft in kN (tf, Ltf)Fn = 0 . 514Vd/(gL)1/2 for SI and MKS units (for US units,1 . 688Vd/(gL)1/2),Vd is
the design speed in knots, g is the acceleration due to gravity (9.807 m/sec2, 32.2
ft/sec2).Fn need not be taken greater than 0.17.Ar = the maximum value of Ari in the forebody regionAri = bowflare shape parameter at a station i forward of the quarter length, up to the FP
of the vessel, to be determined between the LWL and the upper deck/forecastle, as
follows:(bT/H)2∑Bj[1 + (sj/bj)2]1/2,   j = 1,n;n ≥ 3

wheren = number of segmentsbT = ∑bjH = ∑sjbj = local change (increase) in beam for the j-th segment at station i (see 5C-3-3/13.3
FIGURE 18)sj = local change (increase) in freeboard up to the highest deck for the j-th segment at
station i forward (see 5C-3-3/13.3 FIGURE 18)ϖ1 = natural frequency of the 2-node hull girder vibration of the vessel in the wet mode, in
rad/second. If not known, the following equation may be used.

= μ[BD3/(ΔsCb3L3)]1/2+ 0 . 7 ≥ 3 . 7μ = 23400 (7475, 4094)∆s = ∆ [1 . 2 + B/(3d)]L,B, and d are as defined in Section 3-1-1.

The load factor, ku, for hull girder ultimate strength assessment in association with the positive
wave induced shear force is not to be less than 1.15 or the following, whichever is greater.
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ku = KstN4
where

Fwi = positive wave-induced shear force (see 3-2-1/3.5.3) at station i, where station 10 denotes the midship,
kN (tf, Ltf)N4 = [c2(ΔBd/L4)ArFn 1/3/ω1]/Fw4

= ratio of total wave-induced and wave-induced vertical shear force for ship station 4 or 0.2L from the
FP.c2 = 9 . 8k × 104Ksi = shear envelope curve factor at station i

= 0.95 for station 2 and forward

= 1.0 for stations 3 to 6

= 1.05/N4 for station 10

Linear interpolation may be used for intermediate values.

For vessels with a shape parameter Ar, less than or equal to 27 m (88.6 ft.), the total wave induced
vertical bending moments and shear forces may be determined from the envelope curves given in
5C-3-3/13.3 FIGURE 20 and 5C-3-3/13.3 FIGURE 21, respectively. Linear interpolation may be
used for determining intermediate values.

11.5 Load Cases for Structural Analysis with Respect to Slamming
When structural analysis for bottom and bowflare slamming is preferable, the load cases given in
Appendix 5C-3-A4 may be used as reference.

13 Other Loads

13.1 Thermal and Ice Loads
For vessels intended for special services, such as carrying hot cargoes or navigating in cold regions,
consideration is to be given to the effects of thermal and ice loads in assessing the strength of the hull
structure.

In this case, the limits of the thermal and ice loads are to be furnished and analyzed by the designer.

13.3 Accidental Loads
It is advisable to give due consideration to the effects of possible accidental loads on the stiffening systems
in the design of the main supporting members of the side and bottom shell structures. The pressures for
flooded condition, as specified in 5C-3-4/25.7 for corrugated cargo hold bulkheads and nominal
magnitudes of the accidental loads with respect to collision or grounding as outlined in the Guide for
Assessing Hull-girder Residual Strength may be regarded as appropriate in this regard.
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FIGURE 15 
Distribution of Bottom Slamming Pressure Along the Section Girth
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FIGURE 16 
Distribution of Bottom Slamming Pressure Along the Ship Bottom
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FIGURE 17 
Total Vertical Bending Moment Distribution (Wave and Bottom Slamming)
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FIGURE 18 
Definition of Bowflare Geometry for Bowflare Shape Parameter
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FIGURE 19 
Ship Stem Angle, γ

FIGURE 20 
Total Vertical Bending Moment Distribution (Wave and Bowflare Slamming)
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FIGURE 21 
Total Vertical Bending Moment Distribution (Wave and Bowflare Slamming)
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C H A P T E R  3
Vessels Intended to Carry Ore or Bulk Cargoes (150 meters (492 feet) or

more in Length)

S E C T I O N  4
Initial Scantling Criteria

1 General

1.1 Strength Requirement
This section specifies the minimum strength requirements for the hull structure with respect to the
determination of the initial scantlings, including the hull girder, shell and bulkhead plating, frames/
stiffeners and main supporting members. Once the minimum scantlings are determined, the strength of the
resulting design is to be assessed in accordance with Section 5C-3-5. The assessment is to be carried out by
means of an appropriate structural analysis as per 5C-3-5/9 in order to establish compliance with the
failure criteria in 5C-3-5/3. Structural details are to comply with 5C-3-4/1.5 below.

The requirements for the hull girder strength are specified in 5C-3-4/3. The required scantlings of double
bottom structures, side shell, deck, and longitudinal and transverse bulkheads are specified in 5C-3-4/7,
5C-3-4/9, 5C-3-4/15, 5C-3-4/21 and 5C-3-4/23, respectively.5C-3-4/1.7 FIGURE 1 shows the appropriate
subsections giving scantling requirements for the various structural components of typical bulk carriers.
For hull structures beyond 0.4L amidships the initial scantlings are determined in accordance with Section
5C-3-6.

In general webs, girders and transverses are not to be less in depth than specified in 5C-3-4/9 and
5C-3-4/15 as a percentage of the span. Alternative designs with stiffness equivalent to the specified depth/
length ratio and the required section modulus may be considered, provided that the calculated results are
submitted for review.

For ore carriers and ore/oil carriers the strength requirements are given in Appendix 5C-3-A3.

1.3 Calculation of Load Effects
Approximation equations are given in 5C-3-4/7 through 5C-3-4/25 and Section 5C-3-6 for calculating the
maximum bending moments and shear forces for hold frames and main supporting members clear of the
end brackets for typical structural arrangements and configurations. For designs with different structural
configurations, these local load effects may be determined from a 3D structural analysis at the early design
stages, as outlined in 5C-3-5/9 for the combined load cases specified in 5C-3-3/9, excluding the hull girder
load components. In this regard, the detailed analysis results are to be submitted for review.
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1.5 Structural Details
The strength criteria specified in 5C-3-4/3 through 5C-3-4/25 are based on assumptions that all structural
joints and welded details are properly designed and fabricated and are compatible with the anticipated
working stress levels at the locations considered. It is critical to closely examine the loading patterns, stress
concentrations and potential failure modes of structural joints and details during the design of highly
stressed regions. In this exercise failure criteria specified in 5C-3-5/3 may be used to assess the adequacy
of structural details.

To enhance the structural integrity and to prevent possible damage to the side shell, special consideration is
to be given to the structural details in critical areas. These include the connections of the wing tanks, the
hold frame and its end brackets to the side shell, also the connections of extended brackets for continuous
longitudinal members and webs to the side shell in the transition zone between forepeak and No. 1 cargo
hold as shown in 5C-3-6/11.1.2 FIGURE 5. Additional sample improvements are illustrated in 5C-3-4/1.7
FIGURE 2.

1.7 Evaluation of Grouped Stiffeners
Where several members in a group with some variation in requirement are selected as equal, the section
modulus requirement may be taken as the average of each individual requirement in the group. However,
the section modulus requirement for the group is not to be taken less than 90% of the largest section
modulus required for individual stiffeners within the group. Sequentially positioned stiffeners of equal
scantlings may be considered a group.

FIGURE 1 
Scantling Requirement Reference by Sub-Section
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FIGURE 2 
Improved Structural Connection to Side Shell
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3 Hull Girder Strength

3.1 Hull Girder Section Modulus
3.1.1 Hull Girder Section Modulus Amidships

The required hull girder section modulus amidships is to be calculated in accordance with
3-2-1/3.7, 3-2-1/5 and 3-2-1/9. For the assessment of ultimate strength as specified in 5C-3-5 and
the determination of initial net structural scantlings, the net hull girder section modulus amidships,SMn, is to be calculated in accordance with 5C-3-4/3.1.2 below.

3.1.2 Effective Longitudinal Members
The hull girder section modulus calculation is to be carried out in accordance with 3-2-1/9, as
modified below. To suit the strength criteria based on a “net” ship concept, the nominal design
corrosion values specified in 5C-3-2/3.1 TABLE 1 are to be deducted in calculating the net section
modulus, SMn.

3.3 Hull Girder Moment of Inertia
The hull girder moment of inertia is to be not less than required by 3-2-1/3.7.2.

5 Shearing Strength

5.1 General
The net thicknesses of the side shell and longitudinal bulkhead plating are to be determined based on the
total vertical shear force, Ft, and the permissible shear stress, fs, given below.Ft = FS+ KuKcFw kN (tf, Ltf)fs = 11 . 957/Q kN/cm2 (1 . 220/Q tf/cm2, 7 . 741/Q Ltf/in2) at Sea  = 10 . 87/Q kN/cm2 (1 . 114/Q tf/cm2, 7 . 065/Q Ltf/in2) in Port

whereFS = still water shear force based on the envelope curve required by 5C-3-3/3.1 for all anticipated
loading conditions at location considered, in kN (tf, Ltf). Where cargo is carried in alternate
holds, FS may be modified based on 3-2-1/3.9.3.Fw = vertical wave shear force as given in 3-2-1/3.5.3, in kN (tf, Ltf). Fw for in port condition may
be taken as zero.Q = material conversion factor

= 1.0 for ordinary strength steel

= 0.78 for Grade H32 steel

= 0.72 for Grade H36 steel

= 0.68 for Grade H40 steelKu and Kc may be taken as unity unless otherwise specified.

When a direct calculation is not available, the net thickness of the side shell, inner skin and wing tank
sloping bulkhead plating may be obtained from the equations given in 5C-3-4/5.3, 5C-3-4/5.5 and
5C-3-4/5.7 below where the inner skin is located no further than 0.075B from the side shell.
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The nominal design corrosion values as given in 5C-3-2/3.1 TABLE 1 for the side shell, inner hull and
wing tank sloping bulkhead plating are to be added to the “net” thickness.

5.3 Net Thickness of Side Shell Platingts ≥ FtDsm/2Ifs cm(in . )
whereI = moment of inertia of the “net” hull girder section at the position considered, in cm4 (in4)m = first moment of the “net” hull girder section, in cm3 (in3), about the neutral axis, of the area

between the vertical level at which the shear stress is being determined and the vertical
extremity of the section under consideration.Ft and fs are as defined in 5C-3-4/5.1 above.Ds = shear distribution factors for side shell, are as defined respectively in 5C-3-4/5.3.1, 5C-3-2 and
5C-3-4/5.3.3 below.

5.3.1 Side Shell in way of the Upper Wing TankDs = 0 . 912− 0 . 35 AUSB/ASU
whereAUSB = total projected net area of the upper wing tank sloping bulkhead plating, in cm2 (in2 )

ASU = projected net area of the side shell plating in way of the upper wing tank, in cm2 (in2 )

5.3.2 Side Shell between the Upper and Lower Wing Tanks
5.3.2(a) Single skin:Ds = 1 . 0
5.3.2(b) Double skin (including vessels whose inner skin is less than 1000 mm (39.4 in.) from the
side shell):Ds = 1− AIH/ AIH+ ASM 1 + bs/B
whereAIH = total projected net area of the inner hull between the upper and lower wing tanks, in

cm2 (in2 )ASM = projected net area of the side shell between the upper and lower wing tanks, in cm2

(in2 )bs = distance between the inner hull and the side shell, in m (ft)B = breadth of the vessel, in m (ft), as defined in 3-1-1/5

5.3.3 Side Shell in Way of the Lower Wing TankDs = 0 . 74− 0 . 3 ALSB/ASL
where
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ALSB = total projected net area of the lower wing tank sloping bulkhead plating, in cm2 (in2)

ASL = projected net area of the side shell plating in way of the lower wing tank above the
inner bottom level, in cm2 (in2)

5.5 Net Thickness of the Sloping Bulkhead Plating of Upper and Lower Wing Tankstb ≥ FtDSBm/2   Ifs
whereDSB = shear distribution factors for the projected sloping bulkhead plating of the upper and lower

wing tanks, depending on the locations, are defined respectively in 5C-3-4/5.5.1 and
5C-3-4/5.5.2 belowFt , m, I and fs are as defined above.

5.5.1 Upper Wing Tank Sloping BulkheadDSB = 0 . 4 AUSB/ASU + 0 . 1
whereAUSB = total projected net area of the upper wing tank sloping bulkhead plating, in cm2 (in2 )

ASU = projected net area of the side shell plating in way of the upper wing tank, in cm2 (in2 )

5.5.2 Lower Wing Tank Sloping BulkheadDSB = 0 . 3 ALSB/ASL + 0 . 26
whereALSB = total projected net area of the lower wing tank sloping bulkhead plating, in cm2 (in2 )

ASL = projected net area of the side shell plating in way of the lower wing tank, above the
inner bottom level, in cm2 (in2 )

5.7 Net Thickness of the Inner Hull PlatingtIH ≥ FtDIHm/2   Ifs
whereDIH = shear distribution factor for the inner hull

= AIH/ AIH+ ASM 1 + bs/B
All other parameters are as defined in 5C-3-4/5.3 above.
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5.9 Three Dimensional Analysis
The total shear stress in the side shell, inner hull (on double hull vessels) and wing tank sloping bulkhead
plating (net thickness) may be calculated using a 3D structural analysis to determine the general shear
distribution.

7 Double Bottom Structures

7.1 General
7.1.1

The depth of the double bottom and arrangement of access openings are to be in compliance with
5C-3-1/1.5 and Section 3-2-4. Centerline and side girders are to be fitted as necessary to provide
sufficient stiffness and strength for docking loads as well as those specified in Section 5C-3-3. The
side girders are to be spaced approximately 3 m (10 ft).

Struts connecting the bottom and inner bottom longitudinals are not to be fitted in the double
bottom of vessels engaged in trade where cargoes are handled by grabs or similar mechanical
appliances.

7.1.2
The net thickness of the flat plate keel is to be not less than that required for the bottom shell
plating at that location by 5C-3-4/7.3.1, increased by 1.5 mm (0.06 in.), except where the
submitted docking plan (see 3-1-2/11) specifies all docking blocks be arranged away from the
keel.

7.1.3
The term “bottom shell plating” refers to the plating from the keel to the upper turn of the bilge for
0.4L amidships.

7.1.4
Longitudinals around the bilge are to be graded in size from that required for the lowest side
longitudinal to that required for the bottom longitudinals. Where longitudinals are omitted in way
of the bilge, the bottom and side longitudinals are to be arranged so that the distance between the
nearest longitudinal and the turn of the bilge is not more than 0.4s (s is the spacing of the bottom
or side longitudinals), as applicable (see 5C-3-4/7.1.4 FIGURE 2A.)
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FIGURE 2A

7.1.5
Where a hold is to carry special cargoes such as steel coils and containers, double bottom
structures are to be reinforced to withstand the anticipated load. An engineering analysis may be
required.

7.1.6
Where ducts forming a part of the double bottom structure are used as a part of the piping system
for transferring cargo oil or ballast, the structural integrity of the duct is to be safeguarded by
suitable relief valves or other arrangement to limit the pressure in the system to the value for
which it is designed.

7.3 Bottom Shell Plating and Inner Bottom Plating
The net thickness of the bottom shell and inner bottom plating over the midship 0.4L is to satisfy the hull
girder section modulus requirements in 5C-3-4/3.1. The buckling and ultimate strength are to be in
accordance with the requirements in 5C-3-5/5. In addition, the net thickness of the bottom shell and inner
bottom plating are to be not less than the following:

7.3.1 Bottom Shell Plating
The net thickness of the bottom shell plating, tn, is to be not less than t1, t2 and t3 specified as
follows:t1 = 0 . 73s k1p/f1 1/2 mm(in . )t2 = 0 . 73s k2p/f2 1/2 mm(in . )t3 = cs Smfy/E 1/2 mm(in . )
where
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s = spacing of bottom longitudinals, in mm (in.)k1 = 0.342k2 = 0.500p = nominal pressure, in N/cm2 (kgf/cm2, lbf/in2) as specified in 5C-3-3/7.7 TABLE 3

Where upper and lower wing tanks are connected by trunks or double sides, the nominal pressure,p, in the lower wing tank for load case “a” may be modified by the following equation:p = pa− puℎpuℎ = 0 . 32γ ℎℓwttanϕe 1/2 where ℓwt ≥ 0 . 20L
= 0 where ℓwt ≤ 0 . 10L

Linear interpolation is to be used for intermediate values of ℓwt.pa is nominal pressure in N/cm2 (kgf/cm2, lbf/in.2), as defined in load case “a” in 5C-3-3/7.7
TABLE 3 for bottom plating.γ = specific weight of the ballast water, 1.005 N/cm2-m (0.1025 kgf/cm2-m, 0.4444

lbf/in2-ft)ℎ = height of upper wing tank at vessel's side, in m (ft)ℓwt = length of the upper wing tank, in m (ft)L = vessel length, as defined in 3-1-1/3, in m (ft)ϕe = effective pitch amplitude, as defined in 5C-3-3/5.7.3 with Cϕ = 1 . 0f1 = permissible bending stress, in the longitudinal direction, in N/cm2 (kgf/cm2,
lbf/in2)

= 0 . 95− 0 . 67α1SMRB/SMB Smfy ≤ k3Smfyα1 = Sm1fy1/Smfyk3 = 0.40 for load case 1 – “a” in 5C-3-3/7.7 TABLE 3

= 0.36 for load case 1 – “b” in 5C-3-3/7.7 TABLE 3SMRB = reference net hull girder section modulus based on the material factor of the
bottom flange of the hull girder, in cm2-m (in2-ft)

= 0.9 SMSM = required gross hull girder section modulus at the location under consideration in
accordance with 3-2-1/3.7 and 3-2-1/5.5, based on the material factor of the
bottom flange of the hull girder, in cm2-m (in2-ft)SMB = design (actual) net hull girder section modulus to the bottom at the location
under consideration, in cm2-m (in.2-ft)f2 = permissible bending stress, in the transverse direction, in N/cm2 (kgf/cm2, lbf/
in2)

= 0.80 SmfySm = strength reduction factor
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= 1 for Ordinary Strength Steel, as specified in 2-1-2/15.9 TABLE 2 of the
ABS Rules for Materials and Welding (Part 2)

= 0.95 for Grade H32, as specified in 2-1-3/7.3 TABLE 2 of the ABS Rules
for Materials and Welding (Part 2)

= 0.908 for Grade H36, as specified in 2-1-3/7.3 TABLE 2 of the ABS Rules
for Materials and Welding (Part 2)

= 0.875 for Grade H40, as specified in 2-1-3/7.3 TABLE 2 of the ABS Rules
for Materials and Welding (Part 2)Sm1 = strength reduction factor for the bottom flange of the hull girderfy = minimum specified yield point of the bottom shell plating, in N/cm2 (kgf/cm2,

lbf/in2)fy1 = minimum specified yield point of the bottom flange of the hull girder, in N/cm2

(kgf/cm2, lbf/in2)E = modulus of elasticity of the material, may be taken as 2.06 ×107 N/cm2 (2.1 ×106

kgf/cm2, 30 × 106 lbf/in2 ) for steelc = 0 . 7N2− 0 . 2 , not to be less than 0.4Q1/2 or 0.5N, whichever is lessN = Rb Q/Qb 1/2Rb = SMRBH/SMB 1/2SMRBH = reference net hull girder section modulus for hogging bending moment based on
the material factor of the bottom flange of the hull girder, in cm2-m (in2-ft)

= 0 . 9SMHSMH = required hull girder section modulus in accordance with 3-2-1/3.7.1 and
3-2-1/5.5 for hogging total bending moment based on the material factor of the
bottom flange of the hull girder, in cm2-m (in2-ft)Q,Qb = material conversion factor in 5C-3-4/5 for the bottom plating and the bottom
flange of the hull girder, respectively

The net thickness, t3, may be determined based on Sm and fy of the hull girder strength material
required at the location under consideration.

Bottom shell plating may be transversely framed in pipe tunnels provided that the net thickness of
the bottom shell plating, tn, is not less than t4 obtained from the following equation:t4 = 0 . 73sk k2p/f1 1/2 mm in . )
wheres = spacing of the bottom transverse frames, in mm (in.)k2 = 0.5k = 3 . 075 α 1/2− 2 . 077 / α+ 0 . 272 , 1 ≤ α ≤ 2

= 1.0 α > 2α = aspect ratio of the panel (longer edge/shorter edge)
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All other parameters are as defined above.

In addition to the foregoing, the net thickness of the bottom shell plating, outboard of 0.3B from
the centerline of the vessel, is to be not less than that of the lowest side shell plating required by
5C-3-4/9.1 adjusted for the spacing of the longitudinals and the material factors.

7.3.2 Inner Bottom Plating
The net thickness of the inner bottom plating, tn, is to be not less than t1, t2 and t3 specified as
follows:t1 = 0 . 73s k1p/f1 1/2 mm(in . )t2 = 0 . 73s k2p/f2 1/2 mm(in . )t3 = cs Smfy/E 1/2 mm(in . )
wheres = spacing of bottom longitudinals, in mm (in.)k1 = 0.342k2 = 0.50p = nominal pressure, in N/cm2 (kgf/cm2, lbf/in2) as specified in 5C-3-3/7.7 TABLE 3

Where upper and lower wing tanks are connected by trunks or double sides, the nominal pressure,p, in load case “a” for dry cargo holds may be modified by the following equation:p = pa− puℎpa is nominal pressure, in N/cm2 (kgf/cm2, lbf/in2), as defined in load case “a” of 5C-3-3/7.7
TABLE 3 for inner bottom plating in dry cargo holds.puℎ is as defined in 5C-3-4/7.3.1.

The net thickness, t3, may be determined based on Sm and fy of the hull girder strength material
required at the location under consideration.

The net thickness of the inner bottom plating, outboard of 0.3B from the centerline of the vessel, is
also not to be less than that of the adjacent strake on the lower wing tank sloping bulkhead
required by 5C-3-4/21.1, adjusted for the spacing of the longitudinals and the material factors.f1 = permissible bending stress, in the longitudinal direction, in N/cm2 (kgf/cm2, lbf/in2)

= 0 . 95− 50α1SMRB/SMB Smfy ≤ 0 . 55Smfy, where SMB/SMRB is not to be taken more than 1.4f2 = permissible bending stress, in the transverse direction, in N/cm2 (kgf/cm2, lbf/in2)

= 0.85 Smfyα1 = Sm1fy1/SmfySm = strength reduction factor obtained from 5C-3-4/7.3.1 for the steel grade of the inner bottom platingSm1 = strength reduction factor obtained from 5C-3-4/7.3.1 for the steel grade of the bottom flange of the hull
girder
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fy = minimum specified yield point of the inner bottom plating, in N/cm2 (kgf/cm2, lbf/in2)fy1 = minimum specified yield point of the bottom flange of the hull girder, in N/cm2 (kgf/cm2, lbf/in2)

c = 0 . 7N2− 0 . 2 , not to be less than 0 . 4Q1/2N = Rb Q/Qb y/yn 1/2Q = material conversion factor in 5C-3-4/5.1 for the inner bottom platingy = vertical distance, in m (ft), measured from the inner bottom to the neutral axis of the hull girder sectionyn = vertical distance, in m (ft), measured from the bottom to the neutral axis of the hull girder sectionSMRB , SMB, Rb, Qb and E are as defined in 5C-3-4/7.3.1.

Inner bottom plating may be transversely framed in pipe tunnels, provided the net thickness of the
inner bottom plating, tn, is not less than t4, obtained from the following equation:t4 = 0 . 73sk k2p/f1 1/2 mm(in . )
wheres = spacing of inner bottom transverse frame, in mm (in.)k2 = 0.5k = 3 . 075 α 1/2− 2 . 077 / α+ 0 . 272 , 1 ≤ α ≤ 2

= 1.0 α > 2α = aspect ratio of the panel (longer edge/shorter edge)

All other parameters are as defined above.

7.3.2(a) Inner Bottom Plating for Vessels Intended to Use Grabs.

Where the vessel is regularly engaged in trades where the cargoes are handled by grabs, or similar
mechanical appliances, it is recommended that flush inner-bottom plating be adopted throughout
the cargo space. The net thickness of the inner bottom plating is, in addition to that specified
above, also not to be taken less than t5, obtained from the following equation:t5 = 0 . 037L+ 0 . 009s R+ 3 . 5 mm= 0 . 000444L+ 0 . 009s R+ 0 . 138 in .
whereR = 1.0 for ordinary mild steel

= fym/Smfyℎ for higher strength materialfym = specified minimum yield point for mild steel, in N/cm2 (kgf/cm2, lbf/in2)fyℎ = specified minimum yield point for higher tensile steel, in N/cm2 (kgf/cm2, lbf/in2)L = length of vessel, in m (ft), as defined in 3-1-1/3.1
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s is as defined above.

It is also required that the net thickness of sloping bulkhead plating of lower wing tanks and lower
stool plating of transverse bulkheads within a vertical extent of 1.5 m above the inner bottom is
not to be taken less than t5*, obtained from the following equation with the actual spacing of the
sloping bulkhead and stool stiffener:t5* = 0 . 0333L+ 0 . 0081s R+ 3 . 5 mm= 0 . 000399L+ 0 . 0081s R+ 0 . 138 in .R, fym, fyℎ, L, ands are as defined above.

If the vessel is designed to discharge its cargo by a means other than by grabs, or similar
mechanical appliances, which would negate the t5 inner bottom thickness requirement, it is to be
recorded in the vessel's Loading Manual that grabs, or similar mechanical appliancees are not to
be used to discharge cargo.

7.3.2(b) Optional Supplementary Requirement for Vessels Intended to Use Grabs.
Where the vessel is intended to use a specific weight of grab, the net thickness of inner bottom
plating may be obtained from the following equation:t6 = k3 Wg · s · R/se mm(in . )
wherek3 = 4.56 (0.181) where Wg is in tonnes (L tons)Wg = unladen grab weight (mass), in tonnes (L tons)s = spacing of inner bottom longitudinals, in mm (in.)R = 1.0 for ordinary mild steel

= fym/Smfyℎ for higher strength materialse = 1000 mm (39.37 in.) where Wg ≤ 20 tonnes (19.684
Ltons)

= 1000 + k4Wg− 31 . 2 103−Wg2/k5   mm where Wg > 20 tonnes

= 39 . 37 1 + k4Wg− 31 . 2 103−Wg2/k5 /1000   in. where Wg > 19.684 Ltonsk4 = 1.58 (1.605), where Wg is in tonnes (Ltons)k5 = 1.0 (0.969)fym = specified minimum yield point for mild steel, in N/cm2 (kgf/cm2, lbf/in.2)fyℎ = specified minimum yield point for higher tensile steel, in N/cm2 (kgf/cm2, lbf/in.2)Sm = strength reduction factor

= 1.0 for mild steel

= 0.95 for HT32 steel

= 0.908 for HT36 steel
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The unladen grab weight (mass) used in determining the inner bottom thickness, t6, is to be
recorded in the vessel's Loading Manual. It should be noted, however, that this does not negate the
use of heavier grabs, but the owner and operators are to be made aware of the increased risk of
local damage and possible early renewal of inner bottom plating, if heavier grabs are used
regularly to discharge cargo. The notation GRAB (XX tonnes) placed after the appropriate
classification notation in the Record will signify that the vessel's inner-bottom has been designed
for a specific grab weight, in metric tons.

7.3.2(c) Inner Bottom Plating for Vessels Intended to Carry Steel Coils . Where the vessel is
intended to carry steel coils in holds, the net thickness of the inner bottom plating is not to be less
than t7 obtained from the following equation:

t7 = aφW1fySm     mm(in . )
wherea = 1.25 (within 0.4L amidships)

= 1 . 25 or 1 + 0 . 568kvao, whichever is greater, (beyond 0.4L amidships)kv = acceleration factor, determined as defined in 5C-3-3/5.7.1(c), at the center of the supported panel under
consideration.ao = acceleration factor, as defined in 5C-3-3/5.7.1(c), with L in m (ft)W1 = weight, in kN (tf, Ltf), of steel coils on one inner bottom plating panel

= k6Wmn1/nk6 = 9.8 (1.0, 1.0)W = weight (mass) of one steel coil, in tonnes (L tons)n1 = number of tiers of steel coilsn = number of dunnages supporting one steel coilm = parameter as given in 5C-3-4/7.3.2(c) TABLE 1, as a function of n and ℓ/sfℓ = length of one steel coil, in m (ft)sf = floor spacing at the location being consideration, in m (ft)

φ = αδ − δ2   − 0 . 25α2 1− β 2αβ(1 + 2αδ)δ = 0 . 5 1 + 2α2+ α4 1− β 2− 1 /α
α = aspect ratio of the inner bottom plating panel, (between floors and longitudinal stiffeners); α is not to

be taken more than 3.0β = parameter, as given in 5C-3-4/7.3.2(c) TABLE 1 as a function of n and ℓ/sffy = specified minimum yield point of the inner bottom plating, in kN/mm2 (tf/mm2, Ltf/in2)Sm = strength reduction factor for the steel of the inner bottom plating, as defined in 5C-3-4/7.3.1

The above equation is applicable for normal loading arrangements where steel coils are stowed on
dunnage laid athwartships, with the steel coils' axes in fore-and-aft direction. Other loading
arrangements of steel coils will be specially considered. The normal corrosion value is to be added
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to the net thickness to obtain the gross required inner bottom thickness. This corrosion value is in
5C-3-2/3.1 TABLE 1 for bulk carriers. The corrosion value for multipurpose vessels can be taken
from 5C-3-2/3.1 TABLE 1.

TABLE 1 
Parameters m and β as functions of n and ℓ/sfn ℓ/sf m β

2 0.83 ≤ ℓ/sf 2 0.5 ℓ/sf
2 0.60 ≤ ℓ/sf < 0.83 3 1.2 ℓ/sf
2 0.42 ≤ ℓ/sf < 0.60 4 1.65 ℓ/sf
2 0.30 ≤ ℓ/sf < 0.42 5 2.35 ℓ/sf
3 0.83 ≤ ℓ/sf 3 0.65 ℓ/sf
3 0.65 ≤ ℓ/sf < 0.83 4 1.2 ℓ/sf
3 0.52 ≤ ℓ/sf < 0.65 5 1.53 ℓ/sf
4 0.83 ≤ ℓ/sf 4 0.75 ℓ/sf
4 0.65 ≤ ℓ/sf < 0.83 5 1.2 ℓ/sf

The special comment, “Designed for the carriage of steel coil” will be entered in column 5 of the
Record where the scantlings of double bottom are in compliance with the requirements of the
above and 5C-3-4/7.5, as applicable.

7.5 Bottom and Inner Bottom Longitudinals
The net section modulus of each bottom or inner bottom longitudinal, or each transverse frame in the pipe
tunnels, in association with the effective plating to which it is attached, is to be not less than obtained from
the following equations:SM = M/fb cm3(in3)M = 1000psℓ2/k   N− cm(kgf − cm, lbf − in)
wherek = 12 (12, 83.33)s = spacing of longitudinals or transverse frames, in mm (in.)ℓ = span of longitudinals or transverse frames between effective supports as shown in 5C-3-4/7 FIGURE 3, in m

(ft)p = nominal pressure, in N/cm2 (kgf/cm2, lbf/in2), as specified in 5C-3-4/7.3.1 and 5C-3-4/7.3.2 for bottom and
inner bottom longitudinals or transverse frame, respectively.fb = permissible bending stresses, in N/cm2 (kgf/cm2, lbf/in2)

= 1 . 2[1 . 0− 0 . 65α1SMRB/SMB]Smfy ≤ 0 . 55Smfy for bottom longitudinals

= 1 . 3[1 . 0− 0 . 50α1SMRB/SMB]Smfy ≤ 0 . 65Smfy for inner bottom longitudinals
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= 0 . 65Smfy for inner bottom longitudinals of vessels
intended to carry steel coils (within 0.4L
amidships)

= 0 . 75Smfy or inner bottom longitudinals of vessels
intended to carry steel coils (within 0.2Land the
ends of L)

between 0.3L and 0.2L from the ends of L of vessels intended to carry steel coils, fb for inner bottom
longitudinals is to be obtained by linear interpolation

= 0 . 70Smfy for transverse frames in pipe tunnelsα1 = Sm1fy1/SmfySm = strength reduction factor obtained from 5C-3-4/7.3.1 for the steel grade of the longitudinals consideredSm1 = strength reduction factor obtained from 5C-3-4/7.3.1 for the steel grade of the bottom flange of the hull girderfy = minimum specified yield point of the longitudinals considered, in N/cm2 (kgf/cm2, lbf/in2)fy1 = minimum specified yield point of the bottom flange of the hull girder, in N/cm2 (kgf/cm2, lbf/in2)SMRB and SMB are as defined in 5C-3-4/7.3.1.

The net section modulus of the bottom longitudinals, outboard of 0.3B from the centerline of the vessel, is
also to be not less than that of the lowest side longitudinal required by 5C-3-4/9.3, adjusted for the span
and spacing of the longitudinals and the material factors.

The net section modulus of the inner bottom longitudinals, outboard of 0.3B from the centerline of the
vessel, is also to be not less than that of the lowest longitudinal on the lower wing tank sloping bulkhead
required by 5C-3-4/21.11, adjusted for the span and spacing of the longitudinals and the material factors.

In determining compliance with the foregoing, an effective breadth, be, of the attached plating is to be used
in the calculation of the section modulus of the design longitudinal. be is to be obtained from line a) of
5C-3-4/7 FIGURE 4.

The net section modulus of inner bottom longitudinals in association with the effective inner bottom
plating is to be not less than obtained from the following equation:SM = M/fb cm3(in3)
whereM = maximum bending moment at the longitudinal, in N-cm (kgf-cm, lbf-in.), obtained with the assumption that

the longitudinal is a fixed-fixed beam at floors. The longitudinal should be loaded with concentrated loadsP = 0 . 8ak6Wn1/n at the position of dunnages, where W, a, n1,n are as defined in 5C-3-4/7.3.2(c). The span
of the longitudinal is to be defined as shown in 5C-3-4/7 FIGURE 3.fb = permissible bending stress, as defined in 5C-3-4/7.5 for inner bottom longitudinals

Strength and buckling of floors are also to be checked for loading of steel coils.

7.7 Bottom Centerline Girder
The net thickness of the centerline girder amidships is to be not less than t1 and t2, as defined below:t1 = 0 . 045L+ 4 . 5 R mm
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= 0 . 00054L+ 0 . 177 R in .t2 = 10F1/ dbfs mm= F1/ dbfs in .
The net thickness, t3, may be determined based on Sm and fy of the hull girder strength material required
at the location under consideration.t3 = cs Smfy/E 1/2 mm(in . )
where F1 is the maximum shear force at the centerline girder as obtained from the equations given below
(see also 5C-3-4/1.3). Alternatively, F1 may be determined from finite element analyses, as specified in
5C-3-5/9 with the combined load cases in 5C-3-5/9.9. However, in no case should F1 be taken less than
85% of that determined from the equations below:F1 = 1000kα1γ1n1n2pℓss1 N (kgf, lbf), for λ ≤ 1 . 5F1 = 345   kγ1n1n2pbss1 N (kgf, lbf), for λ > 1 . 5
wherec = 0 . 7N2− 0 . 2 , not to be less than 0 . 4Q1/2, but need not be greater than 0 . 45 Q/Qb 1/2N = Rb Q/Qb y/yn 1/2k = 1.0 (1.0, 2.24)α1 = 0 . 505− 0 . 183λλ = ℓs/bsγ1 = 2x/ ℓs− sf ≤ 1 . 0n1 = 0 . 0374   s1/sf 2− 0 . 326 s1/sf + 1 . 289n2 = 1 . 3− sf/12 for SI or MKS Unit

= 1 . 3− sf/39 . 37 for U.S. Unitsℓs = unsupported length of the double bottom structure under consideration, in m (ft), as shown in 5C-3-4/7
FIGURE 5.bs = unsupported width of the double bottom structures under consideration, in m (ft), as shown in 5C-3-4/7
FIGURE 5.s1 = sum of one-half of girder spacings on both sides of the centerline girder, in m (ft)sf = average spacing of floors, in m (ft)x = longitudinal distance from the mid-span of unsupported length ( ℓs) of the double bottom to the location of the
girder under consideration, in m (ft).p = nominal pressure, in kN/m2 (tf/m2, Ltf/ft2), as specified in 5C-3-3/7.7 TABLE 3db = depth of double bottom, in cm (in.)fs = permissible shear stresses, in N/cm2 (kgf/cm2, lbf/in2)
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= 0 . 50   SmfyR = 1.0 for ordinary mild steel

= fym/Smfyℎ for highter strengthfym = specified minimum yield point for mild steel, in N/cm2 (kgf/cm2, lbf/in2)fyℎ = specified minimum yield point for higher tensile steel, in N/cm2 (kgf/cm2, lbf/in2)L = length of vessel, in m (ft), as defined in 3-1-1/3.1Rb , Q, Qb, Sm and fy are as defined in 5C-3-4/7.3.1.y and yn are as defined in 5C-3-4/7.3.2.

Pipe tunnels may be substituted for centerline girders, provided the tunnel is suitably stiffened by fitting
vertical webs, as may be required. The thickness of each girder forming the pipe tunnel and center girder
within the pipe tunnel, if any, is to be not less than required for the bottom side girder (see 5C-3-4/7.9 and
5C-3-4/7.13) and for docking (see 3-2-4/3.5), as appropriate.

7.9 Bottom Side Girders
The net thickness of the bottom side girders is to be not less than t1 and t2 as defined below:t1 = 0 . 026L+ 4 . 5 R mm= 0 . 00031L+ 0 . 177 R in .t2 = 10F2/ dbfs mm= F2/ dbfs in .
The net thickness, t3, may be determined based on Sm and fy of the hull girder strength material required
at the location under consideration.t3 = cs Smfy/E 1/2 mm(in . )
where F2 is the maximum shear force at the side girders under consideration as obtained from the
equations given below (see also 5C-3-4/1.3). Alternatively, F2 may be determined from finite element
analyses, as specified in 5C-3-5/9 with the combined load cases in 5C-3-5/9.9. However, in no case shouldF2 be taken less than 85% of that determined from the equations below.

F2 = 1000kα2β1γ1n3n4pℓss2 N (kgf, lbf), for λ ≤ 1 . 5F2 = 285kβ1γ1n3n4pbss2 N (kgf, lbf), for λ > 1 . 5
wherec = 0 . 7N2− 0 . 2 , not to be less than 0 . 4Q1/2 but need not be greater than 0 . 45 Q/Qb 1/2k = 1.0 (1.0, 2.24)α2 = 0 . 445− 0 . 17λβ1 = 1− 1 . 2z1/bs ≥ 0 . 6 for loaded holds under alternate loading conditions

= 1 . 25− 2z1/bs ≥ 0 . 6 for all holds or tanks under all other loading conditions
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n3 = 1 . 072− 0 . 0715 s2/sfn4 = 1 . 2− sf/18 for SI or MKS Units

= 1 . 2− sf/59 . 1 for U.S. Unitss2 = sum of one-half of girder spacings on both sides of each side girder, in m (ft)z1 = transverse distance from the centerline of the unsupported width (bs) of the double bottom to the location of
the girder under consideration, in m (ft)γ1,N, ℓs, bs, λ, sf, p,db, fs, L and R are as defined in 5C-3-4/7.7.

7.11 Bottom Floors
The net thickness of the floors is to be not less than t1 and t2, as specified below:t1 = 0 . 026L+ 4 . 5 R mm= 0 . 0031L+ 0 . 177 R in .t2 = 10F3/dbfs mm= F3/ dbfs in .
where F3 is the maximum shear force at the floors under consideration as obtained from the equation given
below (see also 5C-3-4/1.3). Alternatively, F3 may be determined from finite element analyses, as
specified in 5C-3-5/9 with the combined load cases in 5C-3-5/9.9. However, in no case should F3 be taken
less than 85% of that determined from the equation below.F3 = 1000kα3β2β3γ2pbssf N(kgf, lbf)
wherek = 1.0 (1.0, 2.24)α3 = 0 . 5ρoρo = η 0 . 66− 0 . 08η , for η ≤ 2 . 0

= 1.0 for η > 2 . 0β2 = 2z2/bsβ3 = 1− 0 . 4 z2/bs for loaded holds under alternate loading conditions

= 1.0 for all holds or tanks under all other loading conditionsγ2 = 1− x/ℓs 1 . 245λ+ 0 . 044η = ℓs/bs sg/sf 1/4
sg = average spacing of girders, in m (ft)sf = sum of one-half of floor spacings on both sides of each floor, in m (ft)x = longitudinal distance from the mid-span of unsupported length (ℓs) of the double bottom to the location of the

floor under consideration, in m (ft)
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z2 = transverse distance from the centerline of the unsupported width (bs) of the double bottom to the location of
floor under consideration, in m (ft)fs = 0 . 50Smfy in N/cm2 (kgf/cm2, lbf/in2)ℓs, bs, sf, λ,R,p,db, L, Sm and fy are as defined in 5C-3-4/7.7 above.

7.13 Deep Tank Double Bottom Girder
The net thickness of the double bottom girders forming boundaries of deep tanks, in addition to complying
with 5C-3-4/7.7, 5C-3-4/7.9, and 5C-3-4/7.11 is to be not less than t, obtained from the following
equation:t = 0 . 73s k1p/f1 1/2 mm(in . )
wheres = spacing of longitudinals or vertical stiffenersk1 = 0.342, for longitudinally stiffened plating

= 0 . 50k2 , for vertically stiffened platingk = 3 . 075 α 1/2− 2 . 077 / α+ 0 . 272 , 1 ≤ α < 2
= 1.0, α > 2α = aspect ratio of the panel (longer edge/shorter edge)p = nominal pressure, in N/cm2 (kgf/cm2, lbf/in2), at the lower edge of each plate, as specified in 5C-3-3/7.7

TABLE 3

Where the lower bottom tank is connected to the upper wing tank by trunks or double sides, the nominal
pressure, p, in load case “b” may be modified by the following equation:p = pb− puopb is nominal pressure, in N/cm2 (kgf/cm2, lbf/in2), at the lower edge of each plate, as defined in load case
“b” of 5C-3-3/7.7 TABLE 3 for other longitudinal bulkhead plating.puo is as defined in 5C-3-4/9.1.

f1 = permissible bending stress in N/cm2 (kgf/cm2, lbf/in2)

= 1 . 2[1− 0 . 4(z/B)   −   0 . 52α1(SMRB/SMB)(y/yn)]Smfy ≤ 0 . 70Smfyy = vertical distance, in m (ft), measured from the neutral axis of the hull girder transverse section to the lower
edge of each plate where the plating is longitudinally stiffened

= vertical distance, in m (ft), measured from the neutral axis of the hull girder transverse section to the mid-
depth of the double bottom height where the plating is vertically stiffenedB = vessel's breadth, in m (ft), as defined in 3-1-1/5SMRB and SMB are as defined in 5C-3-4/7.3.1.Sm ,fy and α1 are as defined in 5C-3-4/7.5.
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Z and yn are as defined in 5C-3-4/21.1.

7.15 Double Bottom Shear Capacity in Flooded Condition
In addition to the requirements of 5C-3-4/7.7, 5C-3-4/7.9, and 5C-3-4/7.11 for single side skin construction
or double side skin construction, in which any part of longitudinal bulkhead is located within B/5 or 11.5 m
(37.7 ft), whichever is less, inboard from the ship’s side at right angle to the centerline at the assigned
summer load line, intended to carry solid bulk cargoes having a density of 1.0 t/m3 (62.4 lb/ft3) or greater,
the shear strength of the floors and girders under loads caused by hold flooding are to meet the
requirements in 5C-3-A5c.

FIGURE 3 
Unsupported Span of Longitudinal
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FIGURE 4 
Effective Breadth of Plating be

 

 

a) For bending at midspancℓo/s 1.5 2 2.5 3 3.5 4 4.5 and
greaterbe/s 0.58 0.73 0.83 0.90 0.95 0.98 1.0

b) For bending at ends be/s = 0 . 124cℓ/s − 0 . 062 1/2
cℓo/s 1 1.5 2 2.5 3 3.5 4.0be/s 0.25 0.35 0.43 0.5 0.55 0.6 0.67
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FIGURE 5 
Definition of ℓs and bs

9 Side Shell Plating and Longitudinals

9.1 Side Shell Plating
The net thickness of the side shell plating, in addition to complying with 5C-3-4/5.3, is to be not less thant1, t2 and t3 obtained from the following equations for the midship 0.4L:t1 = 0 . 73s k1p/f1 1/2 mm(in . )t2 = 0 . 73s k2p/f2 1/2 mm(in . )t3 = cs Smfy/E 1/2 mm(in . )
where
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s = spacing of longitudinals/frames, in mm (in.)k1 = 0.342

k2 = 0.50

p = nominal pressure at the lower edge of each plate, in N/cm2 (kgf/cm2, lbf/in2), as specified in 5C-3-3/7.7 TABLE 3

Where upper and lower wing tanks are connected by trunks or double sides, the nominal pressure in load
case “a” may be modified by the following equation:p = pa− puopuo = 0 . 23γ ℎℓwtbwttanϕetanθe 1/3 where ℓwt ≥ 0 . 2L

= 0 where ℓwt ≤ 0 . 1L
Linear interpolation is to be used for intermediate values of ℓwt.
However, the nominal pressure at the lower edge of each plate may be taken as if the upper and lower wing
tanks were not connected, for calculation of the required thickness of side shell in way of the upper wing
tank. pa is nominal pressure, in N/cm2 (kgf/cm2, lbf/in2), as defined in load case “a” at lower edge of each
plate in 5C-3-3/7.7 TABLE 3 for side shell plating. Additionally, t1 and t2, as calculated for each plate
strake, need not be taken in excess of those calculated at the upper turn of the bilge, respectively, as
adjusted for the spacing of the longitudinals and the material factors.bwt = breadth at tank top of upper wing tank, in m (ft)

ϕe = effective pitch amplitude, as defined in 5C-3-3/5.7.3 with Cϕ   = 0 . 7θe = effective roll amplitude, as defined in 5C-3-3/5.7.3 with Cθ = 0 . 7L is vessel length, as defined in 3-1-1/3.1.y ,ℎ and ℓwt are as defined in 5C-3-4/7.3.1.

f1 = permissible bending stress, in the longitudinal direction, in N/cm2 (kgf/cm2, lbf/in2)

= 0 . 80− 0 . 50α1 SMRB/SMB y/yb Smfy, ≤ 0 . 40Smfy where SMB/SMRB is not to be taken
more than 1.4, below the neutral axis

= 0.40 Smfy, above neutral axisf2 = permissible bending stress, in the vertical direction, in N/cm2 (kgf/cm2, lbf/in2)

= 0.80 Smfyα1 = Sm1fy1/SmfySm = strength reduction factor, obtained from 5C-3-4/7.3.1 for the steel grade of the side shell platingSm1 = strength reduction factor, obtained from 5C-3-4/7.3.1 for the steel grade of the bottom flange of the
hull girderfy = minimum specified yield point of the side shell material, in N/cm2 (kgf/cm2, lbf/in2)
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fy1 = minimum specified yield point of the bottom flange material of the hull girder, in N/cm2 (kgf/cm2,
lbf/in2)yb = vertical distance, in m (ft), measured from the upper turn of bilge to the neutral axis of the sectionc = 0 . 7N2− 0 . 2 , not to be less than 0 . 4Q1/2N = Rd Q/Qd 1/2 for the sheer strake

= Rd Q/Qd y/yn 1/2 for other locations above neutral axis

= Rb Q/Qb y/yn 1/2 for locations below neutral axis

Rd = SMRDS/SMD 1/2y = vertical distance, in m (ft), measured from the neutral axis of the hull girder transverse section to the
lower edge (upper edge) of the side shell strake, when the strake under consideration is below (above)
the neutral axis for N.

= vertical distance, in m (ft), measured from the neutral axis of the hull girder transverse section to the
lower edge of the side shell strake under consideration for f1SMRDS = reference net hull girder section modulus for sagging bending moment based on the material factor of
the deck flange of the hull girder in cm2-m (in2-ft)

= 0 . 9SMSSMS = required gross hull girder section modulus at the location under consideration in accordance with
3-2-1/3.7.1 and 3-2-1/5.5 for sagging total bending moment based on the material factor of the deck
flange of the hull girder in cm2-m (in2-ft)Q,Qd = material conversion factor in 5C-3-4/5.1 for the side shell plating under consideration and the deck
flange of the hull girder, respectively.yn = vertical distance, in m (ft), measured from the bottom (deck) to the neutral axis of the section, when
the strake under consideration is below (above) the neutral axis.SMRB , SMB, Rb ,Qb and E are as defined in 5C-3-4/7.3.1.SMD is as defined in 5C-3-4/9.3.

The net thickness, t3, may be determined based on Sm and fy of the hull girder strength material required
at the location under consideration.

In addition, the net thickness of the side shell plating is not to be taken less than t, obtained from the
following equation:t4 = 120(s/1000 + 0 . 3)[Bd/(Smfy)2]0 . 25+ 0 . 5   mmt4 = 9 . 7(s/39 . 4 + 0 . 3)[Bd/(Smfy)2]0 . 25+ 0 . 02 in .
where
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s = spacing of side frames, in mm(in.)B = breadth of vessel, as defined in 3-1-1/5, in m(ft)d = molded draft, as defined in 3-1-1/9, in m(ft)

All other parameters are defined above.

The net thickness, t4, is to be applied to the following extent of the side shell plating:

Longitudinal
extent:

between a section aft of amidships where the breadth at the waterline exceeds 0.9B, and a section
forward of amidships where the breadth at the waterline exceeds 0.6B,

Vertical extent: between 300 mm (12 in.) below the lowest ballast waterline to 0.25d or 2.2 m (7.2 ft), whichever is
greater, above the summer load line.

The side shell is to be longitudinally framed in the lower and upper wing tanks except the upper part of
lower wing tank and the lower part of upper wing tank where the limited access makes this impractical.
These parts of the side shell may be transversely framed with efficient brackets arranged in line with the
side frames, provided the net thickness of the side shell plating in this area is not less than that of the
adjacent longitudinally framed shell and is also not less than t5, obtained from the following equation:t5 = 0 . 73sk k2p/f 1/2 mm(in . )
wheres = spacing of side transverse brackets, in mm (in.)k = 3 . 075 α − 2 . 077 / α+ 0 . 272 1 ≤ α ≤ 2

= 1.0, α > 2k2 = 0.5α = aspect ratio of the panel (longer edge/shorter edge)p = nominal pressure at the side shell under consideration, in N/cm2 (kgf/cm2, lbf/in2), as specified in 5C-3-3/7.7
TABLE 3, but need not be greater than that at the upper turn of bilge

In the upper wing tank and lower wing tank which is connected to the upper wing tank by trunks or double
sides, the nominal pressure, p, in load case “a” may be modified by the following equation:p = pa− puo
In no case is p to be taken less than 2.06 N/cm2 (0.21 kgf/cm2, 2.987 lbf/in2).pa is nominal pressure, in N/cm2 (kgf/cm2, lbf/in2), as defined in load case “a” at the lower edge of each
plate in 5C-3-3/7.7 TABLE 3 for side shell plating.puo is as defined above.

f = permissible bending stress, in N/cm2 (kgf/cm2, lbf/in2)

= 1 . 1 0 . 80− 0 . 50α1 SMRB/SMB y/yb Smfy ≤ 0 . 60Smfy, where SMB/SMRB is not to be taken more
than 1.4 below neutral axis

= 0.60 Smfy, above neutral axis
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All other parameters are as defined above.

For vessels intended to carry highly corrosive cargoes, additional corrosion margins are recommended for
the side shell plating between the upper and the lower wing tanks.

The net thickness of the side shell plating, where transversely framed between the upper and lower wing
tanks, is not to be less than t5, as specified above with the nominal pressure calculated at the top of the
lower wing tank. The thickness is also not to be less than that of adjacent side shell. Where upper and
lower wing tanks are connected by trunk, the required thickness of adjacent side shell may be calculated
for this purpose as if the upper and lower wing tanks were not connected.

Where a cargo hold is intended to be used for the carriage of water ballast or liquid cargoes, the net
thickness of the side shell plating in the hold between the upper and lower wing tanks is also not to be
taken less than t6, obtained from the following equation.t6 = 0 . 73s kp/f 1/2 mm(in . )
wheres = spacing of side frames, in mm (in.)k = 0.5p = nominal pressure at the top of the lower wing tank, in N/cm2 (kgf/cm2, lbf/in2), as specified in 5C-3-3/7.7 TABLE 3

for side structural members (ballast or liquid cargo holds)f = permissible bending stress, in N/cm2 (kgf/cm2, lbf/in2)

= 0 . 75   Smfy
In no case is the net thickness of shell plating in way of the cargo holds the side of which is bounded only
by side shell to be less than t7, given by the equation below:t7 = L 1/2− 1 . 5 mmt7 = 0 . 02175 L 1/2− 0 . 06 in .
L = length of the vessel, as defined in 3-1-1/3.1, in m (ft)

The minimum width of the sheerstrake for the midship 0.4L is to be obtained from the following equations:b = 5L+ 800 mm for L ≤ 200= 0 . 06L+ 31 . 5 in . for L ≤ 656b = 1800 mm for 200 < L ≤ 500 m= 70 . 87 in . for 656 < L ≤ 1640 ft

whereL = length of the vessel, as defined in 3-1-1/3.1, in m(ft)b = width of the sheerstrake, in mm(in.)
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The thickness of the sheerstrake is to be increased 25% in way of breaks of superstructures, but this
increase need not exceed 6.5 mm (0.26 in.).

The thickness of a radiused gunwale is not to be less than that of the adjacent side shell or deck plating,
whichever is greater. When a radiused gunwale is fitted, the requirement for the minimum width of
sheerstrake need not be considered applicable.

9.3 Side Longitudinals
The net section modulus of each side longitudinal, in association with the effective plating to which it is
attached, is to be not less than obtained from the following equation:SM = M/fb cm3(in3)M = 1000psℓ2/k N− cm(kgf − cm, lbf − in)
wherek = 12 (12, 83.33)p = nominal pressure, in N/cm2 (kgf/cm2, lbf/in2), at the side longitudinal considered, as specified in 5C-3-3/7.7

TABLE 3

In the upper wing tank and lower wing tank which is connected to the upper wing tank by trunks or double
sides, the nominal pressure, p, in load case “a” may be modified by the following equation:p = pa− puo
In no case is p to be taken less than 2.06 N/cm2 (0.21 kgf/cm2, 2.987 lbf/in2).pa is nominal pressure, in N/cm2 (kgf/cm2, lbf/in2), as defined in load case “a” at the lower edge of each
plate in 5C-3-3/7.7 TABLE 3 for side shell plating.puo is as defined in 5C-3-4/9.1.s and ℓ are as defined in 5C-3-4/7.5.

fb = permissible bending stresses, in N/cm2 (kgf/cm2, lbf/in2)

= 1 . 4 0 . 80− 0 . 52α1 SMRB/SMB y/yn Smfy ≤ 0 . 80Smfy , for side longitudinals below neutral axis

= 2 . 2 0 . 80− 0 . 52α2 SMRD/SMD y/yn Smfy ≤ 0 . 80Smfy , for side longitudinals above neutral axisα2 = Sm2fy2/SmfySm , fy and α1 are as defined in 5C-3-4/7.5.

Sm2 = strength reduction factor for the steel grade of the top flange material of the hull girder obtained from
5C-3-4/7.3.1.fy2 = minimum specified yield point of the top flange material of the hull girder, in N/cm2 (kgf/cm2, lbf/in2)SMRD = reference net hull girder section modulus based on the material factor of the top flange of the hull girder,
in cm2-m (in2-ft)

= 0.9 SM
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SM = required gross hull girder section modulus at the location under consideration in accordance with
3-2-1/3.7 and 3-2-1/5.5 based on the material factor of the deck flange of the hull girder, in cm2-m (in2-
ft)SMD = design (actual) net hull girder section modulus to the deck at the location under consideration, in cm2-m
(in2-ft)SMRB and SMB are as defined in 5C-3-4/7.3.1.

y = vertical distance, in m (ft), measured from the neutral axis of the section to the longitudinal under
consideration at its connection to the associated plateyn = vertical distance, in m (ft), measured from the deck (bottom) to the neutral axis of the section, when the
longitudinal under consideration is above (below) the neutral axis.

The effective breadth of plating, be, is as defined in 5C-3-4/7.5.

The net moment of inertia of each side longitudinal within the region of 0.1D from the deck at side, in
association with the effective plating bwL · tn , is to be not less than obtained from the following equation:io = kAeℓ2fy/E cm4(in4)
wherek = 1220 (1220, 17.57)Ae = net sectional area of the longitudinal with the associated effective plating bwL · tn , in cm2(in2)bwL = cesce = 2 . 25/β − 1 . 25/β2 for β ≥ 1 . 25

= 1.0 for β < 1 . 25β = fy/E 1/2s/tntn = net thickness of the plate, in mm (in.)D = depth of the vessel, in m (ft), as defined in 3-1-1/7ℓ ,s and fy are as defined in 5C-3-4/7.5.E is as defined in 5C-3-4/7.3.1.

11 Side Frames and Supporting Structures

11.1 General
The hold frames of the configuration shown in 5C-3-4/13 FIGURE 6, and their supporting structures are to
be designed in compliance with 3-2-5, except when otherwise specified in Part 5C, Chapter 3, to provide
sufficient transverse strength for the hull girder and proper load transmission between the upper and lower
wing tank structures. In addition to the section modulus and the minimum thickness requirements specified
below, the stiffness of the structural elements and the design of end brackets are to be in compliance with
the buckling and fatigue criteria given in 5C-3-5/5. For double side skin construction, transverse side
frames in association with vertical diaphragms and side stringers are to be provided in ballast tanks or void
spaces. The scantlings of transverse side frames in double hull side tanks or void spaces are to comply with
5C-3-4/11.3. Where side longitudinals are provided in lieu of transverse side frames in side ballast tanks or
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void spaces, the scantlings of the longitudinals are to comply with 5C-3-4/9.3. Vertical diaphragms are to
be properly arranged in line with the transverse webs in the topside tank or lower wing tank.

11.3 Frame Section Modulus
The net section modulus of the hold frame in association with effective shell plating to which it is attached
is not to be less than obtained from the following equations, whichever is greater.SMF = M/fb in cm3 (in3)

M = 1000   c1p1sℓ2/k1 or

= 1000   c1p2sℓ2/k2+ k3wb N-cm (kgf-cm, lbf-in)

= 1000   c1p1sℓ2/k1 N-cm (kgf-cm, lbf-in) for side frames in double hull side tanks or void
spaces

wherek1 = 12 (12, 83.33)k2 = 16 (16, 111.11)k3 = 5 (5, 0.6)c1 = 1− 4 d/ℓ ≥ 0 . 65
= 1 + γℓ/10p1 for side frames in double hull side tanks or void spacesγ = specific weight of sea water, 1.005 N/cm2-m (0.1025 kgf/cm2-m, 0.444 lbf/in2-ft)p1,p2 = nominal pressure, in N/cm2 (kgf/cm2, lbf/in2), at the middle of the unsupported span of the hold frame

(dry cargo holds), as specified in 5C-3-3/7.7 TABLE 3 case “a” and case “b”, respectivelys = spacing of hold frames, in mm (in.)d = depth of hold frames, in m (ft)ℓ = unsupported span of the hold frame, in m (ft) (see 5C-3-4/13 FIGURE 6)w = weight of the ballast water in upper wing tank per frame spacing for one side (port or starboard), in N
(kgf, lbf), and may be approximated as follows:

= k4 ℎ1+ ℎ2 bsk4 = 5.026 (0.5125, 0.032)ℎ1, ℎ2, b = dimensions of the upper wing tank, in m (ft), as shown in 5C-3-4/13 FIGURE 6fb = permissible bending stress, in N/cm2 (kgf/cm2, lbf/in2)

= Smfy− F/A
= 0 . 8   Smfy for side frames in double hull side tanks or void spacesF = axial force, in N (kgf, lbf)

= 0 . 5 + 2ℓH/bw Bspbk5k5 = 1 (1, 1.2)ℓH = length of the cargo hold, in m (ft)
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bw = breadth of the double bottom structure, in m (ft). For vessels having lower wing tanks with sloping tops,
making an angle of about 45 degrees with the horizontal, the breadth may be measured between the
midpoints of the sloping platingB = breadth of the vessel, in m (ft), as defined in 3-1-1/5pb = corresponding net nominal pressure, in N/cm2 (kgf/cm2, lbf/in2), of the double bottom structure at its
centerline (5C-3-3/7.7 TABLE 3, item 4, case “a” and case “b” for p1 and p2 above respectively)A = net sectional area of the frame and the associated effective plating (stn), in cm2 (in2)Sm and fy are as defined in 5C-3-4/7.3.1.

The effective breadth of plating, be, is as defined in 5C-3-4/7.5.

Where a cargo hold is intended to be used for the carriage of water ballast or liquid cargoes, the net section
modulus of the hold frame is also not to be less than obtained from the following equation:SMF = M/fb in   cm3(in3)M = 1000c1p3sℓ2/k N− cm(kgf − cm, lbf − in . )
wherek = 12 (12, 83.33)p3 = nominal pressure, in N/cm2 (kgf/cm2, lbf/in2), at the middle of the unsupported span of hold frames, as

specified in 5C-3-3/7.7 TABLE 3 for hold frame (ballast or liquid cargo holds)pb = corresponding net nominal pressure, N/cm2 (kgf/cm2, lbf/in2) of the double bottom structure at B/4 off its
centerline (5C-3-3/7.7 TABLE 3 for hold frame (ballast or liquid cargo holds))

All other parameters are as defined above.

11.5 Frame Sections
In ships of 190 m (623 ft) or more in length, frames are to be fabricated symmetrical sections with integral
upper and lower brackets. Their brackets are to be soft toed. The side frame flange is to be curved (not
knuckled) at the transition to integral brackets. The radius of curvature is not to be less than r, in mm (in.),
given by:

r = 0 . 4 · bf2tf+ c
where bf and tf are the flange width and net flange thickness of the brackets, respectively, in mm (in.). c =
1.5mm (0.06 in.). The end of the flange is to be sniped.

In vessels less than 190 m (623 ft) in length, frames of ordinary strength steel may be asymmetric sections
(fabricated or rolled) and fitted with separate brackets. The face plate or flange of the bracket is to be
sniped at both ends. Brackets are to be soft toed.

For vessels of all lengths, the web depth to thickness ratio of frames is to comply with the proportion limits
given in 5C-3-A2/11.9. The ratio of outstanding flange breadth to gross thickness is not to exceed 10 Q,
where Q is as defined in 3-2-1/5.3.
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11.7 Brackets
11.7.1 Section Modulus

The net section modulus of the lower and upper brackets at the top of the lower wing tank and the
bottom of the upper wing tank as indicated in 5C-3-4/13 FIGURE 6, in association with the
effective shell plating to which they are attached is not to be less than obtained from the following
equation:SME = c2ℎ32SMF/ c1ℓ2 in   cm3(in3)
wherec2 = 1.2 for upper bracket

= 1.1 for lower bracketℎ3 = vertical distance, in m (ft), between the top of lower wing tank and the bottom of upper wing tank
(see 5C-3-4/13 FIGURE 6)SMF = required net section modulus of the hold frame in 5C-3-4/11.3

c1 and ℓ are as defined in 5C-3-4/11.3.

In no case is SME to be less than 2.0 (SMF).

When the section modulus is calculated in way of the brackets, any bracket flange or face plate
which is sniped at both ends may be considered effective for this purpose only if the location as
indicated in 5C-3-4/13 FIGURE 6 is clear of the snipe and lies within the middle two-thirds of the
flange length.

11.7.2 Arm Lengths
Integral or separate frame brackets are to extend at least for a length of 0 . 125ℎ3 onto the frame
and the depth of the bracket plus frame measured at the heels of the frame is generally to be at
least 1.5 times that of the frame. Where the hull form renders this impracticable, equivalent
strength in shear and bending is to be provided. The brackets are to be arranged with “soft” toes.
See 5C-3-4/13 FIGURE 7 and 5C-3-4/13 FIGURE 8).

11.7.3 Minimum Thickness
The net thickness of the brackets and the web portions of the frames is not to be less than obtained
from the following equation:tn = 0 . 03L+ 5 . 5 mm= 0 . 036L+ 21 . 7 10−2 in .
but need not to be greater than 11.5 mm (0.45 in.)

whereL = length of vessel, in m (ft.), as defined in 3-1-1/3.1

The net thickness of the upper bracket is to be not less than tn above or the proposed net thickness
of web of the frame being supported, whichever is greater.
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The net thickness of the lower bracket is to be not less than tn above or the proposed net thickness
of web of the frame being supported reduced by 2.0 mm (0.08 in.), whichever is greater.

11.7.4 Supporting Bracket
Brackets are to be fitted in the lower and upper wing tanks in line with every side frame.

11.9 Longitudinals at the Toes of Brackets
The section modulus of side longitudinals and sloping bulkhead longitudinals at the toes of brackets is to
be determined based on 5C-3-4/9.3 and 5C-3-4/21.11 with the unsupported span, ℓ, measured between
transverses and spacing, s, taken equal to dimension “b” as shown in 5C-3-4/13 FIGURE 8.

13 Side Transverses/Web Frames and Transverse Webs in Lower and
Upper Wing Tanks

13.1 General
The main supporting members such as the transverse webs and girders are to be arranged and designed
with sufficient stiffness to provide support to the vessel's hull structure. In general, deep beams, web
frames, and bottom floors are to be arranged in one plane to form continuous transverse rings. Deck girders
and continuous hatch coamings, where fitted, are to be extended throughout the cargo hold spaces and are
to be effectively supported at the transverse bulkheads.

Generous transitions are to be provided at the intersections of the main supporting members to provide for
smooth transmission of loads and to minimize stress concentrations. Abrupt changes in sectional properties
and sharp re-entrant corners are to be avoided. In general, stool structures, where fitted, are to have sloping
bulkheads on both sides.

The net section modulus and sectional area of the main supporting members required by this Chapter apply
to those parts of the member clear of the end brackets. They are considered as the requirements of initial
scantlings for transverses in lower and upper wing tanks, and may be reduced provided the strength of the
resultant design is verified with the subsequent total strength assessment in Section 5C-3-5. However, in
no case should they be taken less than 85% of those determined from this section. (See also 5C-3-5/9.9)
The structural properties of the main supporting members and end brackets are to comply with failure
criteria specified in 5C-3-5/3, 5C-3-5/5 and 5C-3-5/7.

The required section modulus of the main supporting members in association with the effective plating to
which they are attached is to be determined as specified in 3-1-2/13.

13.3 Transverses in Lower Wing Tank
13.3.1 Section Modulus

The net section modulus of the transverses in the lower wing tank in association with the effective
plating is not to be less than obtained from the following equation:SM = M/fb cm3 (in3)M = M1+M2M1 = 1000psℓb2/k1 N-cm (kgf-cm, lbf-in)M2 = 0 for sloping bulkhead transverse

= 0 . 5MsL for side transverse

= M1s for bottom transverse

Part 5C Specific Vessel Types
Chapter 3 Vessels Intended to Carry Ore or Bulk Cargoes (150 meters (492 feet) or more in

Length)
Section 4 Initial Scantling Criteria 5C-3-4

ABS RULES FOR BUILDING AND CLASSING MARINE VESSELS • 2024 458



wherek1 = 0.12 (0.12, 0.446)MsL = bending moment for sloping bulkhead transverse, in N-cm (kgf-cm, lbf-in)

M1s = bending moment M1 for side transverse, in N-cm (kgf-cm, lbf-in)

p = nominal pressure, in kN/m2 (tf/m2, Ltf/ft2), at the midspan of ℓb of the transverse under consideration,
as specified in 5C-3-3/7.7 TABLE 3s = spacing of the webs in the lower wing tank, in m (ft)ℓb = span of the transverse under consideration, in m (ft)fb = permissible bending stress, in N/cm2 (kgf/cm2, lbf/in2)

= 0 . 7   Smfy
For the calculation of the section modulus, ℓb is to be taken not less than c1ℓo.
whereℓo = bSL for sloping bulkhead transverse

= bS for side transverse

= bB for bottom transversec1 = 0.4 for sloping bulkhead transverse and side transverse

= 0.5 for bottom transversebSL , bS and bB are as shown in 5C-3-4/13 FIGURE 9.

The bending moment M for the bottom transverse is not to be less than 80% of the bending
moment M for the sloping bulkhead transverse.

13.3.2 Web Sectional Area
The net sectional area of the web of the transverses in the lower wing tank is not to be less than
obtained from the following equation:A = Fs/fs cm2(in2)Fs = 1000k2ps 0 . 5ℓ− ℎe N(kgf, lbf)
wherek2 = 1(1, 2.24)ℓ = span, in m (ft), of the transverse under consideration as shown in 5C-3-4/13 FIGURE 9ℎe = length, in m (ft), of the end bracket as shown in 5C-3-4/13 FIGURE 9

For the calculation of the web sectional area, ℓ is to be taken not less than c1ℓo.
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c1 , ℓo, p and s are as defined in 5C-3-4/13.3.1 above.

fs = permissible shear stress, in N/cm2 (kgf/cm2, lbf/in2)

= 0 . 5Smfy
13.3.3 Depth of Transverses in Lower Wing Tank

The depth of the transverses in the lower wing tank is not to be less than c2ℓo
wherec2 = 0.12 for sloping bulkhead and side transverses

= 0.16 for the bottom transverseℓo is as defined in 5C-3-4/13.3.1 above.

In general, the depth of the transverse is to be not less than 2.5 times the depth of the slots.

13.5 Transverses in Upper Wing Tank in Way of Dry Cargo Holds
13.5.1 Section Modulus

The net section modulus of the transverses in the upper wing tank in association with the effective
plating is not to be less than obtained from the following equation:SM = M/fb cm3 (in3)M = c1 M1+M2 for deck and sloping bulkhead transversesM = 2000k1c1pssbss b 2/ b1+ 0 . 5ℓs N-cm (kgf-cm, lbf-in.) for side transverseM1 = 1000c2p2s ℓs 2/k2 N-cm (kgf-cm, lbf-in.)M2 = 1000c3pds ℓd 2/k2 N-cm (kgf-cm, lbf-in.)

wherek1 = 1 (1, 0.269)k2 = 0.12 (0.12, 0.446)c1 = 1.0 for deck, sloping bulkhead and side transverses in the upper wing tank
without longitudinal bulkheadr deck, sloping bulkhead and side
transverses in the upper wing tank without longitudinal bulkhead

= 0.7 for deck and side transverses in the upper wing tank with longitudinal
bulkhead

= 0.65 for sloping bulkhead transverse in the upper wing tank with longitudinal
bulkheadc2 = 1 . 5/ 1 + β for deck transverse

= 1.0 for sloping bulkhead transversec2 is not to be taken less than 0.5 for deck transverse.c3 = 1 . 5β/ 1 + β for deck transverse
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= 0.50 for sloping bulkhead transversec3 is not to be taken less than 0.8 for deck transverse.β = ℓd/ℓs is/idid, is = moments of inertia of the deck transverse and the sloping bulkhead transverse with effective
plating, clear of end bracketsps = nominal pressure, in kN/m2 (tf/m2, Ltf/ft2) at the midspan of ℓb of the sloping bulkhead
transverse, as specified in 5C-3-3/7.7 TABLE 3pd = nominal pressure, in kN/m2 (tf/m2, Ltf/ft2) at the midspan of ℓb of the deck transverse, as
specified in 5C-3-3/7.7 TABLE 3s = spacing of the webs in the upper wing tank, in m (ft)ℓd, ℓs = span ℓb of the deck and sloping bulkhead transverses under consideration, in m (ft)

To obtain M for the deck and sloping bulkhead transverses, span ℓd is not to be taken less than 0.4b and span ℓb is not to be taken less than 0.4bsu.

b, bsu = widths of the upper wing tank, in m (ft), as shown in 5C-3-4/13 FIGURE 9b1 = distance from the longitudinal hatch side girder to the side of the opening in the web, in m (ft),
as shown in 5C-3-4/13 FIGURE 9bss = height of the upper wing tank, in m (ft), as shown in 5C-3-4/13 FIGURE 9fb = permissible bending stress, in N/cm2 (kgf/cm2, lbf/in2)

= 0 . 85   Smfy
13.5.2 Web Sectional Area

The net sectional area of the web of the transverses in the upper wing tank is not to be less than
obtained from the following equation.A = F/fs cm2 (in2)F = 1000k3c1c2c3pss b1+ ℓs 2/ b1+ 0 . 5ℓs N (kgf, lbf) for deck and side transversesF = 1000c2c3 F1+ F2 N (kgf, lbf) for sloping bulkhead transverses

whereF1 = k3pss 0 . 5ℓ− ℎeF2 = 0 . 8k3pssb12/ b1+ 0 . 5ℓsk3 = 1 1,   2 . 24c1 = 0.38 for deck transverse

= 0.16 for side transversec2 = Ad/ Ad+ As for deck transverse

= As/ Ad+ As for sloping bulkhead transverse

= 1.0 for side transverse
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c2 is not to be taken less than 0.42

Ad,As = web sectional areas of the deck and sloping bulkhead transverses, clear of the end bracketsc3 = 1.0 for transverses in upper wing tank without longitudinal bulkhead

= 0.7 for transverses in upper wing tank with longitudinal bulkheadfs = permissible shear stress, in N/cm2 (kgf/cm2, lbf/in2)

= 0 . 5   Smfyℓ = span, in m (ft), of sloping bulkhead transverse, as shown in 5C-3-4/13 FIGURE 9ℎe = length, in m (ft), of the lower end bracket of the sloping bulkhead transverse, as shown in
5C-3-4/13 FIGURE 9ps , s, b, b1 and ℓ are as defined in 5C-3-4/13.5.1 above.

13.5.3 Depth of Transverses in Upper Wing Tank
The depth of the transverses in the upper wing tank is not to be less than as specified below,
respectively.0 . 15bss for side transverse0 . 085b for deck transverse0 . 085bsu for sloping bulkhead transverse

whereb , bss and bsu are as shown in 5C-3-4/13 FIGURE 9.

In general, the depth of the transverse is to be not less than 2.5 times the depth of the slots.

13.7 Transverses in Upper Wing Tank in Way of Ballast or Liquid Cargo Holds
Where a cargo hold is intended to be used for the carriage of water ballast or liquid cargoes, the net section
modulus and the web sectional area of the transverses are also not to be less than obtained from the
following requirements, respectively.

13.7.1 Section Modulus
The net section modulus of the side, deck and sloping bulkhead transverses in the upper wing tank
in association with the effective plating is not to be less than obtained from the following
equation:SM = M/fb cm3 (in3)M = 15k1c1psbsubss 2B − b / B − b+ 0 . 5ℓs+ b1 N-cm (kgf-cm, lbf-in) for side

transverseM = c1 M1+M2 for deck and sloping bulkhead
transverseM1 = 1000c2ps ℓs 2/k2 N-cm (kgf-cm, lbf-in)M2 = 1000k1c3c4psb1ℓb 2B − 2b+ b1 / B − b+ 0 . 5ℓs+ b1 N-cm (kgf-cm, lbf-in)
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wherek1 = 100 (100, 26.9)k2 = 0.12 (0.12, 0.446)c1 = 1.0 for deck, sloping bulkhead and side transverses in upper wing tank without
longitudinal bulkhead

= 0.50 for sloping bulkhead transverse in upper wing tank with longitudinal bulkhead

= 0.70 for deck and side transverses in upper wing tank with longitudinal bulkheadc2 = 1.0 for sloping bulkhead transverse

= 1 . 5/ 1 + β for deck transversec2 is not to be taken less than 0.54 for the deck transverse.

c3 = 0.095 for sloping bulkhead transverse

= 0.035 for deck transversec4 = 0 . 233β+ 0 . 034 for sloping bulkhead transverse, if β ≤ 2 . 0
= 0 . 7β − 0 . 9 for sloping bulkhead transverse if β > 2 . 0c4 is not to be taken less than 0.15 and need not be greater than 1.0 for sloping bulkhead

transverse.c4 = 1 . 343− 0 . 0714β for deck transversec4 is not to be taken less than 1.0 for deck transverse.β is as defined in 5C-3-4/13.5.1.p = nominal pressure, in kN/m2 (tf/m2, Ltf/ft2), at the midspan of ℓb of the sloping bulkhead transverse, as
specified in 5C-3-3/7.7 TABLE 3ℓb = span of the transverse under consideration, in m (ft), as shown in 5C-3-4/13 FIGURE 9ℓs = span of ℓb of the sloping bulkhead transverse, in m (ft), as shown in 5C-3-4/13 FIGURE 9

To obtain moment M1, span ℓs is to be taken not less than 0.33bsu.s , B, b, b1, bsu and bss are as defined in 5C-3-4/13.5.1.

fb = permissible bending stress, in N/cm2 (kgf/cm2, lbf/in2)

= 0 . 85   Smfy
13.7.2 Web Sectional Area

The net sectional area of the web of the transverses in the upper wing tank is not to be less than
obtained from the following equation:
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A = F/fs cm2 (in2)F = 1000k3c1c2c3psbsu 2B − b / B − b+ 0 . 5ℓs+ b1 , N (kgf, lbf) for deck and side
transverses

= 1000c1c3 F1+ F2 N (kgf, lbf) for sloping bulkhead
transverseF1 = k3   2 . 38ps 0 . 5ℓ− ℎe N (kgf, lbf)F2 = k3   0 . 117psb1 2B − 2b+ b1 / B − b+ 0 . 5ℓs+ b1 N (kgf, lbf)

wherek3 = 1.0 (1.0, 2.24)c2 = 0.16 for deck transverse

= 0.105 for side transversec3 = Ad/ Ad+ As for deck transverse

= As/ Ad+ As for sloping bulkhead transverse

= 1.0 for side transverseAd , As, ℓ and ℎe are as defined in 5C-3-4/13.5.2.p , ℓs and c1 are as defined in 5C-3-4/13.7.1.B , s, b and b1 are as defined in 5C-3-4/13.5.1.ℓ = span, in m (ft), of sloping bulkhead transverse, as shown in 5C-3-4/13 FIGURE 9ℎe = length, in m (ft), of the lower end bracket of the sloping bulkhead transverse, as shown
in 5C-3-4/13 FIGURE 9fs = permissible shear stress, in N/cm2 (kgf/cm2, lbf/in2)

= 0 . 5Smfy
13.7.3 Depth of Transverses in Upper Wing Tank

The depth of transverses is to be as specified in 5C-3-4/13.5.3.

13.9 Minimum Thickness for Web Portion of Main Supporting Members
The net thickness of the web of the main supporting members is not to be less than 9.5 mm (0.374 in.)

13.11 Vertical Diaphragms and Side Stringers in Double Hull Side Tanks or Void Spaces
The net thickness of vertical diaphragms and side stringers is not to be less than 9.5 mm (0.374 in).

13.11.1 Vertical Diaphragms
The net section modulus of vertical diaphragms in association with effective shell/inner skin
plating to which they are attached is, in general, not to be less than obtained from the following.SMDP = M/fb in   cm3(in3)
where
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M = 1000   c1psℓ2/k2+ k3wb N-cm (kgf-cm, lbf-in.)p = nominal pressure, in N/cm2 (kgf/cm2, lbf/in2), at the middle of the unsupported span, ℓ, as specified in
5C-3-3/7.7 TABLE 3 case "a" and case "b", respectivelys = spacing of vertical diaphragms in mm (in.)ℓ = unsupported span between the top side tank and the lower wing tankw = weight of the ballast water in upper wing tank per spacing of vertical diaphragm for one side (port or
starboard), in N (kgf, lbf)fb = 0 . 85Smfyc1 , k2, k3, b, Sm and fy are defined in 5C-3-4/11.3.

Where the cargo hold is intended to be used for the carriage of water ballast or liquid cargoes, the
net section modulus of the diaphragms is, in general, not to be less than obtained from the
following equation:SMDP = M/fb in   cm3(in3)M = 1000c1psℓ2/k2 N− cm(kgf − cm, lbf − in . )
wherep = nominal pressure, in N/cm2 (kgf/cm2, lbf/in2), at the middle of the unsupported span, ℓ, as specified

in 5C-3-3/7.7 TABLE 3 for vertical diaphragms (ballast or liquid cargo holds)

All other parameters are as defined above.

13.11.2 Side Stringers
The net thickness of a side stringer is also to be not less than t, obtained from the following
equation:t = cs(Smfy/E)1/2 mm(in . )
wherec = 0.7N2 – 0.2, not to be less than 0.33s = spacing of longitudinals, in mm (in.)Sm = strength reduction factor, obtained from 5C-3-4/7.3.1, for the steel grade of the stringerfy = minimum specified yield point of the stringer material, in N/cm2 (kgf/cm2, lbf/in2)N = Rd Q/Qd y/yn 1/2 for stringers above neutral axis

= Rb Q/Qb y/yn 1/2 for stringers below neutral axisQ = material conversion factor in 5C-3-4/5.1 for the side stringer under considerationy = vertical distance, in m (ft), measured from the neutral axis of the hull girder transverse section to the
side stringer under considerationE , Rb and Qb are as defined in 5C-3-4/7.3.1. Rd, Qd and yn are as defined in 5C-3-4/9.1.
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The net thickness, t, may be determined based on Sm and fy of the hull girder strength material
required at the location under consideration.

13.11.3 Grillage Analysis
The net scantlings of vertical diaphragms and associated side stringers may be determined based
on a grillage analysis provided that the calculated stresses for the nominal pressure as specified in
5C-3-3/7.7 TABLE 3 for vertical diaphragms and side stringers do not exceed the following
permissible values:

Permissible Bending Stress, fb: 0.85Smfy for vertical diaphragms

0.75Smfy for horizontal stringers

Permissible Shear Stress, fs: 0.50Smfy for vertical diaphragms

0.45Smfy for horizontal stringers
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FIGURE 6 
Definitions of Parameters for Hold Frame

Part 5C Specific Vessel Types
Chapter 3 Vessels Intended to Carry Ore or Bulk Cargoes (150 meters (492 feet) or more in

Length)
Section 4 Initial Scantling Criteria 5C-3-4

ABS RULES FOR BUILDING AND CLASSING MARINE VESSELS • 2024 467



FIGURE 7 

FIGURE 8 
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FIGURE 9 
Transverses in Wing Tanks Definition of Span

15 Deck Plating and Longitudinals/Beams

15.1 Main Deck Plating
The net thickness of the strength deck plating is to be not less than that needed to meet the hull girder
section modulus requirement in 3-2-1/3.7 and the buckling and ultimate strength requirements in 5C-3-5/5.
In addition, the net thickness of deck plating is to be not less than t1, t2 and t3 as specified below for the
midship 0.4L:t1 = 0 . 73s k1p/f1 1/2 mm(in . )t2 = 0 . 73s k2p/f2 1/2 mm(in . )t3 = cs Smfy/E 1/2 mm(in . )
wheres = spacing of deck longitudinals, in mm (in.)k1 = 0.342
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k2 = 0.50p = pn− puℎ
In no case is p to be taken less than 2.06 N/cm2 (0.21 kgf/cm2, 2.987 lbf/in2)pn is nominal pressure, in N/cm2 (kgf/cm2, lbf/in2), as defined in 5C-3-3/7.7 TABLE 3, for deck plating.puℎ is as defined in 5C-3-4/7.3.1.

The net thickness, t3, may be determined based on Sm and fy of the hull girder strength material required
at the location under consideration.f1 = permissible bending stress, in the longitudinal direction

= 0.15 Smfy, in N/cm2 (kgf/cm2, lbf/in2)f2 = permissible bending stress, in the transverse direction

= 0.80 Smfy, in N/cm2 (kgf/cm2, lbf/in2)c = 0 . 5 0 . 6 + 0 . 0015L for SI or MKS Units

= 0 . 5 0 . 6 + 0 . 0046L for U.S. Unitsc is not to be taken less than 0 . 7N2− 0 . 2 for vessels less than 267 m (876 ft) in length.L = length of vessel, in m (ft), as defined in 3-1-1/3.1N = Rd Q/Qd 1/2Rd = SMRDS/SMD 1/2Q = material conversion factor in 5C-3-4/5 for the deck platingSm , fy and E are as defined in 5C-3-4/7.3.1.SMRDS and Qd are as defined in 5C-3-4/9.1.SMD is as defined in 5C-3-4/9.3.

15.3 Main Deck Longitudinals
The net section modulus of each deck longitudinal, in association with the effective plating to which it is
attached, is to be not less than obtained from the following equation:SM = M/fb cm3(in3)M = 1000psℓ2/k N− cm(kgf − cm, lbf − in)
wherek = 12 (12, 83.33)p = nominal deck pressure, in N/cm2 (kgf/cm2, lbf/in2), as specified in 5C-3-4/15.1s and ℓ are defined in 5C-3-4/7.5
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fb = permissible bending stresses, in N/cm2 (kgf/cm2, lbf/in2)

= 1 . 0− 0 . 60α2SMRD/SMD Smfyα2 = Sm2fy2/SmfySm and fy are as defined in 5C-3-4/7.5.

Sm2 = strength reduction factor for the steel grade of the top flange material of the hull girder, obtained from
5C-3-4/7.3.1fy2 = minimum specified yield point of the top flange material of the hull girder, in N/cm2 (kgf/cm2, lbf/ in2)SMRD and SMD are as defined in 5C-3-4/9.3.

The effective breadth of plating, be, is as defined in 5C-3-4/7.5.

The net moment of inertia of each deck longitudinal in association with the effective plating bwL · tn , is
to be not less than io as specified in 5C-3-4/9.3.

15.5 Cross Deck Plating
The net thickness of the cross deck plating is to satisfy the buckling requirements in Section 5C-3-5 and is
not to be less than t1, t2 and t3 as obtained from the following equations:t1 = 0 . 02L+ 4 . 5 mm= 0 . 00024L+ 0 . 18 in .t2 = s/90 mm(in . )t3 = k1F/(wfs) mm(in . )
but not to be less than 8.5 mm (0.33 in.)

whereL = length of the vessel as defined in 3-1-1/3.1, in m (ft)s = spacing of deck beams, in mm (in.)k1 = 0.1 (0.1, 0.083)F = k2 1 + 0 . 74bo/w TM LH 2wn2/ DB3 N(kgf, lbf)k2 = 24 (24, 53.76)LH = length of the longest hold within the midship 0.4L, in m (ft)TM = torsional moment, in kN-m (tf-m, Ltf-ft), as defined in 5C-3-3/5.3.3bo = width of the hatch opening, in m (ft)w = width of the cross deck structure, in m (ft), as indicated in 5C-3-4/15.9.2 FIGURE 10n = total number of holdsB = breadth of the vessel, as defined in 3-1-1/5, in m (ft)D = depth of the vessel, as defined in 3-1-1/7.3, in m (ft)
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fs = permissible shear stress, in N/cm2 (kgf/cm2, lbf/in2)

= 0 . 45   Smfy
15.7 Cross Deck Beams

15.7.1 Section Modulus
The net section modulus of the deck beam inside the lines of hatch openings, in association with
the effective deck plating, is not to be less than obtained from the following equation.SM = M/fb cm3(in3)M is equal to M1 or M2, whichever is larger.M1 = 100c1psbo2/k N− cm(kgf − cm, lbf − in)M2 = 100psℓ2/k N− cm(kgf − cm, lbf − in)
wherek = 12 (12, 0.536)

c1 = 1/(n + 1)2, not to be taken less than 0.02 and need not be greater than 0.05

p = nominal pressure, in kN/m2 (tf/m2, Ltf/ft2) as specified in 5C-3-3/7.7 TABLE 3 for deck at
centerline, not to be less than 20.6 kN/m2 (2.1 tf/m2, 0.192 Ltf/ft2)s = spacing of the deck beams, in mm (in.)bo = width of the hatch opening, in m (ft)

ℓ = maximum unsupported span of the deck beam, in m (ft)n = number of deck girders inside the lines of hatch openings

fb= permissible bending stress, in N/cm2 (kgf/cm2, lbf/in2)

= 0 . 4Smfy
The effective breadth of plating, be, is as defined in 5C-3-4/7.5.

15.7.2 Moment of Inertia
The net moment of inertia of the deck beam inside the lines of hatch openings, in association with
the effective plating bwL · tn , is to be not less than obtained from the following equation:io = kAeℓ2fy/E cm4(in4)
wherek = 2440 (2440, 35.14)Ae = net sectional area of the beam with the associated effective plating bwLtn , in cm2 (in2)
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bwL = ces
ce = 2 . 25/β − 1 . 25/β2 for β ≥ 1 . 25

= 1.0 for β < 1 . 25β = fy/E 1/2s/tntn = net thickness of the plate, in mm (in.)ℓ = unsupported span of the beam, in m (ft)s and fy are as defined in 5C-3-4/7.5.E is as defined in 5C-3-4/7.3.1.

15.9 Stiffness of Cross Deck Structures
15.9.1 Minimum Sectional Area

The total net sectional area of the cross deck structure at ship's centerline, inside the lines of hatch
openings (see 5C-3-4/15.9.2 FIGURE 10), between two adjacent hatch openings is not to be less
than obtained from the following equation:A = F/fc cm2(in2)F = F1+ F2F1 = kc(Q − 0 . 544P)B/D N kgf, lbfF2 = kpDLH N(kgf, lbf)
wherek = 250 (250, 560)Q = total cargo weight, in kN (tf, Ltf), with full cargo loads in the two adjacent holds

consideredP = 2LHBdγ , in kN (tf, Ltf)γ = 10.05 (1.025, 0.0286), in kN/m3 (tf/m3, Ltf/ft3)c = 0 . 312− 0 . 0688LH/B if LH/B ≥ 0 . 9
= 0 . 3625− 0 . 125LH/B if LH/B < 0 . 9

LH = 0 . 5 LH1+ LH2LH1, LH2 = length of the adjacent holds, in m (ft)B = breadth of the vessel, as defined in 3-1-1/5, in m (ft)D = depth of the vessel, as defined in 3-1-1/7.3, in m (ft)d = design draft of the vessel, as defined in 3-1-1/9, in m (ft)
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p = 1 . 02k1C1, in kN/m2 (tf/m2, Ltf/ft2)k1 = 9.8 (1.00, 0.0914)C1 is as defined in 3-2-1/3.5.

fc = permissible compressive stress, in N/cm2 (kgf/cm2, lbf/in2)

= 0 . 7Smfy
The following items may be included in the calculation of the sectional area A:

● Deck plating and continuous beams

● Upper stool or box structure on top of bulkhead corrugation

● Hatch-end beams below the deck

15.9.2 Section Modulus
The total net section modulus of the cross deck structure at any section with respect to the vertical
axis (z axis shown in 5C-3-4/15.9.2 FIGURE 10) is not to be less than obtained from the following
equation:SM = M/fb cm3(in3)M = Fb1 N− cm(kgf − cm, lbf − in . )
whereF = shear force, in N (kgf, lbf), as defined in 5C-3-4/15.5b1 = transverse distance, in cm (in.), from centerline of the vessel to the section of the cross deck structure

under consideration, as indicated in 5C-3-4/15.9.2 FIGURE 10, b1 is not to be more than 0.5bo,
where bo = width of hatch openingfb = permissible bending stress, in N/cm2 (kgf/cm2, lbf/in2)

= 0 . 70Smfy
The items included in the calculation of the section modulus are as specified in 5C-3-4/15.9.1.
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FIGURE 10 
Cross Deck Structure

17 Deck Girders and Main Supporting Members

17.1 General
The main supporting members such as the transverse webs and girders are to be arranged and designed as
indicated in 5C-3-4/13.1.

17.3 Hatch Side Girders
The depth of the hatch-side girder below the deck is not to be less than obtained from the following
equation:dw = c1c2ℓo/25 m(ft)
whereℓo = length of the hatch opening in, m (ft)c1 = 0.85 if n = 2

= 0.75 if n ≥ 3n = number of transverse webs in the upper wing tank between two ends of the hatch openingc2 = 1 for upper wing tank without longitudinal bulkhead

= 0.9 for upper wing tank with longitudinal bulkhead
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17.5 Hatch-End Beams
17.5.1 Section Modulus

The least net section modulus of the hatch-end beam including hatch coaming in association with
effective deck plating is not to be less than obtained from the following equation:SM = M/fb cm3(in3)M is M1or M2, whichever is greater, as obtained from the following equations:M1 = M10 . 75M2M2 = M2+ 0 . 80M1M1 = C1 0 . 25qℓ0b02+ 0 . 375pℓ1b02 105/k1 N− cm(kgf − cm, lbf − in . )M2 = 0 . 08b02 Mc+ 0 . 5Fcℎ / sw n+ 1 N− cm(kgf − cm, lbf − in . )
if transverse bulkhead, connected with hatch-end beam under consideration has upper stool.M2 = 0 . 5Mc1b02/ sw n+ 1 N− cm(kgf − cm, lbf − in . )
if transverse bulkhead, connected with hatch-end beam under consideration, does not have upper
stool.

wherek1 = 12 (12, 44.64)C1 = 1/ 1 + β3Mc,Mc1 = bending moment M, in N-cm (kgf-cm, lbf-in.), as defined in 5C-3-4/25.5, at the upper end of
corrugation span for transverse bulkhead with upper stool (Mc) and without upper stool (Mc1),
loaded with dry cargo, ballast or liquid cargoFc = shear force, in N (kgf, lbf), at the upper end of corrugation span for transverse bulkhead with upper
stool, loaded with dry cargo, ballast or liquid cargo

= k2sℓ 0 . 125pℓ+ 0 . 375pu 104k2 = 1 (1, 0.0144)β = 0 . 45 I/i b0/w 3 n+ 1 1/4
I = net moment of inertia, in m4 (ft4), of cross deck girder or supporting bracket closest to ship's

centerline at the midspan of ℓ1, (with effective deck plating)i = net moment of inertia, in m4 (ft4), of hatch-end beam including hatch coaming at ship's centerline,
(with effective deck plating)b0 = width, in m (ft), of the hatch openingℓ0 = length, in m (ft), of the hatch openingℓ1 = distance in m (ft) between the hatch-end beam and the adjacent transverse bulkhead or upper stool.ℓ1 is not to be less than 0.5w to obtain M1.w = width of the cross deck structure, in m (ft), as shown in 5C-3-4/15.9.2 FIGURE 10
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s = spacing of corrugation, in m (ft), as shown in 5C-3-4/17 FIGURE 11ℎ = height of the upper stool at vessel's centerline, in cm(in.)n = number of deck girders or supporting brackets between lines of hatch openingsq = hatch cover load, in kN/m2 (tf/m2, Ltf/ft2), at the center of hatch opening, mimimum 20.6 kN/m2

(2.1 tf/m2, 0.192 Ltf/ft2); design hatch cover load, green water (see 5C-3-3/5.5.4) or internal
pressure for ballast or liquid cargo tanks as specified in 5C-3-3/7.7 TABLE 3, whichever is greaterp = deck load, in kN/m2 (tf/m2, Ltf/ft2), at the midspan of ℓ1, minimum 20.6 kN/m2 (2.1 tf/m2, 0.192
Ltf/ft2); design deck load, green water (see 5C-3-3/5.5.4, or internal pressure for ballast or liquid
cargo tanks as specified in 5C-3-3/7.7 TABLE 3, whichever is greaterpℓ , pu, ℓ are as defined in 5C-3-4/25.3.

fb = permissible bending stress in N/cm2 (kgf/cm2, lbf/in2)

= 0 . 95SmfySm and fy are as defined in 5C-3-4/7.3.1.

17.5.2 Depth
The depth of the hatch-end beam below the deck is not to be less than obtained from the following
equation:dw = c1bo/20 m(ft)
wherec1 = 1 . 2− 0 . 05n , not to be less than 0.75 and need not be greater than 1.0n = number of the deck girders or supporting brackets inside the lines of hatch openingsbo = width of the hatch opening, in m(ft). For calculation of dw, bo is not to be taken less than 0.46BB = breadth of the vessel, in m(ft), as defined in 3-1-1/5

17.7 Deck Girders Inside the Lines of Hatch Openings
17.7.1 Section Modulus

The least net section modulus of the deck girder or supporting bracket clear of end brackets in
association with effective deck plating is not to be less than obtained from the following equation:SM = M/fb cm3(in3)M is not to be less than M1, M2 and M3 as obtained from the following equations:M1 = M1+ 0 . 75M2M2 = M2+ 0 . 80M1M3 = M3+ 0 . 70M1M1 = 0 . 7k1ϕ2 0 . 25qγ1b0ℓ0ℓ1+ pγ2b0ℓ12 105/ n+ 1 N− cm(kgf − cm, lbf − in . )
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M2 = 0 . 5c1ϕ2b0 Mc+ 0 . 5Fcℎ / s n+ 1 N− cm(kgf − cm, lbf − in . )
if transverse bulkhead, connected with deck girder or supporting bracket under consideration, has
upper stool.M2 = 0 . 5ϕ2Mc1b0/ s n+ 1 N− cm(kgf − cm, lbf − in . )
if transverse bulkhead, connected with deck girder or supporting bracket under consideration, does
not have upper stool.M3 = 0 . 15k1kvcQ1ϕ2B3I105/ w2AD2 N− cm(kgf − cm, lbf − in . )
wherek1 = 1.0 (1.0, 0.269)C1 = 0 . 3α1 . 5 , not to be less than 0.05 and need not be greater than 0.25γ1 = 1 . 03β − 0 . 356 , not to be less than 0.05 and need not be greater than 1.0γ2 = 0 . 39β − 0 . 0085 , not to be less than 0.13 and need not be greater than 0.5Fc , Mc and Mc1 are as defined in 5C-3-4/17.5.1 above.

Q1 = Q − 0 . 68P/kvα = b0/w 1000I/Ad2ϕ1 = 1 . 125− 1 . 25ℎe/ℓ1ϕ2 = 1− ℎe/ℓ1ℎe = length of the bracket of the deck girder, in m (ft), as shown in 5C-3-4/17 FIGURE 12A = total net sectional area of cross deck structure at vessel's centerline in, m2(ft2), as defined in
5C-3-4/15.9.1Ad = cross sectional area, in m2 (ft2), enclosed by the outside lines of upper stoolq , p, b0, ℓ0, ℓ1, w, n, ℎ, s and β are as defined in 5C-3-4/17.5.1 above.c , Q, P, B, and D are as defined in 5C-3-4/15.9.1.kv is as defined in 5C-3-3/5.7.1(c) for the transverse bulkhead, connected with the deck girder or

supporting bracket under consideration.fb = permissible bending stress in N/cm2 (kgf/cm2, lbf/in2)

= 0 . 95   SmfySm and fy are as defined in 5C-3-4/7.3.1.

17.7.2 Depth
The depth of the deck girder inside the lines of hatch openings is not to be less than dw1 and dw2
as defined below.
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dw1 = bo/25 m(ft)dw2 = ℓo/25 m(ft)bo and ℓo are as defined in 5C-3-4/17.5.1 above.

17.9 Minimum Thickness for Web Portion of Main Supporting Members
The net thickness of the web of the deck girder, supporting bracket or hatch-end beam is not to be less than
9.5 mm (0.374 in.)

FIGURE 11 
Definition of Parameters for Corrugated Bulkhead
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FIGURE 12 
Effectiveness of Brackets

19 Cargo Hold Hatch Covers, Hatch Coamings and Closing
Arrangements

19.1 Application
The following requirements apply to bulk carriers, ore carriers and combination carriers, and are for all
hatch covers, hatch coamings and closing arrangements for cargo hold hatches in position 1, as defined in
3-2-15/3.1.

These requirements for hatch covers, hatch coamings and closing arrangements are in addition to those in
the applicable parts of Section 3-2-15.

19.3 Hatch Covers
These strength requirements are applicable to hatch covers of stiffened plate construction. The secondary
stiffeners and primary supporting members of the hatch covers are to be continuous over the breadth and
length of the hatch covers, as far as practical. When this is impractical, sniped end connections are not to
be used and appropriate arrangements are to be adopted to ensure sufficient load carrying capacity.
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Material for the hatch covers is to be steel, in accordance with Part 2, Chapter 1. The welding procedures
including consumables are to be as required for the grade and thickness of the steel used.

19.3.1 Nominal Design Corrosion Values and Net Thickness
19.3.1(a) Nominal Design Corrosion Value.The nominal design corrosion value is to be taken as
follows:

For all structures (plating and secondary stiffeners) of single skin hatch covers:

2.0 mm (0.08 in.)

For double plated hatch covers:

top and bottom plating 2.0 mm (0.08 in.)

internal structures 1.5 mm (0.06 in.)

19.3.1(b) Net Thickness. In the calculation of the hatch covers, net thickness as indicated in
5C-3-2/1.1 is to be used.

19.3.2 Hatch Cover Design Pressures
19.3.2(a) On Freeboard Deck. Hatch covers are to withstand a design pressure, p, on the hatch
cover panels for hatchways located at the freeboard deck:p = p0+ pFP− p0 0 . 25− x/Lf /0 . 25 kN/m2(tf/m2, Ltf/ft2)
wherep0 = 34.3 (3.5, 0.32) kN/m2 (tf/m2, Ltf/ft2)pFP = pressure at the forward perpendicular

= 49 . 0 + a Lf− 100 kN/m2 for Lf in meters

= 5 + a Lf− 100 tf/m2 for Lf in meters

= 0 . 457 + a Lf− 328 Ltf/ft2 for Lf in feeta = 0.0726 (0.0074, 0.000206) kN/m2 (tf/m2, Ltf/ft2), for type B freeboard ships

= 0.356 (0.0363, 0.00101) kN/m2 (tf/m2, Ltf/ft2), for ships with reduced freeboardLf = freeboard length, in m (ft), as defined in 3-1-1/3.3, to be taken not greater than 340 m (1115 ft)x = distance, in m (ft), of the mid length of the hatch cover under examination from the forward end of Lf
or 0.25Lf, whichever is less

19.3.2(b) On Superstructure Deck. Where a position 1 hatchway is located at least one
superstructure standard height higher than the freeboard deck, the pressure p may be 34.3 kN/m2

(3.5 tf/m2, 0.32 Ltf/ft2).

19.3.2(c) Mechanically Connected Covers. Where two or more panels are connected by hinges,
each individual panel is to be considered separately.

19.3.2(d) Other Considerations. For hatch covers in holds intended for the carriage of liquid, the
structure is to be of adequate strength to resist the upward pressure of ballast water or cargo oil in
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the holds caused by the pitch and roll motions of the vessel specified for load cases 5 and 7 in
5C-3-3/Table 1.

Where P/V valves are fitted, the strength of the covers is to be verified for a pressure
corresponding to the P/V valve setting.

19.3.3 Allowable Stress and Deflection
19.3.3(a) Allowable Stress. The normal stress σ and shear stress τ in the hatch cover structures are
not to exceed the allowable values σa and τa, given by:σa = 0 . 8σF N/mm2(kgf/mm2, psi)τa = 0 . 46   σF N/mm2(kgf/mm2, psi)
whereσF = the specified yield stress, in N/mm2 (kgf/mm2, psi)

The normal stress in compression of the plating forming the flange of primary supporting
members is not to exceed 0.8 times the critical buckling stress of the structure in 5C-3-4/19.3.7.

19.3.3(b) Allowable Deflection. The vertical deflection of primary supporting members is to be
not more than 0.0056ℓ, where ℓ is the greatest span of primary supporting members.

19.3.4 Top Plate Thickness
The plate thickness, t, of the hatch cover top plating is not to be less than:t = ctFps p0 . 95σF     mm(in . )
but is to be not less than the greater of 1% of the spacing of the stiffeners or 6 mm (0.24 in.).

wherect = 0.0158 (0.0158, 1.97)Fp = factor for combined membrane and bending response

  = 1.50      in general

 = 1 . 90σ/σa , for σ/σa ≥ 0 . 8, for plates forming the flange of primary supporting
memberss = stiffener spacing, in mm (in.)p = pressure, in kN/m2 (tf/m2, Ltf/ft2), as defined in 5C-3-4/19.3.2(a) or
5C-3-4/19.3.2(b)σ = as defined in 5C-3-4/19.3.6(a)σa,σF  = as defined in 5C-3-4/19.3.3(a)

19.3.5 Secondary Stiffeners
The required minimum section modulus, SM, of secondary stiffeners on the hatch cover top plate,
based on stiffener net member thickness, is given by:

SM = cs ℓ2sp12σa     cm3(in3)
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wherecs = 1 (1, 2240)ℓ = secondary stiffener span, in m (ft), to be taken as the spacing, in m (ft), of primary supporting
members or the distance between a primary supporting member and the edge support, as
applicable. When brackets are fitted at both ends of all secondary stiffener spans, the
secondary stiffener span may be reduced by an amount equal to 2/3 of the minimum brackets
arm length, but not greater than 10% of the gross span for each bracket.s = secondary stiffener spacing, in mm (in.)p = pressure, in kN/m2 (tf/m2, Ltf/ft2), as defined in 5C-3-4/19.3.2(a) or 5C-3-4/19.3.2(b)σa = as defined in 5C-3-4/19.3.3(a)

The net section modulus of the secondary stiffeners is to be determined based on an attached plate
width assumed equal to the stiffener spacing.

19.3.6 Primary Supporting Members
The spacing of primary supporting members parallel to the direction of secondary stiffeners is not
to exceed 1/3 of the span of primary supporting members.

Where it is intended that the covers may carry containers, the requirements of 3-2-15/9.9 are also
to be satisfied.

19.3.6(a) Scantlings. The section modulus and web thickness of primary supporting members,
based on member net thickness, are to be such that the normal stress σ in both flanges and the
shear stress τ, in the web, do not exceed the allowable values σa and τa, respectively, as defined in
5C-3-4/19.3.3(a).

The stresses in hatch covers that are designed as a grillage of longitudinal and transverse primary
supporting members are to be determined by a grillage or a finite element analysis.

19.3.6(b) Effective Flange Area. The effective flange area, Af, of the plating forming the flange, to
be considered for the yielding and buckling checks of primary supporting members, when
calculated by means of a beam or grillage model, is obtained as the sum of the effective flange
areas of each side of the girder web as indicated below:Af = ∑nf beftca     cm2 in2
whereca = 100 (100, 1)nf = 2 if the plate extends on both sides of web

 = 1 if the plate extends on one side of web onlyt = net thickness of plate under consideration, in mm (in.)bef = effective breadth of flange on each side of web

 = bp , but not to be taken greater than:

 = 165 ℓ mm,      for ℓ in m

 = 2ℓ in.,            for ℓ in ft
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bp = half distance, in m (ft), between the primary supporting member under consideration and the
adjacent oneℓ = span, in m (ft), of primary supporting member under consideration

When a beam or a grillage analysis is used, the secondary stiffeners are not to be included in the
attached flange area of the primary members.

19.3.6(c) Flanges. The breadth of flange is to be not less than 40% of the depth of the primary
supporting member where the distance between lateral supports is greater than 3.0 m (10 ft).
Tripping brackets attached to the flange may be considered as a lateral support for the flange.

The outstanding flange is not to exceed 15 times the flange thickness.

19.3.7 Critical Buckling Stress
19.3.7(a) Hatch Cover Plating
i) Parallel to Secondary Stiffener. The compressive stress σ in the hatch cover plate panels,

induced by the bending of primary supporting members parallel to the direction of
secondary stiffeners, is not to exceed 0.8 times the critical buckling stress σC1, to be
evaluated as defined below:σC1 = σE1 when σE1 ≤ σF/2

= σF 1− σF/ 4σE1 when σE1 > σF/2
whereσF = as defined in 5C-3-4/19.3.3(a)σE1 = 3 . 6E ts 2 N/mm2 (kgf/mm2, psi)

E = modulus of elasticity of steel

 = 2.06 x 105 N/mm2 (21,000 kgf/mm2, 30 x 106 psi)t = net thickness, in mm (in.), of plate panels = spacing, in mm (in.), of secondary stiffeners

ii) Perpendicular to Secondary Stiffener. The mean compressive stress σ in each of the hatch
cover plate panels, induced by the bending of primary supporting members perpendicular
to the direction of secondary stiffeners, is not to exceed 0.8 times the critical buckling
stress σC2 as defined below:

σC2 = σE2 when σE2 ≤ σF/2
=  σF 1− σF/ 4σE2     when σE2 > σF/2

where
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σE2 = 0 . 9mE tss 2
N/mm2 (kgf/mm2, psi)

m = c 1 + ssℓs 2 2 2 . 1ψ+ 1 . 1ss = length, in mm (in.), of the shorter side of the plate panelℓs = length, in mm (in.), of the longer side of the plate panelψ = ratio of smallest to largest compressive stressc = 1.3 when plating is stiffened by primary supporting members

 = 1.21 when plating is stiffened by secondary stiffeners of angle or T type

 = 1.1 when plating is stiffened by secondary stiffeners of bulb type

 = 1.05 when plating is stiffened by flat bar

iii) Biaxial Compression. The biaxial compressive stress in the hatch cover panels, when
calculated by means of FEM shell element model, is to be in accordance with each
classification society's Rules as deemed equivalent to the above criteria.

19.3.7(b) Hatch Cover Secondary Stiffeners. The compressive stress σ in the top flange of
secondary stiffeners, induced by the bending of primary supporting members parallel to the
direction of secondary stiffeners, is not to exceed 0.8 times the critical buckling stress σCS as
defined below:σCS = σES when σES ≤ σF/2
 = σES 1− σF/ 4σES whenσES > σF/2

whereσF = as defined in 5C-3-4/19.3.3(a)σES = ideal elastic buckling stress, in N/mm2 (kgf/mm2, psi), of the secondary stiffener

 = the lesser of σE3 and σE4σE3 = E   Ia/ c1Aℓ2  N/mm2 (kgf/mm2, psi)E = as defined in 5C-3-4/19.3.7(a)Ia = moment of inertia, in cm4 (in4), of the secondary stiffener, including a top flange equal to the
spacing of secondary stiffenersc1 = 1000 (1000, 14.4)A = cross-sectional area, in cm2 (in2), of the secondary stiffener, including a top flange equal to the
spacing of secondary stiffeners

 ℓ = span, in m (ft), of the secondary stiffener

σE4 =
π2EIw10c1Ipℓ2 m2+ Km2 + 0 . 385E ItIp N/mm2 (kgf/mm2, psi)

K = c2 Cℓ4π4EIwc2 = 106 (106, 20736)
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m = number of half waves, given by the following table:

 0 < K ≤ 4 4 < K ≤ 36 36 < K ≤ 144 m− 1 2m2 < K ≤ m2 m+ 1 2 

m 1 2 3 MIt = St Venant's moment of inertia, in cm4 (in4), of the secondary stiffener without top flange

 
= c3ℎwtw33 for flat bar secondary stiffeners

 
= c313 ℎwtw3 + bftf3 1− 0 . 63 tfbf for flanged secondary stiffeners

c3 = 10-4 (10-4, 1)Ip = polar moment of inertia, in cm4 (in4), of the secondary stiffener about its connection with the
plating

 
= c3ℎw3 tw3 for flat bar secondary stiffeners

 
= c3 ℎw3 tw3 + ℎw2bftf for flanged secondary stiffeners

Iw = sectorial moment of inertia, in cm6 (in6), of the secondary stiffener about its connection with the
plating

 
= c4ℎw3 tw33 for flat bar secondary stiffeners

 
= c4 tfbf3ℎw212 for "Tee" secondary stiffeners

 
= c4 bf3ℎw212 bf+ ℎw 2 tf bf2+ 2bfℎw+ 4ℎw2 + 3twbfℎw

       for angles and bulb secondary stiffenersc4 = 10-6 (10-6, 1)ℎw, tw = height and net thickness, in mm (in.), of the secondary stiffener web, respectivelybf, tf = width and net thickness, in mm (in.), of the secondary stiffener bottom flange, respectivelys = spacing, in mm (in.), of secondary stiffenersC = spring stiffness exerted by the hatch cover top plating

 = kpEtp33s 1 + 1 . 33kpℎwtp3stw3
N (kgf, lbf)

kp = 1− ηp
 = to be taken not less than zero; for flanged secondary stiffeners, kp need not be taken less than

0.1ηp = σσE1σ = as defined in 5C-3-4/19.3.6(a)
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σE1 = as defined in 5C-3-4/19.3.7(a)tp = net thickness, in mm (in.), of the hatch cover plate panel.

For flat bar secondary stiffeners and buckling stiffeners, the ratio ℎ/tW is to be not greater than 15k0 . 5, where:

ℎ, tW = height and net thickness, in mm (in.), of the stiffener, respectivelyk = Y/σFY = 235 N/mm2 (24 kgf/mm2, 34000 psi)σF = as defined in 5C-3-4/19.3.3(a)

19.3.7(c) Web of primary supporting members. This check is to be carried out for the web panels
of primary supporting members, bounded by web stiffeners or other crossing members, the face
plate (or the bottom cover plate) and the top plate.

The shear stress τ in the hatch cover primary supporting member web panels is not to exceed 0.8
times the critical buckling stress τC, as defined below:

τC = τE when τE ≤ τF/2
 = τF 1− τF/ 4τE when τE > τF/2

whereσF = as defined in 5C-3-4/19.3.3(a)τF = σF/ 3τE = 0 . 9ktE tpr,n/d 2
E = as defined in 5C-3-4/19.3.7(a)tpr,n = net thickness, in mm (in.), of primary supporting memberkt = 5 . 35 + 4 . 0/ a/d 2a = greater dimension, in mm (in.), of web panel of primary supporting memberd = smaller dimension, in mm (in.), of web panel of primary supporting member

For primary supporting members parallel to the direction of secondary stiffeners, the actual
dimensions of the panels are to be considered.

For primary supporting members perpendicular to the direction of secondary stiffeners or for
hatch covers built without secondary stiffeners, a presumed square panel of dimension d is to be
taken for the determination of the stress τC. In such a case, the average shear stress τ between the
values calculated at the ends of this panel is to be considered.

19.3.8 Connections between Hatch Cover Panels
Load bearing connections are to be fitted between the hatch cover panels to restrict the relative
vertical displacements.
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19.5 Hatch Coamings
19.5.1 Nominal Design Corrosion Values and Net Thickness

19.5.1(a) Nominal Design Corrosion Values. The nominal design corrosion value is to be taken as
follows:

In general, for compliance with 5C-3-4/19.5 and
5C-3-4/19.7, except below:

1.5 mm (0.06 in.)

For compliance with 5C-3-4/19.5.6 1.0 mm (0.04 in.)

19.5.1(b) Net thickness. In the calculation of the hatch coaming scantlings, net thickness as
indicated in 5C-3-2/1.1 is to be used.

19.5.2 Design Pressures
19.5.2(a) Green Sea Pressure
i) The pressure, pcoam, on the No. 1 forward transverse hatch coaming is given by:

pcoam = 220 (22.4, 2.05) kN/m2 (tf/m2, Ltf/ft2), when a forecastle is fitted in accordance with
5C-3-1/7

 = 290 (29.6, 2.70) kN/m2 (tf/m2, Ltf/ft2), in the other cases

ii) The pressure, pcoam, on the other forward end and all side coamings is given by:

pcoam = 220 (22.4, 2.05) kN/m2 (tf/m2, Ltf/ft2)

19.5.2(b) Other Considerations. For hatch coamings in holds intended for carriage of liquid, the
structure is to be of adequate strength to resist the upward pressure of ballast water or cargo oil in
the holds caused by the pitch and roll motions of the vessel specified for load cases 5 and 7 in
5C-3-3/Table 1.

19.5.3 Coaming Plate Thickness
The coaming plate thickness t is given by:t = ccoams pcoamoa, coamScoam     mm(in . )
whereccoam = 0.0149 (0.0149, 1.86)s = secondary stiffener spacing, in mm (in.)pcoam = pressure, in kN/m2 (tf/m2, Ltf/ft2), as defined in 5C-3-4/19.5.2(a)Scoam = safety factor, to be taken equal to 1.15σa, coam = 0 . 95σF
The coaming plate thickness is to be not less than 9.5 mm (0.37 in.).

19.5.4 Secondary Stiffeners
The secondary stiffeners of the hatch coamings are to be continuous over the breadth and length of
the hatch coamings.
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The required section modulus, SM, of the longitudinal or transverse secondary stiffeners of the
hatch coamings, based on net member thickness, is given by:

SM = csScoamℓ2spcoammcpσa, coam   cm3(in3)
wherecs = 1 (1, 2240)m = 16 in general

 = 12 for the end spans of stiffenersScoam = safety factor, to be taken equal to 1.15ℓ = span, in m (ft), of secondary stiffenerss = spacing, in mm (in.), of secondary stiffenerspcoam = pressure, in kN/m2 (tf/m2, Ltf/ft2), as defined in 5C-3-4/19.5.2(a)cp = ratio of plastic section modulus to the elastic section modulus of the secondary stiffeners
with an attached plate breadth, in mm (in.), equal to 40t, where t is the plate net thickness

 = 1.16 in the absence of more precise evaluationσa, coam = 0 . 95σF
19.5.5 Stays

19.5.5(a) Flange End Connected. The required minimum section modulus, SM, and web thickness, tw,
of coaming stays designed as beams with flange connected to the deck or sniped and fitted with a
bracket (see 5C-3-4/Figures 13 and 14) at their connection with the deck, based on member net
thickness, are given by:SM = csHc2spcoam2σa, coam     cm3(in3)tw = ccHcspcoamℎτa, coam     mm(in . )
wherecs = 1 (1, 2240)cc = 1 (1, 187)Hc = stay height, in m (ft)s = stay spacing, in mm (in.)ℎ = stay depth, in mm (in.), at the connection with the deckpcoam = pressure, in kN/m2 (tf/m2, Ltf/ft2) as defined in 5C-3-4/19.5.2(a)σa, coam = 0 . 95σFτa, coam = 0 . 5σF
For calculating the section modulus of coaming stays, their face plate area is to be taken into
account only when it is welded with full penetration welds to the deck plating and adequate
underdeck structure is fitted to support the stresses transmitted by it.
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19.5.5(b) Flange End Sniped. For other designs of coaming stays, such as, for example, those
shown in 5C-3-4/Figures 15 and 16, the stress levels in 5C-3-4/19.3.3(a) will apply in lieu ofσa, coam and τa, coam . The highest stressed locations are to be checked.

FIGURE 13

FIGURE 14
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FIGURE 15

FIGURE 16

19.5.6 Long Side Coamings
The thickness of continuous longitudinal coamings having a length greater than 0.14L is not to be
less than the value of t3, given in 5C-3-4/15.1, with s taken as the spacing of the coaming
stiffeners.

The stiffeners are to comply with the requirements of 5C-3-4/15.3, where ℓ is the distance
between bracket, and p is not to be less than 1.59 N/cm2 (0.1625kgf/cm2, 2.31 psi).
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19.5.7 Local Details
Local details are to be designed for the purpose of transferring the pressures on the hatch covers to
the hatch coamings and, through them, to the deck structures below. Hatch coamings and
supporting structures are to be adequately stiffened to accommodate the loading from hatch
covers, in longitudinal, transverse and vertical directions.

Underdeck structures are to be checked against the load transmitted by the stays, adopting the
same allowable stresses specified in 5C-3-4/19.5.5(a).

For bulk carriers with holds having the additional class notation GRAB [XX tonnes] and
carrying solids of density 1.0 tonnes/m3 and above, the wire rope grooving in way of cargo holds
openings is to be protected by suitable means on the hatch side girders (i.e., upper portion of top
side tank plates) and hatch end beams in cargo hold and upper portion of hatch coamings.

Where rubbing bars (e.g., a half-round bar) are provided on the hatch side girders (i.e., upper
portion of top side tank plates)/hatch end beams in cargo hold and/or upper portion of hatch
coamings, the material of the rubbing bars is to be of Grade A steel or equivalent. Termination of
these rubbing bars is to comply with 3-1-2/15.3.

Unless otherwise stated, weld connections and materials are to be in accordance with the
applicable requirements in Section 3-2-19.

Double continuous welding is to be adopted for the connections of stay webs with deck plating
and the weld throat is to be not less than 0.44tW, where tW is the gross thickness of the stay web.

Toes of stay webs are to be connected to the deck plating with deep penetration double bevel
welds extending over a distance not less than 15% of the stay width.

19.7 Closing Arrangements
19.7.1 Securing Arrangements

19.7.1(a) Securing Device. Hatch cover panels are to be secured by appropriate devices (bolts,
wedges or similar) suitably spaced alongside the coamings and between panels.

Arrangement and spacing are to be determined with due attention to the weathertightness, the type
and size of the hatch cover, as well as the stiffness of the cover edges between the securing
devices.

Securing devices are to be of reliable construction and securely attached to the hatchway
coamings, decks or covers. Individual securing devices on each cover are to have approximately
the same stiffness characteristics.

Where rod cleats are fitted, resilient washers or cushions are to be incorporated.

Where hydraulic cleating is adopted, a positive means is to be provided to ensure that it remains
mechanically locked in the closed position in the event of failure of the hydraulic system.

19.7.1(b) Sectional Area. Subject to 5C-3-4/19.7.1(c), the net sectional area of each securing
device is not to be less than:A = csda/f cm2, in2
wherecsd = 1.4 (1.4, 0.066)a = spacing, in m (ft), of securing devices, not to be taken less than 2 m (6.6 ft)
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f = σY/Y eY = 235 N/mm2 (24 kgf/mm2, 34,000 psiσY = specified minimum upper yield stress, in N/mm2 (kgf/mm2, psi), of the steel, not to be taken greater
than 70% of the ultimate tensile strength.e = 0.75     for σY > 235 N/mm2 (24 kgf/mm2, 34,000 psi)

 = 1.0       for σY <235 N/mm2 (24 kgf/mm2, 34,000 psi)

Rods or bolts are to have a net diameter not less than 19 mm (0.75 in.) for hatchways exceeding 5
m2 (54 ft2) in area.

19.7.1(c) Packing Line Pressure. Between cover and coaming and at cross-joints, a packing line
pressure sufficient to obtain weather tightness is to be maintained by the securing devices.
For packing line pressures exceeding 5 N/mm2 (0.51 kgf/mm2, 28.6 psi), the cross section area of
the securing device is to be increased in direct proportion. The packing line pressure is to be
specified.

19.7.1(d) Edge Stiffness. The cover edge stiffness is to be sufficient to maintain adequate sealing
pressure between securing devices. The moment of inertia, I, of edge elements is not to be less
than:I = cipa4 cm4(in4)
whereci = 6 (58.8, 0.000218)p = packing line pressure, in N/mm2 (kgf/mm2, psi), minimum 5 N/mm2 (0.51 kgf/mm2, 28.6 psi)a = spacing, in m (ft), of securing devices.

19.7.2 Stoppers
19.7.2(a) Forces. All hatch covers are to be fitted with stoppers to limit horizontal movement of
the cover against the forces caused by the following pressures:

i) Longitudinal pressure on fore end of cover:

No. 1 hatch cover:

where a forecastle in accordance with 5C-3-1/7 is not fitted:

230 kN/m2 (23.5 tf/m2, 2.14 Ltf/ft2)

where a forecastle in accordance with 5C-3-1/7 is fitted:

175 kN/m2 (17.8 tf/m2, 1.63 Ltf/ft2)

Other hatch covers:     175 kN/m2 (17.8 tf/m2, 1.63 Ltf/ft2)

ii) Transverse pressure on side of cover:

All hatch covers:     175 kN/m2 (17.8 tf/m2, 1.63 Ltf/ft2)

19.7.2(b) Allowable Stresses. The equivalent stress:

i) in stoppers and their supporting structures, and
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ii) calculated in the throat of the stopper welds

is not to exceed 0 . 8   σY under the above pressures.

19.7.3 Materials and Welding
Stoppers and securing devices are to be manufactured of materials and corresponding welding
procedures and consumables, in accordance with the applicable requirements of the ABS Rules for
Materials and Welding (Part 2).

21 Longitudinal Bulkheads

21.1 Sloping Bulkhead Plating of Lower Wing Tank
The net thickness of the lower wing tank sloping bulkhead plating, in addition to complying with
5C-3-4/5.5, is to be not less than t1, t2 and t3 for the amidship 0.4L, as obtained from the following
equations:t1 = 0 . 73s k1p/f1 1/2 mm(in . )t2 = 0 . 73s k2p/f2 1/2 mm(in . )t3 = cs Smfy/E 1/2 mm(in . )
but not to be less than 9.5 mm (0.37 in.)

wheres = spacing of the longitudinal bulkhead longitudinals, in mm (in.)k1 = 0.342k2 = 0.5p = nominal pressure, in N/cm2 (kgf/cm2, lbf/in2), at the lower edge of each plate, as specified in 5C-3-3/7.7
TABLE 3

Where upper and lower wing tanks are connected by trunks or double sides, the nominal pressure, p, in
load case “b” of 5C-3-3/7.7 TABLE 3 may be modified by the following equation:p = pb− puopb is nominal pressure, in N/cm2 (kgf/cm2, lbf/in2), at the lower edge of each plate, as defined in load case
“b” of 5C-3-3/7.7 TABLE 3 for sloping bulkhead plating of the lower wing tank.puo is as defined in 5C-3-4/9.1.

The net thickness, t3, may be determined based on Sm and fy of the hull girder strength material required
at the location under consideration.f1 = permissible bending stress, in the longitudinal direction, in N/cm2 (kgf/cm2, lbf/in2)

= 1− 0 . 4 z/B − 0 . 52α1 SMRB/SMB y/yn Smfy ≤ 0 . 60Smfy, for dry cargo loads

= 1− . 04 z/B − 0 . 52α1 SMRB/SMB y/yn Smfy, for ballast/liquid loads
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SMB/SMRB is not to be taken more than 1.2α1 or 1.4, whichever is lesser.α1 = Sm1fy1/SmfySm = strength reduction factor of the bulkhead plating, as defined in 5C-3-4/7.3.1fy = minimum specified yield point of the bulkhead plating, in N/cm2 (kgf/cm2, lbf/in2)z = transverse distance, in m (ft), measured from the centerline of the section to the lower edge of
the bulkhead strake under considerationy = vertical distance, in m (ft), measured from the neutral axis of the hull girder transverse section
to the lower edge of the bulkhead strake under consideration.yn = vertical distance, in m (ft), measured from the bottom to the neutral axis of the sectionf2 = permissible bending stress, in the vertical direction

= 0.85Smfy, in N/cm2 (kgf/cm2, lbf/in2), for dry cargo loads

= Smfy , in N/cm2 (kgf/cm2, lbf/in2) for ballast/liquid loadsB = vessel's breadth, in m (ft), as defined in 3-1-1/5c = 0 . 7N2− 0 . 2 , not to be less than 0.33 but need not be greater than 0 . 45 Q/Qb 1/2N = Rb Q/Qb y/yn 1/2Q = material conversion factor in 5C-3-4/5 for the bulkhead platingSMRB , SMB, Rb, Qb and E are as defined in 5C-3-4/7.3.1.Sm1 and fy1 are as defined in 5C-3-4/7.5.

The sloping bulkhead is to be longitudinally framed in the lower wing tank except the upper part of the
lower wing tank where the limited access makes longitudinal framing impractical. This part of the sloping
bulkhead may be transversely framed with efficient brackets arranged in line with the side frames provided
the net thickness of sloping bulkhead plating here is not less than that of the adjacent longitudinally framed
bulkhead plating and is also not less than t4 obtained from the following equation:t4 = 0 . 73sk k2p/f 1/2 mm(in . )
wheres = spacing of the transverse brackets, in mm (in.)k = 3 . 075 α − 2 . 072 / α+ 0 . 272 1 ≤ α ≤ 2

= 1.0 α > 2k2 = 0.5α = aspect ratio of the panel (longer edge/shorter edge)p = nominal pressure, as defined abovef = permissible bending stress, in N/cm2 (kgf/cm2, lbf/in2)

= 1− 0 . 4 z/B − 0 . 52α1 SMRB/SMB y/yn Smfy,SMB/SMRB is not to be taken more than 1.2α1 or 1.4, whichever is lesser.
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All other parameters are as defined above.

21.3 Sloping Bulkhead Plating of Upper Wing Tank
The net thickness of the upper wing tank sloping bulkhead plating in addition to complying with
5C-3-4/5.5, is not to be less than t1, t2 and t3 as specified below:t1 = 0 . 73s k1p/f1 1/2 mm(in . )t2 = 0 . 73s k2p/f2 1/2 mm(in . )t3 = cs Smfy/E 1/2 mm(in . )
but not to be less than 9.5 mm (0.37 in.)

wheres = spacing of the longitudinal bulkhead longitudinals, in mm (in.)k1 = 0.342k2 = 0.50p = pn− puopn is nominal pressure, in N/cm2 (kgf/cm2, lbf/in2), at the lower edge of each plate, as defined in 5C-3-3/7.7
TABLE 3 for sloping plating of the upper wing tank in dry cargo holds.puo is as defined in 5C-3-4/9.1.

The net thickness, t3, may be determined based on Sm and fy of the hull girder strength material required
at the location under consideration.f1 = permissible bending stress, in the longitudinal direction, in N/cm2 (kgf/cm2, lbf/in2)

= 1 . 2 1− 0 . 4 z/B − 0 . 52α2 SMRD/SMD y/yn   Smfy, above the neutral axisα2 = Sm2fy2/Smfyyn = vertical distance, in m (ft), measured from the deck to the neutral axis of the sectionf2 = permissible bending stress, in the vertical direction

= 0.8 Smfy, in N/cm2 (kgf/cm2, lbf/in2)c = 0 . 7N2− 0 . 2c for the top strake is not to be taken less than 0 . 4Q1/2, but need not be greater than 0.45. c for other
strakes is not to be taken less than 0.33, but need not be greater than 0 . 45 Q/Qd 1/2.
N = Rd Q/Qd y/yn 1/2Q = material conversion factor in 5C-3-4/5 for the bulkhead platingy = vertical distance, in m (ft), measured from the neutral axis of the hull girder transverse section to the upper

edge of the bulkhead strake
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yn = vertical distance, in m (ft), measured from the deck to the neutral axis of the sectionB = vessel's breadth, in m (ft), as defined in 3-1-1/5E is as defined in 5C-3-4/7.3.1.Rd and Qd are as defined in 5C-3-4/9.1.SMRD and SMD are as defined in 5C-3-4/9.3.Sm2 and fy2 are as defined in 5C-3-4/15.3.Sm , fy, z, y and B are as defined in 5C-3-4/21.1.

The sloping bulkhead is to be longitudinally framed in the upper wing tank except the lower part of the
upper wing tank where the limited access makes longitudinal framing impractical. This part of the sloping
bulkhead may be transversely framed with efficient brackets arranged in line with the side frames provided
the net thickness of the sloping bulkhead plating in this area is not less than that of the adjacent
longitudinally framed bulkhead plating and is also not less than t4 obtained from the following equation:t4 = 0 . 73sk k2p/f 1/2 mm(in . )
wheres = spacing of the transverse brackets, in mm (in.)k = 3 . 075 α − 2 . 077 / α+ 0 . 272 1 ≤ α ≤ 2

= 1.0 α > 2α = aspect ratio of the panel (longer edge/shorter edge)k2 = 0.5p = nominal pressure, as defined abovef = permissible bending stress, in N/cm2 (kgf/cm2, lbf/in2)

= 1 . 2 1− 0 . 4 z/B − 0 . 52α2 SMRD/SMD y/yn Smfy
All other parameters are as defined above.

The minimum vertical extent of the top strake from the upper deck for the midship 0.4L is to be obtained
from the following equation:b = 5L+ 800 mm for L ≤ 200 m

= 0 . 06L+ 31 . 5 in. for L ≤ 656 ftb = 1800 mm for 200 < L ≤ 500 m

= 70.87 in. for 656 < L ≤ 1640 ftL = length of the vessel, as defined in 3-1-1/3.1, in m (ft)b = vertical extent of the top strake, in mm (in.)
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21.5 Non-tight Bulkhead in Upper Wing Tank Where Adjacent to Cargo Hold
The net thickness of the non-tight longitudinal bulkhead plating, where fitted in the upper wing tank, is not
to be less than obtained from the following equation.

The net thickness, t, may be determined based on Sm and fy of the hull girder strength material required at
the location under consideration.t = cs Smfy/E 1/2 mm(in . )
but not to be less than 13 mm (0.51 in.)

where

c = 0 . 7N2− 0 . 2 , not to be less than 0.33 but need not be greater than 0 . 45 Q/Qd 1/2.N is as defined in 5C-3-4/21.3E is as defined in 5C-3-4/7.3.1Sm and fy are as defined in 5C-3-4/21.1.

21.7 Non-tight Bulkhead in Upper Wing Tank where Adjacent to Ballast or Liquid Cargo
Hold
The net thickness of the non-tight longitudinal bulkhead plating, where fitted in the upper wing tank, is not
to be less than t1 and t2 obtained from the following equation.

The net thickness, t2, may be determined based on Sm and fy of the hull girder strength material required
at the location under consideration.t1 = 0 . 1F/ ℎfs mm(in . )t2 = 0 . 37s Smfy/E 1/2 mm(in . )
but not to be less than 13 mm (0.51 in.)F = kpLHbsu N(kgf, lbf)
wherek = 180 (180, 403.2)p = nominal pressure, in kN/m2 (tf/m2, Ltf/ft2), at the intersection of longitudinal bulkhead and sloping bulkhead

as specified in 5C-3-3/7.7 TABLE 3LH = length of the ballast or liquid cargo hold, in m (ft)bsu = width of the sloping bulkhead, as indicated in 5C-3-4/13 FIGURE 9, in m (ft)ℎ = height of the longitudinal bulkhead, in m (ft)s = spacing of longitudinal bulkhead longitudinals, in mm (in.)fs = permissible shear stress, N/cm2 (kgf/cm2, lbf/in2)

= 0 . 5   Smfy
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Sm , fy , E are as defined in 5C-3-4/7.3.1.

21.9 Inner Hull Longitudinal Bulkhead
21.9.1 General

The net thickness of the inner hull longitudinal bulkhead plating, where fitted between the upper
and lower wing tanks, in addition to complying with 5C-3-4/5.7, is to be not less than t as
specified below:

21.9.2 Transversely Framed Platingt = 0 . 73s kp/f 1/2 mm(in . )
but not to be less than 9.5 mm (0.37 in.)

wheres = spacing of vertical stiffeners, in mm (in.)k = 0.5p = nominal pressure, in N/cm2 (kgf/cm2, lbf/in2), at the lower edge of each plate, as specified in
5C-3-3/7.7 TABLE 3

Where the double hull space is a void space, the nominal pressure, p, is to be the value in
5C-3-3/7.7 TABLE 3 for other bulkhead plating or pv, as specified below, whichever is greater:

pv = k1ρ D − ℎ N/cm2 (kgf/cm2, lbf/in2)k1 = conversion factor, to be taken as 0.981 (0.0981, 1/144)ρ = density of sea water, 1.025 t/m3 (64 lb/ft3)D = the molded depth of the vessel, in m (ft), defined in 3-1-1/7.1ℎ = vertical distance, in m (ft), from the baseline to the lower edge of the plate being considered

Where the double hull space is connected to the upper wing tank, the nominal pressure, p, in load
case “b” may be modified by the following equation:p = pb− puopb is nominal pressure, in N/cm2 (kgf/cm2, lbf/in2), at the lower edge of each plate, as defined in
load case “b” of 5C-3-3/7.7 TABLE 3 for other bulkhead plating.puo is as defined in 5C-3-4/9.1.

f = permissible bending stress, in N/cm2 (kgf/cm2, lbf/in2)

= 0.75 SmfySm and fy are as defined in 5C-3-4/7.5.

21.9.3 Longitudinally Framed Platingt1 = 0 . 73s k1p/f1 1/2 mm(in . )t2 = 0 . 73s k2p/f2 1/2 mm(in . )
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t3 = cs Smfy/E 1/2 mm(in . )
but not to be less than 9.5 mm (0.37 in.)

wheres = spacing of inner hull bulkhead longitudinals, in mm (in.)k1 = 0.342

k2 = 0.5

p = nominal pressure as defined in 5C-3-4/21.9.2

The net thickness, t3, may be determined based on Sm and fy of the hull girder strength material
required at the location under consideration.f1 = permissible bending stress, in the longitudinal direction, in N/cm2 (kgf/cm2, lbf/in2)

= 1− 0 . 4 z/B − 0 . 52α1 SMRB/SMB y/yn Smfy ≤ 0 . 60Smfy for dry cargo loads, below
neutral axis

= 1− 0 . 4 z/B − 0 . 52α1 SMRB/SMB y/yn Smfy for ballast/liquid loads below neutral axis

= 0.60 Smfy for dry cargo loads, above neutral axis

= 1 . 2 1− 0 . 4 z/B − 0 . 52α2 SMRD/SMD y/yn Smfy for ballast/liquid loads, above neutral
axisSMB/SMRB is not to be taken more than 1.2α1 or 1.4, whichever is lesser.

yn = vertical distance, in m (ft), measured from the deck (bottom) to the neutral axis of the section, when
the strake under consideration is above (below) the neutral axisf2 = permissible bending stress, in the vertical direction

= 0 . 85   Smfy in N/cm2 (kgf/cm2, lbf/in2) for dry cargo loads

= Smfy in N/cm2 (kgf/cm2, lbf/in2) for ballast/liquid loads, below neutral axis.

= 0 . 80   Smfy in N/cm2 (kgf/cm2, lbf/in2) for ballast/liquid loads, above the neutral
axisc = 0 . 7N2− 0 . 2 , not to be taken less than 0.33 but need not be greater than 0 . 45 Q/Qd 1/2for the

strake above the neutral axis nor 0 . 45 Q/Qb 1/2for the strake below the neutral axisN = Rd Q/Qd y/yn 1/2 for strake above neutral axis

= Rb Q/Qb y/yn 1/2 for strake below neutral axisy = vertical distance, in m (ft), measured from the neutral axis of the hull girder transverse section to the
upper edge (lower edge) of the bulkhead strake, when the strake under consideration is above
(below) the neutral axis for N

= vertical distance, in m (ft), measured from the neutral axis of the hull girder transverse section to the
lower edge of the bulkhead strake under consideration for f1
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yn = vertical distance, in m (ft), measured from the deck (bottom) to the neutral axis of the section, when
the strake under consideration is above (below) the neutral axisQ = material conversion factor in 5C-3-4/5 for the bulkhead platingSMRB , SMB, Rb and Qb are as defined in 5C-3-4/7.3.1.Rd and Qd are as defined in 5C-3-4/9.1.SMRD and SMD are as defined in 5C-3-4/9.3.α1 , Sm, fy, y and B are as defined in 5C-3-4/21.1.α2 is as defined in 5C-3-4/21.3.

21.11 Longitudinal and Vertical Stiffeners
The net section modulus of each longitudinal or vertical stiffener on longitudinal bulkheads, in association
with the effective plating to which it is attached, is not to be less than obtained from the following
equation:SM = M/fb in   cm3in3M = 1000c1psℓ2/k in   N− cm(kgf − cm, lbf − in)
wherek = 12 (12, 83.33)c1 = 1.0 for longitudinals and horizontal stiffeners

= 1 + γℓ/10p for vertical stiffenersγ = specific weight of the liquid, ≥ 1 . 005 N/cm2-m (0.1025 kgf/cm2-m, 0.444 lbf/in2-ft)s = spacing of longitudinals or vertical stiffeners, in mm (in)ℓ = span of longitudinals or stiffeners between effective supports, in m (ft)p = nominal pressure, in N/cm2 (kgf/cm2, lbf/in2), at the longitudinal or stiffener considered as specified in
5C-3-4/21.1, 5C-3-4/21.3, 5C-3-4/21.9, and 5C-3-4/7.13. For vertical stiffeners, pressure is to be taken at the
middle of span of each stiffenerfb = permissible bending stresses, in N/cm2 (kgf/cm2, lbf/in2)

= 0.70 Smfy for vertical stiffeners of dry cargo loads

= 0.80 Smfy for vertical stiffeners of ballast/liquid loadsfb = 1 . 4 1− 0 . 4 z/B − 0 . 52α1 SMRB/SMB y/yn Smfy ≤ 0 . 70Smfy , for longitudinal bulkhead
longitudinals of dry cargo loads, below neutral axis

= 1 . 4 1− 0 . 4 z/B − 0 . 52α1 SMRB/SMB y/yn Smfy ≤ 0 . 90Smfy , for longitudinal bulkhead
longitudinals of ballast/ liquid loads, below neutral axis

= 2 . 2 1− 0 . 4 z/B − 0 . 52α2 SMRB/SMB y/yn Smfy ≤ 0 . 90Smfy , for longitudinal bulkhead
longitudinals, above neutral axis
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z = transverse distance, in m (ft), measured from the centerline of the hull girder transverse section to the
longitudinal under consideration at its connection to the associated plateB = vessel's breadth, in m (ft), as defined in 3-1-1/5Sm , fy and α1 are as defined in 5C-3-4/7.5.α2 , y, yn, SMRB and SMB are as defined in 5C-3-4/9.3.SMRB and SMB are as defined in 5C-3-4/7.3.1.

The effective breadth of plating, be, is as defined in 5C-3-4/7.5.

The net moment of inertia of each longitudinal on the longitudinal bulkhead, with the associated effective
plating bwL · tn , within the region of 0.1D from the deck at side is to be not less than io as specified in
5C-3-4/9.3.

23 Plane Transverse Bulkheads

23.1 Plating
The net thickness of transverse bulkhead plating is to be not less than t as specified below:t = 0 . 73sk k2p/f 1/2 in   mm(in . )
but not to be less than 9.5 mm (0.37 in.)

wheres = spacing of transverse bulkhead stiffeners, in mm (in.)k2 = 0.50k = 3 . 075 α 1/2− 2 . 077 / α+ 0 . 272 , 1 ≤ α ≤ 2
= 1.0, α > 2α = aspect ratio of the panel (longer edge/shorter edge)p = nominal pressure, in N/cm2 (kgf/cm2, lbf/in2), at the lower edge of each plate, as specified in

5C-3-3/7.7 TABLE 3

In the upper wing tank and the lower wing tank which is connected to the upper wing tank by trunks or
double sides, the nominal pressure, p, in such ballast tanks may be modified by the following equation:p = pn− puℎ
In no case is p to be taken less than 2.06 N/cm2 (0.21kgf/cm2, 2.987 lbf/in2).pn is nominal pressure in N/cm2 (kgf/cm2, lbf/in2) at the lower edge of each plate, as defined in 5C-3-3/7.7
TABLE 3.puℎ is as defined in 5C-3-4/7.3.1.f = permissible bending stress

= 0.85 Smfy, in N/cm2 (kgf/cm2, lbf/in.2)
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Sm and fy are as defined in 5C-3-4/7.3.1.

23.3 Vertical and Horizontal Stiffeners
The net section modulus of each vertical or horizontal stiffener on transverse bulkheads, in association
with the effective plating to which it is attached, is to be not less than obtained from the following
equation:SM = M/fb in   cm3(in3)M = 1000c1psℓ2/k in N‐cm(kgf‐cm,lbf‐in)
wherek = 12 (12, 83.33)c1 = 1.0 for horizontal stiffeners

= 1 + γℓ/10p for vertical stiffenersγ = specific weight of the dry cargo or ballast as specified in Notes 4 and 5 in 5C-3-3/7.7 TABLE
3s = spacing of vertical/horizontal stiffeners, in mm (in.)ℓ = span of stiffeners between effective supports, in m (ft.)p = nominal pressure, in N/cm2 (kgf/cm2, lbf/in2), at the stiffener considered, as defined in
5C-3-4/23.1.

For vertical stiffeners, pressure is to be taken at the middle of span of each stiffener.fb = permissible bending stresses, in N/cm2 (kgf/cm2, lbf/in2)

= 0.70Smfy for transverse bulkhead stiffenersSm and fy are as defined in 5C-3-4/7.5.

23.5 Horizontal Girder on Transverse Bulkhead
23.5.1 Section Modulus

The net section modulus of the horizontal girder with effective plating is to be not less than
obtained from the following equation:SM = M/fb cm3(in3)M = 1000kc1psℓb2 N− cm(kgf − cm, lbf − in)
wherek = 10 (10, 26.9)ℓb = span, in m (ft.), of the horizontal girder, as shown in 5C-3-4/23.7.2 FIGURE 17

s = sum of the half lengths, in m (ft.), of the vertical stiffeners supported on each side of the
horizontal girder
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p = nominal pressure, in kN/m2 (tf/m2, Ltf/ft2), calculated at the midspan of the horizontal
girder under consideration, as specified in 5C-3-3/7.7 TABLE 3fb = permissible bending stress, in N/cm2 (kgf/cm2, lbf/in2)

= 0.70SmfySm and fy are as defined in 5C-3-4/7.3.1.c1 may be obtained from the following equations:

For transverse bulkheads without vertical websc1 = 0 . 83
For transverse bulkheads with vertical websc1 = 0 . 83α2 for α < 0 . 5

= 0 . 531α2+ 0 . 0747 for 0 . 5 ≤ α ≤ 1 . 0
= 0 . 2243α+ 0 . 3814 for α > 1 . 0c1 is not to be taken less than 0.10 and need not be greater than 0.83.α = ℓvℓb I/Iv sv/s 1/4ℓv = span, in m (ft.), of the vertical web, as shown in 5C-3-4/23.7.2 FIGURE 17sv = sum of the half distance, in m (ft), between the vertical web under consideration and

the main vertical supporting members on each side of the vertical webI, Iv = moments of inertia, in cm4 (in.4), of the horizontal girder and the vertical web clear
of the end brackets

For determination of α, if more than one vertical web is fitted on the bulkhead, average values ofℓv, sv and Iv are to be used when these values are not the same for each web.

23.5.2 Sectional Area
The net sectional area of the web portion of the horizontal girder is to be not less than obtained
from the following equation:A = F/fs cm2(in2)F = 1000ksc1p 0 . 5ℓ− ℎe N(kgf, lbf)
wherek = 1.0 (1.0, 2.24)c1 = 1.0 for transverse bulkheads without vertical webs

= 0 . 85α1/2 for transverse bulkheads with vertical webs but not less than 0.3
and need not be greater than 1.0
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ℓ = span of the horizontal girder, in m (ft.), as shown in 5C-3-4/23.7.2 FIGURE 17ℎe = length, in m (ft.) of the end bracket, as shown in 5C-3-4/23.7.2 FIGURE 17p ,s and α are as defined in 5C-3-4/23.5.1.fs = permissible shear stress, in N/cm2 (kgf/cm2, lbf/in2)

= 0.45 SmfySm and fy are as defined in 5C-3-4/7.3.1.

23.7 Vertical Web on Transverse Bulkhead
23.7.1 Section Modulus

The net section modulus of the vertical web in association with the effective plating is to be not
less than obtained from the following equation:SM = M/fb cm3(in3)M = 100kpsvℓv2 N− cm(kgf − cm, lbf − in)
wherek = 83.33 (83.33, 22.4)p = nominal pressure, in kN/m2 (tf/m2, Ltf/ft2), at the midspan of the vertical web, as

specified in 5C-3-3/7.7 TABLE 3sv and ℓv are as defined in 5C-3-4/23.5.1 above.fb = permissible shear stress, in N/cm2 (kgf/cm2, lbf/in2)

= 0.70SmfySm and fy are as defined in 5C-3-4/7.3.1.

23.7.2 Sectional Area
The net sectional area of the web portion of vertical member is to be not less than obtained from
the following equation:A = F/fs cm2(in2)F = 1000ksvp 0 . 5ℓ− ℎe N(kgf, lbf)
wherek = 1.0 (1.0, 2.24)ℓ = span of vertical web, in m (ft.), as shown in 5C-3-4/23.7.2 FIGURE 17ℎe = length of the end bracket, in m (ft.), as shown in 5C-3-4/23.7.2 FIGURE 17p and sv are as defined in 5C-3-4/23.7.1.
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fs = permissible shear stress, in N/cm2 (kgf/cm2, lbf/in.2)

= 0.45 SmfySm and fy are as defined in 5C-3-4/7.3.1.
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FIGURE 17 
Transverse Bulkheads - Definitions of Spans
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25 Corrugated Transverse Bulkheads

25.1 General
All vertically corrugated transverse bulkheads in cargo holds intended for dry cargoes, ballast or liquid
cargoes are to be designed in compliance with the requirements in this subsection, except that bulkheads
meeting the requirements in Appendix 5C-3-A5b need not comply with the requirements in 5C-3-4/25.7.
In all instances, the strength assessment criteria with respect to yielding, buckling and ultimate strength,
and fatigue, as specified in Section 5C-3-5 are to be complied with.

The scantlings of water-tight vertically corrugated bulkheads in dry cargo holds of single side skin
construction or double side skin construction, in which any part of longitudinal bulkhead is located withinB/5 or 11.5 m, whichever is less, inboard from the ship’s side at right angle to the centerline at the
assigned summer load line, intended to carry solid bulk cargoes having a density of 1.0 t/m3 (62.4 lb/ft3) or
above, are to meet the requirements for flooded conditions in 5C-3-A5b of this part.

In general, the approximation equations given below are applicable to vertical corrugations with
corrugation angles ϕ (5C-3-4/17 FIGURE 11) within the range between 57 and 90 degrees. For
corrugation angles less than 57 degrees and corrugation in the horizontal direction, direct calculations may
be required.

25.3 Plating
The net thickness of the vertically corrugated plating is not to be less than t1, t2, t3 and t4 obtained from
the following equations for all anticipated service loading conditions.t1 = 0 . 516k1a pℓ/f1 1/2 in mm (in.) for flange and web platingt2 = 0 . 42ak2 fy/E 1/2 in mm (in.) for flange platingt3 = k a/k3 f3 1/210−3 in mm (in.) for flange platingt4 = 100F/ df4 in mm for web platingt4 = F/ df4 in in. for web plating

but not less than 9.5 mm (0.37 in.)

wherek = 0.728(2.28, 0.605)a = width of flange plating, in mm (in.) (5C-3-4/17 FIGURE 11)c = width of web plating, in mm (in.) (5C-3-4/17 FIGURE 11)d = depth of corrugation, in mm (in.) (5C-3-4/17 FIGURE 11)ϕ = corrugation angle, (5C-3-4/17 FIGURE 11)k1 = 1− c/a+ c2/a2 1/2k2 = f2/ 0 . 73fyk3 = 7 . 65− 0 . 26 c/a 2F = shear force, in N (kgf, lbf), imposed on the web plating at the lower end of corrugation
span

= k4sℓ 0 . 375pℓ+ 0 . 125pu
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k4 = 10 (10, 12)s = spacing of corrugation, in mm (in.)

= a+ c   cosϕ , (5C-3-4/17 FIGURE 11)ℓ = span of corrugation, in m (ft), taken as the distance between the lower and upper stools at
centerline. If there is no lower stool, the span is to be taken as the distance between inner
bottom and upper stool at centerline. If there is no upper stool, the span is to be taken as
the distance between lower stool and upper deck at centerline, (5C-3-4/25 FIGURE 18)pℓ,pu = nominal pressure, in N/cm2 (kgf/cm2, lbf/in2), at the lower and upper ends of span
respectively as specified in 5C-3-3/7.7 TABLE 3f1 = permissible bending stress, in N/cm2 (kgf/cm2, lbf/in2)

= 0.90 Smfyf2 = maximum vertical bending stress in the flange at the mid-depth of corrugation span to be
calculated from 5C-3-4/25.5 below, in N/cm2 (kgf/cm2, lbf/in2)f3 = maximum vertical bending stress in the flange at the lower end of corrugation span to be
calculated from 5C-3-4/25.5 below, in N/cm2 (kgf/cm2, lbf/in2)f4 = permissible shear stress, in N/cm2 (kgf/cm2, lbf/in2)

= 0.40SmfyE , Sm and fy are as defined in 5C-3-4/7.3.

The plate thickness, as determined above based on the maximum anticipated pressures, is to be generally
maintained throughout the entire corrugated bulkhead, except that the net thickness of plating above 0.7 of
span ℓ from the top of the lower stool may be reduced by 20%.

25.5 Stiffness of Corrugation
25.5.1 Depth/Length Ratio

The depth/length ratio d/ℓ  of the corrugation is to be not less than 1/15 for cargo holds intended
for ballast or liquid cargoes and 1/17.5 for all other cargo holds where d and ℓ are as defined in
5C-3-4/25.3 above.

25.5.2 Section Modulus
The net section modulus for any unit corrugation is to be not less than obtained from the following
equation for all anticipated service loading conditions.SM = M/fb cm3(in3)M = 1000Cipsℓo2/k N− cm(kgf − cm, lbf − in)
wherek = 12 (12, 83.33)ℓo = nominal length of the corrugation, in m (ft.), measured from the mid-depth of the lower stool, or the

inner bottom if there is no lower stool, to the mid-depth of the upper stool or the deck at centerline if
there is no upper stoolp = pu+ pℓ /2, N/cm2 (kgf/cm2, lbf/in2)fb = permissible bending stress, in N/cm2 (kgf/cm2, lbf/in2)
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= 0.90 Smfy, for lower end of corrugation span ℓ
= cefy ≤ 0 . 90Smfy , for the mid ℓ/3 region of the corrugationce = 2 . 25/β − 1 . 25/β2 for β ≥ 1 . 25
= 1.0 for β < 1 . 25β = fy/E 1/2a/tftf = net thickness of corrugation flangeCi = the bending moment coefficients as given below

Values of Ci (All Bulkheads with Lower Stool)

Location Lower End of Span ℓ Mid-depth Upper End of Span ℓ
Ballast Tank or
Liquid Cargo Holds
(with upper stool)

C1 Cm1 0.50Cm1
Dry Cargo Holds
(with upper stool)

C2 Cm2 0.60Cm2
(without upper stool) C3 Cm3 0.10Cm3
Values of Ci (Dry Cargo Hold Bulkhead without Lower Stool for Vessels

Shorter than 190 m in Length)

Location Lower End of Span ℓ Mid-depth Upper End of Span ℓ
Dry Cargo Holds
(with upper stool)

C4 Cm4 0.50Cm4
C1 = a1+ b1 kAd/Ld 1/2 ≥ 0 . 6,

where a1 = 0 . 89− 0 . 152/Rb,b1 = − 0 . 37 + 0 . 102/RbCm1 = am1+ bm1 kAd/Ld 1/2,
where am1 = 0 . 47 + 0 . 08/Rb,bm1 = − 0 . 05− 0 . 067/RbC2 = a2+ b2 kAd/Ld 1/2,
where a2 = 1 . 08− 0 . 028/Rb,b2 = − 0 . 37 + 0 . 026/RbCm2 = am2+ bm2 kAd/Ld 1/2,
where am2 = 0 . 52 + 0 . 014/Rb,bm2 = − 0 . 07− 0 . 014/Rb
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C3 = 1 . 03− 0 . 035/RbCm3 = 0 . 51 + 0 . 014/RbC4 = a4+ b4 kAd/Ld 1/2,
where a4 = 1 . 9− 0 . 209Ra− 0 . 504/Ra,b4 = 0 . 06− 0 . 079Ra− 0 . 173/RaCm4 = am4+ bm4 kAd/Ld 1/2,
where am4 = − 0 . 1 + 0 . 208Ra+ 0 . 484/Ra,bm4 = − 0 . 48 + 0 . 069Ra+ 0 . 173/RaRb = kHs Bc+ Bs 1 + Lℎ/Lb+ 0 . 5Hb/Lℎ / 2LbRa = k 1 + Lℎ/Lb+ 0 . 5Hb/LℎAd = cross section area, in m2 (ft.2), enclosed by the outside lines of upper stoolBc = width of the bottom stool, in m (ft.), at the top (5C-3-4/25 FIGURE 18)Bs = width of the bottom stool, in m (ft.), at the inner bottom level (5C-3-4/25 FIGURE 18)Hb = double bottom height, in m (ft.)Hs = height of the bottom stool, in m (ft.), from the inner bottom to the top (5C-3-4/25 FIGURE 18)Lb = transverse distance, in m (ft.), between hopper tanks at the inner bottom level (5C-3-4/25 FIGURE

18)Ld = transverse distance, in m (ft.), between upper wing tanks at the deck level (5C-3-4/25 FIGURE 18)Lℎ = longitudinal distance, in m (ft.), between bottom stools in the loaded holds at the inner bottom level
(5C-3-4/25 FIGURE 18)k = 1 (1, 3.281)a , ℓ, s, pu and pℓ are as defined in 5C-3-4/25.3 above.E is as defined in 5C-3-4/7.3.1.Sm and fy are as defined in 5C-3-4/7.

The developed net section modulus SM may be obtained from the following equation, where a, c,d, tf (net) and tw (net), all in cm (in.), are as indicated in 5C-3-4/17 FIGURE 11.SM = d 3atf+ ctw /6 cm3(in3)
25.7 Flooded Conditions

Unless otherwise specified in 5C-3-4/25.1, the plate thickness and section modulus of the vertical
corrugation of bulkheads bounding any dry cargo hold are to be in accordance with the following
requirements.

25.7.1 Flooded Condition
Unless a direct calculation is carried out to determine the most probable pressures imposed on the
corrugated bulkhead for a simulated flooded condition, an equivalent pressure distribution
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corresponding to 70% of the pressure obtained for a full ballast hold as specified in 5C-3-3/7.7
TABLE 3 is to be used for this purpose.

25.7.2 Plate Thickness
The net thickness of the flange panels and web panels below 0.7 of span ℓ from the top of the
lower stool is not to be less than t2 and t4, respectively, as specified in 5C-3-4/25.3 above with the
flooded pressure defined in 5C-3-4/25.7.1 above and bending moment coefficient defined in
5C-3-4/25.7.3(b) below. In determination of t4, the permissible shear stress of 0.50 Smfy is to be
used.

25.7.3 Section Modulus and Ultimate Bending Moment
The net section modulus of the corrugation obtained from 5C-3-4/25.5 above is to be increased as
specified below.

25.7.3(a) The net section modulus for any unit corrugation below 0.7 of span ℓ from the top of the
lower stool is not to be less than SM required in 5C-3-4/25.5 for the mid-depth region with the
flooded pressure defined in 5C-3-4/25.7.1 above and bending moment coefficients given in the
table in 5C-3-4/25.7.3(b) below. The permissible bending stress is as defined as follows:fb = cefy ≤ 0 . 95Smfyce ,fy and Sm are as defined in 5C-3-4/25.5 above.

25.7.3(b) 
The calculated maximum bending moment, M , at the lower end and mid-depth of the corrugation
is not to be greater than 90% of the ultimate bending moment, Mu, defined as follows:M = 0 . 25d 2atf+ ctw 10−3Smfy N− cm(kgf − cm, lbf − in)
For the calculation of M for 5C-3-4/25.7.3(a) and 5C-3-4/25.7.3(b) above, the following bending
moment coefficients, Ci may be used.

Dry Cargo Hold Bulkhead with Lower Stool

Location Lower End of Span ℓ Mid-depth Upper End of Span ℓ
Dry Cargo Holds
(with upper stool)

C1 Cm1 0.50Cm1
(without upper stool) C5 Cm5 0.20Cm5
Dry Cargo Hold Bulkhead without Lower Stool for Vessels Shorter than

190m in Length

Location Lower End of Span ℓ Mid-depth Upper End of Span ℓ
Dry Cargo Holds
(with upper stool)

C6 Cm6 0.50Cm6
whereC5 = 1 . 01− 0 . 166/RbCm5 = 0 . 52 + 0 . 085/Rb
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C6 = a6+ b6 kAd/Ld 1/2,
where a6 = 1 . 81− 0 . 118Ra− 0 . 266/Ra,b6 = − 0 . 55− 0 . 105Ra− 0 . 224/RaCm6 = am6+ bm6 kAd/Ld 1/2,

where am6 = 0 . 66 + 0 . 041Ra+ 0 . 085/Ra,bm6 = − 0 . 62 + 0 . 031Ra+ 0 . 079/Ra
All other parameters are as defined in 5C-3-4/25.5 above.

25.9 Bulkhead Lower Stool
The height of the lower stool is generally to be not less than 3 times the depth of corrugation. The net
thickness and material of the stool top plate is not to be less than those required for the bulkhead plating.
The net thickness and material of the upper part of vertical or sloping stool side plate, within the region of
one corrugation flange width from the stool top, is not to be less than those required to meet the bulkhead
stiffness requirement for the flange at the lower end of corrugation. The net thickness of the stool side
plating and the net section modulus of the stool side stiffeners are to be not less than those required for
plane transverse bulkhead plating and stiffeners, in 5C-3-4/23.1 and 5C-3-4/23.3 with the pressure
specified in 5C-3-4/25.7.1 nor, where applicable, those required by 5C-3-A5b/13. The ends of the stool
side vertical stiffeners are to be attached to brackets at the upper and lower ends of the stool.

The extension of the top plate beyond the of corrugation is to be not less than the as-built flange thickness
of the corrugation. See 5C-3-4/25 FIGURE 20. Proper brackets and diaphragms are to be provided in the
stool to effectively support the panels of the corrugated bulkhead. The width of the stool at the inner
bottom is not less than 2.5 times that of top plate. The stool bottom is to be positioned in line with double
bottom floors. Scallops in the brackets and diaphragms in way of the top and bottom connections to the
plate and in the double bottom floors or girders are to be avoided.

For vessels less than 190 meters in length, the lower stool may be omitted in dry cargo holds. In that case
where no lower stool is fitted, the following are to be satisfied:

i) The strength of the corrugated bulkhead is to comply with the requirements in 5C-3-4/25.5 for the
bulkhead without lower stool.

ii) The corrugation webs are to be supported by brackets, beams, diaphragms or girders.

iii) The corrugation flanges are to be in line with the supporting floors. Scallops and cut-outs in the
supporting members aligned with corrugation flanges and webs are to be closed by insert collar
plates. Alternatives to closing the scallops and cut-outs may be accepted provided that adequate
strength to the supporting members is verified by special review.

iv) The thickness and material properties of the floors in line with the corrugation flanges are to be at
least equal to those provided for the corrugation flanges.

25.11 Bulkhead Upper Stool
The upper stool, where fitted, is to have a height measured at the inboard side of the upper wing tank
generally not less than two (2) times the depth of corrugation, and is to be properly supported by girders or
deep brackets between the adjacent hatch-end beams.

The width of the stool bottom plate is generally to be the same as that of the lower stool top plate. The net
thickness of the stool bottom plate is generally to be not less than that required for the upper part of the
bulkhead plating, and the net thickness of the lower part of the stool side plate is to be not less than 80% of
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that required for the stool bottom plate. The net thickness of the stool side plating and the net section
modulus of the stool side stiffeners are to be not less than those required for plane transverse bulkhead
plating and stiffeners, in 5C-3-4/23.1 and 5C-3-4/23.3, with the pressure specified in 5C-3-4/25.7.1 nor,
where applicable, those required by 5C-3-A5b/13. The ends of the stool side stiffeners are to be attached to
brackets at the upper and lower ends of the stool. Brackets or diaphragms are to be fitted to effectively
support the web panels of the corrugated bulkhead. Scallops in the brackets and diaphragms in way of the
connection to the stool bottom plate are to be avoided.

25.13 Bulkhead Stool Alignment
Stool side plating is to align with the corrugation flanges.

Stool side plating is not to be knuckled anywhere between the inner bottom plating and the stool top.

When no upper stool is fitted, care is to be exercised to provide proper backing structure for the
corrugation flanges at the deck level. This may generally be accomplished by fitting two heavy transverse
beams in line with the corrugation flanges.

Stool side vertical stiffeners and their brackets in the lower stool are to align with the inner bottom
longitudinals to provide appropriate load transmission between these stiffening members.

25.15 Bulkhead End Connection
The structural arrangements and welding at the ends of corrugations are to be designed to develop the
required strength of the corrugated bulkhead. Shedder plates (slanting plates) are to be fitted at the lower
end connection of the corrugation to the lower stool. It is recommended that the upper end of the
corrugation be connected to the upper stool or the upper deck with brackets or gussets arranged in line with
corrugation flanges. For floor plates directly below the stool side plating or directly below the corrugation
flange if no stool is provided, cut-outs for the inner bottom longitudinals are to be closed by collar plates.

Welded connections are to comply with 3-2-19, except as modified in the following paragraphs.

At the lower end, corrugations are to be connected to the stool top plate by full penetration welding. The
stool side plating is to be connected to the stool top plate and inner bottom plating by either full penetration
or deep penetration welds. The plating of the lower stool and supporting floors is to be connected to the
inner bottom plating by full or "deep penetration welding" (see 5C-3-4/25 FIGURE 21). If no lower stool
is fitted, corrugations are to be connected to the inner bottom plating by full penetration welding and the
plating of the supporting floors is to be connected to the inner bottom plating by full or "deep penetration
welding" (see 5C-3-4/25 FIGURE 21). The double bottom girders in a cargo hold intended for the carriage
of ballast water at sea are to be connected to the floors and the inner bottom plating in way of the side
plating of the lower stool by full penetration welding. (See Figure below.)
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At the upper stool, the welds connecting the bulkhead and stool within 10% of the depth of the corrugation
from the outer surface of the corrugation, d1, are to have double continuous welds with fillet size not less
than 0.7 times the thickness of the bulkhead plating or equivalent penetration welds (see 5C-3-4/25
FIGURE 19).

Shedder plates are to be welded to the corrugations and stool top plates by one sided penetration welds or
equivalent. Gusset plates are to be welded to the stool top plate with full penetration welds and to the
corrugations by one sided penetration welds or equivalent.
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FIGURE 18 
Definition of Parameters for Corrugated Bulkhead
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FIGURE 19 
Corrugated Bulkhead End Connections

FIGURE 20 
Extension of Lower Stool Top Plate
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FIGURE 21 
Full/Deep Penetration Welding

27  Connection of Longitudinals and Main Supporting Members

27.1 General
Cut-outs for the passage of longitudinals through the web of main supporting members, and the relating
collaring arrangements, are to be designed to minimize stress concentration around the perimeter of the
opening and on the attached web stiffeners.

27.3 Connection Areas of Flat Bar Stiffeners for Longitudinals and Cut-outs
For the connection of longitudinals and main supporting members, the net cross sectional area of a flat bar
stiffener and the net shear sectional area of supports on the cut-out (slot) are not to be less than A, obtained
from the following equation:

27.3.1 For Flat Bar Stiffener For LongitudinalsA = P1/fd cm2(in2)
27.3.2 For Cut-out (slot)A = P2/fs cm2(in2)

whereP1 = load transmitted through flat bar stiffener, in N (kgf, lbf)

= psℓ 1− s2ℓ 4fcAs4fcAs+ Ac − sℓ
if the flat bar stiffener is connected to the longitudinal stiffener
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= 0 if the flat bar stiffener is not connected to the longitudinal
stiffenerP2 = load transmitted through shear connection, in N (kgf, lbf)

= psℓ 1− s2ℓ Ac4fcAs+ Ac + sℓ
if the flat bar stiffener is connected to the longitudinal stiffener

= psℓ 1− s2ℓ
if the flat bar stiffener is not connected to the longitudinal stiffenerfd = permissible direct stress in the flat bar stiffener in way of the weld connection, in
N/cm2 (kgf/cm2, lbf/in2) and may be increased by 5% where a soft heel is provided in
way of the heel of the flat bar stiffener

= 0 . 70Smfyfs = permissible shear stress in the shear connection to main supporting member, in N/cm2

(kgf/cm2, lbf/in2)

= 0 . 50Smfy for single sided connection

= 0 . 60Smfy for double sided connections = spacing of longitudinal stiffener, in cm (in.)ℓ = spacing of main supporting member, in cm (in.)p = nominal pressure, in N/cm2(kgf/cm2, lbf/in2) as specified in 5C-3-3/7.7 TABLE 3Ac = effective net shear sectional area of the support or of both supports for double-sided
support, in cm2 (in2)

= Alc+ AldAld = net shear connection area excluding lug plate, in cm2 (in2)

= ℓdttwℓd = length of direct connection between longitudinal stiffener and main supporting member
(see 5C-3-4/27 FIGURE 22), in cm (in.)ttw = net thickness of main supporting member (see 5C-3-4/27 FIGURE 22), in cm (in.)Alc = net shear connection area of lug plate, in cm2(in2)

= f1ℓctcℓc = length of connection between longitudinal stiffener and lug plate (see 5C-3-4/13
FIGURE 8), in cm2(in2)tc = net thickness of lug plate (see 5C-3-4/27 FIGURE 22), not to be taken greater than the
net thickness of adjacent main supporting member, in cm (in.)f1 = shear stiffness coefficient

= 1.0 for stiffener of symmetrical cross section

= 14/W ≤ 1 . 0 for stiffener of asymmetrical cross sectionW = width of the cut-out for an asymmetrical stiffener, measured from the cut‑out side of
the stiffener web, in cm (see 5C-3-4/27 FIGURE 22)As = attached net area of the flat bar stiffener, in cm2(in2)fc = collar load factor
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for intersecting stiffeners of symmetrical cross section

= 1.85 for As ≤ 14
= 1 . 85 – 0 . 0441(As – 14) for 14 < As ≤ 31
= 1 . 1 – 0 . 013(As – 31) for 31 < As ≤ 58
= 0.75 for As > 58

for intersecting stiffeners of asymmetrical cross section0 . 68 + 0 . 0172ℓd/As
If the length of direct and shear connections are different, their mean value is to be
used instead of ℓd, and in case of a single lug, the value is ℓc.fy = specified minimum yield point of the material, in N/cm2 (kgf/cm2, lbf/in2)Sm = strength reduction factor for the steel grade, as defined in 5C-3-4/7.3.1

For flat bar stiffener with soft-heeled and/or soft-toed brackets, As is to be measured at the throat of
connection.
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FIGURE 22
Cut-outs (Slots) For Longitudinals
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C H A P T E R  3
Vessels Intended to Carry Ore or Bulk Cargoes (150 meters (492 feet) or

more in Length)

S E C T I O N  5
Total Strength Assessment

1 General Requirements

1.1 General
In assessing the adequacy of the structural configuration and the initially selected scantlings, the strength
of the hull girder and the individual structural member or element is to be in compliance with the failure
criteria specified in 5C-3-5/3 below. In this regard, the structural response is to be calculated by performing
a structural analysis as specified in 5C-3-5/9 or by other equivalent and effective means. Due consideration
is to be given to structural details as specified in 5C-3-4/1.5.

1.3 Loads and Load Cases
In the determination of the structural response, the combined load cases given in 5C-3-3/9.3 are to be
considered together with impact loads specified in 5C-3-3/11. Vibratory hull-girder and other loads as
specified in 5C-3-3/13 are also to be considered as necessary.

1.5 Stress Components
The total stresses in stiffened plate panels are divided into the following three categories.

1.5.1 Primary
Primary stresses are those resulting from hull-girder bending. The primary bending stresses may
be determined by simple beam theory using the specified total vertical and horizontal bending
moments and the effective net hull-girder section modulus at the section considered. These
primary stresses, designated by fL1 (fL1V, fL1H for vertical and horizontal bending, respectively)
may be regarded as uniformly distributed across the thickness of plate elements at the same level,
measuring from the relevant neutral axis of the hull girder.

1.5.2 Secondary
Secondary stresses are those resulting from bending of large stiffened panels between longitudinal
and transverse bulkheads due to local loads in an individual cargo or ballast hold.

The secondary bending stresses, designated by fL2 or fT2, are to be determined by performing a
3D FEM analysis as outlined in this section.
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For stiffened hull structures there is another secondary stress due to the bending of longitudinals
or stiffeners with the associated plating between deep supporting members or floors. The latter
secondary stresses are designated by fL2*  or fT2* , and may be approximated by simple beam theory.

The secondary stresses, fL2,fT2, fL2*  or fT2* , may be regarded as uniformly distributed in the
flange plating and face plates.

1.5.3 Tertiary
Tertiary stresses are those resulting from the local bendings of plate panels between stiffeners. The
tertiary stresses, designated by fL3 or fT3, can be calculated from classic plate theory. These
stresses are referred to as point stresses at the surface of the plate.

3 Yielding Criteria

3.1 General
The calculated stresses in the hull structure are to be within the limits given below for all the combined
load cases specified in 5C-3-3/9.3.

3.3 Structural Members and Elements
For all structural members and elements, such as longitudinals/stiffeners, web plates and flanges, the
combined effects of all the calculated stress components are to satisfy the following limits:fi ≤ Smfy
wherefi = stress intensity

= fL2+ fT2 − fLfT+ 3fLT2 1/2 N/cm2 (kgf/cm2, lbf/in2)

fL = calculated total in-plane stress in the longitudinal direction including primary and secondary stresses

= fL1+ fL2+ fL2* N/cm2 (kgf/cm2, lbf/in2)fL1 = direct stress due to the primary (hull girder) bending, N/cm2 (kgf/cm2, lbf/in2)fL2 = direct stress due to the secondary bending between bulkheads in the longitudinal direction, N/cm2 (kgf/cm2,
lbf/in2)fL2* = direct stress due to local bending of longitudinal between transverses in the longitudinal direction, N/
cm2(kgf/cm2, lbf/in2)fT = calculated total direct stress in the transverse/vertical direction, including secondary stresses

= fT1+ fT2+ fT2* N/cm2 (kgf/cm2, lbf/in2)fLT = calculated total in-plane shear stress, N/cm2 (kgf/cm2, lbf/in2)fT1 = direct stress due to sea and cargo loads in the transverse/vertical direction, N/cm2 (kgf/cm2, lbf/in2)fT2 = direct stress due to the secondary bending between bulkheads in the transverse/vertical direction, N/cm2

(kgf/cm2, lbf/in2)fT2* = direct stress due to local bending of stiffeners in the transverse/vertical direction, N/cm2(kgf/cm2, lbf/in2)fy = specified minimum yield point, N/cm2 (kgf/cm2, lbf/in2)Sm = strength reduction factor, as defined in 5C-3-4/7.3.1
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For this purpose, fL2*  and fT2*  in the flanges of longitudinals and stiffeners, at the ends of spans may be
obtained from the following equation.fL2* fT2* = 0 . 071spℓ2/SML SMT N/cm2(kgf/cm2, lbf/in2)
wheres = spacing of longitudinals (stiffeners), in cm (in.)ℓ = unsupported span of the longitudinal (stiffener), in cm (in.)p = net pressure load, in N/cm2 (kgf/cm2, lbf/in2), for the longitudinal (stiffener)SML(SMT) = net section modulus, in cm3 (in3), of the longitudinal (stiffener)

3.5 Plating
For plating subject to both in-plane and lateral loads, the combined effects of all the calculated stress
components are to satisfy the limits specified in 5C-3-5/3.3 with fL and fT modified as follows. This does
not apply to knuckle or cruciform connections of high stress concentrations.fL = fL1+ fL2+ fL2* + fL3 N/cm2(kgf/cm2, lbf/in2)fT = fT1+ fT2+ fT2* + fT3 N/cm2(kgf/cm2, lbf/in2)
wherefL3, fT3 = plate bending stresses between stiffeners in the longitudinal and transverse directions, respectively, and

may be approximated as follows.fL3 = kLp(s/tn)2 N/cm2 (kgf/cm2, lbf/in2)fT3 = kTp(s/tn)2 N/cm2 (kgf/cm2, lbf/in2)kL = 0.182 or 0.266 for stiffeners in the longitudinal or transverse direction, respectivelykT = 0.266 or 0.182 for stiffeners in the longitudinal or transverse direction, respectivelyp = lateral pressures for the combined load case considered (see 5C-3-3/9), in N/cm2 (kgf/cm2, lbf/ in2)s = spacing of longitudinals or stiffeners, in mm (in.)tn = net plate thickness, in mm (in.)

For plating within two longitudinals or stiffeners from knuckle or cruciform connections of high stress
concentrations, the combined effects of the calculated stress components are to satisfy the following stress
limit:fi ≤ 0 . 80Smfy
wherefi = stress intensity

= (fL2 + fT2 − fLfT+ 3fLT2 )1/2    N/cm2 (kgf/cm2, lbf/in2)fL = calculated total in-plane stress in the longitudinal direction, including primary and secondary stresses
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= fL1+ fL2 N/cm2 (kgf/cm2, lbf/in2)fT = calculated total in-plane stress in the transverse/vertical direction, including secondary stresses

= fT1+ fT2 N/cm2 (kgf/cm2, lbf/in2)

In addition, the failure criteria for knuckle or cruciform connections in 5C-3-5/11 are to be complied with.fL1 ,fL2,fL2* ,fT1,fT2 and fT2*  are as defined in 5C-3-5/3.3.

5 Buckling and Ultimate Strength Criteria

5.1 General
5.1.1 Approach

The strength criteria given here correspond to either serviceability (buckling) state limits or
ultimate state limits for structural members and panels, according to the intended functions and
buckling resistance capability of the structure. For plate panels between stiffeners, buckling in the
elastic range is acceptable provided the ultimate strength of the structure satisfies the specified
design limits. The critical buckling stresses and ultimate strength of structures may be determined
based on either well-documented experimental data or a calibrated analytical approach. When a
detailed analysis is not available, the equations given in Appendix 5C-3-A2 may be used to assess
the buckling strength.

For vertically corrugated transverse bulkheads,the buckling and ultimate strength is to be in
compliance with the criteria given in 5C-3-5/5.11 below. In this case the buckling of the flange
and web panels is not acceptable for the load cases specified in 5C-3-3/9.

5.1.2 Buckling Control Concepts
The strength criteriain 5C-3-5/5.3 through 5C-3-5/5.13 are based on the following assumptions
and limitations with respect to buckling control in design.

5.1.2(a) The buckling strength of longitudinals and stiffeners is generally greater than that of the
plate panels they support.

5.1.2(b) All longitudinals with the associated effective plating are to have moments of inertia not
less than io given in 5C-3-A2/11.1.

5.1.2(c) The main supporting members, including transverses, girders and floors, with the
effective associated plating are to have moments of inertia not less than Is given in 5C-3-A2/11.5.

In addition, tripping (e.g. torsional instability) is to be prevented as specified in 5C-3-A2/9.5.

5.1.2(d) Face plates and flanges of girders, longitudinals and stiffeners are proportioned such that
local instability is prevented. (See 5C-3-A2/11.7)

5.1.2(e) Webs of longitudinals and stiffeners are proportioned such that local instability is
prevented. (See 5C-3-A2/11.9).

5.1.2(f) Webs of girders, floors and transverses are designed with proper proportions and stiffening
systems to prevent local instability. Critical buckling stresses of the webs may be calculated from
equations given in 5C-3-A2/3.

For structures which do not satisfy these assumptions, a detailed analysis of the buckling strength
using an acceptable method is to be submitted for review.
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5.3 Plate Panels
5.3.1 Buckling State Limit

The buckling state limit for plate panels between stiffeners is defined by the following equation.fLb/fcL 2+ fTb/fcT 2+ fLT/fcLT 2 ≤ 1 . 0
wherefLb = fL1+ fL2 = calculated total compressive stress in the longitudinal direction for the

plate, in N/cm2(kgf/cm2, lbf/in2), induced by bending of the hull-girder and large
stiffened panels between bulkheadsfTb = fT1+ fT2 = calculated total compressive stress in the transverse/vertical direction, in
N/cm2(kgf/cm2, lbf/in2)fLT = calculated total in-plane shear stress, in N/cm2 (kgf/cm2, lbf/in2)fcL, fcT and fcLT are the critical buckling stresses corresponding to uniaxial compression in the

longitudinal, transverse/vertical directions and edge shear, respectively, in N/cm2 (kgf/cm2, lbf/in2),
and may be determined from the equations given in 5C-3-A2/3.fL, fT and fLT are to be determined for the panel in question under the load cases specified in
5C-3-3/9, including the primary and secondary stresses as defined in 5C-3-5/3.1.

5.3.2 Effective Width
When the buckling state limit specified in 5C-3-5/5.3.1 above is not satisfied, the effective widthbwL or bwT of the plating given below is to be used instead of the full width between longitudinals,s, for determining the effective hull-girder section modulus SMe, specified in 5C-3-5/5.13 and also
for verifying the ultimate strength as specified in 5C-3-5/5.3.3 below. When the buckling state
limit in 5C-3-5/5.3.1 is satisfied, the full width between longitudinals, s, may be used as the
effective width bwL for verifying the ultimate strength of longitudinals and stiffeners specified in
5C-3-5/5.5 and for determining the effective hull-girder section modulus SMe specified in
5C-3-5/5.13 below.

5.3.2(a) For long plate (compression on the short edges)bwL/s = C
C = 2 . 25/β – 1 . 25/β2 for β ≥ 1 . 25= 1 . 0 for β < 1 . 25β = (fy/E)1/2s/tns, tn and E are as defined in 5C-3-5/5.3.1 above.

fy = specified minimum yield point of the material, in N/cm2 (kgf/cm2, lbf/in2)

5.3.2(b) For wide plate (compression on the long edges)bwt/ℓ = Cs/ℓ + 0 . 115(1 – s/ℓ)(1 + 1/β2)2 ≤ 1 . 0
where
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ℓ = spacing of transverses/girders, in cm (in.)s = longitudinal spacing, in cm (in.)C , β are as defined in 5C-3-5/5.3.2(a) above

5.3.3 Ultimate Strength
The ultimate strength of a plate panel between stiffeners is to satisfy all of the following
equations:fLb/fuL 2+ fLT/fuLT 2 ≤ SmfTb/fuT 2+ fLT/fuLT 2 ≤ SmfLb/fuL 2+ fTb/fuT 2− η fLb/fuL fTb/fuT + fLT/fuLT 2 ≤ Sm
wherefLb, fTb, and fLT are as defined in 5C-3-5/5.3.1 above.Sm is as defined in 5C-3-4/7.3.1.η = 1 . 5 – β/2 ≥ 0β is as defined in 5C-3-5/5.3.2 above.fuL, fuT and fuLT are the ultimate strengths with respect to uniaxial compression and edge shear,
respectively, and may be obtained from the following equations, except that they need not be
taken less than the corresponding critical buckling stresses specified in 5C-3-5/5.3.1 above.fuL = fybwL/s ≥ fcL,   fuT = fybwT/ℓ ≥ fcT for plating longitudinally stiffenedfuL = fybwT/ℓ ≥ fcL,   fuT = fybwL/s ≥ fcT for plating transversely stiffenedfuLT = fcLT+ 0 . 5 fy− 3fcLT / 1 + α+ α2 1/2 ≥ fcLT
whereα = ℓ/sfy, bwL, bwT, s, ℓ, fcL, fcT and fcLT are as defined in 5C-3-5/5.3.1 and 5C-3-5/5.3.2 above.

For assessing the ultimate strength of plate panels between stiffeners, special attention is to be
paid to the longitudinal bulkhead plating in the regions of high hull girder shear forces and the
bottom and inner bottom plating in the mid region of cargo holds subject to bi-axial compression.

5.5 Longitudinals and Stiffeners
5.5.1 Beam-Column Buckling State Limits and Ultimate Strength

The buckling state limits for longitudinals and stiffeners are considered as the ultimate state limits
for these members and are to be determined as follows:fa/(fcaAe/A) +mfb/fy ≤ Sm
where
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fa = nominal calculated compressive stress

= P/A, N/cm2 (kgf/cm2, lbf/in2)P = total compressive load, N (kgf, lbf)fca = critical buckling stress, as given in 5C-3-A2/5.1, N/cm2 (kgf/cm2, lbf/in2)A = total net sectional area, cm2(in2)

= As+ stnAs = net sectional area of the longitudinal, excluding the associated plating, cm2(in2)Ae = effective net sectional area, cm2(in2)

= As+ bwLtnbwL = effective width, as specified in 5C-3-5/5.3.2(a) aboveE = Young's modulus, 2.06 ×107 N/cm2 (2.1 × 106 kgf/cm2, 30 × 106 lbf/in2) for steelfy = minimum specified yield point of the longitudinal or stiffener under consideration,
N/cm2(kgf/cm2, lbf/in2)fb = bending stress, N/cm2(kgf/cm2, lbf/in2)

= M/SMeM = maximum bending moment induced by lateral loads

= cmpsℓ2/12 N-cm (kgf-cm, lbf-in.)cm = moment adjustment coefficient, and may be taken as 0.75p = lateral pressure for the region considered, N/cm2(kgf/cm2, lbf/in2)s = spacing of the longitudinals, cm(in.)SMe = effective section modulus of the longitudinal at flange, accounting for the effective
breadth, be, cm3(in3)be = effective breadth, as specified in 5C-3-4/7 FIGURE 4, line bm = amplification factor

= 1/[1 – fa/π2E(r/ℓ)2] ≥ 1 . 0Sm is as defined in 5C-3-4/7.3.1.r and ℓ are as defined in 5C-3-A2/5.1.

5.5.2 Torsional-Flexural Buckling
In general, the torsional-flexural buckling state limit of longitudinals and stiffeners is to satisfy the
ultimate state limits given below:fa/(fctAe/A) ≤ Sm
wherefa = nominal calculated compressive stress, as defined in 5C-3-5/5.5.1 abovefct = critical torsional-flexural buckling stress, and may be determined by equations given in

5C-3-A2/5.3
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Ae and A are as defined in 5C-3-5/5.5.1 above and Sm is as defined in 5C-3-4/7.3.1.

5.7 Stiffened Panels
5.7.1 Large Stiffened Panels Between Bulkheads

For a vessel under the assumptions made in 5C-3-5/5.1.2 above with respect to the buckling
control concepts, the large stiffened panels of the double bottom and wing tank structures between
transverse bulkheads should automatically satisfy the design limits, provided each individual plate
panel and longitudinally and uniaxially stiffened panel satisfy the specified ultimate state limits.
Assessments of the buckling state limits are to be performed for large stiffened panels of the deck
structure, side shell and plane transverse bulkheads. In this regard, the buckling strength is to
satisfy the following condition for uniaxially or orthogonally stiffened panels.(fL1/fcL)2+ (fT1/fcT)2 ≤ Sm
wherefL1, fT1 = the calculated average compressive stresses in the longitudinal and transverse/vertical

directions respectively, in N/cm2 (kgf/cm2, lbf/in2)fcL, fcT = the critical buckling stresses for uniaxial compression in the longitudinal and transverse
direction, respectively, and may be determined in accordance with 5C-3-A2/7, in N/cm2

(kgf/cm2, lbf/in2)Sm = strength reduction factor, as defined in 5C-3-4/7.3.1

5.7.2 Uniaxially Stiffened Panels between Transverses and Girders
The buckling strength of uniaxially stiffened panels between deep transverses and girders is also
to be examined in accordance with the specifications given in 5C-3-5/5.7.1, by replacing fL1 andfT1 with fLb and fTb, respectively.fLb andfTb are as defined in 5C-3-5/5.3.1.

5.9 Deck Girders and Webs
5.9.1 Buckling Criteria

In general, the stiffness of the web stiffeners along the depth of the web plating is to be in
compliance with the requirements 5C-3-A2/11.3. Web stiffeners which are oriented parallel to and
near the face plate, thus subject to axial compression, are also to satisfy the limits specified in
5C-3-5/5.5 considering the combined effect of the compressive and bending stresses in the web. In
this case, the unsupported span of these parallel stiffeners may be taken between tripping brackets,
as applicable.

The buckling strength of the web plate between stiffeners and flange/face plate is to satisfy the
limits specified below.

5.9.1(a) For Web Plate :(fLb/fcL)2+ (fb/fcb)2+ (fLT/fcLT)2 ≤ Sm
wherefLb = calculated uniform compressive stress along the length of the girder, in N/cm2(kgf/cm2, lbf/in2)fb = calculated ideal bending stresses, in N/cm2(kgf/cm2, lbf/in2)fLT = calculated total in-plane shear stress, in N/cm2(kgf/cm2, lbf/in2)

Part 5C Specific Vessel Types
Chapter 3 Vessels Intended to Carry Ore or Bulk Cargoes (150 meters (492 feet) or more in

Length)
Section 5 Total Strength Assessment 5C-3-5

ABS RULES FOR BUILDING AND CLASSING MARINE VESSELS • 2024 529



fLb ,fb and fLT are to be calculated for the panel in question under the combined load cases
specified in 5C-3-3/9.3 and these stresses may be calculated from the relative displacements of
four corner nodes. This method is useful when the meshing within the panel is irregular. However,
care should be taken when one corner of the panel is located in an area of high stress
concentration. The calculated stresses from the above mentioned method tends to be on the
conservative side. If the mesh is sufficiently refined, the plate panel stresses may be calculated
from the displacements slightly away from the corner point in the said high stress concentration.
For a regularly meshed plate panel, fL, fb and fLT may be also directly calculated from the
components stresses for the elements in the panel.fcL, fcb and fcLT are critical buckling stresses with respect to uniform compression, ideal bending
and shear, respectively, and may be determined in accordance with 5C-3-A2. Sm is as defined in
5C-3-4/7.3.1.

In the determination of fcL and fcLT the effects of openings are to be considered.

5.9.1(b) For Face Plate and Flange. The breadth to thickness ratio of face plate and flange is to
satisfy the limits given in 5C-3-A2/11.

5.9.1(c) For Large Brackets and Sloping Webs. The buckling strength is to satisfy the limits
specified above for web plate.

5.9.2 Tripping
Tripping brackets are to be provided in accordance with 5C-3-A2/9.5.

5.11 Corrugated Bulkheads
5.11.1 Local Plate Panels

5.11.1(a) Buckling Criteria. The buckling strength of the flange and web plate panels are to satisfy
the conditions specified below:

(fLb/RℓfcL)2+ (fTb/RtfcT)2+ (fLT/fcLT)2 ≤ Sm for flange panels(fLb/RℓfcL)2+ (fb/fcb)2+ (fLT/fcLT)2 ≤ Sm for web panels

All the parameter definitions and calculations are as specified in 5C-3-5/5.3.1 and 5C-3-5/5.9.1(a)
above, except that fLb is the average compressive stress at the upper and lower ends of the
corrugation and an average value of fLT and fb calculated along the entire length of the panel is to
be used in the above equation. When a direct calculation is not available, the fLT in the flange
panels may be taken as one half of that in the web panels and fTb for the flange panels may be
approximated byfTb = p(c+ acosϕ)/(2tsinϕ)
wherep = nominal pressure specified in Section 5C-3-3 for the corrugated bulkhead, in N/cm2

(kgf/cm2, lbf/in2)a = width of flange panel, in cm (in.)c = width of web panel, in cm (in.)
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ϕ = corrugation angle, in degreest = net thickness of the flange panel, in cm (in.)

5.11.1(b) Ultimate Strength. The ultimate strength of flange panels in the middle third region of
the depth is to satisfy the following criteria for all service load cases and the specified flooded
conditions. In this case a part of the flange panel with a length of three times the panel width, a,
covering the worst bending moments in the mid-depth region is to be considered.(fLb/fuL)2+ (fTb/fuT)2 ≤ Sm
wherefLb = the calculated average compressive bending stress in the region within 3a in length, N/cm2(kgf/cm2,

lbf/in2)fTb = horizontal compressive stresses, as specified in 5C-3-5/5.11.1(a) abovefuL and fuT may be calculated in accordance with 5C-3-5/5.3.3.

5.11.2 Unit Corrugation
Any unit corrugation of the bulkhead may be treated as a beam column and is to satisfy the
buckling criteria (same as the ultimate strength) specified in 5C-3-5/5.5.1. The ultimate bending
stress is to be determined in accordance with 5C-3-A2/5.5.

5.11.3 Entire Corrugation
The buckling strength of the entire corrugation is to satisfy the equation given in 5C-3-5/5.7.1
with respect to bi-axial compressions by replacing the subscripts “L” and “T” with “V” and “H”
for the vertical and horizontal directions, respectively.

5.13 Hull Girder Ultimate Strength
In addition to the strength requirements specified in 5C-3-4/3.1, the ultimate strength of the hull-girder is
to be assessed for the combined load cases given in 5C-3-3/9.3 and the specifications given in
5C-3-5/5.13.1 and 5C-3-5/5.13.2 below.

5.13.1 Maximum Longitudinal Bending Stresses
The maximum longitudinal bending stresses in the deck and bottom plating are not to be greater
than that given in 5C-3-5/5.13.1(a)below.

5.13.1(a) fL ≤ Smfy
wherefL = total direct stress in the longitudinal direction, N/cm2 (kgf/cm2, lbf/in2)

= fb1+ fb2fb1 = effective longitudinal bending stress, N/cm2 (kgf/cm2, lbf/in2)

= Mt/SMeMt = Ms+ kukcMw, ku = 1 . 15, kc = 1 . 0 , N-cm (kgf-cm, lbf-in.)

For vessels having significant bowflare, ku is to be increased based on 5C-3-3/11.3.3.
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SMe = the effective section modulus, as obtained from 5C-3-5/5.13.1(b) below, cm3(in3)

Sm = the strength reduction factor, as defined in 5C-3-4/7.3.1fy = minimum specified yield point of the material, N/cm2(kgf/cm2, lbf/in2)fb2 = secondary bending stress of large stiffened panel between longitudinal bulkheads and
transverse bulkheads, N/cm2(kgf/cm2, lbf/in2)

5.13.1(b) Calculation of SMe . For assessing the hull girder ultimate strength, the effective section
modulus is to be calculated, accounting for the buckling of the plate panels and shear lag effects,
as applicable.

i) Effective Width. The effective widths of the side, bottom shell, inner bottom plating and
longitudinal bulkhead plating are to be used instead of the full width between
longitudinals. The effective width, bwL is given in 5C-3-5/5.3.2(a) above.

ii) Shear Lag. For vessels with alternate hold loading patterns, the effective breadths (Be) of
the deck, and inner and outer bottom plating, are to be determined based on the cL/bi
ratio as defined below.cL/b = 12 10 9 8 7 6 5 42Be/B = 0.98 0.96 0.95 0.93 0.91 0.88 0.84 0.78

wherecL is the length between two points of zero bending moment, away from the midship, may be
taken as 60% of the ship length.bi is the width of the upper wing tank, (bd) or the half width of the double bottom (bb), as shown
in 5C-3-5/5.13.3 FIGURE 1.

For cL/bi > 12, no shear lag effects need to be considered.

The effective sectional areas of deck, inner bottom and bottom longitudinals are to be reduced by
the same ratio, 2Be/B, for calculating SMe.
Alternatively, the hull girder ultimate strength can be determined in accordance with Section
5C-3-A7.

5.13.2 Buckling and Ultimate Strength of Large Stiffened Panels
Under the combined effects of the normal stresses, fL and fT, the buckling and ultimate strength
of the stiffened panel is to satisfy the requirements specified in 5C-3-5/5.7.

5.13.3 Hull Girder Shearing Strength
The hull girder shearing stress in the side shell and longitudinal bulkhead is not to be greater than
that given below.fs ≤ SmfuLT
where
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fs = hull girder shearing stress, N/cm2 (kgf/cm2, lbf/in2), and may be calculated for Ft from
the equations in 5C-3-4/5.3, 5C-3-4/5.5 and 5C-3-4/5.7 using net thickness of side
shell and longitudinal bulkheadFt = Fs+ kckuFw, ku = 1 . 15, kc = 1 . 0 , N-cm (kgf-cm, lbf-in.).

For vessels having flare parameter Ar exceeding 21 m (68.9 ft.), ku is to be increased as required
by 5C-3-3/11.3.3.Sm = strength reduction factor as defined in 5C-3-4/7.3.1fuLT = ultimate shearing strength of panel as defined in 5C-3-5/5.3.3Ar is as defined in 5C-3-3/11.3.

FIGURE 1
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7 Fatigue Life

7.1 General
The fatigue strength of welded joints and details in highly stressed areas is to be analyzed, especially
where higher strength steel is used. Special attention is to be given to structural notches, cut-outs, and
bracket toes and also to abrupt changes of structural sections. A simplified assessment of the fatigue
strength of structural details may be accepted when carried out in accordance with Appendix 5C-3-A1.

The following subparagraphs are intended to emphasize the main points and to outline procedures where
refined spectral analysis techniques are used to establish fatigue strength.

7.1.1 Workmanship
Most fatigue data available were experimentally developed under controlled laboratory conditions.
Therefore, consideration is to be given to the workmanship expected during construction.

7.1.2 Fatigue Data
In the selection of S-N curves and the associated stress concentration factors, attention is to be
paid to the background of all design data and its validity for the details being considered. In this
regard, recognized design data, such as those by AWS (American Welding Society), API
(American Petroleum Institute), and DEn (Department of Energy), should be considered. Sample
fatigue data and their applications are shown in Appendix 5C-3-A1.

If other fatigue data are to be used, the background and supporting data are to be submitted for
review.

In this regard, clarification is required whether or not the stress concentration due to the weld
profile, certain structural configurations and also the heat effects are accounted for in the proposed
S-N curve. Consideration is also to be given to the additional stress concentrations.

7.1.3 Total Stress Range
For determining total stress ranges, the fluctuating stress components resulting from the load
combinations specified in 5C-3-A1/7.5 are to be considered.

7.1.4 Design Consideration
In design, consideration is to be given to the minimization of structural notches and stress
concentrations. Areas subject to highly concentrated forces are to be properly configured and
stiffened to dissipate the concentrated loads. See also 5C-3-4/1.5.

7.3 Procedures
The analysis of fatigue strength for a welded structural joint/detail may be performed in accordance with
the following procedures.

7.3.1 Step 1 -Classification of Various Critical Locations
The class designations and associated load patterns are given in 5C-3-A1/3.3.6 TABLE 1.

7.3.2 Step 2 -Permissible Stress Range Approach
Where deemed appropriate, the total applied stress range of the structural details classified in Step
1 may be checked against the permissible stress ranges, as shown in Appendix 5C-3-A1.

7.3.3 Step 3 -Refined Analysis
Refined analyses are to be performed as outlined in 5C-3-5/7.3.3(a) or 5C-3-5/7.3.3(b) below for
the structural details for which the total applied stress ranges obtained from Step 2 are greater than
the permissible stress ranges, or for which the fatigue characteristics are not covered by the
classified details and the associated S-N curves.
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The fatigue life of the structure is generally not to be less than 20 years unless otherwise specified.

7.3.3(a) Spectral Analysis. Alternatively, a spectral analysis may be performed as outlined in
5C-3-5/7.5 below to directly calculate fatigue lives for the structural details in question.

7.3.3(b) Refined Fatigue Data. For structural details which are not covered by the detail
classifications, proposed S-N curves and the associated SCF's, when applicable, may be submitted
for consideration. In this regard, sufficient supporting data and background are also to be
submitted for review. The refined SCF's may be determined by finite element analyses.

7.5 Spectral Analysis
Where the option in 5C-3-5/7.3.3(a) is exercised, a spectral analysis is to be performed in accordance with
the following guidelines.

7.5.1 Representative Loading Patterns
Several representative loading patterns are to be considered to cover the worst scenarios
anticipated for the design service life of the vessel with respect to the hull girder local loads.

7.5.2 Environmental Representation
Instead of the design wave loads specified in Section 5C-3-3, a wave scatter diagram (such as
Walden's Data) is to be employed to simulate a representative distribution of all the wave
conditions expected for the design service life of the vessel. In general, the wave data is to cover a
time period of not less than 20 years. The probability of occurrence for each combination of
significant wave height and mean period of the representative wave scatter diagram is to be
weighted based on the transit time of the vessel at each wave environment within the anticipated
shipping routes. The representative environment (the wave scatter diagram) is not to be taken less
severe than the North Atlantic Ocean in terms of the fatigue damage.

7.5.3 Calculation of Wave Load RAO's
The wave load RAOs with respect to the wave induced bending moments, shear forces, motions,
accelerations and hydrodynamic pressures can then be predicted by ship motion calculation for a
selected representative loading condition.

7.5.4 Generation of Stress Spectrum
The stress spectrum for each critical structural detail (spot) may be generated by performing a
structural analysis accounting for all the wave loads separately for each individual wave group.
For this purpose, the 3D structural model and 2D models specified in 5C-3-5/9 may be used for
determining structural responses. The additional secondary and tertiary stresses are also to be
considered.

7.5.5 Cumulative Fatigue Damage and Fatigue Life
Based on the stress spectrum and the wave scatter diagram established above, the cumulative
fatigue damage and the corresponding fatigue life can be estimated by the Palmgren-Miner linear
damage rule.

9 Calculation of Structural Responses

9.1 Methods of Approach and Analysis Procedures
Maximum stresses in the structure are to be determined by performing structural analyses as outlined
below. Guidelines on structural idealization, load application, and structural analysis are given in the ABS
Guidance Notes on SafeHull Finite Element Analysis of Hull Structures.
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9.3 3D Finite Element Models
A simplified three-dimensional (3D) finite element model, usually representing three cargo holds within0 . 4L amidships, is required to determine the load distribution in the structure.

The same 3D finite element model may be used for hull structures beyond 0 . 4L amidships, with
modifications to the structural properties and the applied loads, provided the structural configurations are
considered as representative of the location under consideration.

A separate 3D finite element model is recommended to represent the forebody structures for the analysis
when bottom slamming and bowflare slamming are to be considered as specified in 5C-3-3/11.1 and
5C-3-3/11.3.

9.5 2D Finite Element Models
Two-dimensional fine mesh finite element models are required to determine the stress distribution in major
supporting structures, particularly at intersections of two or more structural members.

9.7 Local Structural Models
A 3D fine mesh finite element model is to be used to examine stress concentrations such as at intersections
of the transverse bulkheads with sloping longitudinal bulkheads.

9.9 Load Cases
When performing structural analysis, the ten combined load cases specified in 5C-3-3/9.1 are to be
considered.5C-3-5/9.9 TABLE 1 indicates the load cases to be investigated in assessing the adequacy of
structures in each designated hold. In general, the structural responses for the still water conditions are to
be calculated separately to establish reference points for assessing the wave induced responses. Additional
load cases may be required for special loading patterns and unusual design functions, such as impact loads
as specified in 5C-3-3/11. Additional load cases may also be required for hull structures beyond the region
of 0 . 4L amidships.

TABLE 1
Combined Load Cases to be Investigated for Each Structural Member (4)

Structural Members/Components
Holds Designed for Alternate Hold Loading (1)

Holds Designed for
Ballast Loading (1, 3)Loaded Holds Empty Holds

Bottom, Inner Bottom, Side, Deck, Wing Tank
Structures (Plate, Stiffeners, Frames (2), Floors,
Webs (2), Stringers (2), and Girders

LC 1, 3, 5, 7 & 10 LC 2, 4, 6, 7, 8 & 10 LC 9 & 10

Transverse Bulkhead (including stools) in
Holds and Tanks

LC 1, 2, 3, 4, 5, 6, 7 &
8

LC 1, 2, 3, 4, 5, 6, 7 &
8

LC 9 & 10

Notes:

1 In general, the strength assessment is to be focused on the results obtained from structures in the mid cargo hold
of a three hold length model.

2 Notwithstanding the above, hold frames, web frames and stringers of side structures in loaded holds under
alternate loading condition are also to be assessed for load case 6, using the end holds of a three hold length
model. Similarly, transverse webs in lower and upper wing tanks in all holds are also to be assessed for load case
9, using the end holds.

3 A ballast hold is also to be assessed as a hold designed for alternate hold loading, either loaded or empty
depending upon its designation.

4 A vessel designed for homogeneous loading only may be subject to special consideration.
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11 Critical Areas
The fatigue strength of the critical areas shown in 5C-3-A1/Figure 8 through 12, other areas, and high
stress concentrations as identified from structural analysis and previous inservice experience, is to be
verified by fine mesh finite element models built in accordance with Appendix 5C-3-A1 and for ore
carriers, 5C-3-A3/11.

The mesh size in way of high stress concentration is to be of plate thickness dimension (t). The element
stress intensity at half plate thickness dimension (t/2) away from the weld toe is to satisfy the following
stress limit:fi ≤ fu
wherefi = stress intensity

= (fL2+ fT2 − fLfT+ 3fLT2 )1/2   N/cm2(kgf/cm2, lbf/in2)fL = calculated total in-plane stress in the longitudinal directionfT = calculated total in-plane stress in the transverse/vertical directionfLT = calculated total in-plane shear stressfu = the minimum tensile strength of the material
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C H A P T E R  3
Vessels Intended to Carry Ore or Bulk Cargoes (150 meters (492 feet) or

more in Length)

S E C T I O N  6
Hull Structure Beyond 0.4L Amidships

1 General Requirements

1.1 General
The structural configurations, stiffening systems and design scantlings of the hull structures located beyond0 . 4L amidships, including the forebody, aft end and machinery spaces, are to be in compliance with this
Chapter and other relevant sections of the Rules.

Forebody Structures - In addition to the requirements specified in other relevant sections of the Rules, the
scantlings of structures forward of 0 . 4L amidships are also to satisfy the requirements in 5C-3-6/3,
5C-3-6/5, 5C-3-6/7, 5C-3-6/9 and 5C-3-6/11 below.

The nominal design corrosion values in the forepeak tank may be taken as 1.5 mm in determining design
scantlings.

1.3 Structures within Cargo Spaces
The scantlings of longitudinal structural members and elements in way of cargo spaces beyond 0 . 4L
amidships may be gradually reduced toward 0 . 125L from the ends, provided the hull girder section
modulus is in compliance with 5C-3-4/3.1.1 and the strength of the structure satisfies the requirements
specified in 5C-3-6/1.1 and the material yielding, buckling and ultimate strength criteria specified in
5C-3-5/3 and 5C-3-5/5.

In addition, consideration is to be given to the effects of bottom and bowflare slamming as specified in
5C-3-3/11.1 and 5C-3-3/11.3 with respect to the strength of both the hull girder and local structures as
outlined in 5C-3-6/13.1.

The scantlings of main supporting members (transverse webs in lower and upper wing tanks) in way of
cargo spaces beyond 0 . 4L amidships are to be checked for compliance with the specifications given in
5C-3-4/13. In this case the nominal pressure is to be calculated with the hold or tank at the location under
consideration.

1.5 Aftbody, Machinery Space, and Forebody Structure
In general, the hull structures located in aftbody and machinery space are to be in compliance with
requirements in Part 3, Chapter 2 of the Rules.

PART 5C
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In addition, the gross thickness of the web of the main supporting members other than bottom girders and
floors is not to be less than t, obtained from the following equations.

1.5.1 For Aftbody and Forebodyt = 0 . 7L21/2+ 2 . 0 mmt = 0 . 0499L21/2+ 0 . 0787 in .
1.5.2 For Machinery Spacet = 0 . 6L21/2+ 1 . 5 mmt = 0 . 0428L21/2+ 0 . 0591 in .

where L2 is Rule length, L, but need not be greater than 300 m (984 ft)

Where constructed of higher-strength material, the web of the main supporting members is to be
not less in thickness than that obtained from the following equation:tℎts = [tms – C][(Q+ 2Q0 . 5)/3] + C
wheretℎts = thickness of higher-strength material, in mm (in.)

tms = thickness, in mm (in.), of ordinary-strength steel, as required aboveQ = material conversion factor, as specified in 5C-3-4/5.1C = 3 mm (0.12 in.)

3 Bottom Shell Plating and Stiffeners in Forebody

3.1 Bottom Shell Plating
The net thickness of the bottom shell plating forward of 0 . 3L from the FP is not to be less than t1 and t2
obtained from the following equations:t1 = 0 . 73s(k1p/f1)1/2 in   mm(in . )t2 = 0 . 73s(k2p/f2)1/2 in   mm(in . )
wheres = spacing of longitudinal, in mm (in.)k1 = 0.342k2 = 0.50
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p = nominal pressure |pi – pe|, in N/cm2 (kgf/cm2, lbf/in2), as specified in 5C-3-3/7.7 TABLE
3, with the following modifications.

i) Ati is to be calculated at the forward end of the tank. Between 0 . 3L and 0 . 25L
aft of the FP, the internal pressure need not be greater than that obtained
amidships.

ii) Ae is to be calculated at the center of the panel in accordance with 5C-3-3/5.5.3,
using L.C.1 and wave trough located amidships.

iii) Be is to be calculated at the center of the panel in accordance with 5C-3-3/5.5.
(ps+ kupd, full draft, heading angle = 0, ku = 1 . 1)

iv) Where upper and lower wing tanks are connected by trunks or double sides, the
internal pressure, pi, in the lower wing tank may be calculated by the following
equation:

v) pi = pia – puℎ
vi) pia is internal pressure in the lower wing tank, in N/cm2 (kgf/cm2, lbf/in2), as

defined in 5C-3-3/7.7 TABLE 3 for bottom plating.

vii) puℎ is as defined in 5C-3-4/7.3.1.f1/f2 = permissible bending stress in the longitudinal/transverse direction, in N/cm2 (kgf/cm2,
lbf/in2)f1 = 0 . 45   Smfy , forward of 0 . 2L from the FPf2 = 0 . 8   SmfySm and fy are as defined in 5C-3-4/7.3.1. The permissible stress, f1, between 0 . 3L and 0 . 2L from the FP

is to be obtained by linear interpolation between midship region (5C-3-4/7.3.1) and the permissible stress
at 0 . 2L from the FP, as specified above.

Bottom shell plating may be transversely framed in limited areas such as pipe tunnels provided the net
thickness of the bottom shell plating is not less than t3, obtained from the following equation:t3 = 0 . 73sk(k2p/f3)1/2   mm(in . )
wheres = spacing of bottom transverse frame, in mm (in.)k2 = .05k = (3 . 075(α)1/2 – 2 . 077)/(α+ 0 . 273), (1 ≤ α ≤ 2)

= 1.0 (α > 2)α = aspect ratio of the panel (longer edge/shorter edge)f3 = 0 . 45Smfy           at 0 . 2L from the FP
= 0 . 6Smfy           forward of 0 . 1L from the FP

The permissible stress, f3, between 0 . 2L and 0 . 1L from the FP is to be obtained by linear interpolation.
The permissible stress, f3, between 0 . 3L and 0 . 2L from the FP is to be obtained by linear interpolation
between midship region (5C-3-4/7.3.1) and the permissible stress at 0 . 2L from the FP, as specified above.
All other parameters are as defined above.
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3.3 Bottom Longitudinals/Stiffeners
The section modulus of the longitudinal/stiffener, including the associated effective plating on the bottom
plating forward of 0 . 3L from the FP, is not to be less than that obtained from the following equation:SM = M/fb cm3(in3)M = 1000psℓ2/k N− cm(kgf − cm, lbf − in . )
wherek = 12 (12, 83.33)p = nominal pressure |pi – pe|, in N/cm2 (kgf/cm2, lbf/in2), as specified in 5C-3-3/7.7 TABLE 3

with the following modifications.

i) Ati is to be calculated at the forward end of the tank. Between 0 . 3L and 0 . 25L aft of
the FP, the internal pressure need not be greater than that obtained amidships.

ii) Ae is to be calculated at the middle of the unsupported span in accordance with
5C-3-3/5.5.3 using L.C.1 and wave trough located amidships.

iii) Be is to be calculated at the middle of the unsupported span in accordance with
5C-3-3/5.5 (ps+ kuPd, full draft, heading angle = 0, ku = 1 . 1)

iv) Where upper and lower wing tanks are connected by trunks or double sides, the
internal pressure, pi, in the lower wing tank may be calculated as defined in
5C-3-6/3.1iv).s = spacing of longitudinal or transverse stiffeners, in mm (in.)ℓ = the unsupported span of the longitudinal or stiffener, in m (ft)fb = 0 . 65Smfy , in N/cm2 (kgf/cm2, lbf/in2)

The effective breadth of plating, be, is as defined in 5C-3-4/7.5. The permissible stress, fb, between 0 . 3L
and 0 . 2L from the FP is to be obtained by linear interpolation between midship region (5C-3-4/7.5) and
the permissible stress at 0 . 2L from the FP, as specified above.

3.5 Bottom Girders and Floors
The net thickness of bottom girders and floors may be determined by the equations given in 5C-3-4/7.7,
5C-3-4/7.9, and 5C-3-4/7.11, with the following modifications.bs = bsa – (bsa – bsf)x/ℓs
wherex = longitudinal distance from the aft end of double bottom length (ℓs) to the location under

consideration, in m (ft)bsa = breadth at the aft end of the double bottom structure under consideration, in m (ft), as shown in
5C-3-6/3.5 FIGURE 1bsf = breadth at the forward end of the double bottom structure, in m (ft), as shown in 5C-3-6/3.5
FIGURE 1β1 = 1 – (1 . 2z1/bsa) ≥ 0 . 6 for loaded holds under alternate loading conditions

= 1 . 25 – (2z1/bsa) ≥ 0 . 6 for all holds or tanks under all other loading conditions and for
slamming loads
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β3 = 1 – 0 . 4z2/bsa for loaded holds under alternate loading conditions

= 1 for all holds or tanks under all other loading conditions and for slamming loadsγ1 = (Ccg – x)/(ℓs – Ccg – sf/2) ≤ 1 . 0   for   x ≤ Ccg for centerline girder

= (x – Ccg)/(ℓs – Ccg – sf/2) ≤ 1 . 0   for   x > Ccg for centerline girder

= (Csg – x)/(ℓsg – Csg – sf/2) ≤ 1 . 0   for   x ≤ Csg for side girder

= (x – Csg)/(ℓsg – Csg – sf/2) ≤ 1 . 0   for   x > Csg for side girderγ2 = 1− (Cf – x)(1 . 245λ+ 0 . 044)/2Cf ≥ 0 . 4   for   x ≤ Cf for floor

= 1 – (x – Cf)(1 . 245λ+ 0 . 044)/2Cf ≥ 0 . 4   for   x > Cf for floorCcg = [ℓs(2bsf+ bsa)]/[3(bsa+ bsf)]Csg = Ccg for z1 ≤ bsf/2
= [ℓs(bsa – 2z1)(4z1+ bsa)]/[3(bsa – bsf)(bsa+ 2z1)] for z1 > bsf/2Cf = (1 . 08 – 0 . 58(bsf/bsa)1/2)ℓsℓsg = ℓs for z1 ≤ bsf/2
= [ℓs(bsa – 2z1)/(bsa – bsf)] for z1 > bsf/2

For calculation of shear force in the side girders, ℓsg is to be used in lieu of ℓs.P = nominal pressure |pi – pe|, in kN/m2 (tf/m2, Ltf/ ft2), as specified in 5C-3-3/7.7 TABLE 3, with
modification that Abi,Ae andBe are to be calculated in accordance with 5C-3-3/5.5 and
5C-3-3/5.7 at the center of the double bottom under consideration. Ae is to be calculated at the
center of the double bottom with wave trough located amidships. Be is to be calculated with
wave crest at the center of the double bottom under consideration. The pressure is not to be
taken less than required by 5C-3-4/7.7, 5C-3-4/7.9 and 5C-3-4/7.11 for the double bottom
amidships

The net thickness of floors and girders (including centerline girder) are also not to be less than the
following:t = (0 . 026L+ 4 . 5)R mm(in . )
whereL is as defined in 3-1-1/3.R is as defined in 5C-3-4/7.7.
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FIGURE 1 
Double Bottom Structure in Forebody Region

5 Side Shell Plating and Stiffeners in Forebody

5.1 General
The thickness as determined below is to be extended from the bilge to the freeboard deck provided there is
no significant bowflare (see 5C-3-3/11.3).

Otherwise, the thickness of side shell plating above the LWL is to be determined based on 5C-3-6/13.1 of
this section
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5.3 Plating Forward of Forepeak Bulkhead
The net thickness of the side shell plating forward of the forepeak bulkhead is to be not less than t1, t2 andt3 specified below.

t1 = 0 . 73s(k1p/f1)1/2   in   mm(in . )t2 = 0 . 73s(k2p/f2)1/2   in   mm(in . )t3 = 0 . 73sk(k3pb/f3)1/2   in   mm(in . ) for side shell and bow plating above the LWL in the region
from the forward end to the forepeak bulkhead

wheres = spacing of stiffeners, in mm (in.)k1 = 0.342 for longitudinally and 0.50 for transversely stiffened platingk2 = 0.50 for longitudinally and 0.342 for transversely stiffened platingk3 = 0.50k = (3 . 075(α)1/2 – 2 . 077)/(α+ 0 . 272), (1 ≤ α ≤ 2)
= 1.0 (α > 2)α = aspect ratio of the panel (longer edge/shorter edge)f1 = 0 . 45Smfy , in N/cm2 (kgf/cm2, lbf/in2), in the longitudinal direction for longitudinally stiffened platingf1 = 0 . 60Smfy , in N/cm2 (kgf/cm2, lbf/in2), in the longitudinal direction for transversely stiffened platingf2 = 0 . 80Smfy , in N/cm2 (kgf/cm2, lbf/in2), in the transverse (vertical) directionf3 = 0 . 85Smfy , in N/cm2 (kgf/cm2, lbf/in2)p = nominal pressure |pi – pe|, in N/cm2 (kgf/cm2, lbf/in2), as specified in 5C-3-3/7.7 TABLE 3 at the upper turn

of bilge level amidships, with the following modifications:

i) Ati is to be calculated at the forward or aft end of the tank, whichever is greater

ii) Ae is to be calculated at the center of the panel in accordance with 5C-3-3/5.5.3, using L.C.7 withkfo = 1 . 0 and xo located amidships

iii) Be is to be calculated at 0 . 05L from the FP in accordance with 5C-3-3/5.5 (ps+ kupd, full draft,
heading angle = 0, ku = 1 . 1)pb = the design bow pressure = kupbijku = 1.1pbij = nominal bow pressure, as specified in 5C-3-3/5.5.4 at the center of the supported panel under consideration, in

N/cm2 (kgf/cm2, lbf/in2)Sm andfy as defined in 5C-3-4/7.3.1.

5.5 Plating between Forepeak Bulkhead and 0.125L from the FP
Aft of the forepeak bulkhead and forward of 0 . 125L from the FP, the side shell plating is to be not less
than as given in 5C-3-6/5.3 with Be calculated at 0 . 125L. Side shell plating in upper and lower wing
tanks, see 5C-3-6/5.9.
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5.7 Plating between 0.3L and 0.125L from the FP
The net thickness of the side shell plating between 0 . 3L and 0 . 125L from the FP is to be determined from
the equations in 5C-3-6/5.3 and 5C-3-6/5.5 above, with Be calculated at the longitudinal location under
consideration. Between 0 . 3L and 0 . 25L from the FP, the internal pressure need not be greater than that
obtained amidships. The permissible stress f1 between 0 . 3L and 0 . 2L from the FP is to be obtained by
linear interpolation between midship region (5C-3-4/9.1) and the permissible stress f1 as specified in
5C-3-6/5.3. Side shell plating in upper and lower wing tanks, see 5C-3-6/5.9.

5.9 Plating in Upper and Lower Wing Tanks
The side shell is to be longitudinally framed in the lower and upper wing tanks except the upper part of the
lower wing tank and the lower part of the upper wing tank where the limited access makes this impractical.
These portions of the side shell may be transversely framed with efficient brackets arranged in line with
the side frames, provided the net thickness of the side shell plating in this area is not less than that of the
adjacent longitudinally framed shell and is also not less than t4, obtained from the following equation:t4 = 0 . 73sk(k2p/f)1/2   mm(in . )
wheres = spacing of side transverse brackets, in mm (in.)k = (3 . 075(α)1/2 – 2 . 077)/(α+ 0 . 272) (1 ≤ α ≤ 2)

= 1.0 (α > 2)α = aspect ratio of the panel (longer edge/shorter edge)k2 = 0.5p = nominal pressure |pi – pe| at the lower end of the panel, as specified in 5C-3-3/7.7 TABLE 3 with the
following modifications:

i) Ati is to be calculated at the forward or aft end of the tank, whichever is greater. Between 0 . 3L and0 . 25L aft of the FP, the internal pressure need not be greater than that obtained amidships

ii) Ae is to be calculated in accordance with 5C-3-3/5.5.3 using L.C.7 with kfo = 1 . 0 and xo located
amidships

iii) Be is to be calculated in accordance with 5C-3-3/5.5 (ps+ kupd, full draft, heading angle = 0,ku = 1 . 1)

iv) In the upper wing tank and the lower wing tank which is connected to the upper wing tank by trunks
or double sides, the internal pressure, pi, in the wing tanks may be calculated by the following
equation:pi = pia− puopia is internal pressure in the wing tanks, in N/cm2 (kgf/cm2, lbf/in2), as defined in 5C-3-3/7.7
TABLE 3 for side shell plating.puo is as defined in 5C-3-4/9.1.f = permissible bending stress, in N/cm2 (kgf/cm2, lbf/in2)

= 0 . 60Smfy within 0 . 2L from the FP

The permissible stress, f, between 0 . 3L and 0 . 2L from the FP is to be obtained by linear interpolation
between midship region (5C-3-4/9.1) and the permissible stress at 0 . 2L from the FP, as specified above.
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The net thickness of the side shell plating, where transversely framed between upper and lower wing tanks,
is not to be less than t4, as specified above, with the nominal pressure calculated at the top of lower wing
tank. The thickness is also not to be less than that of the adjacent shell.

5.11 Side Frames and Longitudinals Forward of 0.3L from the FP
The net section modulus of side longitudinals and frames in association with the effective plating to which
they are attached, is to be not less than that obtained from the following equation:SM = M/fbi in   cm3(in3)M = 1000psℓ2/k in   N− cm(kgf − cm, lbf − in . )
wherek = 12 (12, 83.33)p = nominal pressure |pi – pe|, in N/cm2 (kgf/cm2, lbf/in2), as specified in 5C-3-3/7.7 TABLE 3

with the following modifications:

i) Ati is to be calculated at the forward or aft end of the tank, whichever is greater.
Between 0 . 3L and 0 . 25L aft of the FP the internal pressure need not be greater than
that obtained amidships.

ii) Ae is to be calculated at the center of the panel, in accordance with 5C-3-3/5.5.3 using
L.C.7 with kfo = 1 . 0 and xo located amidships.

iii) Be is to be calculated at the center of the panel, in accordance with 5C-3-3/5.5
(ps+ kupd, full draft, heading angle = 0, ku = 1 . 1), with the distribution of pi, as
shown in 5C-3-6/5 FIGURE 2, at the side longitudinal and frame under consideration.

iv) In the upper wing tank and the lower wing tank which is connected to the upper wing
tank by trunks or double sides, the internal pressure, pi, in the wing tanks may be
calculated as defined in 5C-3-6/5.9 iv).

Longitudinal distribution of pd may be taken as constant from the FP to the forepeak bulkhead, as per
5C-3-6/5.3 and from 0 . 125L to the forepeak bulkhead, as per 5C-3-6/5.5. pd is to be calculated in
accordance with 5C-3-3/5.5 between 0 . 3L and 0 . 125L from the FP, as per 5C-3-6/5.7.

fbi = 0 . 80Smfy , in N/cm2 (kgf/cm2, lbf/in2) for longitudinals between 0 . 125L and 0 . 2L from the FP
= 0 . 85Smfy , in N/cm2 (kgf/cm2, lbf/in2) for longitudinals forward 0 . 125L from the FP
= 0 . 85Smfy , in N/cm2 (kgf/cm2, lbf/in2) for vertical frames (other than hold frames)

Between 0 . 3L and 0 . 2L from the FP, the permissible stress is to be obtained by linear interpolation
between midship region and 0 . 80SmfySm and fy are as defined in 5C-3-4/7.3.1.s and ℓ are as defined in 5C-3-4/7.5.

For side longitudinals/stiffeners in the region forward of 0 . 0125L from the FP and above the LWL, the
section modulus is not to be less than obtained from the above equation, based on p = pb, fb = 0 . 95Smfy
and k = 16 (16, 111.1), where pb is as defined in 5C-3-6/5.3 above.
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5.13 Hold Frames
The net section modulus of the hold frames forward 0 . 3L measured from the FP, in association with
effective shell plating to which they are attached, is not to be less than obtained from the following
equation:SMF = M/fb in   cm3(in3)M = 1000c1psℓ2/k in   N− cm(kgf − cm, lbf − in . )
wherek = 12 (12, 83.33)ℓ = unsupported span of hold frames, in m (ft), (see 5C-3-4/13 FIGURE 6) measured along the chord of the

memberp = nominal external pressure, in N/cm2 (kgf/cm2, lbf/ in2), at the middle of the unsupported span of each hold
frame, calculated in accordance with 5C-3-3/5.5.

= ps+ kupd , (Full draft, wave heading angle = 0, ku = 1 . 1)fb = 0 . 80Smfy , in N/cm2 (kgf/cm2, lbf/in2)c1 and s are as defined in 5C-3-4/11.3.Sm and fy are as defined in 5C-3-4/7.3.1.

The effective breadth of plating, be, is as defined in 5C-3-4/7.5.

Where a cargo hold is intended to be used for the carriage of water ballast or liquid cargoes, the net section
modulus of the hold frame is also not to be less than obtained from the above equation with p as nominal
internal pressure, in N/cm2 (kgf/cm2, lbf/in2), at the middle of unsupported span of hold frames calculated
in accordance with 5C-3-3/5.7 for the forward end of the particular hold (5C-3-3/7.7 TABLE 3 hold frame
(ballast or liquid cargo holds)).

The net section modulus of the lower and upper brackets at the top of lower wing tank and the bottom of
upper wing tank is not to be less than obtained from 5C-3-4/11.7.1 with ℎ3 as the chord distance, in m (ft),
measured between the top of lower wing tank and the bottom of upper wing tank.

The net thickness of the upper and lower brackets and the web part of the frames is not to be less than as
specified in 5C-3-4/11.7.3, respectively.

5.15 Hold Frames in the Foremost Cargo Hold
In addition to the requirements of 5C-3-6/5.13, hold frames in the foremost cargo hold are to meet the
following requirements.

i) The gross thickness of the web portion of the frames is to be increased by a factor of 1.15 over
that required by 5C-3-4/11.7.3 except that tn need not exceed 13.5 mm (0.53 in.)

ii) The gross thickness of lower brackets is to be at least the gross thickness of the web of the frames
being supported or the gross thickness required by 5C-3-6/5.15.i above, increased by 2 mm (0.08
in.), whichever is greater.

iii) The gross thickness of upper brackets is to be at least the gross thickness of the web of the frames
being supported or the gross thickness required by 5C-3-6/5.15.i above, whichever is greater.

iv) When hold frames are asymmetric sections, tripping brackets are to be fitted at approximately
mid-span and at every two frames, as shown in 5C-3-6/5 FIGURE 3.
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FIGURE 2 
Transverse Distribution of pd
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FIGURE 3 
Arrangement of Tripping Brackets for Hold Frames

with Asymmetric Sections

7 Side Transverses and Stringers in Forebody

7.1 Section Modulus
The net section modulus of side transverses and stringers in association with the effective side shell plating
is not to be less than obtained from the following equation:SM = M/fb   in   cm3(in3)
7.1.1 Longitudinally Framed Side Shell

For side stringersM = 1000c1c2psℓtℓs/k in   N− cm(kgf − cm, lbf − in . )
For side transverses, M is not to be less than M1 or M2, whichever is greater.M1 = 1000c3psℓt2(1 . 0 – c4ϕ)/k in   N− cm(kgf − cm, lbf − in . )M2 = 850p1sℓt12 /k in   N− cm(kgf − cm, lbf − in . )
wherek = 0.12 (0.12, 0.446)c1 = 0125 + 0 . 875ϕ , but not less than 0.3
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Coefficients c2, c3 and c4 are given in the tables below.

Coefficient c2
Number of Side Stringers
Between Platforms (flats)

No Stringer One Stringer More than one Stringer

Top Stringer

0.0 0.90

0.70

Stringers Between Top and
Lowest Stringers

0.75

Lowest Stringer 0.80

Coefficient c3
Number of Side Stringers
Between Platforms (flats)

No Stringer One Stringer More than one Stringer

Transverse above Top
Stringer

0.85

0.55 0.55

Transverse Between Top and
Lowest Stringers

— 0.64

Transverse Below Lowest
Stringer

0.68 0.68

Coefficient c4
Number of Side Stringers
Between Platforms (flats)

No Stringer One Stringer More than one Stringer

Transverses 0.0 0.75 0.80
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p = nominal pressure, |pi – pe|, in kN/m2 (tf/m2, Ltf/ft2), over the side transverses using the
same load cases as specified in 5C-3-3/7.7 TABLE 3 for side transverses in lower wing
tank. Ati, Ae and Be may be taken at the center of the side shell panel under
consideration with the following modifications:

i) Ae is to be calculated in accordance with 5C-3-3/5.5.3, using L.C.7 withkfo = 1 . 0 and xo located amidships

ii) Be is to be calculated in accordance with 5C-3-3/5.5 (ps+ kupd, full draft,
heading angle = 0, ku = 1) with the distribution of pd as shown in 5C-3-6/5
FIGURE 2.p1 = nominal pressure, |pi – pe|, in kN/m2 (tf/m2, Ltf/ft2), using the same load cases as

specified in 5C-3-3/7.7 TABLE 3 for side transverses in lower wing tank, with Ati, Ae
and Be calculated at the midspan ℓs1 (between side stringers or between side stringer
and platform, flat as shown in 5C-3-6/7.7 FIGURE 4) of the side transverse under
consideration, with the following modifications:

i) Ae is to be calculated in accordance with 5C-3-3/5.5.3, using L.C.7 withkfo = 1 . 0 and xo located amidships

ii) Be is to be calculated in accordance with 5C-3-3/5.5 (ps+ kupd, full draft,
heading angle = 0, ku = 1) with the distribution of pd as shown in 5C-3-6/5
FIGURE 2.

For side transversess = sum of half distances, in m (ft), between side transverse under consideration and
adjacent side transverses or transverse bulkhead

For side stringerss = 0 . 45ℓsϕ = 1/(1 + α)α = 1 . 33(It/Is)(ℓs/ℓt)3It = moment of inertia, in cm4 (in4), (with effective side plating) of side transverse. It
is to be taken as average of those at the middle of each span ℓt1 between side
stringers or side stringer and platform (flat), clear of the bracketIs = moment of inertia, in cm4 (in4), (with effective side plating) of side stringer at the
middle of the span ℓs, clear of the bracketℓt, ℓs = spans, in m (ft), of the side transverse (ℓt) and side girder (ℓs) under consideration
as shown in 5C-3-6/7.7 FIGURE 4ℓt1 = span, in m (ft), of side transverse under consideration between stringers, or
stringer and platform (flat) as shown in 5C-3-6/7.7 FIGURE 4b

When calculating α, if more than one side transverse or stringer is fitted and they are not identical,
average values of It and Is within side shell panel (panel between transverse bulkheads and
platforms, flats) are to be used.
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fb = permissible bending stress, in N/cm2 (kgf/cm2, lbf/in2)

= 0 . 75SmfySm and fy are as defined in 5C-3-4/7.3.1.

The bending moment for a side transverse below stringer (or below the platform if no stringer is
fitted) is not to be less than 80% of that for a side transverse above stringer (or above platform if
no stringer is fitted).

7.1.2 Transversely Framed Side Shell
For side transversesM = 1000c1psℓtℓs/k in   N− cm(kgf − cm, lbf − in)
For side stringers, M is not to be less than M1 or M2, whichever is greaterM1 = 1000c2psℓs2(1 . 0− c3ϕ1)/k in   N− cm(kgf − cm, lbf − in)M2 = 1100p1sℓs12 /k in   N− cm(kgf − cm, lbf − in)
wherek = 0.12 (0.12, 0.446)c1 = 0 . 10 + 0 . 7ϕ1 , but not to be taken less than 0.085

If no side transverses are fitted between transverse bulkheadsc2 = 1 . 1c3 = 0
If side transverses are fitted between transverse bulkheadsc2 = 0.8c3 = 0.8
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p = nominal pressure, |pi – pe|, in kN/m2 (tf/m2, Ltf/ft2), over the side transverses using the
same load cases as specified in 5C-3-3/7.7 TABLE 3 for side transverses in lower wing
tank. Ati, Ae and Be may be taken at the center of the side shell panel under
consideration with the following modifications:

i) Ae is to be calculated in accordance with 5C-3-3/5.5.3, using L.C.7 withkfo = 1 . 0 and xo located amidships

ii) Be is to be calculated in accordance with 5C-3-3/5.5 (ps+ kupd, full draft,
heading angle = 0, ku = 1) with the distribution of pd as shown in 5C-3-6/5
FIGURE 2.p1 = nominal pressure, |pi – pe|, in kN/m2 (tf/m2, Ltf/ft2), using the same load cases as

specified in 5C-3-3/7.7 TABLE 3 for side transverses in lower wing tank, with Ati, Ae
and Be calculated at the midspan ℓs1 (between side transverses or between side
transverse and transverse bulkhead as shown in 5C-3-6/7.7 FIGURE 4a) of the side
stringer under consideration, with the following modifications.

i) Ae is to be calculated in accordance with 5C-3-3/5.5.3, using L.C.7 withkfo = 1 . 0 and xo located amidships

ii) Be is to be calculated in accordance with 5C-3-3/5.5 (ps+ kupd, full draft,
heading angle = 0, ku = 1) with the distribution of pd as shown in 5C-3-6/5
FIGURE 2.

For side stringerss = sum of half distances, in m (ft), between side stringer under consideration and adjacent
side stringers or platforms (flats)

For side transversess = 0 . 45ℓtϕ1 = α/(1 + α)ℓs1 = span, in m (ft), of the side stringer under consideration between side transverses or side
transverse and transverse bulkhead, as shown in 5C-3-6/7.7 FIGURE 4afb = permissible bending stress, in N/cm2 (kgf/cm2, lbf/in2)

= 0.75 SmfySm and fy are as defined in 5C-3-4/7.3.1.ℓt , ℓs and α are as defined in 5C-3-6/7.1.1.

7.3 Sectional Area of Web
The net sectional area of the web portion of the side transverse and side stringer is not to be less than
obtained from the following equation.A = F/fs
7.3.1 Longitudinally Framed Side Shell

For side stringers
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F = 1000kc1pℓs N(kgf, lbf)
For side transverses, F is not to be less than F1 or F2, whichever is greaterF1 = 850kc2pℓs(1 . 0− c3ϕ− 2ℎe/ℓ) N(kgf, lbf)F2 = 1700kc2p1s(0 . 5ℓ1− ℎe) N(kgf, lbf)
wherek = 0 . 5 0 . 5, 1 . 12
Coefficients c1, c2 and c3 are given in the tables below.

Coefficient c1
Number of Side Stringers
Between Platforms (flats)

No Stringer One Stringer More than one Stringer

Stringers 0.0 0.52 0.40

Coefficient c2
Number of Side Stringers
Between Platforms (flats)

No Stringer One Stringer More than one Stringer

Transverses Above Top
Stringer

1.0

0.9 0.9

Transverse Between Top and
Lowest Stringers

— 0.95

Transverse Below Lowest
Stringer

1.0 1.0

Coefficient c3
Number of Side Stringers
Between Platforms (flats)

No Stringer One Stringer More than one Stringer

Transverses 0.0 0.5 0.6ℓ = span, in m (ft), of the side transverse under consideration between platforms (flats), as
shown in 5C-3-6/7.7 FIGURE 4bℓ1 = span, in m (ft), of the side transverse under consideration between side stringers or side
stringer and platform (flat), as shown in 5C-3-6/7.7 FIGURE 4bℎe = length, in m (ft), of the end bracket of the side transverse, as shown in 5C-3-6/7.7
FIGURE 4b

To obtain F1, ℎe is equal to the length of the end bracket at the end of span ℓ of side transverse, as
shown in 5C-3-6/7.7 FIGURE 4b.

To obtain F2, ℎe is equal to the length of the end bracket at the end of span ℓ1 of side transverse,
as shown in 5C-3-6/7.7 FIGURE 4b.
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fs = permissible shear stress, in N/cm2 (kgf/cm2, lbf/in2)

= 0.45SmfySm and fy are as defined in 5C-3-4/7.3.1.p , p1, ϕ1 and s are as defined in 5C-3-6/7.1.1.

The shear force for the side transverse below the lowest stringer (or below the platform if no
stringer is fitted), is not to be less than 110% of that for the side transverse above the top stringer
(or above the platform is no stringer is fitted).

7.3.2 Transversely Framed Side Shell
For side transversesF = 850kc1pℓs in   N kgf, lbf
For side stringers, F is not to be less than F1 or F2, whichever is greater:F1 = 1000kpℓs 1 . 0− 0 . 6ϕ1− 2ℎe/ℓ in   N(kgf, lbf)F2 = 2000kp1s(0 . 5ℓ1− ℎe) in   N(kgf, lbf)
wherek = 0.5 (0.5, 1.12)c1 = 0 . 1 + 0 . 7ϕ1 , but not to be taken less than 0.2ℓ = span, in m (ft), of the side stringer under consideration between transverse bulkheads,

as shown in 5C-3-6/7.7 FIGURE 4aℓ1 = span, in m (ft), of the side stringer under consideration between side transverses or side
transverse and bulkhead, as shown in 5C-3-6/7.7 FIGURE 4aℎe = span, in m (ft), of the side stringer under consideration between transverse bulkheads,
as shown in 5C-3-6/7.7 FIGURE 4a

To obtain F1, ℎe is equal to the length of the end bracket at the end of span ℓ of the side stringer,
as shown in 5C-3-6/7.7 FIGURE 4a.

To obtain F2, ℎe is equal to the length of the end bracket at the end of span ℓ1 of the side stringer,
as shown in 5C-3-6/7.7 FIGURE 4a.fs = permissible shear stress, in N/cm2 (kgf/cm2, lbf/ in2)

= 0.45SmfySm and fy are as defined in 5C-3-4/7.3.1.p , p1, ϕ1 and s are as defined in 5C-3-6/7.1.2 above.

7.5 Depth of Transverse/Stringer
The depths of side transverses and stringers, dw, are neither to be less than obtained from the following
equations, nor to be less than 2.5 times the depth of the slots respectively.
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7.5.1 Longitudinally Framed Shell
For side transverses

If side stringer is fitted between platforms (flats)dw = 0 . 08 + 0 . 80α ℓt for α ≤ 0 . 05= 0 . 116 + 0 . 084α ℓt for α > 0 . 05
and need not be greater than 0.2ℓt
If no side stringer is fitted between platforms (flats),dw is not to be less than 0.2ℓt or 0.06D,
whichever is greater.

For side stringers:dw = 0 . 42− 0 . 9α ℓs for α ≤ 0 . 2  = 0 . 244− 0 . 0207α ℓs for α > 0 . 2α is not to be taken greater than 8.0 to determine the depth of the side stringer.ℓt, ℓs and α are as defined in 5C-3-6/7.1.1.D is as defined in 3-1-1/7.

7.5.2 Transversely Framed Side Shell
For side stringers

If side transverse is fitted between transverse bulkheadsdw = 0 . 08 + 0 . 80α1 ℓs for α1 ≤ 0 . 05= 0 . 116 + 0 . 084α1 ℓs for α1 > 0 . 05
and need not be greater than 0.2ℓs.

If no side transverse is fitted between transverse bulkheadsdw = 0 . 2ℓs
For side transversesdw = 0 . 277− 0 . 385α1 ℓt for α1 ≤ 0 . 2= 0 . 204− 0 . 205α1 ℓt for α1 > 0 . 2α1 is not to be taken greater than 7.5 to determine the depth of the side transverse.

whereα1 = 1/αℓt , ℓs and α are as defined in 5C-3-6/7.1.1 above.
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7.7 Thickness
The net thickness of side transverse and stringer is not to be less than 9.5 mm (0.374 in.).
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FIGURE 4 
Definition of Spans
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9 Deck Structures in Forebody

9.1 General
The deck plating, longitudinals, beams, girders and transverses forward of 0.25L from the FP are to meet
the requirements specified in 5C-3-4/15 with the deck pressure, p = pg, where pg is the nominal green
water loading given in 5C-3-3/5.5.4(b) or the normal internal pressure as specified in 5C-3-3/7.7 TABLE 3
at the forward end of the particular tank, whichever is greater, and the permissible stresses as specified
below. The nominal internal pressure for deck plating and longitudinals in upper wing tank may be
calculated by the following equation:p = pi – puℎ
In no case is p to be taken less than 2.06 N/cm2 (0.21 kgf/cm2, 2.987 lbf/in2).pi is nominal pressure in N/cm2 (kgf/cm2, lbf/in2), as defined in 5C-3-3/7.7 TABLE 3 for deck members
within the upper wing tank.puℎ is as defined in 5C-3-4/7.3.1.

9.3 Deck Plating
The net thickness of deck plating is to be not less than t1 and t2 as specified in 5C-3-4/15.1 with the
following modifications:f1 = 0 . 50Smfy,       in N/cm2 (kgf/cm2, lbf/in2), for main deck within 0.1L from the FP.f1 = 0 . 60Smfy,       in N/cm2 (kgf/cm2, lbf/in2), for forecastle deckf2 = 0 . 80Smfy,       in N/cm2 (kgf/cm2, lbf/in2)

The permissible stress, f1, for main deck between 0.25L and 0.1L from the FP is to be obtained by linear
interpolation between midship region (5C-3-4/15.1) and the permissible stress at 0.1L from the FP,, as
specified above.

In addition, the net thickness of main deck plating is also not to be less than t3 as specified below.t3 = 0 . 30s(Smfy/E)1/2         mm (in.) for main deck within 0.1L from the FP
The required thickness, t3, between 0.30L and 0.1L from the FP is to be obtained by linear interpolation
between midship region and the t3 above.

The net thickness, t3, may be determined based on Sm and fy of the hull girder strength material required
at the location under consideration.

9.5 Deck Longitudinals/Beams
The net section modulus is not to be less than obtained from 5C-3-4/15.3 with the following modifications.fb = 0.70Smfy, in N/cm2 (kgf/cm2, lbf/in2), for main deck longitudinals within 0.1L from the FP and

forecastle deck longitudinalsfb = 0.80Smfy, in N/cm2 (kgf/cm2, lbf/in2), for main deck beams forward of the foremost hatch
opening (No. 1 hatch) and forecastle deck beams
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The permissible bending stress, fb, for main deck longitudinals between 0.25L and 0.1L from the FP is to
be obtained by linear interpolation between midship region (5C-3-4/15.3) and the permissible stress at 0.1L
from the FP as specified above.

9.7 Cross Deck Beams
The net section modulus of the deck beams inside the lines of hatch openings Nos. 1 and 2 is not to be less
than obtained from 5C-3-4/15.7 with the green water loading and the following modification, or directly
obtained from 5C-3-4/15.7, whichever is greater.  fb = 0 . 6Smfy, in   N/cm2(kgf/cm2, lbf/in2)

9.9 Hatch End Beams
The scantlings of hatch end beams are to satisfy 5C-3-4/17.5 with the green water loading and the
following modification, or directly obtained from 5C-3-4/17.5, whichever is greater.fb = 0 . 9Smfy, in   N/cm2(kgf/cm2, lbf/in2)q = (pg – kd), in   kN/m2(tf/m2, Ltf/ft2)
whered = depth of hatch coaming, in m (ft)pg = nominal green water pressure, in kN/m2 (tf/m2, Ltf/ft2)k = 10.05 (1.025, 0.0286)

9.11 Deck Girders Inside the Lines of Hatch Opening
The scantlings of deck girders inside the lines of hatch openings are to satisfy 5C-3-4/17.7 with the green
water loading and the following modification, or directly obtained from 5C-3-4/17.7, whichever is greater.fb = 0 . 9Smfy, in   N/cm2(kgf/cm2, lbf/in2)q = (pg – kd),   in   kN/m2(tf/m2, Ltf/ft2)
whered = depth of hatch coaming, in m (ft)k = 10.05 (1.025, 0.0286)

9.13 Deck Transverse in Upper Wing Tank
The scantlings of deck transverses are to satisfy 5C-3-4/13.5 with the green water loading and the
following modification, or directly obtained from 5C-3-4/13.5, whichever is greater.M1 = 0, for 5C-3-4/13.5.1F = 1000kpgs(0 . 5ℓ− ℎe) N (kgf, lbf) for 5C-3-4/13.5.2

where
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k = 0.9, (0.9, 2.016)ℓ = span, in m (ft), of deck transverse, as shown in 5C-3-4/13 FIGURE 9ℎe = length, in m (ft), of the end brackets of deck transverse, as shown in 5C-3-4/13 FIGURE 9s is as defined in 5C-3-4/13.5.1.

11 Transition Zone

11.1 General
In the transition zone between the forepeak and the No.1 cargo hold, due consideration is to be given to the
proper tapering of major longitudinal members within the forepeak such as flats, decks, horizontal ring
frames or side stringers aft into the cargo hold. Where such structure is in line with longitudinal members
aft of the forward cargo hold bulkhead, such as in the upper and lower wing tanks, this may be effected by
the fitting of large tapering brackets inside the wing tanks. These brackets are to have a taper of 4:1 based
on the size of the wing tank longitudinal. When forepeak structure does not align with longitudinal
structure in the cargo hold area and terminates at the forward cargo hold bulkhead, in way of the hold
frames, either of the following arrangements is to be adopted.

11.1.1
For a stringer, a bracket of length 21/2 times the depth of the stringer or 3 frame spaces, whichever
is greater, is to be fitted at the end of the stringer. The bracket is to be gradually tapered, suitably
stiffened and have collars fitted at the slots for the vertical frames. (See 5C-3-6/11.1.2 FIGURE 5).

11.1.2
The first two hold frames aft of the forepeak bulkhead are to have a section modulus at least 21/2
times the SMF required by 5C-3-6/5.13.

Where major longitudinal structures within the forepeak do not terminate in way of the hold
framing, no special arrangements are required.
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FIGURE 5 
Transition Zone

13 Forebody Strengthening for Impact Loads (1 July 2018)

13.1 General
Where the hull structure is subject to slamming as specified in 5C-3-3/11, proper strengthening may be
required as outlined below.

13.3 Bottom Slamming
13.3.1 Bottom Plating

When bottom slamming as specified in 5C-3-3/11.1 is considered, the bottom structure in the
region of the flat of bottom forward of 0.25L measured from the FP is to be in compliance with the
following requirements.

The net thickness of the flat of bottom plating forward of 0.25L measured from the FP is not to be
less than obtained from the following equation:t = 0 . 73s(k2k3ps/f)1/2 in   mm   (in . )
wheres = spacing of longitudinal or transverse stiffeners, in mm (in.)k2 = 0.5 k2          for either transversely or longitudinally stiffened platingk3 = 0.74k = 3 . 075 α 1/2− 2 . 077 / α+ 0 . 272 , (1 ≤ α ≤ 2)
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= 1.0 (α > 2)α = aspect ratio of the panel (longer edge/shorter edge)ps = the design slamming pressure = kupsi
For determination of t, the pressure ps is to be taken at the center of the supported panel.psi = nominal bottom slamming pressure, as specified in 5C-3-3/11.1.1, in N/cm2 (kgf/cm2,

lbf/in2)

The maximum nominal bottom slamming pressure occurring along the vessel is to be applied to
the bottom plating between the foremost extent of the flat of bottom and 0.125L from the FP. The
pressure beyond this region may be gradually tapered to the longitudinal location where the
nominal slamming pressure is calculated as zero.ku = slamming load factor = 1.1f = permissible bending stress, in N/cm2 (kgf/cm2, lbf/in2)

= 0.85 SmfySm and fy are as defined in 5C-3-4/7.3.1.

13.3.2 Bottom Longitudinals and Stiffeners (1 July 2021)
The section modulus of the stiffener including the associated effective plating on the flat of bottom
forward of 0.25L measured from FP is not to be less than obtained from the following equation:SM = M/fb in   cm3 in3M = 1000pssℓ2/k in   N− cm(kgf − cm, lbf − in . )
wherek = 16 (16, 111.1)ps = the design slamming pressure = kupsi
For determination of M, the pressure ps is to be taken at the midpoint of the span ℓ.psi = nominal bottom slamming pressure, as specified in 5C-3-3/11.1.1, in N/cm2(kgf/

cm2,lbf/in2)

The maximum nominal bottom slamming pressure occurring along the vessel is to be applied to
the bottom plating between the foremost extent of the flat of bottom and 0.125L from the FP. The
pressure beyond this region may be gradually tapered to the longitudinal location where the
nominal slamming pressure is calculated as zero.ku = slamming load factor = 1.1s = spacing of longitudinal or transverse stiffeners, in mm (in.)ℓ = the unsupported span of the stiffener, in m (ft)fb = 0.9Smfy for transverse and longitudinal stiffeners in the region forward of 0.125L,

measured from the FP
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= 0.8Smfy for longitudinal stiffeners in the region between 0.2L and 0.25L, measured
from the FPfb at intermediate locations between 0.125L and 0.2L, measured from the FP may be
obtained by linear interpolation.

The effective breadth of plating be is as defined in 5C-3-4/7.5.

Struts connecting the bottom and inner bottom longitudinals are not to be fitted.

13.3.3 Supporting Members
The thickness of floors, girders and partial girders/floors, if any, are to be checked against the
expected shear forces in the region of flat of bottom forward of 0.25L measured from the FP in
accordance with the formula in 5C-3-6/3.5. In this case nominal pressure, p, may be taken as:p = c ∑bi*s3i∑0 . 5bsis3ips,   i = 1 . .N, butnot lessthen0 . 5ps
wherec = 1.185 ×10-3L + 0.485 for SI and MKS units (3.612 ×10-4L+ 0.485 for US units)ps = the maximum bottom slamming pressure within the particular double bottom panel

= kupsipsi = nominal bottom slamming pressure, as specified in 5C-3-3/11.1.1, in kN/m2(tf/m2,
Ltf/ft2)ku = slamming loading factor = 1.0bi* = half width of flat of bottom at the i-th floor in the double bottom panel, in m (ft), but
should not be greater than 0.5bsibsi = unsupported width of the i-th floor in the double bottom panel, in m (ft)s3i = sum of one-half of floor spacings on both sides of the i-th floor, in m (ft)N = number of floors in the double bottom panelL is as defined in 3-1-1/3.1.

The permissible shear stress may be taken as 0.5Smfy.
13.5 Bowflare Slamming

When bowflare slamming as specified in 5C-3-3/11.3 is considered, the side shell structure above the
waterline in the region between 0.0125L and 0.25L from the FP is to be in compliance with the following
requirements.

13.5.1 Side Shell Plating
The net thickness of the side shell plating between 0.0125L and 0.25L from the FP is not to be less
than t1 or t2, whichever is greater, obtained from the following equations:t1 = 0 . 73s(k1ps/f1)1/2 in   mm(in . )t2 = 0 . 73s(k2ps/f2)1/2 in   mm(in . )
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whereps = the design slamming pressure = kupijpij = nominal bowflare slamming pressure as specified in 5C-3-3/11.3.1 at the center of the
supported panel under consideration, in N/cm2 (kgf/cm2, lbf/in2)ku = slamming load factor = 1.1f1 = 0.85 Smfy for side shell plating forward of 0.125L from the FP, in N/cm2 (kgf/cm2,
lbf/in2)

= 0.75 Smfy for side shell plating in the region between 0.125L and 0.25L from the FP, in
N/cm2 (kgf/cm2, lbf/in2)f2 = 0.85 Smfy, in N/cm2 (kgf/cm2, lbf/in2)s , k1 , k2, Sm and fy are as defined in 5C-3-6/13.3 above.

13.5.2 Side Longitudinals and Stiffeners
The section modulus of the stiffener, including the associated effective plating, is not to be less
than obtained from the following equation:SM = M/fb in   cm3 in3M = 1000pssℓ2/k in   N− cm(kgf − cm, lbf − in . )
wherek = 16 (16, 111.1)ℓ = unsupported span of the stiffener, in m (ft)ps = the maximum slamming pressure, in N/cm2 (kgf/cm2, lbf/in2), as defined in

5C-3-6/13.5.1, at the midpoint of the span ℓs and fb are as defined in 5C-3-6/13.3.2 above.

The effective breadth of plating, be, is as defined in 5C-3-4/7.5.

13.5.3 Side Transverses and Side Stringers
For the region between 0.0125L and 0.25L from the FP, the net section modulus and sectional area
requirements for side transverses and side stringers in 5C-3-6/7 are to be met with the bow flare
slamming pressure as specified in 5C-3-3/11.3.1 and with the permissible bending stress ofƒb = 0 . 64Smƒy and the permissible shear stress of ƒs = 0 . 38Smƒy.

13.6 Bow Strengthening (1 July 2018)
Where impact loads on bow, as specified in 5C-3-3/5.5.4(a), are considered, the side shell structure above
the waterline in the region forward of collision bulkhead is to be in compliance with the following
requirement in addition to 5C-3-6/5.3.

13.6.1 Main Supporting Members
The net section modulus and the net sectional area of the web of the main supporting members in
the bow structure are not to be less than obtained from the following equations in 5C-3-6/13.6.1(a)
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and 5C-3-6/13.6.1(b). Alternatively, the main supporting members may also be evaluated by direct
calculation using 3-D finite element analysis against the impact loads.

13.6.1(a) Section ModulusSM = M/fb in   cm3 in3M = 1000c1pbsℓb2/k in   N− cm(kgf − cm, lbf − in)
wherec1 = 3c23− 8c23+ 6c2c2 = ABI/ℓb but not to be taken greater than 1.0ABI = 1 . 1LBCb/1000 , in m2 (ft2)

L , B and Cb are as defined in 5C-3-3/5.3.3.ℓb = span of main supporting member, in m (ft), measured along the chord of the members = breadth of impact area, in mm (in), supported by the main supporting member, to be
taken as the spacing between main supporting members but not to be taken as greater
than extent of bow impact load area ABIpb = design bow pressure = kupbijku = 1.1pbij = nominal bow pressure, as specified in 5C-3-3/5.5.4 at the middle of the span of the
main supporting member, in N/cm2 (kgf/cm2, lbf/in2)k = 12 (12, 83.33)fb = permissible bending stress, in N/cm2 (kgf/cm2, lbf/in2)

= 0 . 80SmfySm and fy are defined in 5C-3-4/7.3.1.

13.6.1(b) Section Area of WebA = F/fs in   cm2(in2)F = kc1pbsℓ in   N(kgf, lbf)
wherek = 5 (5, 4.16)c1 = ABI/ℓ but not to be taken greater than 1.0ℓ = unsupported span of main supporting member, in m (ft), measured along the chord of

the memberfs = permissible shear stress, in N/cm2 (kgf/cm2, lbf/in2)

= 0 . 75Smfy
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ABI , pb, s, Sm and fy defined in 5C-3-6/13.6.1(a).
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C H A P T E R  3
Vessels Intended to Carry Ore or Bulk Cargoes (150 meters (492 feet) or

more in Length)

S E C T I O N  7
Cargo Safety and Vessel Systems

1 Application (2024)
Part 5C, Chapter 3, Section 7 (referred to as Section 5C-3-7) applies to vessels intended to carry ore or
solid bulk cargoes in respect of the hazards of the cargo carried. They form a part of the necessary
condition for assigning the mandatory classification notation Bulk Carrier or Ore Carrier. Part 4,
specifying conditions for assigning the mandatory machinery class notation AMS (see 4-1-1/1.5), are
applicable to these vessels in addition to this section.

1.1 Objective (2024)
1.1.1 Goal

The equipment and systems covered in this section are to be designed, constructed, operated, and
maintained to:

Goal No. Goals

STAB 2 Have adequate subdivision and stability to provide survivability to damage or accidental
conditions.

STAB 4 Detect accumulated liquids.

STAB 5 Be able to remove accumulated liquids to mitigate the effects of flooding.

SAFE 1.1 Minimize danger to persons on board, the vessel, and surrounding equipment/installations from
hazards associated with machinery and systems

FIR 1 Prevent the occurrence of fire and explosion (SOLAS II-2/Reg 2.1.1)

FIR 3 Reduce the risk of damage caused by fire to the ship, its cargo and the environment (SOLAS
II-2/Reg 2.1.3)

CARGO 1 Enable all cargoes be stored and secured in such a way that the ship and persons onboard and
the environment are not put at risk.

CARGO 3 Be equipped to handle and transfer cargo safely.

CARGO 5 Enable monitoring of the cargo and vessel storage, securing, or containment systems.

PART 5C
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Goal No. Goals

AUTO 2 Indicate the system operational status and alert operators of any essential machinery/systems
deviate from its defined design/operating conditions or intended performance.

AUTO 5 Provide a safety system that shall automatically lead machinery controlled to a fail-safe state in
response to a fault which may endanger the safety of of persons on board, machinery/equipment
or environment.

The goals in the cross-referenced Rules/Regulations are also to be met.

1.1.2 Functional Requirements
In order to achieve the above stated goals, the design, construction, installation and maintenance
of the equipment and systems are to be in accordance with the following functional requirement:

Functional
Requirement No.

Functional Requirements

Fire Safety (FIR)

FIR-FR1 Effective containment of fire in space of origin with due regard to the fire risk of the space
and adjacent spaces. (SOLAS II-2)

FIR-FR2 Exhaust arrangement of machinery installations is not to endanger the safety of persons
onboard and equipment/systems.

Safety of Personnel (SAFE)

SAFE-FR1 (FIR/
CARGO)

Electrical equipment and machinery are to be of appropriate type for the hazardous areas
that they will be operating in and are arranged to minimize fire risk when located in such
areas.

SAFE-FR2 (FIR/
CARGO)

Provide devices to detect oxygen, combustible/flammable gas and hazardous liquids through
sampling points and means to maintain their measurement performance.

SAFE-FR3 (FIR/
CARGO)

Minimize or prevent hot surfaces coming into contact with cargo that are adversely affected
by the temperature rise.

SAFE-FR4 Cable is to be adequately supported and properly aligned to prevent excessive stresses.

SAFE-FR5 Failure of system/equipment is not to cause the escalation of hazards and not to endanger
the safety of persons onboard

SAFE-FR6 Piping in cargo holds is to be designed, arranged, or protected from mechanical damage.

SAFE-FR7
(STAB)

Arrangements are to be provided for clearing accumulated liquids to prevent flooding.

SAFE-FR8
(STAB)

Valves/Components required to control external flooding of forward space of collision
bulkhead and their controls are to be readily accessible and suitably arranged to enable safe
operation by the crew.

SAFE-FR9 Means are to be provided to prevent cross-contamination of different piping systems
connected to the cargo holds.

SAFE-FR10 Information is to be provided to personnel to warn of, and minimize fire risk.

Automation: Control, Monitoring and Safety System (AUTO)

AUTO-FR1
(CARGO)

Provide display of system parameters and alarms at the control and monitoring stations
located at suitable manned locations for the safe operation of the system/equipment/
machinery.
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Functional
Requirement No.

Functional Requirements

AUTO-FR2 Provide means to effectively operate and safely shutdown the equipment and its associated
auxiliaries during normal operation and emergency condition/failure of component.

AUTO-FR3 Be able to control machinery/equipment/system from a local position, even in the case of
failure in any part of the automatic or remote control systems. (SOLAS II-1)

AUTO-FR4
(STAB)

There are to be arrangements to detect water ingress in hold, ballast and dry spaces and to
provide alarms in navigation bridge .

The functional requirements in the cross-referenced Rules/Regulations are also to be met.

1.1.3 Compliance
A vessel is considered to comply with the goals and functional requirements within the scope of
classification when the prescriptive requirements are complied with or when an alternative
arrangement has been approved, refer to Part 1D, Chapter 2.

3 Bulk Cargo Spaces Cargo and Safety System

3.1 Fire Protection
Except for cargoes in 5C-3-7/3.3, cargo spaces of vessels of 2,000 gross tonnage and upwards are to be
protected by a fixed gas fire-extinguishing system complying with 4-7-3/3 or by a fire extinguishing
system which gives equivalent protection.

3.3 Vessels Carrying Low Fire Risk Cargoes (2024)
Cargo spaces of any vessel if constructed and solely intended for carrying ore, coal (COAL and BROWN
COAL BRIQUETTES), grain, unseasoned timber, non-combustible cargoes or cargoes which constitute a
low fire risk may be exempt from the requirements of 5C-3-7/3.1. Such exemptions may be granted only if
the vessel is fitted with steel hatch covers and effective means of closing all ventilators and other openings
leading to the cargo spaces. Vessels with an exemption are to be distinguished in the Record as suitable for
carriage of low fire risk cargoes only. See also 4-7-2/7.

In accordance with IMO MSC.1/Circ.1395/Rev. 5, list of solid bulk cargoes for which a fixed gas fire-
extinguishing system may be exempted or for which a fixed gas fire extinguishing system is ineffective,
the following solid bulk cargoes may be regarded as non-combustible or constitute a low fire risk:

● Cargoes listed in the International Maritime Solid Bulk Cargoes (IMSBC) Code Group A List of bulk
materials which may liquefy: all.

● Cargoes listed in the International Maritime Solid Bulk Cargoes (IMSBC) Code Group B List of bulk
materials possessing chemical hazards: only the following:

3.3.1 LIST OF SOLID BULK CARGOES FOR WHICH A FIXED GAS FIRE-EXTINGUISHING
SYSTEM MAY BE EXEMPTED (2024)

● Cargoes listed in the International Maritime Solid Bulk Cargoes (IMSBC) Code Group A List
of bulk materials which may liquefy: all.

● Cargoes listed in the International Maritime Solid Bulk Cargoes (IMSBC) Code Group B List
of bulk materials possessing chemical hazards: only the following:

– ALUMINA HYDRATE

– Aluminum smelting by-products, UN 3170 (Both the names Aluminum smelting by-
products or Aluminum remelting by-products are in use as proper shipping name)

– Aluminum ferrosilicon powder, UN 1395
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– Aluminum silicon powder, uncoated, UN 1398

– AMORPHOUS SODIUM SILICATE LUMPS

– BORIC ACID

– CLINKER ASH

– COAL TAR PITCH

– Direct reduced iron (A) briquettes, hot molded

– Ferrophosphorus (including briquettes)

– FERROSILICON UN 1408, with 30% or more but less than 90% silicon (including
briquettes)

– Ferrosilicon with at least 25% but less than 30% silicon, or 90% or more silicon

– FLUE DUST, CONTAINING LEAD AND ZINC

– Fluorspar

– GRANULATED NICKEL MATTE (less than 2% moisture content)

– LEACH RESIDUE CONTAINING LEAD

– Lime (unslaked)

– Logs

– Magnesia (Unslaked)

– MATTE CONTAINING COPPER AND LEAD

– MONOCALCIUMPHOSPHATE (MCP)

– MONOAMMONIUM PHOSPHATE (M.A.P.), MINERAL ENRICHED COATING

– Peat moss

– Petroleum coke (calcined or uncalcined)*

* When loaded and transported under the provisions of the IMSBC Code.

– Pitch prill

– Pulp wood

– PYRITES, CALCINED (calcined pyrites)

– RADIOACTIVE MATERIAL, LOW SPECIFIC ACTIVITY (LSA-I), non-fissile or fissile-
excepted UN 2912

– RADIOACTIVE MATERIAL, SURFACE CONTAMINATED OBJECTS (SCO-I), non-
fissile or fissile-excepted UN 2913

– Round wood

– SAND, MINERAL CONCENTRATE, RADIOACTIVE MATERIAL, LOW SPECIFIC
ACTIVITY (LSA-I) UN 2912

– Saw logs

– SILICOMANGANESE (low carbon)

– Sulfur, UN1350 (crushed lump and coarse grained)

– SUPERPHOSPHATE (triple, granular)

– Timber

– Vanadium ore
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– Woodchips with moisture content of 15% or more

– WOOD PELLETS NOT CONTAINING ANY ADDITIVES AND/OR BINDERS

– Zinc ashes, UN 1435

– ZINC OXIDE ENRICHED FLUE DUST

● Cargoes assigned to the following generic Group B shipping schedules when they do not
exhibit any self-heating, flammability or water-reactive flammability hazards in accordance
with the MHB tests and classification criteria contained in the Code:

– METAL SULPHIDE CONCENTRATES

– METAL SULPHIDE CONCENTRATES, CORROSIVE UN 1759

● Cargoes listed in the International Maritime Solid Bulk Cargoes (IMSBC) Code Group C List
of bulk materials which are neither liable to liquefy nor to possess chemical hazards: all.

3.3.2 LIST OF SOLID BULK CARGOES FOR WHICH A FIXED GAS FIRE-EXTINGUISHING
SYSTEM IS INEFFECTIVE AND FOR WHICH A FIRE-EXTINGUISHING SYSTEM GIVING
EQUIVALENT PROTECTION SHALL BE AVAILABLE (2024)

● The following cargoes are categorized into Group B of the IMSBC Code:

– ALUMINIUM NITRATE UN 1438

– AMMONIUM NITRATE UN 1942, with not more than 0.2% total combustible material,
including any organic substance, calculated as carbon to the exclusion of any other
added substance

– AMMONIUM NITRATE BASED FERTILIZER MHB

– AMMONIUM NITRATE BASED FERTILIZER UN 2067

– AMMONIUM NITRATE BASED FERTILIZER UN 2071

– BARIUM NITRATE UN 1446

– CALCIUM NITRATE UN 1454

– LEAD NITRATE UN 1469

– MAGNESIUM NITRATE UN 1474

– POTASSIUM NITRATE UN 1486

– SODIUM NITRATE UN 1498

– SODIUM NITRATE AND POTASSIUM NITRATE, MIXTURE UN 1499

3.5 Vessels Intended to Carry Solid Dangerous Goods in Bulk
3.5.1 General (1 July 2020)

Bulk cargo holds intended for the carriage of dangerous goods are to comply with the following
tabulated requirements, except when carrying dangerous goods in limited quantities and excepted
quantities as defined in Chapters 3.4 and 3.5 of IMDG Code respectively:

● 5C-3-7/3.5.2 TABLE 1 provides a description of the list of dangerous goods as defined in
IMDG Code.

● 5C-3-7/3.5.2 TABLE 2 provides the application of the requirements described in 4-7-2/7.3 to
the different classes of solid dangerous goods in bulk.
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TABLE 1
Dangerous Goods Classes (1 July 2020)

CLASS SUBSTANCE

1
(1.1 through 1.6, except
1.4S)

Explosives

1.4S Explosives Division 1.4, compatibility group S: Substances or articles so packaged or designed that any
hazardous effects arising from accidental functioning are confined within the package unless the package
has been degraded by fire, in which case all blast or projection effects are limited to the extent that they
do not significantly hinder or prohibit fire-fighting or other emergency response efforts in the immediate
vicinity of the package.

2.1 (hydrogen and
hydrogen mixtures
exclusively)

Hydrogen and hydrogen mixtures (compressed, liquefied, refrigerant liquefied, dissolved under pressure
or adsorbed)

2.1 (other than hydrogen
and hydrogen mixtures)

Flammable gases other than hydrogen and mixtures of hydrogen (compressed, liquefied, refrigerated
liquefied, dissolved under pressure or adsorbed)

2.2 Non-flammable, non-toxic gases (compressed, liquefied, refrigerated liquefied, dissolved under pressure
or adsorbed)

2.3 Toxic gases (compressed, liquefied, refrigerated liquefied, dissolved under pressure or adsorbed)

3
(3.1 through 3.3)

Flammable liquids

4.1 Flammable solids, self-reactive substances, solid desensitized explosives and polymerizing substances

4.2 Substances liable to spontaneous combustion

4.3 Substances which, in contact with water, emit flammable gases

5.1 Oxidizing substances

5.2 Organic peroxides

6.1 Toxic substances

6.2 Infectious substances

7 Radioactive material

8 Corrosives

9 Miscellaneous dangerous substances and articles, that is any substance which experience has shown, or
may show, to be of such a dangerous character that the provisions for dangerous substance transportation
are to be applied.

TABLE 2
Application of the Requirements to Different Classes

of Solid Dangerous Goods in Bulk (1 July 2020)

4-7-2/... Requirements Dangerous goods classes

4.1 4.2 4.3 (1) 5.1 6.1 8 9

4-7-2/7.3.1(a) Availability of water x x - x - - x

4-7-2/7.3.1(b) Quantity of water x x - x - - x
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4-7-2/... Requirements Dangerous goods classes

4.1 4.2 4.3 (1) 5.1 6.1 8 9

4-7-2/7.3.2 Sources of ignition x x (2) x x (3) - - x (3)

4-7-2/7.3.4(a) Number of air changes - x (2) x - - - -

4-7-2/7.3.4(b) Ventilation fan x (4) x (2) x x (2),(4) - - x (2),(4)

4-7-2/7.3.4(d) Natural ventilation x x x x x x x

4-7-2/7.3.6 Personnel protection x x x x x x x

4-7-2/7.3.8 Insulation of machinery
space boundary

x x x x (2) - - x (5)

Notes:

1 The hazards of substances in this class which may be carried in bulk are such that special consideration must be given to the
construction and equipment of the vessels involved in addition to meeting the requirements enumerated in this table.
Complete design and installation details are to be submitted for review in each case.

2 Only applicable to Seedcake containing solvent extractions, to Ammonium nitrate, and to Ammonium nitrate fertilizers.

3 Only applicable to Ammonium nitrate and to Ammonium nitrate fertilizers. However, a degree of protection in accordance
with standards contained in IEC 60079 series is sufficient.

4 Only suitable wire mesh guards are required.

5 The requirements of the IMSBC Code, as amended, are sufficient.

3.7 Vessels Intended to Carry Coal in Bulk (2024)
3.7.1 Hazardous Areas

Areas where flammable or explosive gases, vapors, or dust are normally present or likely to be
present are known as hazardous areas. For vessels intended to carry coal in bulk, the following
areas are to be regarded as hazardous areas:

● Cargo hold spaces,

● Enclosed and semi-enclosed spaces having a direct opening to cargo hold space, and

● Open deck areas within 3 m (10 ft.) of cargo hold mechanical ventilation outlets.

3.7.2 Installation of Electrical Equipment in Hazardous Areas
Electrical equipment installed in hazardous areas identified in 5C-3-7/3.7.1 is to be:

i) Intrinsically safe type (Ex ia or ib);

ii) Flame-proof (explosion-proof) type (Ex d Group IIA T4);

iii) Pressurized or purged type (Ex p); or

iv) Increased safety type (Ex e) in open deck hazardous areas only.

See also 4-8-3/13 and 4-8-4/27.

3.7.3 Installation of Internal Combustion Engines in Hazardous Areas
Where essential for the operation of the vessel, the installation of internal combustion engines in
hazardous areas identified in 5C-3-7/3.7.1 is acceptable subject to the elimination of all sources of
ignition from the installation; the engine exhaust being led outside the hazardous areas, and the
engine air intake being not less than 3 m (10 ft) from the hazardous areas. Complete details are to
be submitted for review in each case.
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3.7.4 Cargo Hold Atmosphere Measuring Instruments
3.7.4(a) Required measurements.
Instruments are to be provided to measure the following in the cargo holds:

● Concentration of methane in the atmosphere;

● Concentration of oxygen in the atmosphere;

● Concentration of carbon monoxide in the atmosphere; and

● pH value of cargo hold bilge samples.

In addition, where self-heating coals are to be carried, the Owner/designer is to consider providing
means to measure the temperature of the cargo in the range of 0°C (32°F) to 100°C (212°F) during
loading operations and during the voyage.

Means for calibration of the above instruments are to be provided on board.

3.7.4(b) Arrangements of measurement.
The required measurements and their readings are to be obtainable without entry into the cargo
hold, and without introducing source of ignition or otherwise endangering the cargo and cargo
hold atmosphere. Instruments for measuring methane, oxygen and carbon monoxide
concentrations are to be provided, together with an aspirator, flexible connection, a length of
tubing and means for sealing the sampling hole, in order to enable a representative sample to be
obtained from within the hatch cover surroundings. Alternative means for obtaining a
representative sample will be considered.

3.7.4(c) Sampling points. (2024)
Sampling points are to be provided for each hold, one on the port side and the other on the
starboard side of the hatch cover, as near to the top of the hatch cover as possible. Each sampling
point is to be fitted with screw cap or equivalent and a threaded stub of approximately 12 mm (0.5
in.) bore welded to the side of the hatch cover to prevent ingress of water and air. Alternative
sampling point arrangements/details are to be submitted for ABS review.

3.7.5 Warning Plate
A permanent warning plate is to be installed in conspicuous places in cargo areas to state that
smoking, naked flames, burning, cutting, chipping, welding or other sources of ignition are
prohibited.

3.7.6 Hot Areas (2019)
Coal is not to be stowed adjacent to hot areas. Heated fuel oil tanks adjacent to cargo spaces
carrying coal should not normally be considered as "hot areas" when the fuel oil temperature is
controlled at less than 55°C (131°F), this temperature is not exceeded for periods greater than 12
hours in any 24-hour period, and the maximum temperature of the fuel oil does not exceed 65°C
(149°F).

3.9 Vessels Intended to Carry Materials Hazardous Only in Bulk
Vessels intended to carry materials hazardous only in bulk (MHB), other than coal as addressed in
5C-3-7/3.7, are to be based on the recommendations of the International Maritime Solid Bulk Cargoes
Code (IMO Resolution MSC.268(85), as amended) and the intent of 5C-3-7/3.7.

3.11 Cable Support
Cable inside of the vertical cable conduit pipe is to be suitably supported, e.g., by sand-filling or by
strapping to a support wire. Alternatively, the cable inside of the vertical conduit pipe is acceptable without
such support if the mechanical strength of the cable is sufficient to prevent cable damage due to the cable
weight within the conduit pipe under continuous mechanical load. Supporting documentation is to be
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submitted to verify the mechanical strength of the cable with respect to the cable weight inside of the
conduit.

5 Hold Piping
Where cargo hold is used alternately for dry cargo or ballast water, the following arrangements are to be
made:

i) When the hold is used for ballast, the bilge suction is to be blanked off. Suitable means of venting
and overflow in accordance with the intent of 4-6-4/9 is to be provided.

ii) When the cargo hold is used for dry cargo, the ballast line is to be blanked off, and the bilge
suction is to be effective.

7 Self-unloading Cargo Gear
Dry bulk cargo vessels are to meet the following additional requirements when fitted with self-unloading
cargo handling equipment.

7.1 Fail-safe Arrangements and Safety Devices
Fail-safe arrangements and safety devices are to be provided on the self-unloading equipment. A system is
considered fail-safe if a component failure or loss of power will result in a controlled securing of the
equipment or control of movement so as not to endanger personnel.

7.3 Hydraulic Piping Installations (2024)
The passage of self-unloading system hydraulic pipes through cargo holds is to be limited to only that
which is necessary for operational purposes. Pipes installed within cargo holds are to be protected from
mechanical damage.

System connection to other hydraulic systems is to be submitted to ABS for review. Failure in any one part
of the self-unloading hydraulic system is not to cause the failure of other parts of the self-unloading system
or of other ship's systems.

7.5 Equipment in Hazardous Areas
For requirements regarding the installation of equipment associated with the self-unloading cargo gear in
hazardous areas, see 5C-3-7/3.7, as applicable.

7.7 Self-unloading Gear Controls and Alarms
7.7.1 General

Where vessels are equipped with self-unloading systems, controls are to be provided for the safe
operation of the self-unloading system. These controls are to be clearly marked to show their
functions. Energizing the power unit at a location other than the cargo control station is not to set
the gear in motion.

7.7.2 Monitors
As appropriate, monitoring is to indicate system operational status (operating or not operating),
availability of power, overload alarm, air pressure, hydraulic pressure, electrical power or current,
motor running and motor overload, and brake mechanism engagement.

7.7.3 Emergency Shutdowns
Remote emergency shutdowns of power units for self-unloading equipment are to be provided
outside of the power unit space so that they may be stopped in the event of fire or other
emergency. Where remote controls are provided for cargo gear operation, means for the local
emergency shutdowns are to be provided.
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9 Draining and Pumping Forward Spaces in Bulk Carriers

9.1 Application
This requirement applies to bulk carriers constructed generally with single deck, top-side tanks and hopper
side tanks in cargo spaces intended primarily to carry dry cargo in bulk, and includes such types as ore
carriers and combination carriers.

9.3 Availability of Pumping Systems for Forward Spaces
On bulk carriers, the means for draining and pumping ballast tanks forward of the collision bulkhead and
bilges of dry spaces, any part of which extends forward of the forward most cargo hold, are to be capable
of being brought into operation from a readily accessible enclosed space, the location of which is
accessible from the navigation bridge or propulsion machinery control position without traversing exposed
freeboard or superstructure decks. Where pipes serving such tanks or bilges pierce the collision bulkhead,
valve operation by means of remotely operated actuators is acceptable as an alternative to the valve control
specified in 4-6-2/9.7.3, provided that the location of such valve controls complies with the above
arrangement.

9.5 Dewatering Capacity
The dewatering system for ballast tanks located forward of the collision bulkhead and for bilges of dry
spaces any part of which extends forward of the foremost cargo hold is to be designed to remove water
from the forward spaces at a rate not less than that determined from the following equation:Q = 320A m3/hrQ = 0 . 908A gpm
whereA = cross-sectional area, in m2 (in2), of the largest air pipe or ventilator pipe connected from the exposed deck

to a closed forward space that is required to be dewatered by these arrangements

11 Hold, Ballast, and Dry Space Water Ingress Alarms (1 July 2019)
Bulk carriers are to be provided with water level detectors as follows:

i) in each cargo hold, one when the water level above the inner bottom in any hold reaches a height
of 0.5 meter (20 inches) and another at a height not less than 15% of the depth of the cargo hold
but not more than 2 meters (79 inches). The water level detectors is to be fitted in the aft end of
the cargo holds. Audible and visual alarms are to be provided in the navigating bridge. The visual
alarms are to clearly indicate the two different water levels detected in each hold. For cargo holds
which are used for water ballast, an alarm overriding device may be installed.

ii) in any ballast tank forward of the collision bulkhead, giving an audible and visual alarm in the
navigating bridge when the liquid in the tank reaches a level not exceeding 10% of the tank
capacity. An alarm overriding device may be installed to be activated when the tank is in use.

iii) in any dry or void space other than a chain or cable locker, any part of which extends forward of
the foremost cargo hold, giving an audible and visual alarm in the navigating bridge at a water
level of 0.1 meter (4 inches) above the deck. Such alarms need not be provided in enclosed spaces
in which the volume does not exceed 0.1% of the ship’s maximum displacement volume.
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C H A P T E R  3
Vessels Intended to Carry Ore or Bulk Cargoes (150 meters (492 feet) or

more in Length)

A P P E N D I X  1
Fatigue Strength Assessment of Bulk Carriers

1 General

1.1 Note
This Appendix provides a designer oriented approach to fatigue strength assessment which may be used,
for certain structural details, in lieu of more elaborate methods such as spectral fatigue analysis. The term
assessment is used here to distinguish this approach from the more elaborate analysis.

The criteria in this Appendix are developed from various sources including the Palmgren-Miner linear
damage model, S-N curve methodologies, a long-term environment data of the North-Atlantic Ocean
(Walden's Data), etc., and assume workmanship of commercial marine quality acceptable to the Surveyor.
The capacity of structures to resist fatigue is given in terms of permissible stress range to allow designers
the maximum flexibility possible.

While this is a simplified approach, a good amount of effort is still required in applying these criteria to the
actual design. For this reason, a PC based software has been developed and is available to the clients.
Interested parties are kindly requested to contact the nearest ABS plan approval office for more
information.

1.3 Applicability
The criteria in this Appendix are specifically written for bulk carriers to which Part 5C, Chapter 3, is
applicable. For vessels intended to carry oil/bulk cargoes/ores, Appendix 5C-1-A1 is also applicable.

For ore carriers, the fatigue strength of critical structural details indicated in 5C-3-5/11 is to comply with
5C-3-A3/11.

1.5 Loadings
The criteria have been written for ordinary wave induced motions and loads. Other cyclic loadings, which
may result in significant levels of stress ranges over the expected lifetime of the vessel, are also to be
considered by the designer.

Where it is known that a vessel will be engaged in long-term service on a route with more severe
environment, the fatigue strength assessment criteria in this Appendix are to be modified accordingly.

PART 5C

ABS RULES FOR BUILDING AND CLASSING MARINE VESSELS • 2024 578



1.7 Effects of Corrosion
To account for the mean wastage throughout the service life, the total stress range calculated using the net
scantlings (i.e. deducting nominal design corrosion values, see 5C-3-2/3.1 TABLE 1) is modified by a
factor cf. See 5C-3-A1/9.1.1.

1.9 Format of the Criteria
The criteria in this Appendix are presented as a comparison of fatigue strength of the structure (capacity)
and fatigue inducing loads (demands) as represented by the respective stress ranges. In other words, the
permissible stress range is to be not less than the total stress range acting on the structure.

5C-3-A1/5 provides the basis to establish the permissible stress range for the combination of the fatigue
classification and typical structural joints of bulk carriers. 5C-3-A1/7 presents the procedures to be used to
establish the applied total stress range. 5C-3-A1/11 provides typical stress concentration factors (SCFs)
and guidelines for direct calculation of the required SCFs. 5C-3-A1/13 provides the guidance for
assessment of stress concentration factors and the selection of compatible S-N data where a fine mesh
finite element approach is used.

3 Connections to be Considered for the Fatigue Strength Assessment

3.1 General
These criteria have been developed to allow consideration of a broad variation of structural details and
arrangements so that most of the important structural details anywhere in the vessel can be subjected to an
explicit (numerical) fatigue assessment using these criteria. However, where justified by comparison with
details proven satisfactory under equal or more severe conditions, an explicit assessment can be exempted.

3.3 Guidance on Locations
As a general guidance for assessing fatigue strength for a bulk carrier, the following connections and
locations are to be considered:

3.3.1 Connections of Hold Frame
All typical end connections of hold frames to the upper and lower wing tanks in the ballast, heavy
cargo and general cargo holds, as illustrated for Class F2 item 2 in 5C-3-A1/3.3.6 TABLE 1.

3.3.2 Connections of Longitudinal Stiffeners to Transverse Web/Floor and to Transverse
Bulkhead

3.3.2(a) Two (2) to three (3) selected side longitudinals in the upper and lower wing tanks for the
midship region and also in the region between 0 . 15L and 0 . 25L from the FP
3.3.2(b) One (1) to two (2) stiffeners selected from each of the following groups:

● Deck longitudinals, bottom longitudinals, inner bottom longitudinals and longitudinals on the
slopinglongitudinal bulkheads.

● One longitudinal on the longitudinal bulkheads within 0 . 10D from the deck is to be included.

For these structural details, the fatigue assessment is to be first focused on the flange of the
longitudinal at the rounded toe welds of attached flat bar stiffeners and brackets, as illustrated for
Class F item 2) and Class F2 item 1) in 5C-3-A1/3.3.6 TABLE 1.

Then, the critical spots on the web plate cut-out, on the lower end of the stiffener as well as the
weld throat are also to be checked for the selected structural detail. For illustration see 5C-3-
A1/11.3.1 and 5C-3-A1/11.3.2(a), 5C-3-A1/11.3.2(b) and 5C-3-A1/11.3.2(c).

Where the longitudinal stiffener end bracket arrangements on two sides of a transverse web or
transverse bulkhead are different, both configurations are to be checked.
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3.3.3 End Connections of Transverse Bulkhead
Connections of transverse bulkhead plating (corrugated) to the stools or the sloping longitudinal
plates.

3.3.4 Shell, Bottom or Bulkhead Plating at Connections to the Sloping Longitudinal
Bulkhead Plating, Transverse Webs or Floors

3.3.4(a) One (1) to two (2) selected locations of side shell plating at connections of the sloping
bulkhead plating and hold frames, and near the summer LWL amidships and also between 0 . 15L
and 0 . 25L from the FP
3.3.4(b) One (1) to two (2) selected locations in way of bottom, inner bottom and also lower
strakes of the sloping longitudinal bulkhead of the lower wing tanks amidships, respectively.

For this structural detail, the value of fR, the total stress range as specified in 5C-3-A1/9.1, is to be
determined from fine mesh F.E.M. analyses for the combined load cases as specified for Zone B in
5C-3-A1/7.5.2.

3.3.5 End Bracket Connections for Transverses and Girders
One (1) to two (2) selected locations in the midship region for each type of bracket configuration

3.3.6 Other Regions and Locations
Other regions and locations, highly stressed by fluctuating loads, as identified from structural
analysis

TABLE 1
Fatigue Classification for Structural Details

Long-term
Distribution
Parameter

Permissible
Stress Range

Class
Designation Description γ kgf/mm2

B Parent materials, plates or shapes as-rolled or drawn, with no flame-
cut edges

0.7
0.8
0.9
1.0

92.2*
75.9
64.2
55.6

 

C 1) Parent material with automatic flame-cut edges 0.7
0.8
0.9
1.0

79.2
63.9
53.3
45.7

2) Full penetration seam welds or longitudinal fillet welds made by an
automatic submerged or open arc process, and with no stop-start
positions within the length

 

D 1) Full penetration butt welds made either manually or by an automatic
process other than submerged arc, from both sides, in downhand
position

0.7
0.8
0.9
1.0

59.9
47.3
38.9
45.72) Welds in C-2) with stop-start positions within the length
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Long-term
Distribution
Parameter

Permissible
Stress Range

Class
Designation Description γ kgf/mm2

E 1) Full penetration butt welds made by other processes than those
specified under D-1)

0.7
0.8
0.9
1.0

52.8
41.7
34.2
29.02) Full penetration butt welds made from both sides between plates of

unequal widths or thicknesses

 

 

3) welds of brackets and stiffeners to web plate of girders
 

 

*1) The permissible stress range cannot be taken greater than two times the specified minimum tensile strength
of the material.

2) To obtain the permissible stress range in SI and U.S. Units the conversion factors of 9.807 (N/mm2) and
1422 (lbf/in.2) can be used, respectively.

F 1) Full penetration butt welds made on a permanent backing strip 0.7
0.8
0.9
1.0

44.7
35.3
29.0
24.5

2) Rounded fillet welds as shown below
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Long-term
Distribution
Parameter

Permissible
Stress Range

Class
Designation Description γ kgf/mm2

3) Welds of brackets and stiffeners to flanges
 

 

4) Attachments on plate or face plate
 

 

F2 1) Fillet welds as shown below with rounded welds and no
undercutting

0.7
0.8
0.9
1.0

39.3
31.1
25.5
21.6
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Long-term
Distribution
Parameter

Permissible
Stress Range

Class
Designation Description γ kgf/mm2

2) Fillet welds with any undercutting at the corners dressed out by local grinding
 

 

G 1) Fillet welds in F2-1) without rounded toe welds or with limited
minor undercutting at corners or bracket toes

0.7
0.8
0.9
1.0

32.8
25.9
21.3
18.0

2) Fillet welds in F2-2) with minor undercutting

3) Doubler on face plate or flange
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Long-term
Distribution
Parameter

Permissible
Stress Range

Class
Designation Description γ kgf/mm2

W 1) Fillet welds in G-3) with any undercutting at the toes 0.7
0.8
0.9
1.0

28.3
22.3
18.4
15.5

2) Fillet welds-weld throat

 

 

5 Permissible Stress Range

5.1 Assumptions
The fatigue strength of a structural detail under the loads specified here in terms of a long term,
permissible stress range, is to be evaluated using the criteria contained in this section. The key assumptions
employed are listed below for guidance.

● A linear cumulative damage model (i.e. Palmgren-Miner's Rule) has been used in connection with the
S-N data in 5C-3-A1/5.7 FIGURE 1 (extracted from Ref. 1*).

● Cyclic stresses due to the loads in 5C-3-A1/7 have been used and the effects of mean stress have been
ignored.

● The target design life of the vessel is taken to be 20 years.

● The long-term stress ranges on a detail can be characterized using a modified Weibull probability
distribution parameter (γ).

● Structural details are classified and described in 5C-3-A1/3.3.6 TABLE 1.

● Simple nominal stress (e.g. determined by P/A and M/SM) is the basis of fatigue assessment rather
than more localized peak stress in way of weld.

The structural detail classification in 5C-3-A1/3.3.6 TABLE 1 is based on joint geometry and direction of
the dominant load. Where the loading or geometry is too complex for a simple classification, a finite
element analysis of the details is to be carried out to determine stress concentration factors.5C-3-A1/13
contains guidance on finite element analysis modeling to determine stress concentration factors for weld
toe locations that are typically found at longitudinal stiffener end connections.

* Ref 1: “Offshore Installations: Guidance on Design, Construction and Certification”, Department of
Energy, U.K., Fourth Edition-1990, London: HMSO
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5.3 Criteria
The permissible stress range obtained using the criteria in 5C-3-A1/5 is to be not less than the fatigue
inducing stress range obtained from 5C-3-A1/7.

5.5 Long Term Stress Distribution Parameter, γ
In 5C-3-A1/3.3.6 TABLE 1, the permissible stress range is given as a function of the long term distribution
parameter, γ, as defined below.γ = msγo
wherems = 1.05 for deck and bottom structures of vessels with a bowflare parameterAγ = 27 as defined

in 5C-3-3/11.3, and vessels with bottom slamming (draft at FP = 0 . 03L) as defined in
5C-3-3/11.1.

= 1.02 for deck and bottom structures of vessels with a bowflare parameterAγ = 24 and vessels
subject to bottom slamming (draft at FP = 0 . 035L)

= 1.0 for structures elsewhere, and all structures of vessels without bottom and bowflare
slamming (Aγ ≤ 21, draft at FP ≥ 0 . 04L)

For intermediate values of Aγ and draft at FP, ms may be obtained by linear interpolation. For Aγ > 27 and
draft at FP< 0 . 03L,ms is to be determined by direct calculationsγo = 1 . 40 – 0 . 2αL0 . 2 for 150 < L ≤ 305 m

= 1 . 54 – 0 . 245α0 . 8L0 . 2 for L > 305 mγo = 1 . 40 – 0 . 16αL0 . 2 for 492 < L ≤ 1001 ft

= 1 . 54 – 0 . 19α0 . 8L0 . 2 for L > 1001 ftα = 1.0 for deck structures, including side shell and longitudinal bulkhead structures within0 . 1D from the deck

= 0.93 for bottom structures, including inner bottom, and side shell and longitudinal bulkhead
structures within 0 . 1D from the bottom

= 0.86 for side shell and longitudinal bulkhead structures within the region of 0 . 25D upward
and 0 . 3D downward from the mid-depth

= 0.80 for hold frames and transverse bulkhead structuresα may be linearly interpolated for side shell and longitudinal bulkhead structures between 0 . 1D and0 . 25D (0 . 2D) from the deck (bottom).L and D are the ship's length and depth and as defined in 3-1-1/3.1 and 3-1-1/7.3, respectively.

5.7 Permissible Stress Range
5C-3-A1/3.3.6 TABLE 1 contains a listing of the permissible stress ranges for various categories of
structural details. The permissible stress range is determined for the combination of the types of
connections/details, the direction of dominant loading and the parameter, γ, as defined in 5C-3-A1/5.5.
Linear interpolation may be used to determine the values of permissible stress range for a value ofγ
between those given.
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For vessels designed for a fatigue life in excess of the minimum design fatigue life of 20 years (see
5C-3-1/1.2), the permissible stress ranges (PS) calculated above are to be modified by the following
equation:PS[Yr] = C(20/Yr)1/mPS
wherePS[Yr] = permissible stress ranges for the design fatigue life for the YrYr = target value of “design fatigue life” set by the applicant in five (5) year incrementsm = 3 for Class D through W of S-N curve, 3.5 for Class C or 4 for Class B curvesC = correction factor related to target design fatigue life considering the two-segment S-N curves (see 5C-3-

A1/5.7 TABLE 1A).

TABLE 1A
Coefficient, C

Long-term Stress
Distribution Parameter, γ Target Design Fatigue

Life, years, Yr S-N Curve Classes

B C D through W

0.7 20 1.000 1.000 1.000

30 1.004 1.006 1.011

40 1.007 1.012 1.020

50 1.010 1.016 1.028

0.8 20 1.000 1.000 1.000

30 1.005 1.008 1.014

40 1.009 1.015 1.025

50 1.013 1.021 1.035

0.9 20 1.000 1.000 1.000

30 1.006 1.010 1.016

40 1.012 1.019 1.030

50 1.017 1.026 1.042

1.0 20 1.000 1.000 1.000

30 1.008 1.012 1.019

40 1.015 1.022 1.035

50 1.020 1.031 1.049

Note:
Linear interpolations may be used to determine the values of C where Yr = 25, 35 and 45

Part 5C Specific Vessel Types
Chapter 3 Vessels Intended to Carry Ore or Bulk Cargoes (150 meters (492 feet) or more in

Length)
Appendix 1 Fatigue Strength Assessment of Bulk Carriers 5C-3-A1

ABS RULES FOR BUILDING AND CLASSING MARINE VESSELS • 2024 586



FIGURE 1
Basic Design S-N Curves
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Note:
(For 5C-3-A1/5.7 FIGURE 1)

a Basic design S-N curves
S-N curves represent the relationship between the applied stress range (SB) and the number of cycles (N) to
failure under the stress range. The basic design curves consist of bi-linear relationships between log(SB) and
log(N). They are based upon a statistical analysis of appropriate experimental data and may be taken to represent
two standard deviations below the mean line.
The first segment of the S-N curve is for N ≤ 107 and is of the form:log N = log K2 −m   log SB
wherelog(K2) = log(K1) – 2σN is the predicted number of cycles to failure under stress range SB;K1 is a constant relating to the mean S-N curve;σ is the standard deviation of log N;m is the inverse slope of the S-N curve.K2 is a constant relating to the first segment of the S-N curve.

The second segment of the S-N curve is for N ≤ 107 and is of the form:log(N) = log(K3) – (m+ 2)log(SB)  
wherelog(K3) = log(K2) + 2log(fq)  K3 is a constant relating to the second segment of the S-N curve;fq is the stress range at the intersection of the two segments of the S-N curve.
The relevant values of these terms are shown in the table below.
The S-N curves have a change of inverse slope from m to m+ 2 at N = 107 cycles.

Details of basic S-N curves

Class K1 σ m K2 fq (N/mm2) K3
B 2.343 × 1015 0.1821 4.0 1.013 × 1015 100.321 1.019 × 1019

C 1.082 × 1014 0.2041 3.5 4.227 × 1013 78.190 2.584 × 1017

D 3.988 × 1012 0.2095 3.0 1.520 × 1012 53.364 4.328 × 1015

E 3.289 × 1012 0.2509 3.0 1.036 × 1012 46.963 2.284 × 1015

F 1.726 × 1012 0.2183 3.0 0.632 × 1012 39.824 1.002 × 1015

F2 1.231 × 1012 0.2279 3.0 0.431 × 1012 35.061 0.530 × 1015

G 0.566 × 1012 0.1793 3.0 0.248 × 1012 29.157 0.211 × 1015

W 0.368 × 1012 0.1846 3.0 0.157 × 1012 25.054 0.987 × 1014

7 Fatigue Inducing Loads

7.1 General
This section provides: 1) the criteria to define the individual load components considered to cause fatigue
damage (see 5C-3-A1/7.3); 2) the load combination cases to be considered for different regions of the hull
containing the structural detail being evaluated (see 5C-3-A1/7.5) and 3) procedures to idealize the
structural components to obtain the total stress range acting on the structure.
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7.3 Wave-induced Loads
The fatigue-inducing load components to be considered are those induced by the seaway. They are divided
into the following three groups:

● Hull girder wave-induced moments (vertical, horizontal and torsional), see 3-2-1/3.5 and 5C-3-3/5.

● External hydrodynamic pressures, and

● Internal cargo/liquid loads (including inertial loads and added static head due to ship's motion), see
5C-3-3/5.5 and 5C-3-3/5.7.

7.5 Fatigue Assessment Zones and Controlling Load Combination
Depending on the location of the structural details undergoing the fatigue assessment, different
combinations of load cases are to be used to find the appropriate stress range as indicated below for
indicated respective zones.

7.5.1 Zone A
Zone A consists of deck and bottom structures; side shell and longitudinal bulkhead structures,
including the upper and lower wing tanks, within 0 . 1D (D is ship's molded depth) from deck and
bottom, respectively. For Zone A, stresses are to be calculated based on the wave induced loads
specified in 5C-3-3/TABLE 1 as follows.

7.5.1(a) Calculate dynamic component of stresses for load cases LC1 through LC4, respectively.

7.5.1(b) Calculate two sets of stress ranges, one each for the following two pairs of combined
loading cases.

LC1 and LC2, and

LC3 and LC4

7.5.1(c) Use the greater of the stress ranges obtained by 5C-3-A1/7.5.1(b).

7.5.2 Zone B
Zone B consists of side shell and all longitudinal bulkhead structures within the region between0 . 25D upward and 0 . 30D downward from the mid-depth, hold frames and transverse bulkhead
structures. The total stress ranges for Zone B may be calculated based on the wave-induced loads
specified in 5C-3-3/TABLE 1 as follows:

7.5.2(a) Calculate dynamic component of stresses for load cases LC5 through LC10, respectively.

7.5.2(b) Calculate three sets of stress ranges, one each for the following three pairs of combined
loading cases.

LC5 and LC6,

LC7 and LC8, and

LC9 and LC10

However, for inner bottom, sloping bulkhead, inner skin and side shell of holds other than the
ballast hold, the stress range of LC9 and LC10 may be neglected.

7.5.2(c) Use the greater of the stress ranges obtained by 5C-3-A1/7.5.2(b).

Part 5C Specific Vessel Types
Chapter 3 Vessels Intended to Carry Ore or Bulk Cargoes (150 meters (492 feet) or more in

Length)
Appendix 1 Fatigue Strength Assessment of Bulk Carriers 5C-3-A1

ABS RULES FOR BUILDING AND CLASSING MARINE VESSELS • 2024 589



7.5.3 Transitional Zone
The transitional zone between Zone A and Zone B consists of side shell and all longitudinal
bulkhead structures between 0 . 1D and 0 . 25D (0 . 2D) from deck (bottom).

fR = fR(B) – [fR(B) – fR(A)]   yu/0 . 15D for upper transitional zonefR = fR(B) – [fR(B) – fR(A)]yℓ/0 . 1D for lower transitional zone

wherefR(A), fR(B) = the total stress ranges based on the combined load cases defined for Zone A or Zone
B respectivelyyu, yℓ = vertical distances from 0 . 25D (0 . 3D) upward (downward) from the mid-depth to
the location considered

7.5.4 Vessels with Either Special Loading Patterns or Special Structural Configuration
For vessels with either special loading patterns or special structural configurations/features
additional load cases may be required for determining the stress range.

7.7 Primary Stress fd1fd1v and fd1ℎ may be calculated by a simple beam approach. For assessing fatigue strength of side shell
and longitudinal bulkhead plating at welded connections, the value of wave-induced primary stress is to be
taken as that of maximum principal stresses at the location considered to account for the combined load
effects of the direct stresses and shear stresses. For calculating the value of fd1v for longitudinal deck
members normal camber may be disregarded.

For Panamax class and other bulk carriers of length not greater than 230 meters, the primary stress rangefR1 may be calculated based on 85% of the wave induced moments induced in 5C-3-3/5.3.

7.9 Secondary Stress fd2
When a 3D structural analysis is not available, the secondary bending stress ranges may be obtained from
an analytic calculation or experimental data with appropriate boundary conditions. Otherwise, the
secondary bending stresses may be calculated using the approximate equations given below.

7.9.1 Double Bottom
The secondary longitudinal bending stress ranges in double bottom panels may be obtained from
the following equation:fd2i = k1bk2bk3bpeb2ri/(iLiT)1/2 N/cm2(kgf/cm2, lbf/in2)
wherefd2i = secondary longitudinal bending stress range in the structural member “i” at the intersection with

the transverse bulkhead, N/cm2 (kgf/cm2, lbf/in2)k1b = 0.075 for bottom or inner bottom plating

= 0.068 for face plates, flanges and web platesk2b = coefficients depending on apparent aspect ratio “ρb”

= as given in 5C-3-A1/7 TABLE 2 for ρb ≥ 1
= ρb2kb′ where kb′ = as given in 5C-3-A1/7 TABLE 3 for ρb < 1
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ρb = (ℓ/b)(iT/iL)1/4k3b = coefficients given in 5C-3-A1/7 TABLE 4 depending on the number of longitudinal girders in the
double bottom and location of the longitudinal member consideredρe = effective average lateral pressure range on the double bottom panel for the load case considered,
as specified in 5C-3-A1/7.3, in N/cm2 (kgf/cm2, lbf/in2)b = width of the double bottom panel (see also 5C-3-A1/7 FIGURE 2), in cm (in.)ℓ = length of the cargo hold being considered (see 5C-3-A1/7 FIGURE 2), in cm (in.)iL, iT = unit moments of inertia of the double bottom panel in the longitudinal and transverse directions,
respectively, in cm3 (in3)iL = IL/SLiT = IT/STIL, IT = moments of inertia of equally spaced girders and floors, respectively, including the effective width
of plating and stiffeners attached to the effective plating, in cm4 (in4)SL, ST = spacing of bottom girders and floors, respectively, in cm (in.)ri = distance between the horizontal neutral axis of the double bottom cross section and the location of
the structural element being considered (bending lever arm -see 5C-3-A1/7 FIGURE 2), in cm
(in.)

7.9.2 Double Sides
For double side's structural members, the secondary longitudinal bending stress range at the
intersection with the transverse bulkhead may be obtained from the following equation.fd2i = k1sk2sk3speℎ2ri/(iLiV)1/2   N/cm2(kgf/cm2, lbf/in2)
wherefd2i = secondary longitudinal bending stress in the structural element “i”k1s = 0.075 for shell or inner skin plating

= 0.068 for face plates, flanges, and web platesk2s = coefficients depending on apparent aspect ratio “ρ”

= as given in 5C-3-A1/7 TABLE 5 for ρs ≥ 1
= ρs2ks′ where ks′ = as given in 5C-3-A1/7 TABLE 6 for ρs < 1ρs = (ℓ1/ℎ)(iV/iL)1/4k3s = coefficients given in 5C-3-A1/7 TABLE 7 depending on the number of side stringers in the double

sidepe = effective lateral pressure range, which is the maximum pressure (pressure range) on the double
side for the load case being considered, as specified in 5C-3-A1/7.3, in N/cm2(kgf/cm2, lbf/in2)ℎ = height of the double side panel between upper and lower wing tanks (see also 5C-3-A1/7 FIGURE
2), in cm (in.)ℓ1 = length of the cargo hold being considered (see 5C-3-A1/7 FIGURE 2), in cm (in.)iL, iV = unit moments of inertia of the double side panel in the longitudinal and vertical directions,
respectively, in cm3 (in3)

Part 5C Specific Vessel Types
Chapter 3 Vessels Intended to Carry Ore or Bulk Cargoes (150 meters (492 feet) or more in

Length)
Appendix 1 Fatigue Strength Assessment of Bulk Carriers 5C-3-A1

ABS RULES FOR BUILDING AND CLASSING MARINE VESSELS • 2024 591



iL = IL/SLiV = IV/SVIL, IV = moments of inertia of equally spaced longitudinal stringers and web frames, respectively,
including the effective width of plating and stiffeners attached to the effective plating, in cm4 (in4)SL, SV = spacing of longitudinal stringers and web frames, respectively, in cm (in.)ri = distance between the vertical neutral axis of the double side cross section and the structural
member in question (bending lever arm - see 5C-3-A1/7 FIGURE 2, in cm (in.)

7.9.3
For those connections specified in 5C-3-A1/3.3.2, the wave-induced secondary bending stress fd2
may be ignored.

7.11 Additional Secondary Stresses fd2*  and Tertiary Stresses fd3
7.11.1 Calculation of fd2*

Where required, the additional secondary stresses acting at the flange of a longitudinal stiffener,fd2* , maybe approximated byfd2* = CtCyM/SM   N/cm2(kgf/cm2, lbf/in2)
whereM = Cdpsℓ2/12 N-cm (kgf-cm, lbf-in.), at the supported ends of longitudinal

Where flat bar stiffeners or brackets are fitted, the bending moment, M, given above, may be
adjusted to the location of the brackets toe, i.e., Mx in 5C-3-4/7 FIGURE 4.

Where a longitudinal has remarkably different support stiffness at its two ends (e.g. a longitudinal
connected to a transverse bulkhead on one end), considerations are to be given to the increase of
bending moment at the joint.Cd = 1.15 for longitudinal stiffener connections at the transverse bulkhead for side

longitudinals, deck longitudinals, and longitudinals on longitudinal bulkheads.

= 1.0 elsewherep = wave induced local net pressure range, in N/cm2 (kgf/cm2, lbf/in2), for the specified location and load
cases at the mid-span of the longitudinal considereds = spacing of longitudinals/stiffeners, in cm (in.)ℓ = unsupported span of longitudinal/stiffener, in cm (in.), as shown in 5C-3-4/7 FIGURE 3SM = net section modulus of longitudinal with the associated effective plating, in cm3 (in3), at flange or
point considered. The effective breadth, be, in cm (in.), may be determined as shown in 5C-3-4/7
FIGURE 4.Cy = 0 . 656(d/z)4 for side shell longitudinals only where z/d ≥ 0 . 9, but Cy ≥ 0 . 30

= 1.0 elsewherez = distance above keel of side shell longitudinal under considerationd = scantling draft, m (ft)
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Ct = correction factor for the combined bending and torsional stress induced by lateral loads at the welded
connection of the flat bar stiffener or bracket to the flange of longitudinal as shown in 5C-3-4/7
FIGURE 3.

= 1 . 0 + ar for unsymmetrical sections, fabricated or rolled

= 1.0 for tee and flat barsar = CnCpSM/KCp = 31 . 2dw(e/ℓ)2e = horizontal distance between web centerline and the shear center of the cross section, including
longitudinal and the effective plating

= dwbf2tfu/(2SM) cm(in.)K = St. Venant torsion constant for the longitudinal’s cross section, excluding the associated plating.

= [bftf3+ dwtw3 ]/3 cm4(in4)Cn = coefficient given in 5C-3-A1/7 FIGURE 3, as a function of ψ, for point (1) shown in 5C-3-A2/5.5
FIGURE 1.u = 1− 2b1/bfψ = 0 . 31ℓ(K/Γ)1/2Γ = warping constant

= mIyfdw2 + dw3 tw3 /36 cm6 (in6)Iyf = tfbf3(1 . 0 + 3 . 0u2Aw/As)/12 cm4 (in4)Aw = dwtw cm2(in2)As = net sectional area of the longitudinals, excluding the associated plating, in cm2(in2)m = 1 . 0− u(0 . 7− 0 . 1dw/bf)dw, tw, b1, bf, tf all in cm (in.), are as defined in 5C-3-A2/5.5 FIGURE 1. For general applications,ar needs not to be taken greater than 0.65 for a fabricated angle bar and 0.50 for a rolled section.

For connection as specified in 5C-3-A1/3.3.4, the wave-induced additional secondary stress fd2*
may be ignored.

7.11.2 Calculation of fd3
For welded joints of a stiffened plate panel, fd3, may be determined based on the wave-induced
local loads as specified in 5C-3-A1/7.11.1 above, using the approximate equations given below.
For direct calculation, non-linear effect and membrane stresses in the plate may be considered.

For plating subjected to lateral load, fd3 in the longitudinal direction is determined as:fd3 = 0 . 182p(s/tn)2     N/cm2(kgf/cm2, lbf/in2)
where
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p = wave-induced local net pressure range, in N/cm2 (kgf/cm2, lbf/in2)s = spacing of longitudinal stiffeners, in mm (in.)tn = net thickness of plate, in mm (in.)

7.13 Calculation of Stress Range for Hold Frame
For the fatigue strength assessment, the stress range acting at the flange of a hold frame may be obtained
from the following equation:fR = cfcwKs |fR2* |   N/cm2(kgf/cm2, lbf/in2)
the value of fR2*  may be approximated byfR2* = CtM/SM+ F/A   N/cm2(kgf/cm2, lbf/in2)
whereM = psℓ2/12         N-cm (kgf-cm, lbf-in.), at the supported ends of the hold frameF = 10(0 . 5 + 2ℓH/be)Bspb,         N (kgf, lbf)

At the locations [1] in 5C-3-A1/7 FIGURE 4, the bending moment, M, given above, may be adjusted to the
location of the bracket toe, i.e. Mx in 5C-3-4/7 FIGURE 4, but not less than 65% of M. At locations [2] and
[3] in 5C-3-A1/7 FIGURE 4, the bending moment, M, given above, may be used without modification.

Ks = stress concentration factor= 1.0 for location [1]= 2.0 for locations [2] and [3] unless otherwise determined from FEM analysis based on 5C-3-A1/13p = total range of the net fluctuating local loads of hold frame, N/cm2 (kgf/cm2, lbf/in2), for the specified load
cases, (LC5 and LC6) and (LC7 and LC8). For hold frames in ballast holds, the local loads are also to be
investigated for the load cases (LC9 and LC10). The local loads are to be taken as an average value of those
calculated at the lower and upper end of the span.pb = total range of the net fluctuating loads of double bottom, N/cm2 (kgf/cm2, lbf/in2), for the corresponding load
cases as mentioned above. The local loads are to be taken at B/4 off the centerline of the hull girder transverse
sections = spacing of hold frames, in cm (in.)ℓ = unsupported span of the hold frame, as shown in 5C-3-A1/7 FIGURE 4, in cm (in.)ℓH = length of the cargo hold, in m (ft)be = breadth of the double bottom structure, in m (ft).
For vessels having lower wing tanks with sloping tops, making an angle of about 45 degrees with horizontal,
the breadth may be measured between the midpoints of the sloping platingB = breadth of the vessel, in m (ft), as defined in 3-1-1/5
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SM = section modulus of the hold frame with the associated effective plating, at the flange or point considered, cm3

(in3). The effective breadth, be, may bedetermined as shown in 5C-3-4/7 FIGURE 4, in cm (in.). For the
fatigue assessment at locations [2] and [3] in 5C-3-A1/7 FIGURE 4, SM is to be taken at the lower and upper
supported ends of the hold frame, respectively. Where the bracket is fitted with the face plate or flange sniped
at both ends, such face plate or flange is not to be included in the calculation of the section modulus.A = net sectional area of the frame and the associated plating (stn), in cm2 (in2)cf, cw and Ct are as defined in 5C-3-A1/9.1.1 and 5C-3-A1/7.11.1 above.

TABLE 2
Coefficient k2b for double bottom panels when ρb ≥ 1 . 0

    ρb Bulk Carriers with Double Sides or Two Long.
Bulkheads

Bulk Carriers with Single Sides and no long.
Bulkheads

1.0 0.57 0.69

1.2 0.61 0.82

1.4 0.62 0.91

1.6 0.63 0.96

1.8 0.63 0.99

2.0 0.63 1.01

2.2 0.63 1.03

2.5 & up 0.63 1.04

TABLE 3
Coefficient kb′ for double bottom panels when ρb ≤ 1 . 0

1/ρb Bulk Carriers with Double Sides or Two Long.
Bulkheads

Bulk Carriers with Single Sides and no long.
Bulkheads

1.0 0.57 0.69

1.2 0.70 0.79

1.4 0.80 0.86

1.6 0.86 0.90

1.8 0.89 0.92

2.0 0.91 0.93

2.2 & up 0.92 0.92
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TABLE 4
Coefficient k3b for double bottom panels

Distance of the longitudinal member in
question from the middle of panel's width Number of equally spaced* long. girders in the panel

 None 1 2 3 4 5 & up

0 1.0 1.15 0.9 1.05 0.98 1.00 . 1b 0.95 1.0  0.9 0.9 0.95b/6   0.9    0 . 25b 0.75 0.75 0.75 0.75 0.75 0.750 . 45b 0.30 0.25 0.35 0.30 0.33 0.300 . 50b 0 0 0 0 0 0

Notes:

1 Girders are considered to be equally spaced if adjacent spacings differ by less than 15%.

2 For locations other than those given in Column 1,k3b is to be obtained by linear interpolation.
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FIGURE 2
Dimensions of Double-bottom, Double Side

Type I when one or more longitudinal girders are fitted in double-skin structure
Type II when no longitudinal girders are fitted in double-skin structure

 

 

TABLE 5
Coefficient k2s for double side panels when ρs ≥ 1 . 0

ρs k2s
1.0 0.31

1.2 0.39

1.4 0.41

1.6 0.43

1.8 0.44
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ρs k2s
2.0 0.45

2.2 & up 0.45

TABLE 6
Coefficient ks′ for double side panels when ρs ≤ 1 . 0

1/ρs ks′
1.0 0.31

1.2 0.34

1.4 0.35

1.6 0.39

1.8 0.40

2.0 0.40

2.2 & up 0.40

TABLE 7
Coefficient k3s for double side panels

Distance of the longitudinal member under consideration from the
middle of panel's width Number of side stringers

 None 1 2 3 & up

0 1.0 1.15 0.9 1.00 . 1ℎ 0.95 1.0 - 0.95ℎ/6 - - 0.9 -0 . 25ℎ 0.75 0.75 0.75 0.750 . 45ℎ 0.30 0.25 0.35 0.300 . 50ℎ 0 0 0 0

Note: * For locations other than those given is column 1, k3s is to be obtained by linear interpolation.
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FIGURE 3 Cn = Cn(ψ)
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FIGURE 4 
Hold Frame

9 Resulting Total Stress Ranges

9.1 Definitions
9.1.1

The total stress range, fR, is computed as the sum of the two stress ranges as follows:fR = cf(fRG+ fRL)     N/cm2(kgf/cm2, lbf/in2)
wherefRG = global dynamic stress range in N/cm2 (kgf/cm2, lbf/in2)= |(fd1vi – fd1vj) + (fd1ℎi− fd1ℎj)|

Part 5C Specific Vessel Types
Chapter 3 Vessels Intended to Carry Ore or Bulk Cargoes (150 meters (492 feet) or more in

Length)
Appendix 1 Fatigue Strength Assessment of Bulk Carriers 5C-3-A1

ABS RULES FOR BUILDING AND CLASSING MARINE VESSELS • 2024 600



fRL = local dynamic stress range in N/cm2 (kgf/cm2, lbf/in2)= cw | (fd2i+ fd2i* + fd3i)− (fd2j+ fd2j* + fd3j)|cf = adjustment factor to reflect a mean wasted condition= 0.95cw = coefficient for the weighted effects of the two paired loading patterns= 0.75fd1vi, fd1vj = wave-induced component of the primary stresses produced by hull girder
vertical bending in, N/cm2 (kgf/cm2, lbf/in2), for load case i and j of the
selected pairs of combined load cases, respectivelyfd1ℎi, fd1ℎj = wave-induced component of the primary stresses produced by hull girder
horizontal bending in, N/cm2 (kgf/cm2, lbf/in2), for load case i and j of the
selected pairs of combined load cases, respectivelyfd2i, fd2j = wave-induced component of the secondary bending stresses produced by the
bending of cross-stiffened panels between transverse bulkheads, in N/cm2

(kgf/cm2, lbf/in2), for load case i and j of the selected pairs of combined load
cases, respectivelyfd2i* , fd2i* = wave-induced component of the additional secondary stresses produced by
the local bending of the longitudinal stiffener between supporting structures
(e.g., transverse bulkheads and web frames), in N/cm2 (kgf/cm2, lbf/in2), for
load case i and j of the selected pairs of combined load cases, respectivelyfd3i, fd3j = wave-induced component of the tertiary stresses produced by the local
bending of plate elements between the longitudinal stiffeners, in N/cm2

(kgf/cm2, lbf/in2), for load case i and j of the selected pairs of combined load
cases, respectively

For calculating the wave induced stresses, the sign convention is to be observed for the respective
directions of wave-induced loads as specified in 5C-3-3/TABLE 1. The wave-induced local loads
are to be calculated with the sign convention for the external and internal loads; however, the total
of the external and internal pressures, including both static and dynamic components, need not be
taken less than zero.

These wave-induced stresses are to be determined based on the net ship scantlings (see 5C-3-
A1/1.7) and in accordance with 5C-3-A1/7.5 through 5C-3-A1/7.11. The results of direct
calculation where carried out may also be considered.

11 Determination of Stress Concentration Factors (SCFs)

11.1 General
This section contains information on stress concentration factors (SCFs) to be considered in the fatigue
assessment.

Where, for a particular example shown, no specific value of SCF is given when one is called for, it
indicates that a finite element analysis is needed. When the fine mesh finite element approach is used,
additional information on calculations of stress concentration factors and the selection of compatible S-N
data is given in 5C-3-A1/13.
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11.3 Sample Stress Concentration Factors (SCFs)
11.3.1 Cut-outs (Slots) for Longitudinals

SCFs, fatigue classifications and peak stress ranges may be determined in accordance with 5C-3-
A1/11.3.1 TABLE 8 and 5C-3-A1/11.3.1 FIGURE 5.

TABLE 8Ks (SCF) Values

 Ks (SCF)

Configuration Unsymmetrical Flange Symmetrical Flange

Location [1] [2] [3] [1] [2] [3]

Single-sided Support 2.0 2.1 - 1.8 1.9 -

Single-sided Support with F.B. Stiffener 1.9 2.0 - 1.7 1.8 -

Double-sided Support 2.4 2.6 1.9 2.4 2.4 1.8

Double-sided Support with F.B. Stiffener 2.3 2.5 1.8 2.3 2.3 1.7

Notes:

a The value of Ks is given based on nominal shear stresses near the locations under consideration.

b Fatigue classification

Locations [1] and [2]: Class C or B as indicated in 5C-3-A1/Table 1

Location [3]: Class F

c The peak stress range is to be obtained from the following equations:

1) For locations [1] and [2]fRi = cf Ksifsi+ fni
wherecf = 0.95fsi = fsc+ αifswi,   fsi ≥ fscαi = 1.8 for single-sided support

= 1.0 for double-sided supportfni = normal stress range in the web platefswi = shear stress range in the web plate

= Fi/AwFi is the calculated web shear force range at the location considered. Aw is the area of web.fsc = shear stress range in the support (lug or collar plate)

= CyP/(Ac+ As)Cy is as defined in 5C-3-A1/7.11.1.P = sℓpo
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po = fluctuating lateral pressureAc = sectional area of the support or of both supports for double-sided supportAs = sectional area of the flat bar stiffener, if anyKsi = SCFs given aboves = spacing of longitudinal/stiffenerℓ = spacing of transverses

2) For location [3]

fR3 = cf fn32 + Ksfs2 2 1/2
wherecf = 0.95fn3 = normal stress range at location [3]fs2 = shear stress range as defined in 1 above near location [3].Ks = SCFs given above
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FIGURE 5 
Cut-outs (Slots) For Longitudinals

11.3.2 Flat Bar Stiffeners for Longitudinals
11.3.2(a) For assessing fatigue life of a flat bar stiffener at location [1] or [2] as shown in 5C-3-
A1/11.3.2(c) FIGURE 6, the peak stress range is to be obtained from the following equations:fRi = [(αifs)2+ fL2]1/2 i = 1   or   2
where
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fs = nominal stress range in the flat bar stiffener.= cfCyP/(As+ Ac)P,As,Ac, cf are as defined in 5C-3-A1/11.3.1 and Cy in 5C-3-A1/7.11.1. For flat bar stiffener with
soft-toed brackets, the brackets may be included in the calculation of As.fLi = stress range in the longitudinal at Location i (i= 1 or 2), as specified in 5C-3-A1/9αi = stress concentration factor at Location i (i= 1 or 2) accounting for misalignment and local distortion.

At location [1]

For flat bar stiffener without bracketsα1 = 1.50 for double-sided support connection= 2.00 for single-sided support connection

For flat bar stiffener with bracketsα1 = 1.00 for double-sided support connection= 1.25 for single-sided support connection

At location [2]

For flat bar stiffener without bracketsα2 = 1.25 for single or double-sided support connection

For flat bar stiffener with bracketsα2 = 1.00 for single or double-sided support connection

11.3.2(b) For assessing the fatigue life of the weld throat as shown in 5C-3-A1/3.3.6 TABLE 1,
Class W, the peak stress range fR at the weld may be obtained from the following equation:fR = 1 . 25fsAs/Asw
whereAsw = sectional area of the weld throat. Brackets may be included in the calculation of Asw.

fs and As are as defined in 5C-3-A1/11.3.2(a).

11.3.2(c) For assessing fatigue life of the longitudinal, the fatigue classification given in 5C-3-
A1/3.3.6 TABLE 1 for a longitudinal as the only load carrying member is to be considered.
Alternatively, the fatigue classification shown in the 5C-3-A1/11.3.2(c) FIGURE 6 in conjunction
with the combined stress effects, fR, may be used. In calculation of fR, the αi may be taken as
1.25 for both locations [1] and [2].
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FIGURE 6 
Fatigue Classification for Longitudinals in way of Flat Bar Stiffener

11.3.3 Welded Connection with Two or More Load Carrying Members
For brackets connecting two or more load carrying members an appropriate stress concentration
factor (SCF) determined from fine mesh 3D or 2D finite element analysis is to be used. In this
connection, the fatigue class at bracket toes may be upgraded to class E. Sample connections are
illustrated below with SCF.

11.3.3(a) Connection of Longitudinal and Stiffener. Fatigue class designation and SCF's may be
determined as shown in 5C-3-A1/11.3.3 FIGURE 7.

11.3.3(b) Connection Between Corrugated Transverse Bulkhead and Deck. Fatigue class
designation and SCF's may be determined as shown in 5C-3-A1/11.3.3 FIGURE 8.

11.3.3(c) Connection Between Corrugated Transverse Bulkhead and Inner Bottom with Respect to
Lateral Load on the Bulkhead. Fatigue class designation and SCF's may be determined as shown
in 5C-3-A1/11.3.3 FIGURE 9.

11.3.3(d) Connection Between Inner Bottom and Hopper Tank Slope. Fatigue class designation
and SCF's may be determined as shown in 5C-3-A1/11.3.3 FIGURE 10.

11.3.3(e) Hatch Corner. Fatigue class designation and SCF's may be determined as shown in
5C-3-A1/11.3.3 FIGURE 11.

11.3.3(f) Hold Frames. Fatigue class designation and SCF's may be determined as shown in 5C-3-
A1/11.3.3 FIGURE 12.

11.3.3(g) Doublers and Non-Load Carrying Members on Deck or Shell Plating. Fatigue class
designation and SCF's may be determined as shown in 5C-3-A1/11.3.3 FIGURE 13.
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FIGURE 7 
Connection of Longitudinal and Stiffener
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FIGURE 8 
Connection Between Corrugated Transverse Bulkhead and Deck
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FIGURE 9 
Connection between Corrugated Transverse Bulkhead and Inner Bottom

with Respect to Lateral Load on the Bulkhead

FIGURE 10 
Connection between Inner Bottom and Hopper Tank Slope
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FIGURE 11 
Hatch Corner
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FIGURE 12 
Hold Frames
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FIGURE 13 
Doublers and Non-load Carrying Members on Deck or Shell Plating

13 Stress Concentration Factors Determined From Finite Element
Analysis

13.1 Introduction
S-N data and stress concentration factors (SCFs) are related to each other and therefore should be
considered together so that there is a consistent basis for the fatigue assessment.

The following guidance is intended to help make right decisions.

13.3 S-N Data
S-N data are presented as a series of straight-lines plotted on log-log scale. The data reflect the results of
numerous tests which often display considerable scatter. The recommended design curves for different
types of structural details and welded connections recognize the scatter in test results in that the design
curves have been based on the selection of the lower bound, 95% confidence limit. In other words about
2.5% of the test failure results fall below this curve. Treating the design curve in this manner introduces a
high, yet reasonable degree of conservatism in the design and fatigue evaluation processes.

Individual S-N curves are presented to reflect certain generic structural geometries or arrangements. 5C-3-
A1/3.3.6 TABLE 1 and 5C-3-A1/11.3 contain sketches of typical found weld connections and other details
in ship structure, giving a list of the S-N classification. This information is needed to assess the fatigue
strength of a detail. Also needed is a consistent way to establish the demands or load effects placed on the
detail so that a compatible assessment can be made of the available strength versus the demand. Here is
where interpretation and judgment enter the fatigue assessment.

S-N curves are obtained from laboratory sample testing. The applied reference stress on the sample which
is used to establish the S-N data is referred to as the nominal stress. The nominal stress is established in a
simple manner, such as force divided by area and bending moment divided by section modulus (P/A &M/SM). The structural properties used to establish the nominal stress are taken from locations away from
any discontinuities to exclude local stress concentration effects arising from the presence of a weld or other
local discontinuity. In an actual structure it is rare that a match will be found between the tested sample
geometry and loadings. One is then faced with the problem of making the appropriate interpretation.

13.5 S-N Data and SCFs
Selection of appropriate S-N data are straightforward with respect to “standard details” offered in 5C-3-
A1/3.3.6 TABLE 1 or other similar reference. However, in the case of welded connections in complex
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structures, it is required that SCFs be used to modify the nominal stress range. An example of the need to
modify nominal stress for fatigue assessment purposes is shown in 5C-3-A1/13.5 FIGURE 14 below,
relating to a hole drilled in the middle of a flat plate traversed by a butt weld.

In this example the nominal stress SN is P/Area, but the stress to be used to assess the fatigue strength at
point A is SA or SN · SCF. This example is deceptively simple because it does not tell the entire story. The
deficiency of the example is that one needs to have a definitive and consistent basis to obtain the SCF.
There are reference books, which indicate that based on the theory of elasticity the SCF to be applied in this
case is 3.0. However, when the SCF is computed using the finite element analysis techniques, the SCF
obtained can be quite variable depending on the mesh size. The example does not indicate which S-N
curve is to be applied, nor does the example show how the selection of the design S-N data could be
affected by the mentioned finite element analysis issues. Therefore, if such interpretation questions exist
for a simple example, the higher difficulty of appropriately treating more complex structures should be
evident.

Referring to the S-N curves to be applied to welded connections (for example S-N curves D-W in 5C-3-
A1/5.7 FIGURE 1) the SCFs resulting from the presence of the weld itself are already accounted for in
these curves. If one were to have the correct stress distribution in the region -from the weld to a location
sufficiently away from the weld toe (where the stress is suitably established by the nominal stress obtained
from P/A and M/SM - the stress distribution may be generically separated into three distinct segments as
shown in the 5C-3-A1/13.5 FIGURE 15 below.

● Region III is a segment where the stress gradient is controlled by the nominal stress gradient.

● Region II is a segment where the nominal stress gradient is being modified due to the presence of
other structure such as the bracket end shown in the figure. This must be accounted for to obtain an
appropriate stress to be used in the fatigue analysis at the weld toe.

● Region I is a segment where the stress gradient is being modified due to the presence of the weld metal
itself. The stress concentration due to the weld is already accounted for in the S-N design curve and
need not be discussed further. Since the typical way to determine the stress distribution is via planar/
linear elements, which ignore the weld, this is consistent with the method of analysis.

This general description of the stress distribution is again inconclusive because one does not know in
advance and with certainty the distances from the weld toe where the indicated changes of slope for the
stress gradient occur. For this reason, definite rules need to be established to determine the slopes, then
criteria can be established and used to find the stress at the weld toe which is to be used in the fatigue
assessment.

In this regard two approaches can be used to find the stress at the weld toe, which reflect two methods of
structural idealization. One of these arises from the use of a conventional beam element idealization of the
structure including the end bracket connection, and the other arises from the use of a fine mesh finite
element idealization.

Using a beam element idealization, the nominal stress at any location (i.e. P/A and M/SM) can be
obtained. (See 5C-3-4/7 FIGURE 4 for a sample beam element model).

In the beam element idealization, there are questions as to whether or not the geometric stress
concentration due to the presence of other structure is adequately accounted for; this is the “Segment II”
stress gradient previously described. In the beam modeling approach shown in the figure, the influence on
stresses arising from the “carry over” of forces and bending moments from adjacent structural elements has
been approximately accounted for. At the same time, the strengthening effect of the brackets has been
ignored. Hence for engineering purposes, this approach is considered to be sufficient in conjunction with
the nominal stress obtained at the location of interest and the nominal S-N curve, i.e. the F or F2 Class S-N
data, as appropriate.
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In the fine mesh finite element analysis approach one needs to define the element size to be used. This is
an area of uncertainty because the calculated stress distribution can be unduly affected by both the
employed mesh size and the uniformity of the mesh adjacent to the weld toe. Therefore, it is necessary to
establish “rules” as given below to be followed in the producing of the fine mesh model adjacent to the
weld toe. Further, since the area adjacent to the weld toe (or other discontinuity of interest) may be
experiencing a large and rapid change of stress (i.e., a high stress gradient), it is also necessary to provide a
rule which can be used to establish the stress at the location where the fatigue assessment is to be made.

5C-3-A1/13.5 FIGURE 16 shows an acceptable method which can be used to extract and interpret the
“near weld toe” element stresses and to obtain a (linearly) extrapolated stress at the weld toe. When plate
or shell elements are used in the modeling, it is recommended that each element size is to be equal to the
plate thickness. When stresses are obtained in this manner, the use of the E Class S-N data is considered to
be acceptable.

Weld hot spot stress can be determined from linear extrapolation of surface component stresses at t/2 and
3t/2 from weld toe. The principal stresses at hot spot are then calculated based on the extrapolated stresses
and used for fatigue evaluation. Description of the numerical procedure is given in 5C-3-A1/13.7 below.

FIGURE 14 

FIGURE 15 
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FIGURE 16 

13.7 Calculation of Hot Spot Stress for Fatigue Analysis of Ship Structures
The algorithm described in the following is applicable to obtain the hot spot stress for the point at the toe
of a weld. The weld connects either a flat bar member or a bracket typically to the flange of a longitudinal
stiffener as shown in 5C-3-A1/13.7.4 FIGURE 17.

Consider the four points, P1 to P4, measured by the distances X1 to X4 from the weld toe, designated as the
origin of the coordinate system. These points are the centroids of four neighboring finite elements the first
of which is adjacent to the weld toe. Assuming that the applicable surface component stresses, Si, at Pi
have been determined from FEM analysis, the corresponding stresses at “hot spot”, i.e., the stress at the
weld toe, can be determined by the following procedure:

13.7.1
Select two points, L and R, such that points Land R are situated at distances t/2 and 3t/2 from
the weld toe; i.e.,XL = t/2,   XR = 3t/2
where t denotes the thickness of the member to which elements 1 to 4 belong (e.g., the flange of a
longitudinal stiffener).

13.7.2
Let X = XL and compute the values of four coefficients as follows:C1 = [(X − X2)(X − X3)(X − X4)]/[(X1− X2)(X1− X3)(X1− X4)]C2 = [(X − X1)(X − X3)(X − X4)]/[(X2− X1)(X2− X3)(X2− X4)]C3 = [(X − X1)(X − X2)(X − X4)]/[(X3− X1)(X3− X2)(X3− X4)]C4 = [(X − X1)(X − X2)(X − X3)]/[(X4− X1)(X4− X2)(X4− X3)]
The corresponding stress at Point L can be obtained by interpolation as:SL = C1S1+ C2S2+ C3S3+ C4S4
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13.7.3
Let X = XR and repeat Step in 5C-3-A1/13.7.2 to determine four new coefficients, the stress at
Point R can be interpolated likewise, i.e.,SR = C1S1+ C2S2+ C3S3+ C4S4

13.7.4
The corresponding stress at hot spot, S0, is given byS0 = (3SL – SR)/2
Footnotes:

The algorithm presented in the foregoing involves two types of operations. The first is to utilize
the stress values at the centroid of the four elements considered to obtain estimates of stress at
Points L and R by way of an interpolation algorithm known as Lagrange interpolation. The second
operation is to make use of the stress estimates SL and SR to obtain the hot spot stress via linear
extrapolation.

While the Lagrange interpolation is applicable to any order of polynomial, it is not advisable to go
beyond the 3rd order (cubic). Also, the even order polynomials are biased; so that leaves the choice
between a linear scheme and a cubic scheme. Therefore, the cubic interpolation, as described in
5C-3-A1/13.7.2, is to be used. It can be observed that the coefficients, C1 to C4 are all cubic
polynomials. It is also evident that, when X = Xj, which is not equal to Xi, all of the C's vanish
except Ci; and if X = Xi, Ci = 1.

FIGURE 17 
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C H A P T E R  3
Vessels Intended to Carry Ore or Bulk Cargoes (150 meters (492 feet) or

more in Length)

A P P E N D I X  2
Calculation of Critical Buckling Stresses

1 General
The critical buckling stresses for various structural elements and members may be determined in
accordance with this Appendix or other recognized design practices. Critical buckling stresses derived
from experimental data or analytical studies may be considered, provided well documented supporting data
are submitted for review.

3 Rectangular Plates
The critical buckling stresses for rectangular plate elements, such as plate panels between stiffeners; web
plates of longitudinals, girders, floors and transverses; flanges and face plates, may be obtained from the
following equations with respect to uniaxial compression, bending and edge shear, respectively.fci = fEi for fEi ≤ Prfyifci = fyi[1 – Pr(1− Pr)fyi/fEi] for fEi > Prfyi
wherefci = critical buckling stress with respect to uniaxial compression, bending or edge shear, separately, N/cm2 (kgf/

cm2, lbf/in2)fEi = Ki[π2E/12(1 – ν2)](tn/s)2, N/cm2(kgf/cm2, lbf/in2)Ki = buckling coefficient as given in 5C-3-A2/3 TABLE 1E = modulus of elasticity of the material, may be taken as 2.06 ×107N/cm2 (2.1 ×106 kgf/cm2, 30 ×106 lbf/in2) for
steelν = Poisson's ratio, may be taken as 0.3 for steeltn = net thickness of the plate, in cm (in.)s = spacing of longitudinals/stiffeners, in cm (in.)Pr = proportional linear elastic limit of the structure, may be taken as 0.6 for steelfyi = fy , for uniaxial compression and bending
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= fy/ 3 , for edge shearfy = specified minimum yield point of the material, in N/cm2 (kgf/cm2, lbf/in2)

TABLE 1
Buckling Coefficient, Ki

For Critical Buckling Stress Corresponding tofL, fT, fb or fLT
I. Plate panel between stiffeners Ki
A Uniaxial compression
1. Long plateℓ ≥ s a. For f′L, = fL:

b. For f′L, = fL/3:
(see note)

4C1 ,5 . 8C1 ,
 

 

2. Wide plateℓ ≥ s
 

a. For f′T, = fT:
b. For f′T, = fT/3:
(see note)

[1 + (s/ℓ)2]2C21 . 45[1 + (s/ℓ)2]2C2
 

 

B Ideal Bending
1. Long plateℓ ≥ s  24C1
 

2. Wide plateℓ ≥ s a. For 1 . 0 ≤ ℓ/s ≤ 2 . 0:
b. For 2 . 0 < ℓ/s: 24(s/ℓ)2C212(s/ℓ)C2

 

C Edge Shear Ki[5 . 34 + 4(s/ℓ)2]C1
D Values of C1 and C2  

1. For plate panels between angles or tee stiffenersC1 = 1 . 1C2 = 1 . 3 within the double bottom or double side*C2 = 1 . 2 elsewhere

2. For plate panels between flat bars or bulb platesC1 = 1 . 0C2 = 1 . 2 within the double bottom or double side*C2 = 1 . 1 elsewhere
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* applicable where shorter edges of a panel are supported by rigid structural members, such as bottom, inner bottom, side
shell, inner skin bulkhead, double bottom floor/girder and double side web stringer.

 

II. Web of Longitudinal or Stiffener Ki
A Axial compression
Same as I.A.1 by replacing s with depth of the web and ℓ with unsupported span
a. For f′L= fL:
b. For f′L= fL/2:
(see note)

 4C5 . 2C
whereC = 1 . 0 for angle or tee stiffenersC = 0 . 33 for bulb platesC = 0 . 11 for flat bars

 

B Ideal Bending
Same as I.B.1 by replacing s with depth of the web and ℓ with unsupported span

 24C
III. Flange and Face Plate Ki
Axial Compression 0.44

 

 s = b2ℓ = unsupported span

Note: In I.A. (II.A), Ki for intermediate values of f′L/fL(f′T/fT) may be obtained by interpolation between a and b.

5 Longitudinals, Stiffeners, Hold Frames and Unit Corrugation for
Transverse Bulkhead

5.1 Axial Compression
The critical buckling stress, fca, of a beam-column, i.e. the longitudinal and the associated effective
plating, with respect to axial compression may be obtained from the following equations:fca = fE for fE ≤ Prfyfca = fy[1 – Pr(1 – Pr)fy/fE], for fE > Prfy
wherefE = π2E/(ℓ/r)2, N/cm2(kgf/cm2, lbf/in2)ℓ = unsupported span of the longitudinal or stiffener, in cm (in.), as defined in 5C-3-4/7 FIGURE 3r = radius of gyration of area Ae, in cm (in.)
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Ae = As+ bwLtnAs = net sectional area of the longitudinals or stiffeners excluding the associated plating, cm2 (in2)bwL = effective width of the plating, as given in 5C-3-5/5.3.2, in cm (in.)tn = net thickness of the plating, in cm (in.)fy = minimum specified yield point of the longitudinal or stiffener under consideration, N/cm2 (kgf/cm2, lbf/in2)Pr and E are as defined in 5C-3-A2/3

5.3 Torsional/Flexural Buckling
The critical torsional/flexural buckling stress with respect to axial compression of a longitudinal, including
its associated plating (effective width, bwL) may be obtained from the following equations:

fct = fET for fET ≤ Prfyfct = fy[1 – Pr(1 – Pr)fy/fET] for fET ≥ Prfy
wherefct = critical torsional/flexural buckling stress with respect to axial compression, N/cm2 (kgf/cm2, lbf/in2)fET = E[K/2 . 6 + (nπ/ℓ)2Γ + CO(ℓ/nπ)2/E]/Io[1 + Co(ℓ/nπ)2/IofcL] , N/cm2 (kgf/cm2, lbf/in2)K = St. Venant torsion constant for the longitudinal's cross section, excluding the associated plating.

= 1/3 bftf3+ dwtw3Io = polar moment of inertia of the longitudinal, excluding the associated plating, about the toe (intersection
of web and plating), in cm4 (in4)

= Ix+mIy+ As xo2+ yo2Ix, Iy = moment of inertia of the longitudinal about the x-and y-axis, respectively, through the centroid of the
longitudinal excluding the plating (x-axis perpendicular to the web), in cm4 (in4)m = 1 . 0 – u(0 . 7 – 0 . 1dw/bf)u = unsymmetry factor

= 1 – 2b1/bfxo = horizontal distance between centroid of stiffenerAs and centerline of the web plate, cm (in.)yo = vertical distance between the centroid of the longitudinal's cross section and its toe, cm (in)dw = depth of the web, cm (in.)tw = net thickness of the web, cm (in.)bf = total width of the flange/face plate, cm (in.)b1 = smaller outstanding dimension of flange with respect to centerline of web (see 5C-3-A2/5.5 FIGURE 1),
cm (in.)tf = net thickness of the flange/face plate, cm (in.)Co = Etn3/3sΓ = warping constant
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≅ mIyfdw2 + dw3 + tw3 /36Iyf = tfbf3 1 . 0 + 3 . 0u2dwtw/bftf /12 , cm4 (in4)fcL = critical buckling stress for the associated plating corresponding to n half waves, N/cm2 (kgf/cm2, lbf/in2)

= π2E(n/α+ α/n)2(tn/s)2/12(1 – ν2)α = ℓ/sn = number of half-wave which yield a smallest fET
= 1 for fixed end beamfy = minimum specified yield point of the longitudinal or stiffener under consideration, N/cm2 (kgf/cm2,

lbf/in2)Pr,E, s and v are as defined in 5C-3-A2/3.As, tn and ℓ are as defined in 5C-3-A2/5.1.

5.5 Buckling Criteria for Unit Corrugation of Transverse Bulkhead
The critical buckling stress, which is also the ultimate bending stress, fcb, for a unit corrugation may be
determined from the following equation (See 5C-3-5/5.11.2):fcb = fEc for fEc ≤ Prfyfcb = [1 – Pr(1 – Pr)fy/fEc]fy for fEc > Prfy
wherefEc = kcE(t/a)2kc = 0 . 091[7 . 65 – 0 . 26(c/a)2]2c and a are widths of the web and flange panels respectively, in cm2 (in2)t = net thickness of the flange panel, in cm (in.)Pr, fy and E are as defined in 5C-3-A2/3.

The maximum vertical bending moment, M, may be determined in accordance with 5C-3-4/25 at the lower
end of the corrugation.
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FIGURE 1
Net Dimensions and Properties of Stiffeners

7 Stiffened Panels

7.1 Large Stiffened Panels
For large stiffened panels between bulkheads or panels stiffened in one direction between transverses and
girders, the critical buckling stresses with respect to uniaxial compression may be determined from the
following equations:
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fci = fEi for fEi ≤ Prfyfci = fy[1 – Pr(1 – Pr)fy/fEi] for fEi > Prfy
wherefEi = kLπ2(DLDT)1/2/tLb2 in the longitudinal direction, N/cm2 (kgf/cm2, lbf/ in2)fEi = kTπ2(DLDT)1/2/tTℓ2 in the transverse direction, N/ cm2 (kgf/cm2, lbf/in2)kL = 4 for ℓ/b ≥ 1

= [1/ϕL2+ 2η+ ϕL2] for ℓ/b < 1kT = 4 for b/ℓ > 1
= [1/ϕT2 + 2η+ ϕT2] for b/ℓ < 1DL = EIL/sL(1 – ν2)DL = Etn3/12(1− v2) if no stiffener in the longitudinal directionDT = EIT/sT(1 – ν2)DT = Etn3/12(1− v2) if no stiffener in the transverse directionℓ, b = length and width between transverse and longitudinal bulkheads, respectively, cm(in.) (See 5C-3-A2/7.1

FIGURE 2.)tL, tT = net equivalent thickness of the plating and stiffener in the longitudinal and transverse direction,
respectively, cm(in.)

= (sLtn+ AsL)/sL   or   (sTtn+ AsT)/sTsL, sT = spacing of longitudinals and transverses respectively, cm(in.) (See 5C-3-A2/7.1 FIGURE 2.)ϕL = (ℓ/b)(DT/DL)1/4ϕT = (b/ℓ)(DL/DT)1/4η = [(IpLIpT)/(ILIT)]1/2AsL,AsT = net sectional area of the longitudinal and transverse, excluding the associated plating, respectively,
cm2(in2)IpL, IpT = net moment of inertia of the effective plating (effective breadth due to shear lag) alone about the neutral
axis of the combined cross section, including stiffener and plating, cm4(in4)IL, IT = net moment of inertia of the stiffener (one) with effective plating in the longitudinal or transverse
direction, respectively, cm4(in4). if no stiffener, the moment of inertia is calculated for the plating only.fy,Pr,E and ν are as defined in 5C-3-A2/3.tn is as defined in 5C-3-A2/5.1.

Except for deck panels, when the lateral load parameter, qo, defined below is greater than 5, reduction of
the critical buckling stresses given above is to be considered.qo = pnb4/(π4tTDT)
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qo = pnℓ4/(π4tLDL)
wherepn = average net lateral pressure N/cm2 (kgf/cm2, lbf/in2)DT, b, ℓ, tT and sT are as defined above.

In this regard the critical buckling stress may be approximated by:fci′ = Rofci N/cm2(kgf/cm2, lbf/in2)
whereRo = 1 – 0 . 045(qo – 5) for qo ≥ 5Ro is not to be taken less than 0.5.

For deck panels, Ro = 1 . 0 and fci′ = fci
FIGURE 2

7.3 Corrugated Transverse Bulkheads
For corrugated transverse bulkheads the critical buckling stresses with respect to uniaxial compression may
be calculated from the equations given in 5C-3-A2/7.1 above by replacing the subscripts “L” and “T” with
“V” and “H” for the vertical and horizontal directions, respectively, and with the following modifications.
The rigidities DV and DH are defined as follows:DV = EIv/sDH = [s/(a+ c)][Et3/12(1 – ν2)]
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whereIv = moment of inertia of a unit corrugation with spacing s, s = a+ ccosϕ
= t/4[csinϕ]2(a+ c/4 + csinϕ/12) , in cm4(in4)a, c = widths of the flange and web panels respectively, in cm (in.)t = net thickness of the corrugations, in cm (in.)E and ν are as defined in 5C-3-A2/3.ℓ = length of the corrugation, in cm (in.)sv, sH = sη, IpH,AsH = 0AsV = tcsinϕϕ is as defined in 5C-3-4/17 FIGURE 11.

9 Deep Girders, Webs and Stiffened Brackets

9.1 Critical Buckling Stresses of Web Plates and Large Brackets
The critical buckling stresses of web plates and large brackets between stiffeners may be obtained from the
equations given in 5C-3-A2/3 for uniaxial compression, bending and edge shear.

9.3 Effects of Cut-outs
The depth of cut-out, in general, is to be not greater than dw/3 and the stresses in the area calculated are to
account for the local increase due to the cut-out.

When cut-outs are present in the web plate the effects of the cut-outs on reduction of the critical buckling
stresses is to be considered as outlined below:

9.3.1 Reinforced by Stiffeners Around Boundaries of Cut-outs
When reinforcement is made by installing straight stiffeners along boundaries of the cut-outs, the
critical buckling stresses of web plate between stiffeners with respect to compression and shear
may be obtained from equations given in 5C-3-A2/3

9.3.2 Reinforced by Face Plates Around Contour of Cut-outs
When reinforcement is made by adding face plates along contour of the cut-out, the critical
buckling stresses with respect to compression, bending and shear may be obtained from equations
given in 5C-3-A2/3, without reduction, provided that the net sectional area of the face plate is not
less than 8tw2 , where tw is the net thickness of the web plate and that depth of cut-out is not greater
than dw/3, where dw is the depth of the web.

9.3.3 No Reinforcement Provided
When reinforcement is not provided, the buckling strength of the web plate surrounding the cut-
out may be treated as a strip of plate with one edge free and the other edge simply supported.
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9.5 Tripping
To prevent tripping of deep girders and webs with wide flanges, tripping brackets are to be installed with a
spacing generally not greater than 3 meters (9.84 ft) Design of tripping brackets may be based on the forceP acting on the flange as given by the following equation:P = 0 . 02fcℓ Af+ 13Aw

wherefcℓ = critical lateral buckling stress with respect to axial compression between tripping brackets, N/cm2 (kgf/cm2,
lbf/in2)fcℓ = fce , for fce ≤ Prfy

= fy[1− Pr(1 – Pr)   fy/fce] , for fce > Prfyfce = 0 . 6E[(bf/tf)(tw/dw)3] , N/cm2 (kgf/cm2, lbf/in2)Af = net cross sectional area of the flange/face plate in cm2(in2)Aw = net cross sectional area of the web in cm2(in2)bf, tf,dw, tw are as defined in 5C-3-A2/5.3.E,Pr andfy are as defined in 5C-3-A2/3.

11 Stiffness and Proportions
To fully develop the intended buckling strength of the assemblies of structural members and panels,
supporting elements of plate panels and longitudinals are to satisfy the following requirements for stiffness
and proportion in highly stressed regions.

11.1 Stiffness of Longitudinals
The net moment of inertia of the longitudinals, io, with effective breadth of net plating is to be not less than
that given by the following equation.

io = stn312(1− v2)γo     cm4(in4)
where
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γo = (2 . 6 + 4 . 0δ)α2+ 12 . 4α − 13 . 2α1/2δ = A/stnα = ℓ/ss = spacing of longitudinals, cm (in.)tn = net thickness of plating supported by the longitudinal, cm (in.)v = Poisson’s ratio

= 0.3 for steelA = net sectional area of the longitudinal (excluding plating), cm2(in2)ℓ = unsupported span of the longitudinal, cm(in.)

11.3 Stiffness of Web Stiffeners
The net moment of inertia i of the web stiffener, with the effective breadth of net plating not exceeding s or0 . 33ℓ, whichever is less, is not to be less than obtained from the following equations:i = 0 . 17ℓt3(ℓ/s)3 cm4(in4), for ℓ/s ≤ 2 . 0i = 0 . 34ℓt3(ℓ/s)2 cm4(in4), for ℓ/s > 2 . 0
whereℓ = length of stiffener between effective supports in cm (in.)t = required net thickness of web plating in cm (in.)s = spacing of stiffeners in cm (in.)

11.5 Stiffness of Supporting Members
The net moment of inertia of the supporting members such as transverses and webs is not to be less than
that obtained from the following equation:Is/io ≥ 0 . 2(Bs/ℓ)3(Bs/s)
whereIs = moment of inertia of the supporting member, including the effective plating, cm4(in4)io = moment of inertia of the longitudinals, including the effective plating, cm4(in4)Bs = unsupported span of the supporting member, cm (in.)ℓ and s are as defined in 5C-3-A2/11.1.

11.7 Proportions of Flanges and Face Plates
The breadth-thickness ratio of flanges and face plates of longitudinals and girders is to satisfy the limits
given below.b2/tf = 0 . 4(E/fy)1/2
where
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b2 = larger outstanding dimension of flange, as given in 5C-3-A2/5.5 FIGURE 1, cm (in.)tf = net thickness of flange/face plate, cm (in.)E andfy are as defined in 5C-3-A2/3.

11.9 Webs of Longitudinals and Stiffeners
Depth-thickness ratio of webs of longitudinals and stiffeners is to satisfy the limits given below:dw/tw ≤ 1 . 5(E/fy)1/2 for angles and tee barsdw/tw ≤ 0 . 85(E/fy)1/2 for bulb platesdw/tw ≤ 0 . 5(E/fy)1/2 for flat bars

where dw and tw are as defined in 5C-3-A2/5.3 and E and fy are as defined in 5C-3-A2/3

When these limits are complied with, the assumption on buckling control stated in 5C-3-5/5.1.2(e) is
considered satisfied. If not, the buckling strength of the web is to be further investigated as per 5C-3-A2/3
of this Appendix.
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C H A P T E R  3
Vessels Intended to Carry Ore or Bulk Cargoes (150 meters (492 feet) or

more in Length)

A P P E N D I X  3
The Design and Evaluation of Ore and Ore/Oil Carriers

1 General
This Appendix is intended to provide guidance for the design and evaluation of ore carriers and ore/oil
carriers, ranging in length from 150 to 350 meters, fitted with two complete longitudinal bulkheads which
divide the cross section into three holds of approximately equal breadth. The vessels may have a complete
or partial double bottom with a single bottom in the wing spaces and the double bottom space may be
designated for ballast, fuel oil or as voids. The ore cargo is to be carried only in the center holds with the
wing spaces used for ballast or cargo oil. The center holds may also be used for cargo oil or ballast. The
vessels are assumed to have large openings in the decks for hatchways.

The design criteria specified in Part 5C, Chapter 3 are generally applicable to this type of vessel with
modifications and additions as given in this appendix. The strength criteria as specified in Part 5C, Chapter
1, and Part 5C, Chapter 2 may be applied to the same type of vessel for carriage of oil cargoes.

3 Nominal Design Corrosion Values
The nominal design corrosion values for an ore carrier may be taken the same as for a single hull tanker in
the wing tanks and as for a bulk carrier in the center hold. In ore/oil carriers where the wing spaces
alternate between ballast and cargo usage, the corrosion values for longitudinal scantlings are to be those
specified for ballast spaces while the nominal design corrosion values for transverse members may
correspond to the actual usage of the tank. Where two corrosion values are specified for one structural
item, as is the case for the longitudinal bulkheads, the larger value is to be adopted. The nominal design
corrosion value for double bottom voids may be 1.00 mm for transverse members.

5 Loading Patterns
Ten loading patterns given in 5C-3-A3/7 FIGURE 1 are to be used for determining local loads and
calculating structural responses for design and evaluation. These are applicable in conjunction with the ten
combined load cases specified in 5C-3-3/Table 1.

7 Strength Criteria
In general, initial scantlings for wing tank plating, stiffeners and main supporting structures may be
determined based on the requirements specified in Part 5C, Chapter 1 and Part 5C, Chapter 2. In way of
the center ore holds, the applicable sections of Section 5C-3-4 may be used. Certain structural members,
which may be alternately subject to dry and liquid cargo loading, such as the inner bottom and longitudinal
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and transverse bulkheads, are to be checked against both the Tanker and Bulk Carrier Rules to determine
the proper initial scantling.

Alternatively, the distribution of bending and shear in the main supporting structure for the determination
of initial scantlings may be obtained from a structural analysis with the loads specified in 5C-3-A3/5
above.

The required thickness of the longitudinal bulkheads for hull girder shear is to be determined in accordance
with 5C-1-4/5 with the distribution factors Ds and Di determined by direct calculation or by Appendix
5C-2-A1.
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FIGURE 1 
Loading Pattern of Ore/Oil Carrier
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9 Cargo Loading

9.1 General (1 July 2023)
Ore Carriers and Ore or Oil Carriers, as defined in 5C-3-1/1.5.2 and 5C-3-1/1.5.3, are to be specifically
designed to be tolerant of more onerous loading processes, including the capability of loading cargo with a
single pour in each hold. The typical loading/unloading sequence stages shall be developed paying due
attention to the loading/unloading rate, the ballasting/deballasting capacity and the applicable strength
limitations.

This Subsection defines the mandatory design parameters for such loading and provides the evaluation
procedure and technical requirements for these vessels.

In addition, vessels carrying ore cargoes with documented loading and/or unloading rates that comply with
the applicable requirements in the ABS Guide for Special Loading of Ore and Ore/Oil Carriers may be
assigned the optional notation LDCARE1 (Loading Care 1) or LDCARE2 (Loading Care 2).

9.1.1 Documentation
The designer/shipbuilder is to prepare and submit for approval typical loading and unloading
sequence stages. This includes the synchronizing deballasting and ore loading. The requirements
in Appendix 5C-3-A3 especially noting 3-2-A3/5.1.2 and the Annex thereto are to be utilized.

The approved loading manual is to include the following:

● Approved typical loading/unloading sequence stages.

● Cargo Loading Rate in MT/hour, which is the maximum cargo loading rate used in
calculations described in 5C-3-A3/9.5 and 5C-3-A3/9.13.

● Cargo Overshooting in Minutes, which is the maximum cargo overshooting time used in
calculations described in 5C-3-A3/9.5 and 5C-3-A3/9.13.

A copy of the approved loading manual is to be placed onboard the ship.

9.3 Evaluation Procedure
Compliance with the following is to be documented and demonstrated:

● Description of the target loading processes that are considered onerous for homogeneous, alternate or
other load conditions involving heavy density cargoes.

● Compliance with the allowable still water bending moment and shear force envelope curves through
the longitudinal strength calculations simulating each loading stage which includes load pouring,
loader shifting, de-ballasting and consumable loading.

● Compliance with the cargo mass curves as a function of draft through the hydrostatic calculations
simulating each loading stage which includes load pouring, loader shifting, de-ballasting and
consumable loading.

● Compliance with the FE-based strength criteria in the Marine Vessel Rules with explicit consideration
of cargo overshooting.

9.5 Target Loading Processes
Target loading processes consist of the initial ballast conditions, basic loading parameters and loading
sequences that are considered onerous to the hull structure. Target loading processes are to be defined for
alternate, block and homogeneous load conditions as applicable, involving heavy density cargoes. The
documentation of each target loading process is to be guided by 3-2-A3/5.1.2.

Part 5C Specific Vessel Types
Chapter 3 Vessels Intended to Carry Ore or Bulk Cargoes (150 meters (492 feet) or more in

Length)
Appendix 3 The Design and Evaluation of Ore and Ore/Oil Carriers 5C-3-A3

ABS RULES FOR BUILDING AND CLASSING MARINE VESSELS • 2024 632



The ballast condition at the beginning of a loading process may have adverse effects on the hull structure.
The ballast condition (arrival) from the Loading Manual is to be used in strength evaluations. In addition,
ballast conditions (arrival at terminal) carrying the minimum ballast water, which are used to reduce de-
ballasting time, shall be considered for strength evaluations. The details of such conditions are typically
defined by air draft limitation, propeller immersion requirement, longitudinal strength considerations and
stability requirements.

Each target loading process is to be documented with the following parameters as applicable:

● The hull structure is to be capable of one loading pour per cargo hold

● The design is to be capable of handling ore loading sequences for the one pour per cargo hold. The
design is also to be checked for multi-pour loading per cargo hold if multi-pour loading is to be used

● Ore loading rate

● Loader shifting time between the hold loading pours. In absence of any available data, the hull
structure is to be evaluated assuming that the loader shifting time over a distance of less than or equal
to four hatch holds is five (5) minutes and the loader shifting time over a distance of more than four
hatch openings is ten (10) minutes. The loading process will stop during the transition of the loader
while de-ballasting will continue.

● The requirements in Appendix 5C-3-A3 are applicable to vessels that are engaged in loading with a
single loader. If simultaneous loading with two or more loaders is to be used, this is to be documented
and will be the subject of special consideration.

● De-ballasting sequences.

● The de-ballasting pump capacity. The hull structure is to be evaluated assuming that 80% of the de-
ballasting pump capacity is attainable during de-ballasting.

● Consumable loading sequences.

● The average overshooting time for individual loading pours, excluding the last trim pours. The hull
structure is to be evaluated assuming that additional cargo intake occurs due to overshooting for an
individual cargo hold. Overshooting in other cargo holds is not assumed.

9.7 Compliance with Allowable Still-Water Loading Limits
For each target loading process, the resulting calculated still-water shear forces and bending moments
along the vessel length are to be within the allowable still-water limits after the completion of each event
sequence stage such as loading pour, de-ballasting of ballast tank, loader shifting and consumable loading.

Compliance with the allowable still-water bending moment and shear force limits is to be verified for each
target loading process with and without overshooting.

Prior to the completion of the target loading process, compliance is to be verified with the allowable in port
limits. The final loaded condition is to satisfy the allowable at sea limits.

9.9 Compliance with Allowable Mass Curves
For each target loading process, the mass of the contents in each cargo hold and double bottom space is to
be within the allowable mass versus draft curves after the completion of each loading sequence stage such
as loading pour, de-ballasting of ballast tank, loader shifting and consumable loading.

Compliance with the allowable mass versus draft curves is to be verified for each target loading process
without overshooting.

Prior to the completion of the target loading process, compliance is to be verified with the allowable mass
versus draft curves in port. The final loaded condition is to satisfy the allowable curves at sea.
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9.11 Intermediate Calculations
The documentation requirements of the previous paragraphs of this section cover the results for the start
and end of each loading sequence stage. Whenever the loading/unloading equipment moves to the next
location, it constitutes the end of that stage. Intermediate calculations confirming that the allowable values
of the still-water bending moment and shear forces and the mass curves are not exceeded during the pour
itself or during the movement of the loader while ballast operations may be continuing are to be performed
and submitted for review. Typical loading rates for ore terminals are about 9,000~10,000 MT/hour. As a
minimum, intermediate strength checks are to be carried out at the time interval of "10,000 MT of
loading", typically at about a 1 hour interval. If the loading rate is 20,000 MT/hour, the strength check is to
be checked at half hour intervals. The intermediate calculations are not required to be included in the
loading manual or placed onboard.

9.13 Total Strength Assessment against Cargo Overshooting
The hull structure loaded with extra cargo intake due to overshooting is to be evaluated using the global
finite element models for heavy or empty holds, as applicable. The applicable load cases are those with
heavy density cargo mass.

The following cargo mass definitions are used in this Section:MHD = maximum cargo mass allowed to be carried in a cargo hold according to design loading condition(s) with
specified holds empty, if applicable, at maximum draft, in MTΔM = overshoot cargo mass, in MT

 = loading rate x average overshooting time

9.15 Vessels Carrying Ore Cargoes with SH Notation
The global hull structure is to be verified using Load Case 5 and 6 in 5C-3-A3/7 FIGURE 1 with the
following modifications. For these load cases where the holds are originally loaded with MHD, the new
cargo mas sMHD+ ΔM is to be applied.

The engineering procedures and analysis criteria in Sections 5C-3-3 and 5C-3-5 (except 5C-3-5/5.13) are
to be compiled with.

9.17 Ballast System
The ballast system is to be in accordance with 4-6-4/7. The basic principle of providing a reliable means of
pumping and draining per 4-6-4/7.1.1 is to be demonstrated. Ballast pumps are to be certified in
accordance with 4-6-1/7.3.

9.19 Automatic Draft Reading Sensors and Automatic Level-Gauging System
Consideration may also be given to providing automatic draft reading sensors and automatic level gauging
systems. Where provided, functional descriptions and system diagrams are to be submitted for approval for
the automatic draft reading sensors and automatic level-gauging system for all ballast tanks linked to the
onboard loading computer, showing compliance with the following subsections. The interface of the draft
reading sensors and level-gauging system with the loading computer is to be demonstrated to the attending
Surveyor’s satisfaction.

9.19.1 Electrical and Mechanical Components
Electrical and mechanical components and their installation are to comply with Part 4, as
applicable.

9.19.2 Electrical Installations in Hazardous Areas
Electrical installations in hazardous areas are to comply with 4-8-4/27.
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9.19.3 Power Supply
Power supply is to be from the vessel's main power system. Consideration is to be given to the
possible results of loss of power. An uninterruptible power system (UPS) or supply from the
vessel’s emergency power system is to be provided, if considered necessary.

9.21 Cargoes That May Liquefy (1 July 2023)
Cargoes having a moisture content in excess of the transportable moisture limit as determined by the flag
Administration of the ship are only to be carried in specially constructed, or in specially fitted, cargo ships.
Specially constructed ore carriers and ore/oil carriers capable of carrying iron ore fines having moisture
content in excess of Transportable Moisture Limit (TML) that comply with the applicable requirements in
the ABS Guide for Special Loading of Ore and Ore/Oil Carriers may be assigned the optional notation
TML. The additional class notation TML provides both stability and hull strength requirements for the
application. The special arrangements and details of the stability conditions on which the design has been
based are to be approved by the flag Administration.

11 Rule-based Fatigue Strength Assessment

11.1 General
This section provides a designer oriented approach to fatigue strength assessment that may be used for
certain structural details in lieu of more elaborate method such as spectral-based fatigue analysis.

11.3 Design Load Cases for Fatigue Strength Assessment
To assess the critical details of the hull structures, the cumulative fatigue damage is to be calculated from
the vessel operating in full cargo and ballast loading conditions. For each loading condition, eight sea load
cases are to be analyzed to determine the stresses at critical details. These load cases are specified in 5C-3-
A3/Tables 1 and 2. The stress ranges to be used for the cumulative fatigue damage are to be calculated
from the following four pairs of load cases:

● Load Cases 1 and 2 for maximum vertical bending moment range

● Load Cases 3 and 4 for maximum local pressure range

● Load Cases 5 and 6 for maximum transverse acceleration range

● Load Cases 7 and 8 for maximum horizontal/torsional bending moment range.

The dominant load parameter for each dynamic sea load case corresponds to a probability of exceedance of
10-4, while the load combination factors for other load parameters represent phasing between all the load
parameters.

For vessels with either special loading patterns or special structural configurations/features, additional load
cases may be required for determining the stress range.

11.5 Criteria
The fatigue damage, Df, obtained using the criteria in 5C-3-A3/11.9, is to be not greater than 1.0.

TABLE 1
Standard Design Load Cases for Fatigue Strength Assessment

(Load Combination Factors for Full Cargo Loading Condition)
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L.C. 1 L.C. 2 L.C. 3 L.C. 4 L.C. 5 L.C. 6 L.C. 7 L.C. 8

A. HULL GIRDER LOADS (2)

Vertical
B.M.kc

Sag (–)
1.0

Hog (+)
1.0

Sag (–)
0.5

Hog (+)
0.5

Sag (–)
0.2

Hog (+)
0.2

Sag (–)
0.3

Hog (+)
0.3

Vertical S.F.kc (+)
0.5

(–)
0.5

(+)
1.0

(–)
1.0

(+)
0.2

(–)
0.2

(+)
0.3

(–)
0.3

Horizontal
B.M.kc 0.0 0.0 0.0 0.0

Stbd Tens
(–)
0.3

Port Tens
(+)
0.3

Stbd Tens
(–)
0.5

Port Tens
(+)
0.5

Horizontal
S.F.kc 0.0 0.0 0.0 0.0

(+)
1.0

(–)
1.0

(+)
0.5

(–)
0.5

Torsional
Mt.kc 0.0 0.0 0.0 0.0

(–)
0.6

(+)
0.6

(–)
1.0

(+)
1.0

B. EXTERNAL PRESSUREkc 0.5 0.5 1.0 1.0 1.0 1.0 1.0 1.0kf0 –1.0 1.0 –1.0 1.0 –1.0 1.0 –1.0 1.0

C. INTERNAL BULK CARGO PRESSUREkc 0.4 0.4 1.0 1.0 1.0 1.0 1.0 1.0cV 0.8 –0.8 0.8 –0.8 0.4 –0.4 0.7 –0.7cL Fwd Bhd
0.6

Fwd Bhd
–0.6

Fwd Bhd
0.6

Fwd Bhd
–0.6

— — Fwd Bhd
0.7

Fwd Bhd
–0.7

Aft Bhd
–0.6

Aft Bhd
0.6

Aft Bhd
–0.6

Aft Bhd
0.6

— — Aft Bhd
–0.7

Aft Bhd
0.7cT — — — — Port Wall

–0.9
Port Wall

0.9
Port Wall

–0.7
Port Wall

0.7

— — — — Stbd Wall
0.9

Stbd Wall
–0.9

Stbd Wall
0.7

Stbd Wall
–0.7cϕ , Pitch –1.0 1.0 –1.0 1.0 0.0 0.0 –0.7 0.7cθ , Roll 0.0 0.0 0.0 0.0 1.0 –1.0 0.7 –0.7

D. REFERENCE WAVE HEADING

Heading
Angle

0° head 0° head 90° beam 60° oblique
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Notes:

1 ku = 0.5 for all load components.

2 For all hull girder loads, 50% of wave hull girder load corresponding to a probability of exceedance of 10-4 is to
be used for structural analysis

3 Scantling draft for all load cases

4 Boundary forces are to be applied to produce the above specified hull girder bending moment at the middle of the
structural model, and specified hull girder shear force at one end of the middle hold of the model. The sign
convention for the shear force corresponds to the forward end of middle hold. The specified torsional moment is
to be produced at the aft bulkhead of the middle hold.

5 Still water bending moment (SWBM) specified in 5C-3-3/3.1 is to be used for structural analysis.

6 The maximum value of cargo specific gravity calculated as the maximum cargo weight divided by cargo volume
of each cargo is to be used for structural analysis

TABLE 2
Standard Design Load Cases for Fatigue Strength Assessment

(Load Combination Factors for Ballast Loading Condition)

L.C. 1 L.C. 2 L.C. 3 L.C. 4 L.C. 5 L.C. 6 L.C. 7 L.C. 8

A. HULL GIRDER LOADS (2)

Vertical B.M.kc Sag (–)
1.0

Hog (+)
1.0

Sag (–)
0.5

Hog (+)
0.5

Sag (–)
0.2

Hog (+)
0.2

Sag (–)
0.3

Hog (+)
0.3

Vertical S.F.kc (+)
0.5

(–)
0.5

(+)
1.0

(–)
1.0

(+)
0.2

(–)
0.2

(+)
0.3

(–)
0.3

Horizontal
B.M. (5)

kc 0.0 0.0 0.0 0.0

Stbd Tens
(–)

0.3αd
Port Tens

(+)
0.3αd

Stbd Tens
(–)

0.5αd
Port Tens

(+)
0.5αd

Horizontal S.F.kc 0.0 0.0 0.0 0.0
(+)
1.0

(–)
1.0

(+)
0.5

(–)
0.5

Torsional Mt.kc 0.0 0.0 0.0 0.0
(–)
0.6

(+)
0.6

(–)
1.0

(+)
1.0

B. EXTERNAL PRESSURE
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L.C. 1 L.C. 2 L.C. 3 L.C. 4 L.C. 5 L.C. 6 L.C. 7 L.C. 8kc 0.5 0.5 1.0 1.0 1.0 1.0 1.0 1.0kf0 –1.0 1.0 –1.0 1.0 –1.0 1.0 –1.0 1.0

C. INTERNAL BALLAST TANK PRESSUREkc 0.4 0.4 1.0 1.0 1.0 1.0 1.0 1.0wν 0.75 –0.75 0.75 –0.75 0.25 –0.25 0.4 –0.4wℓ Fwd Bhd
0.25

Fwd Bhd
–0.25

Fwd Bhd
0.25

Fwd Bhd
–0.25

— — Fwd Bhd
0.2

Fwd Bhd
–0.2

Aft Bhd
–0.25

Aft Bhd
0.25

Aft Bhd
–0.25

Aft Bhd
0.25

— — Aft Bhd
–0.2

Aft Bhd
0.2wt — — — — Port Wall

–0.75
Port Wall

0.75
Port Wall

–0.4
Port Wall

0.4

— — — — Stbd Wall
0.75

Stbd Wall
–0.75

Stbd Wall
0.4

Stbd Wall
–0.4cϕ , Pitch –1.0 1.0 –1.0 1.0 0.0 0.0 –0.7 0.7cθ , Roll 0.0 0.0 0.0 0.0 1.0 –1.0 0.7 –0.7

D. REFERENCE WAVE HEADING

Heading Angle 0° head 0° head 90° beam 60° oblique
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Notes:

1 ku = 0.5 for all load components.

2 For all hull girder loads, 50% of wave hull girder load corresponding to a probability of exceedance of 10-4 is to
be used for structural analysis

3 ballast draft for all load cases is a draft amidships in heavy ballast condition

4 Boundary forces are to be applied to produce the above specified hull girder bending moment at the middle of the
structural model, and specified hull girder shear force at one end of the middle hold of the model. The sign
convention for the shear force corresponds to the forward end of middle hold. The specified torsional moment is
to be produced at the aft bulkhead of the middle hold.

5 Still water bending moment (SWBM) specified in 5C-3-3/3.1 is to be used for structural analysis.

6 αd is obtained by the following equation:αd = db/df
wheredb = ballast draftdf = scantling draft

7 Ballast specific gravity of 1.005 N/cm2-m (0.1025 kgf/cm2-m, 0.4444 lbf/in2-ft) is to be used for structural
analysis.

11.7 Long Term Stress Distribution Parameter, γ
The long-term stress distribution parameter, γ, can be determined as below.γ = α 1 . 1− 0 . 35L − 100300
whereα = 1.0 for deck structures, including side shell and longitudinal bulkhead structures within

0.1D from the deck

= 1.05 for bottom structures, including inner bottom and side shell, and longitudinal
bulkhead structures within 0.1D from the bottom

= 1.1 for side shell and longitudinal bulkhead structures within the region of 0.25D
upward and 0.3D downward from the mid-depth

= 1.1 for transverse bulkhead structures
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α  may be linearly interpolated for side shell and longitudinal bulkhead structures between 0.1D and 0.25D (0.2D) from the deck (bottom).L  and D are the vessel’s length and depth, as defined in 3-1-1/3.1 and 3-1-1/7.3 respectively, in meters.

11.9 Fatigue Damage
The cumulative fatigue damage, Df, is to be taken asDf = Df1+ Df2
whereDf1 = fatigue damage cumulated under full load conditionDf2 = fatigue damage cumulated under ballast condition

The cumulative fatigue damage for loading condition i can be calculated asDfi = 16Dfi_12+ 16Dfi_34+ 13Dfi_56+ 13Dfi_78
where Dfi_12, Dfi_34, Dfi_56, and Dfi_78 are the fatigue damage accumulated due to load case pairs 1&2,
3&4, 5&6, and 7&8, respectively (see for load 5C-3-A3/Tables 1 and 2 case pairs).

Assuming the long term distribution of stress ranges follow the Weibull distribution, the fatigue damage
accumulated due to load pair jk in loading condition i:
Dfi_jk = αiNTK2 fRi_jkmlnNR m/γμi_jkΓ 1 + mγ
whereNT = number of cycles in the design life

= f0DL4logLf0 = 0.85, factor for net time at sea DL = design life in seconds, 6.31 × 108 for a design life of 20 yearsL = ship length, as defined in 3-1-1/3.1, in mm, K2 = S-N curve parameters as defined in 5C-3-A1/5.7 FIGURE 1αi = proportion of the ship’s life

= α1 = 0.5 for full load condition

= α2 = 0.5 for normal ballast conditionfRi_jk = stress range of load case pair jk at the representative probability level of 10-4, in N/mm2

as specified in 5C-3-A1/9.1.1

For the welded connections with thickness t greater than 22 mm, fRi_jk is to be adjusted
by a factor (t/22)0.25. The thickness correction is not applicable to the longitudinal
stiffeners which are of flat bars or bulb plates.

If it can be conclusively established that the detail under consideration is always subject
to a mean stress of σm, fRi_jk is to be adjusted by a factor ĸm 
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ĸm = 1.0 for σm > fRi_jk/2
= 0 . 85 + 0 . 3σm/fRi_jk for – fRi_jk/2 ≤ σm ≤ fRi_jk/2
= 0.7 for σm < − fRi_jk/2NR = 10000, number of cycles corresponding to the probability level of 10-4γ = long-term stress distribution parameter as defined in 5C-3-A3/11.7Γ = Complete Gamma functionμi_jk = 1− Γ0 1 + mγ , νi_jk − νi_jk−Δm/γΓ0 1 + m+ Δmγ , νi_jkΓ 1 + mγνi_jk = fqfRi_jk γ lnNRfq = stress range at the intersection of the two segments of the S-N curve as defined in 5C-3-

A1/5.7 FIGURE 1Δm = 2, slope change of the upper-lower segment of the S-N curve as defined in 5C-3-A3/7
FIGURE 1Γ0 = incomplete Gamma function, Legendre form

13 Critical Areas
Where Dynamic Loading Approach (SH-DLA) and Spectral Fatigue Analysis (SFA) are performed in
accordance with 5C-3-1/1.3.3, the following critical areas beyond 0.4L amidships are to be verified:

● Connections of longitudinal bulkhead and upper deck/platforms/inner bottom in way of collision
bulkhead

● Connections of inner bottom and collision bulkhead

● Connections of the intersection among platform, partial longitudinal bulkhead and forward bulkhead
of engine room

● End brackets of longitudinal bulkhead at inner bottom

● Other areas and high stress concentrations as identified from structural analysis and previous in-
service experience
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C H A P T E R  3
Vessels Intended to Carry Ore or Bulk Cargoes (150 meters (492 feet) or

more in Length)

A P P E N D I X  4
Load Cases for Structural Analysis with Respect to Slamming

1 Bowflare Slamming

1.1 Load Case - A:
First cargo hold filled; second cargo hold empty; ballast tanks in both holds and fore peak ballast tank
empty (see 5C-3-A4/1.9 FIGURE 1).

1.3 Load Case - B:
First cargo hold and ballast tanks in both holds empty; second cargo hold filled; fore peak ballast tank
filled (see 5C-3-A4/1.9 FIGURE 1).

1.5 Hull Girder Loads
Additional inertial load may be applied in conjunction with other local loads to yield the specified total
hull girder vertical shear force (VSF) at the aft transverse bulkhead of the first cargo hold of the fore-end
structural model.

Static VSF* kc = ± 0 . 5
Dynamic VSF kc = ± 1 . 0

*Maximum allowable still water VSF at aft transverse bulkhead section.

1.7 External Pressures
(including Pij as specified in 5C-3-3/11.3.1 and 5C-3-3/11.3.2, and 5C-3-3/5.5.4(a) for load case A, and
5C-3-3/11.3.1 and 5C-3-3/11.3.2, for load case B).Kc = +1.0Kfo = –1.0 sagging wave
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1.9 Internal Bulk and Ballast PressuresKc = +0.5 for bulk and ballastWv = +0.6Wℓ = Forward bulkhead +0.6, Aft bulkhead –0.6

Pitch = –0.5

Roll = 0.0

FIGURE 1 
Loading Patterns for Slamming Study
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1.11 Reference Wave Heading and Position
Heading Angle = 0 (head wave)

Heave = Down

Pitch = Bow down

Roll = 0

3 Bottom Slamming

3.1 Load Case - C:
First cargo hold empty; second cargo hold empty; ballast tanks in both holds filled; fore peak ballast tank
filled (see 5C-3-A4/1.9 FIGURE 1).

3.3 Hull Girder Loads
Additional inertial load may be applied in conjunction with other local loads to yield the specified total
hull girder vertical bending moment (VBM) at the aft transverse bulkhead of the first cargo hold of the
fore-end structural model.

Static VBM* kc = + 0 . 5
Dynamic VBM kc = + 0 . 3

* Maximum allowable still water VBM at aft transverse bulkhead section.

3.5 External Pressures
(including Psi as specified in 5C-3-3/11.1.1 and 5C-3-3/11.1.3).

Kc = +1.0kfo = +1.0 hogging wave

3.7 Internal Ballast Pressures (no bulk pressure)Kc = +1.0 for ballastWv = –0.4Wℓ = Forward bulkhead –0.2, Aft bulkhead +0.2

Pitch = +0.5

Roll = 0.0

3.9 Reference Wave Heading and Position
Heading angle = 0 (head wave)

Heave = Up

Pitch = Bow up

Roll = 0
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C H A P T E R  3
Vessels Intended to Carry Ore or Bulk Cargoes (150 meters (492 feet) or

more in Length)

A P P E N D I X  5 A
Longitudinal Strength of Bulk Carriers in Flooded Condition

1 General

1.1 Application
This Appendix is to be applied to bulk carriers with the following specifications:

i) Constructed on or after 1 July 2006, and

ii) Of 150 m in length and upwards ,intending to carry solid bulk cargoes having a density of 1.0 t/m3

or above, and

iii) With hull of:

a) Single skin construction, or

b) Double skin construction in which any part of longitudinal bulkhead is located withinB/5 or 11.5 m (38 ft), whichever is less, inboard from the ship’s side at right angle to the
centerline at the assigned summer load line.

1.3 Loading Conditions
Such vessels are to have their hull girder strength checked for specified flooded conditions, in each of the
cargo and ballast loading conditions defined in 3-2-1/3.3 and in every other condition considered in the
intact longitudinal strength calculations, including those in 3-2-A3/7.1.4 TABLE 1 and 3-2-A3/7.1.4
TABLE 2, except that harbor conditions, docking condition afloat, loading and unloading transitory
conditions in port and loading conditions encountered during ballast water exchange need not be
considered.

3 Flooding Conditions

3.1 Floodable Holds (1 July 2020)
Each cargo hold is to be considered individually flooded up to the equilibrium waterline. This is to be
applied to self-unloading bulk carriers (SUBC) where the unloading system maintains the watertightness
during seagoing operations. In SUBCs with unloading systems that do not maintain watertightness, the
longitudinal strength in the flooded conditions are to be considered using the extent to which the flooding
may occur.
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3.3 Loads
The still water loads in the flooded condition are to be calculated for the above cargo and ballast loading
conditions.

The wave loads in the flooded condition are assumed to be equal to 80% of those given in 3-2-1/3.5.

3.5 Flooding Criteria
To calculate the weight of flooded water, the following assumptions are to be made:

i) The permeability of empty cargo spaces and volume left in loaded cargo spaces above any cargo is
to be taken as 0.95.

ii) For the space below the top surface of bulk cargo in the loaded hold, appropriate permeabilities
and bulk cargo densities are to be used for any cargo carried. For iron ore, a permeability of 0.3
with a corresponding bulk density of 3.0 t/m3 (187 lb/ft3) is to be used. For cement, a permeability
of 0.3 with a corresponding bulk density of 1.3 t/m3 (81 lb/ft3) is to be used. In this respect,
"permeability" for bulk cargo means the ratio of the floodable volume between the particles,
granules or any larger piece of the bulk cargo, to the gross volume occupied by the bulk cargo.

For packed cargoes (such as steel mill products), permeability is to be based on the actual floodable
volume.

5 Strength Assessment

5.1 Stress Calculation
For strength evaluation, the hull structure is assumed to remain fully effective in resisting the applied
loading. The actual hull girder bending stress σbf, in kN/cm2 (tf/cm2, Ltf/in2), at any location is given by:σbf = (Mswf+ 0 . 8Mw)/SM
whereMswf = still water bending moment, in kN-m (tf-m, Ltf-ft), in the flooded conditions for the section under

considerationMW = wave bending moment, in kN-m (tf-m, Ltf-ft), as given in 3-2-1/3.5.2 for the section under considerationSM = gross hull girder section modulus, in cm2-m (in2-ft) for the section under consideration.

The shear strength of the side shell and the inner hull (i.e., longitudinal bulkhead for double side skin bulk
carriers) at any location of the vessel, is to be checked according to the requirements specified in 3-2-1/3.9
in which FSW and FW are to be replaced respectively by FSWF and FWF, where:

FSWF = still water shear force, in kN (tf, Ltf), in the flooded conditions for the section under consideration,
corrected as per 3-2-1/3.9.3FW = wave shear force, in kN (tf, Ltf), as given in 3-2-1/3.5.3 for the section under considerationFWF = 0 . 8FW

5.3 Strength Criteria
The calculated hull girder bending and shear stresses are not to exceed the values given below:

in bending: fbf = 17 . 5/Q kN/cm2 (1.784/Q tf/cm2, 11.33/Q Ltf/in2)

in shear: fsf = 11 . 0/Q kN/cm2 (1.122/Q tf/cm2, 7.122/Q Ltf/in2)
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where Q is as defined in 3-2-1/5.5.

5.5 Buckling Strength
The buckling strength is to be verified using the procedures given in 3-2-A4/1, 3-2-A4/3, 3-2-A4/5 and
3-2-A4/9.
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C H A P T E R  3
Vessels Intended to Carry Ore or Bulk Cargoes (150 meters (492 feet) or

more in Length)

A P P E N D I X  5 B
Bulk Carriers in Flooded Conditions - Corrugated Transverse Watertight

Bulkheads

1 Corrugated Transverse Watertight Bulkheads

1.1 Application
This Appendix applies to bulk carriers having vertically corrugated transverse watertight bulkheads
between two cargo holds and with the following specifications:

i) 150 m (492 ft) or more in length, and

ii) Constructed on or after 1 July 2006, and

iii) Intended to carry solid bulk cargoes having a density of 1.0 t/m3, (62.4 lb/ft3) or above, and

iv) With hull of:

a) Single Skin construction, or

b) Double Skin construction in which any part of longitudinal bulkhead is located within B/5
or 11.5 m (38 ft), whichever is less, inboard from the ship’s side at right angle to the
centerline at the assigned summer load line.

1.3 Definitions
1.3.1 Homogeneous Loading

In Appendix 5C-3-A5b, a homogeneous loading is a loading condition wherein cargo is loaded in
two adjacent holds and wherein the ratio between the higher and lower filling levels, after
correction for different cargo densities, does not exceed 1.20.

1.3.2 Non-homogeneous Loading
Any loading condition not fitting the description in 5C-3-A5b/1.3.1 is considered non-
homogeneous for the application of Appendix 5C-3-A5b, except that non-homogeneous partial
loading conditions associated with multi-port loading and unloading operations for initially
homogeneous loading conditions are excluded.
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1.5 Net Thickness and Nominal Design Corrosion Value
In calculating the scantlings for bulkhead and stool structures, the net thickness is to be used. The design
nominal corrosion value for these structures is to be taken as 3.5 mm (0.14 in.)

3 Load Model

3.1 General (1 July 2020)
The loads to be considered as acting on the bulkheads are those given by the combination of the cargo
loads with those induced by the flooding of one hold of single side skin construction and adjacent to the
bulkhead under examination. This is to be applied to self-unloading bulk carriers (SUBC) where the
unloading system maintains the watertightness during seagoing operations. In SUBCs with unloading
systems that do not maintain watertightness, the combination loads acting on the bulkheads in the flooded
conditions are to be considered using the extent to which the flooding may occur. The scantlings of each
bulkhead are to be checked using the design loading conditions included in the longitudinal strength
calculations and in the loading manual (see 3-2-1/7) and the most severe combinations of cargoes and
flooded water are to be used. Holds carrying packaged cargoes are to be considered as empty holds for the
application of Appendix 5C-3-A5b.

Vessels which are not designed to operate exclusively in non-homogenous conditions carrying heavy ore
cargoes [density greater than 1.78 t/m3 (111 lb/ft3)] are to have their bulkheads evaluated assuming the hold
is filled to the level of the deck at centerline with cargo at the nominal design density. The nominal design
density is defined as the maximum cargo mass in the hold divided by the hold volume.

3.3 Minimum Bulkhead Loading
For any bulkhead, the pressure due to the flooding water alone is to be considered as the minimum loading.

3.5 Flooding Head
The flooding head ℎf (see 5C-3-A5b/3.7 FIGURE 1) is the distance, in m (ft), measured vertically with the
ship in the upright position, from the point under consideration to a level located at a distance df, in m (ft),
from the baseline as given in the following table:

 df
DWT (tonnes)

Type of
Freeboard

After Bulkhead of Foremost Hold (1) All Other Bulkheadsρc ≥ 1 . 78 or
homo. cargo

ρc < 1 . 78 &
non-homo.

ρc ≥ 1 . 78 or
homo. cargo

ρc < 1 . 78 &
non-homo.

≥ 50,000 or B60, B100 D 0 . 95D 0 . 9D 0 . 85D
< 50,000 and B0 0 . 95D 0 . 9D 0 . 85D 0 . 8D
Note:

1 Applicable for either case of flooding No.1 cargo hold or No.2 cargo hold where D is the molded depth of the vessel, in m
(ft), defined in 3-1-1/7.1 (see 5C-3-A5b/3.7 FIGURE 1).

3.7 Cargo Pressure in the Intact Holds
At each point of the bulkhead, the pressure pc, in N/cm2 (kgf/cm2, lbf/in2), is given by:pc = k1 · ρc   ℎ1 · 1− sin   α1 + sin   α
The force Fc, in N (kgf, lbf), acting on a corrugation is given by:
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Fc = k2 · ρc   s1 · d1− ℎDB − ℎLS 22 · 1− sin   α1 + sin   α
wherek1 = conversion factor, to be taken as 0.981 (0.01, 1/144)ρc = bulk cargo density, in t/m3 (lb/ft3)d1 = vertical distance, in m (ft), from the baseline to a horizontal plane corresponding to the average height of the

cargo (see 5C-3-A5b/3.7 FIGURE 1)ℎ1 = vertical distance, in m (ft), from the calculation point to horizontal plane corresponding to the average height
of the cargo (see 5C-3-A5b/3.7 FIGURE 1)α = angle of repose of the cargo, in degrees, that may generally be taken as 35° for iron ore and 25° for cementk2 = conversion factor, to be taken as 98.1 (10, 1/12)s1 = spacing of corrugations, in cm (in) (see 5C-3-A5b/3 FIGURE 2)ℎLS = mean height of the lower stool, in m (ft), from the inner bottomℎDB = height of the double bottom, in m (ft)

FIGURE 1

3.9 Combined Cargo/Flooding Pressure in the Flooded Holds
3.9.1 Bulk Cargo Holds

Two cases are to be considered, depending on the values of d1 and df.
3.9.1(a) df ≥ d1
i) At each point of the bulkhead located at a distance between d1 and df from the baseline,

the pressure pc, f, in N/cm2 (kgf/cm2, lbf/in2), is given by:pc, f = k1 · ρ · ℎf
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ii) At each point of the bulkhead located at a distance less than d1 from the baseline, the
pressure pc, f, in N/cm2, (kgf/cm2, lbf/in2), is given by:pc, f = k1 · ρ · ℎf+ k1 · [ρc –   ρ · (1 – perm)] · ℎ1 · 1− sinα1 + sinα

iii) The force Fc, f, in N (kgf, lbf), acting on a corrugation is given by:

Fc, f = k2 · s1 · ρ · (df − d1)22 + p · (df − d1) + (pc, f)ℓe2 · (d1− ℎDB− ℎLS)
whereρ = density of sea water, in t/m3 (lb/ft3)k1 = as defined in 5C-3-A5b/3.7ℎf = flooding head as defined in 5C-3-A5b/3.5df = as given in 5C-3-A5b/3.5perm = permeability of cargo, to be taken as 0.3 for ore (corresponding bulk cargo density for iron ore

may be 3.0 t/m3), coal cargoes and for cement (corresponding bulk cargo density for cement
may be 1.3 t/m3)(pc, f)ℓe = pressure, in N/cm2, (kgf/cm2, lbf/in2), at the lower end of the corrugationk1, k2, s1,d1, ℎ1, ℎDB, ℎLS,ρc,α are as given in 5C-3-A5b/3.7

3.9.1(b) df < d1
i) At each point of the bulkhead located at a distance between df and d1 from the baseline,

the pressure pc, f, in N/cm2, (kgf/cm2, lbf/in2), is given by:pc,  f = k1 · ρc   ℎ1 · 1− sin   α1 + sin   α
ii) At each point of the bulkhead located at a distance lower than df from the baseline, the

pressure pc, f, in N/cm2 (kgf/cm2, lbf/in2), is given by:pc,  f = k1 · ρ · ℎf+ k1 · ρc · ℎ1− ρ · 1− perm · ℎf · 1− sin   α1 + sin   α
iii) The force Fc, f, in N (kgf, lbf) acting on a unit corrugation is given by:Fc,  f =k2 · s1 · ρc · d1− df 22 · 1− sin   α1 + sin   α + ρc · d1− df 1− sin   α1 + sin   α + pc,  f ℓe2 · df− ℎDB− ℎLS
whereρ = density of sea water, in t/m3 (lb/ft3)perm = permeability of cargo, to be taken as 0.3 for ore (corresponding bulk cargo density for iron ore

may be 3.0 t/m3), coal cargoes and for cement (corresponding bulk cargo density for cement
may be 1.3 t/m3)df = as given in 5C-3-A5b/3.5(pc, f)ℓe = pressure, in N/cm2, (kgf/cm2, lbf/in2), at the lower end of the corrugation
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k1, k2,ρc, s1,d1, ℎ1, ℎf, ℎDB, ℎLS,α are as given in 5C-3-A5b/3.7

3.9.2 Empty Holds Pressure due to Flooding Water Alone
At each point of the bulkhead, the hydrostatic pressure pf, in N/cm2 (kgf/cm2, lbf/in2), induced by
the flooding water alone is given by:pf = k1 · ρ · ℎf
The force Ff, in N (kgf, lbf), acting on a unit corrugation is given by:

Ff = k2 · s1 · ρ · df − ℎDB − ℎLS 22
whereρ = as given in 5C-3-A5b/3.9.1(a)df = as given in 5C-3-A5b/3.5k1, k2, s, ℎDB, ℎLS are as given in 5C-3-A5b/3.7

3.11 Resultant Pressure and Force
3.11.1 Homogeneous Loading Conditions

At each point of the bulkhead structures, the resultant pressure p, in N/cm2 (kgf/cm2, lbf/in2),
acting on the bulkhead is given by:p = pc, f – 0 . 8Pc or p = pf whichever is greater

The resultant force F, in N (kgf, lbf), acting on a unit corrugation is given by:F = Fc, f – 0 . 8Fc or F = Ff whichever is greater

3.11.2 Non-homogeneous Loading Conditions
At each point, the resultant pressure p, in N/cm2 (kgf/cm2, lbf/in2), acting on the bulkhead is given
by:p = pc, f orp = pf whichever is greater

The resultant force F, in N (kgf, lbf), acting on a unit corrugation is given by:F = Fc, f or F = Ff whichever is greater
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FIGURE 2

5 Bending Moment and Shear Force
The bending moment, M, and the shear force, Q, in the bulkhead corrugations are obtained using the
formulae given in 5C-3-A5b/5.1 and 5C-3-A5b/5.3. The M and Q values are to be used for the checks in
5C-3-A5b/7.3 and 5C-3-A5b/11.
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5.1 Bending Moment
The design bending moment M, in N-cm (kgf-cm, lbf-in.), for the bulkhead corrugations is given by:M = 12 . 5Fℓ SI/MKS   unitsM = 1 . 5Fℓ US   units
whereF = resultant force, in N (kgf, lbf), as given in 5C-3-A5b/3.11ℓ = span of the corrugation, in m (ft), to be taken according to 5C-3-A5b/3 FIGURE 2 and 5C-3-A5b/5.3 FIGURE

3

5.3 Shear Force
The shear force Q, in N (kgf, lbf), at the lower end of the bulkhead corrugations is given by:Q = 0 . 8F
whereF = as given in 5C-3-A5b/3.11
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FIGURE 3

 

 

Notes:
For the definition of ℓ, its upper end is not to be taken more than a distance from the deck at the centerline equal to:

● Three (3) times the depth of corrugations, in general

● Two (2) times the depth of corrugations, for rectangular stool

7 Strength Criteria

7.1 General
The following criteria are applicable to transverse bulkheads with vertical corrugations (see 5C-3-A5b/3
FIGURE 2). For ships of 190 m or more in length, these bulkheads are to be fitted with a bottom stool, and
generally with an upper stool below deck. For smaller ships, corrugations may extend from inner bottom to
deck.

The corrugation angle ϕ shown in 5C-3-A5b/3 FIGURE 2 is not to be less than 55°.

Requirements for local net plate thickness are given in 5C-3-A5b/13.

In addition, the criteria as given in 5C-3-A5b/7.7 and 5C-3-A5b/9 are to be complied with.

The thickness and material of the lower part of corrugations considered in the application of 5C-3-A5b/7.3
and 5C-3-A5b/9.1 are to be maintained for a distance from the inner bottom (if no lower stool is fitted) or
the top of the lower stool not less than 0 . 15ℓ, where ℓ is defined in 5C-3-A5b/5.1.
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The thickness and material of the middle part of corrugations as considered in the application of 5C-3-
A5b/7.3 and 5C-3-A5b/9.3 are to be maintained up to the level within 0 . 3ℓ from the deck (if no upper
stool is fitted) or the bottom of the upper stool.

The section modulus of the corrugation in the remaining upper part of the bulkhead is not to be less than
75% of that required for the middle part, corrected for any difference in yield stress.

7.3 Bending Capacity
The bending capacity of the corrugation is to comply with the following relationship:M0 . 5 · SMℓe · fy,  ℓe+ SMm · fy,  m ≤ 0 . 95
whereM = bending moment, in N-cm (kgf-cm, lbf-in), as given in 5C-3-A5b/5.1SMℓe = section modulus, in cm3 (in3), at the lower end of corrugations, to be calculated according to 5C-3-A5b/

9.3. SMℓe is to be taken not greater than SMℓe′SMℓe′ = SMg+ k · Q · ℎg − 0 . 5 · k · ℎg2 · s1 · pgfy, ℓek = 100 (100, 12)SMg = section modulus, in cm3 (in3), of the corrugations calculated, according to 5C-3-A5b/9.3, in way of the
upper end of shedder or gusset plates, as applicableQ = shear force, in N (kgf, lbf), as given in 5C-3-A5b/5.3ℎg = height, in m (ft), of shedders or gusset plates, as applicable (see 5C-3-A5b/7.7.4 FIGURE 4, 5C-3-A5b/
7.7.4 FIGURE 5, and 5C-3-A5b/7.7.4 FIGURE 6)s1 = as given in 5C-3-A5b/3.7pg = resultant pressure, in N/cm2 (kgf/cm2, lbf/in2), as defined in 5C-3-A5b/3.11, calculated at the middle of the
shedders or gusset plates, as applicableSMm = section modulus, in cm3 (in3), at the mid-span of corrugations, to be calculated according to 5C-3-A5b/9.3.SMm is to be taken not greater than 1 . 15SMℓefy, ℓe = minimum specified yield stress, in N/cm2 (kgf/cm2, lbf/in2), of the material for the lower end of
corrugationsfy,m = minimum specified yield stress, in N/cm2 (kgf/cm2, lbf/in2), of the material for the mid-span of
corrugations

7.5 Effective Shedder Plates
In order for shedder plates to be considered effective for the application of 5C-3-A5b/9.1.1, the following
requirements are to be complied with:

7.5.1
The shedder plate lies in one plane, i.e:, is not knuckled.

7.5.2
The shedder plate is welded to the corrugations and the top of the lower stool by one side
penetration welds or equivalent.
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7.5.3
The shedder plate angle with respect to the base line is at least 45° and the lower edge is in line
with the stool side plating.

7.5.4
The shedder plate is to have a thickness not less than 75% of that of the corrugation flange.

7.5.5
Shedders are to have material properties at least equal to those for the flanges.

7.7 Effective Gusset Plates
In order for gusset plates to be considered effective for the application of 5C-3-A5b/9.1.2, in combination
with shedder plates having thickness, material properties and welded connections in accordance with the
above, the following requirements are to be complied with:

7.7.1
The height of the gusset plates is not to be less than half the corrugation flange width.

7.7.2
The gusset plates are to be fitted in line with the stool side plating.

7.7.3
Gusset plates are to be generally welded to the top of the lower stool by full penetration welds,
and to the corrugations and shedder plates by one side penetration welds or equivalent.

7.7.4
Gusset plates are to have thickness and material properties at least equal to those provided for the
flanges.

FIGURE 4 
Symmetric Shedder Plates
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FIGURE 5 
Asymmetric Shedder Plates

FIGURE 6 
Symmetric Gusset/Shedder Plates

9 Section Properties
All section properties are to be calculated using the net plate thickness.
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The section modulus of corrugations are to be calculated on the basis of the procedure given below in
5C-3-A5b/9.1 and 5C-3-A5b/9.3.

9.1 Section Modulus at the Lower End of Corrugations
The section modulus is to be calculated with the compression flange having an effective flange width not
greater than one half of bef as given in 5C-3-A5b/9.5.

If the corrugation webs are not supported by local brackets below the stool top (or below the inner bottom)
in the lower part, the section modulus of the corrugations is to be calculated considering the corrugation
webs 30% effective.

9.1.1
Provided effective shedder plates, as defined in 5C-3-A5b/7.5, are fitted above a horizontal stool
top plate, (see 5C-3-A5b/7.7.4 FIGURE 4 and 5C-3-A5b/7.7.4 FIGURE 5), when calculating the
section modulus of corrugations at the lower end (cross-section a-a), the area of each applicable
flange may be increased by (ka tf · tsℎ) cm2 (in2)

wherek = 1.25 (1.25, 1.5)a = width, in m (ft), of the corrugation flange (see 5C-3-A5b/3 FIGURE 2)tsℎ = net shedder plate thickness, in mm (in.); not to be taken greater than tftf = net flange thickness, in mm (in.)

9.1.2
Provided effective gusset plates, as defined in 5C-3-A5b/7.7, are fitted (see 5C-3-A5b/7.7.4
FIGURE 6), when calculating the section modulus of corrugations at the lower end (cross-section
1), the area of each applicable flange may be increased by (k · ℎg · tf) cm2 (in2) where:

k = 3.5 (3.5, 4.2)ℎg = height of gusset plate, in m (ft), see 5C-3-A5b/7.7.4 FIGURE 6, not to be taken greater than107 · sgusgu = width of the gusset plates, in m (ft)tf = net flange thickness, in mm (in.)

9.1.3
If the sloping stool top plate is at least 45 degrees to the horizontal, the section modulus of the
corrugations may be calculated considering the corrugation webs fully effective. In case effective
gusset plates are fitted, when calculating the section modulus of corrugations, the area of the
flange may be increased as specified in 5C-3-A5b/9.1.2 above. No credit can be given to shedder
plates only. If the angle to the horizontal is less than 45 degrees, the effectiveness of the web may
be obtained by linear interpolation between 30% at 0 degrees and 100% at 45 degrees.

9.3 Section Modulus of Corrugations at Cross-Sections other than the Lower End
The section modulus is to be calculated with the corrugation webs considered effective and the
compression flange having an effective flange width, not greater than one half of bef as given in 5C-3-
A5b/9.5.
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9.5 Effective Width of the Compression Flange
The effective width bef, in cm (in.), of the compression flange is given by:bef = Ce · a
whereCe = 2 . 25β − 1 . 25β2 for β > 1 . 25
Ce = 1.0 for β ≤ 1 . 25
β = atf · fyEtf = net flange thickness, in cm (in)a = width, in cm (in), of the corrugation flange (see 5C-3-A5b/3 FIGURE 2)fy = minimum specified yield stress of the material, in N/cm2 (kgf/cm2, lbf/in2)E = modulus of elasticity of the material, in N/cm2 (kgf/ cm2, lbf/in2)

11 Shear Strength

11.1 Shear Stress
The shearing stress fs in the corrugation web plate is calculated as follows:fs = Qc · sin · ϕ · tw
and is not to exceed the allowable value fa given by:fa = 0 . 5fyQ = shear force in web, in N (kgf, lbf), calculated in accordance with 5C-3-A5b/5.3fy = minimum specified yield stress, in N/cm2 (kgf/cm2, lbf/in2), of the web material.ϕ = corrugation angle (see 5C-3-A5b/3 FIGURE 2)c = corrugation web length (see 5C-3-A5b/3 FIGURE 2), in cm (in.)tw = net thickness of the corrugation web plating, in cm (in.)

11.3 Shear Buckling
The buckling check is to be performed for the web plates at the corrugation ends.

The shear stress fs is not to exceed the critical value τc, in N/mm2, (kgf/cm2, psi), as given in Appendix
3-2-A4, with kt = 6 . 34 and tb = net thickness of the corrugation web plating.

13 Local Net Plate Thickness
The bulkhead local net plate thickness tn or tw1, in mm (in), is given by:tn = 0 . 483sn pfytw1 = 0 . 483sw pfy
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wheresn, (sw) = width, in mm (in), of the narrower (wider) plate of the corrugation (a or c as shown in 5C-3-A5b/3
FIGURE 2)p = resultant pressure, in N/cm2 (kgf/cm2, lbf/in2), as defined in 5C-3-A5b/3.11, at the bottom of each strake
of plating. The net thickness of the lowest strake is to be determined using the resultant pressure at the
top of the lower stool, or at the inner bottom, if no lower stool is fitted, or at the top of shedders, if
shedder or gusset/shedder plates are fitted.fy = minimum specified yield stress, in N/cm2 (kgf/cm2, lbf/in2), of the material

In addition, where the proposed net thickness tnp of narrower plating is less than tw1 given above, the net
thickness of the wider plating is to be not less than tw2, in mm (in.), obtained by the following:

tw2 = 2 · tw12 − tnpm2tnp = proposed net thickness of the narrower plate, in mm (in.)

15 Stool Construction
The scantlings, details and arrangements of the upper and lower stool structures are to comply with the
requirements of 5C-3-4/25.9 to 5C-3-4/25.13.

17 Local Scantlings and Details

17.1 Shedder Plates
In addition to the requirements of 5C-3-A5b/7.5, shedder plates are to have a net thickness not less than t
in 5C-3-4/23.1 with the pressure, p, determined as per 5C-3-A5b/3.11 at the middle of the shedder.

17.3 Gusset Plates
In addition to the requirements of 5C-3-A5b/7.7, gusset plates are to comply with the following:

The gusset plating is to be sized in accordance with 5C-3-A5b/13 with s taken as the distance between
gusset stiffeners or the dimension - (a+ 2ccosα) or ℎg, whichever is less if no stiffening is provided. The
pressure, p is to be taken at the lower edge of the gusset.

Gusset plate stiffeners, where fitted, are to comply with the net SM in 5C-3-4/23.3 with the pressure p
determined as per 5C-3-A5b/3.9, c1 = 1 . 0, k = 8 (8, 125) and fb = 0 . 90Smfy.
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C H A P T E R  3
Vessels Intended to Carry Ore or Bulk Cargoes (150 meters (492 feet) or

more in Length)

A P P E N D I X  5 C
Bulk Carriers in Flooded Conditions - Permissible Cargo Loads in Holds

1 Permissible Cargo Loads in Holds

1.1 Application
This Appendix applies to cargo loading in each hold of bulk carriers with the following specifications:

i) Of 150 m (492 ft) or more in length, and

ii) Constructed on or after 1 July 2006, and

iii) Intended to carry solid bulk cargoes having a density of 1.0 t/m3 (62.4 lb/ft3) or more, and

iv) Having conventional double bottom structures formed by a grillage consisting of regularly spaced
floors and girders with a complete inner bottom supported by hopper tanks or equivalent structures
at the side and transverse bulkheads at the ends, and

v) With side shell of:

a) Single Skin construction, or

b) Double Skin construction in which any part of longitudinal bulkhead is located withinB/5 or 11.5 m (38 ft), whichever is less, inboard from the ship’s side at right angle to the
centerline at the assigned summer load line.

1.3 Net Thickness and Nominal Design Corrosion Value
In calculating the shear strength, the net thickness of floors and girders is to be used. The nominal design
corrosion value for the floors and girders is to be taken as 2.5 mm (0.10 in.).

1.5 Check of Proposed Loading Conditions
All proposed cargo loading conditions including the following:

● homogeneous loading conditions;

● non homogeneous loading conditions;

● packaged cargo conditions (such as steel mill products),
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are to be checked against the allowable load in the flooded condition calculated in accordance with 5C-3-
A5c/7.

In general, the maximum bulk cargo density to be carried is to be considered in calculating the allowable
load in the hold. In no case is the allowable hold loading in flooded condition to be taken greater than the
design hold loading in intact conditions.

3 Load Model

3.1 General
The loads considered in the assessment of allowable load in cargo holds of single side skin construction are
those by the external sea pressure, the combination of the cargo and flooded water in the hold and the
weight of the contents of the double bottom space in way of the hold.

3.3 Flooding Head
The flooding head ℎf (see 5C-3-A5c/3 FIGURE 1) is the distance, in m (ft), measured vertically with the
ship in the upright position, from the point under consideration to a level located at a distance df, in m (ft),
from the baseline, given in the following table:

DWT (tonnes) and/or Type of Freeboard

df
Foremost Hold All Other Holds

≥ 50,000 or B60, B100 D 0 . 9D
< 50,000 and B0 0 . 95D 0 . 85D

where D is the distance, in m (ft), from the baseline to the freeboard deck at side amidships as defined in
3-1-1/7.1.

3.5 External Sea Water Head
The external sea water head (E), in m (ft), is measured vertically from the baseline of the vessel with the
ship in the upright position, and is given by the following:E = df – 0 . 1D
where df, D are as defined above.
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FIGURE 1

5 Shear Strength and Shear Capacity

5.1 Floor Shear Strength
The shear strength of the floor panel adjacent to hoppers, Sf1, and in way of any openings in the same
panel, Sf2, are given by the following:Sf1 = 10−3mAf fsη1     in   kN(tf, Ltf)Sf2 = 10−3mAf, ℎ fsη2     in   kN(tf, Ltf)
whereAf = sectional area of the floor panel adjacent to hoppers, in cm2 (in2)Af, ℎ = sectional area in way of the openings in the same panel, in cm2 (in2)fs = allowable shear stress, in kN/cm2 (tf/cm2, Ltf/in2), to be taken equal to the lesser of:k · fy0 . 6s/tnet 0 . 8   or   fyk1 3k = 1.02 (0.411, 0.529)k1 = 1000 (1000, 2240)

For floors next to stools or transverse bulkheads, as identified in 5C-3-A5c/5.1 FIGURE 2, fs may be
taken equal to:

fyk1 3fy = minimum specified yield stress of the material, in N/cm2 (kgf/cm2, lbf/in2)
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m = 0.50 for the floor next to the stool or transverse bulkhead, see 5C-3-A5c/5.1 FIGURE 2

= 1.0 for all other floorsη1 = 1.10η2 = 1.20, in general. If the opening in the floor is reinforced by a ring stiffener or “boxed” by additional panel
stiffeners, η2 may be taken as 1.10

FIGURE 2

5.3 Girder Shear Strength
The shear strength of the girder panel adjacent to stools (or transverse bulkheads, if no stool is fitted), Sg1,
and in way of the largest of any openings in the same panel, Sg2, are given by the following:Sg1 = 10−3Ag fsη1     in   kN(tf, Ltf)Sg2 = 10−3Ag, ℎ fsη2     in   kN(tf, Ltf)
whereAg = sectional area of the girder panel adjacent to stools (or transverse bulkheads, if no stool is fitted), in cm2

(in2)Ag, ℎ = sectional area in way of the largest opening in the same panel, in cm2 (in2),
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fs = allowable shear stress, in kN/cm2 (tf/cm2, Ltf/in2), as given in 5C-3-A5c/5.1η1 = 1.10η2 = 1.15 in general. If the opening in the girder is reinforced by a ring stiffener or 'boxed' by additional
panel stiffeners,η2 may be taken as 1.10.

5.5 Shear Capacity of Double Bottom
The shear capacity, C, of the double bottom, is defined as the sum of the shear strength at each end of
complete floors and girders attached directly to the boundary hopper or stool/bulkhead.

Where, in the end holds, girders run out and are not directly attached to the boundary stool/bulkhead, their
strength is to be evaluated for the attached end only.

Only the floors and girders inside the hold boundaries formed by the hoppers and stools (or transverse
bulkheads if no stool is fitted) may be considered. The hopper side girders and the floors directly below the
connection of the bulkhead stools (or transverse bulkheads if no stool is fitted) to the inner bottom are not
to be included.

The shear capacity Ce and Cℎ for use with Z1 and Z2 in 5C-3-A5c/7 are to be in accordance with the above
definition, with consideration for the type of shear strength as follows:Cℎ = shear capacity of the double bottom, in kN (tf, Ltf), considering for each floor, the lesser of the shear strengthsSf1 and Sf2 (see 5C-3-A5c/5.1) and, for each girder, the lesser of the shear strengths Sg1 and Sg2 (see 5C-3-

A5c/5.3)Ce = shear capacity of the double bottom, in kN (tf, Ltf), considering for each floor, the shear strength Sf1 (see
5C-3-A5c/5.1) and, for each girder, the lesser of the shear strengths Sg1 and Sg2 (see 5C-3-A5c/5.3)

Where the geometry and/or the structural arrangement of the double bottom differs from the above, the
shear capacity C of double bottom may be determined by an approved method.

7 Allowable Cargo Load in Holds
The allowable cargo load in hold W, is given by:W = k1 · ρc · VF         in   kN(tf, Ltf)
wherek1 = conversion factor, to be taken as 9.81 (1.0, 1/2240)F = 1.10 for bulk cargoes

= 1.05 for steel mill productsρc = cargo density, in t/m3 (lb/ft3). Generally, for bulk cargoes the maximum density to be carried is to be
considered.V = volume, in m3 (ft3), occupied by cargo at a level ℎ1ℎ1 = average height of the cargo, in m (ft) - See 5C-3-A5c/3 FIGURE 1

= Xk1 · ρcX = for bulk cargoes, the lesser of X1 or X2
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X1 =
Z+ k1 · ρ · E − ℎf1− ρρc 1− perm

X2 = Z+ k1   ρ · E − ℎf · perm
= for steel mill products, X may be taken as X1, using perm = 0.ρ = sea water density, 1.025 t/m3 (64 lb/ft3)E = external sea water head, in m (ft), as defined in 5C-3-A5c/3.5ℎf = flooding head, in m (ft), as defined in 5C-3-A5c/3.3perm = cargo permeability, (for bulk cargoes the ratio of floodable volume between the particles, granules or

any larger piece of the cargo, to the gross volume occupied by the bulk cargo; but need not be taken
greater than 0.3)Z = the lesser of Z1 and Z2 given by:Z1 =
Cℎ−MDB, ℎADB; ℎZ2 =
Ce −MDB, eADB, eCℎ,Ce = as defined in 5C-3-A5c/5.5MDB, ℎ = load in kN (tf, Ltf) of the contents of the double bottom space within ADB, ℎ in way of the hold under
considerationMDB, e = load in kN (tf, Ltf) of the contents of the double bottom space within ADB, e in way of the hold under
considerationADB, e = ∑i = 1i = nSi · BDB, iADB, e = ∑i = 1i = nSi · BDB− sn = number of floors between stools (or transverse bulkheads, if no stool is fitted)Si = space of i -th -floor, in m (ft)BDB, i = BDB – s for the floor for which Sf1 is used in determining Cℎ or Ce (see 5C-3-A5c/5.5)BDB, i = BDB, ℎ for the floor for which Sf2 is used in determining Cℎ (see 5C-3-A5c/5.5)BDB = breadth, in m (ft), of double bottom between hoppers (see 5C-3-A5c/7 FIGURE 3)BDB, ℎ = distance, in m (ft), between the two considered openings (see 5C-3-A5c/7 FIGURE 3)s = spacing, in m (ft), of double bottom longitudinals next to hoppers
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FIGURE 3
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C H A P T E R  3
Vessels Intended to Carry Ore or Bulk Cargoes (150 meters (492 feet) or

more in Length)

A P P E N D I X  6
Harmonized Notations and Design Loading Conditions for Bulk Carriers

1 General

1.1
This Appendix is intended to improve the transparency of the rules regarding cargo carrying capabilities of
bulk carriers by applying a harmonized system of notations for corresponding design loading conditions in
respect to strength and stability. This Appendix is an integral part of the ABS Rules.

1.3
This Appendix is not intended to prevent any other loading conditions from being included in the loading
manual for which calculations are to be submitted as required by the Rules, nor is it intended to replace in
any way the required loading manual/instrument.

1.5
The assigned notations and corresponding design loading conditions are to be included in the loading
manual for each vessel and are to be identified as such. It is to be noted that these design loading
conditions are developed to allow maximum flexibility in the operation and are not intended as operating
conditions.

A bulk carrier may in actual operation be loaded differently from the design loading conditions provided
the limitations for longitudinal and local strength and stability as defined in the loading manual and
loading instrument onboard are not exceeded.

1.7
The heavy ballast condition as required by 5C-3-A6/7.1.4 is to be used while the vessel is operated in
heavy weather.

3 Application

3.1
This Appendix is applicable to bulk carriers as defined in 5C-3-1/1.5.1 with length as defined in 3-1-1/3.1
of 150 meters (492 feet) or more and are contracted for new construction on or after 1 July 2003.
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3.3
The loading conditions listed under 5C-3-A6/7.1 are to be used, as may be indicated in the respective
paragraph, for the longitudinal strength, local strength and stability criteria in the Rules. The loading
conditions listed under 5C-3-A6/7.3 are to be used for local strength. See 5C-3-A6/7.1.6 TABLE 1.

5 Harmonized Notations

5.1 Mandatory Notations and Notes
5.1.1 Mandatory Notations

One of the following notations will be assigned to any given ship in association with the design
loading conditions in 5C-3-A6/7.1.

BC-A: for bulk carriers designed to carry dry bulk cargoes of cargo density 1.0 tonne/m3 and above with
specified holds empty at the summer load line, in addition to in all holds

BC-B: for bulk carriers designed to carry dry bulk cargoes of cargo density of 1.0 tonne/m3 and above in all
cargo holds, without any hold being specified empty

BC-C: for bulk carriers designed to carry dry bulk cargoes of cargo density less than 1.0 tonne/m3

5.1.2 Supplementary Notes
For all BC-A ships, a supplementary note describing all approved combinations of specified
empty holds are to be entered in the Record:

(all approved combinations of specified empty holds)

This supplementary note will be placed immediately after the mandatory notation in 5C-3-
A6/5.1.1.

5.3 Additional Notations
Additional notations will be entered in the Record to identify the particular loading condition wherever it is
chosen for the design

This supplementary note will be placed immediately after the mandatory notation in 5C-3-A6/5.1.1 or,
where applicable, the supplementary notation in 5C-3-A6/5.1.2.

(maximum cargo density (in tonnes/m3)) –for BC-A and BC-B if the maximum cargo density is
less than 3.0 tonne/m3 ;

(no MP) –for all notations when the vessel has not been designed for loading and unloading in multiple
ports. See 5C-3-A6/7.3.3.

7 Design Loading Conditions for Harmonized Notations

7.1 General Loading Conditions
The following loading conditions are to be applied in association with the harmonized system of bulk
carrier notations in 5C-3-A6/5.1.

7.1.1  BC-C
Fully homogeneous cargo condition with all cargo holds, including hatchways, 100% full at the
summer load line with all ballast tanks empty.

7.1.2  BC-B
The design loading conditions are:
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7.1.2(a) As required for BC-C in 5C-3-A6/7.1.1, plus:

7.1.2(b) Heavy cargo condition wherein cargoes having a density of 3.0 tonnes/m3 (187 lb/ft3) are
loaded in all cargo holds at the same filling rate (cargo volume/hold cubic capacity) at the summer
load line with all ballast tanks empty.

7.1.2(c) Where the vessel is not intended to carry 3.0 tonnes/m3 (187 lb/ft3) or higher density
cargoes, the design may be based on the maximum density of the cargo the vessel is intended to
carry. In such cases, the maximum density of the cargo that the vessel is allowed to carry will be
distinguished by an additional notation (maximum cargo density (in tonnes/m3)) following
a bulk carrier notation. See 5C-3-A6/5.3 and 5C-3-1/1.1.

7.1.3 BC-A
The design loading conditions are:

7.1.3(a) As required for BC-B in 5C-3-A6/7.1.2, plus:

7.1.3(b) At least one cargo loaded condition with specified holds empty, with cargo density 3.0
tonnes/m3 (187 lb/ft3), and at the same filling rate (cargo volume/hold cubic capacity) in all loaded
cargo holds at the summer load line with all ballast tanks empty.

7.1.3(c) Approved combination of specified empty holds is to be indicated by a supplementary
note “(holds 1, 2…may be empty)”. Where more than one combination is approved, each
approved combination is to be indicated, e.g., “(holds 1, 3, 5 and 7 or holds 2, 4 and 6 may
be empty)” See 5C-3-A6/5.1.2.

7.1.3(d) Where the vessel is not intended to carry 3.0 tonnes/m3 (187 lb/ft3) or higher density
cargoes with specified hold(s) empty, the design may be based on the maximum density of the
cargo the vessel is intended to carry. In such cases, the maximum density of the cargo that the
vessel is allowed to carry in that loading condition is to be included in the additional notation in
the which will read “(holds 1, 2…may be empty, with maximum cargo density ρ
tonnes/m3)”. See 5C-3-A6/5.3.

7.1.4 Ballast Conditions (applicable to all notations)
7.1.4(a) Ballast Tank Capacity. All bulk carriers are to have ballast tanks of sufficient capacity so
disposed to fulfill at least the following requirements:

i) Normal Ballast Condition. Normal ballast condition for the purpose of this Appendix is a
ballast (no cargo) condition where:

1) The ballast tanks may be full, partially full or empty. Where partially full option
is exercised, the conditions in the second paragraph of 3-2-1/3.3 are to be
complied with,

2) Any cargo hold or holds adapted for the carriage of water ballast at sea are to be
empty,

3) The propeller is fully immersed, and

4) The trim is by the stern and is not to exceed 0 . 015L, where L is the length
between perpendiculars of the vessel.

In the assessment of the propeller immersion and trim, the drafts at the forward and after
perpendiculars may be used.

ii) Heavy Ballast Condition. Heavy ballast condition for the purpose of this Appendix is a
ballast (no cargo) condition utilizing all ballast tanks including one or more cargo holds
adapted and designated for the carriage of water ballast at sea. In this condition,
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1) The ballast tanks may be full, partially full or empty. Where partially full option
is exercised, the conditions in the second paragraph of 3-2-1/3.3 are to be
complied with,

2) At least one cargo hold adapted for the carriage of water ballast at sea where
required or provided, is to be full,

3) The propeller immersion I/D is to be at least 60% whereI = the distance from propeller centerline to the waterlineD = propeller diameter,

4) The trim is to be by the stern and is not to exceed 0 . 015L, where L is the length
between perpendiculars of the ship, and

5) The molded forward draft in the heavy ballast condition is not to be less than the
smaller of 0 . 03L or 8 m (26.25 ft.

7.1.4(b) Strength Requirements

i) Normal Ballast Condition

1) The structures of bottom forward are to be strengthened in accordance with the
requirements of 5C-3-6/13 against slamming for the condition of 5C-3-
A6/7.1.4(a).i at the lightest forward draft,

2) The longitudinal strength requirements are to be complied with for the condition
of 5C-3-A6/7.1.4(a).i, and

3) In addition, the longitudinal strength requirements are to be met with all ballast
tanks 100% full.

ii) Heavy Ballast Condition

1) The longitudinal strength requirements are to be met for the condition of 5C-3-
A6/7.1.4(a).ii,

2) In addition to the conditions in 5C-3-A6/7.1.4(a).ii.1, the longitudinal strength
requirements are to be met under a condition with all ballast tanks 100% full and
one cargo hold adapted and designated for the carriage of water ballast at sea,
where provided, 100% full, and

3) Where more than one hold is adapted and designated for the carriage of water
ballast at sea, it will not be required that two or more holds be assumed 100% full
simultaneously in the longitudinal strength assessment, unless such conditions
are expected in the heavy ballast condition. Unless each hold is individually
investigated, the designated heavy ballast hold and any/all restrictions for the use
of other ballast hold(s) are to be indicated in the loading manual

7.1.5 Departure and Arrival Conditions
Unless otherwise specified, each of the design loading conditions in 5C-3-A6/7.1 and 5C-3-A6/7.3
is to be investigated for the arrival and departure conditions as defined below:

● Departure condition: with bunker tanks not less than 95% full and other consumables 100%.

● Arrival condition: with all consumables 10%

7.1.6 Summary of Applicable Requirements
For the application of Rule requirements in the respective loading conditions in 5C-3-A6/7.1, see
5C-3-A6/7.1.6 TABLE 1 below.
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TABLE 1 
Application of 5C-3-A6/7.1

z Notation Density
Emp.
Hold

Dep or
Arr

Long’l Strength Stability
Prop.
Imm.

Tri
m

Fwd
Draft

Bridge
VisibilityIntact Dmged Intact Dmged

Cargo 5C-3-A6/7.1.1
BC-C

< 1.0 N D & A Y NA Y NA NA NA NA Y

5C-3-A6/7.1.2
BC-B

> 1.0 N D & A Y Y Y Y NA NA NA Y

5C-3-A6/7.1.3
BC-A

> 1.0 Y D & A Y Y Y Y NA NA NA Y

 Topic Cond’n

Ballast 5C-3-
A6/7.1.4(a)

Capacity

Normal D & A Y Y (1) Y NA 50% Y NA Y

Heavy D & A Y Y (1) Y NA 60% Y Y Y

5C-3-
A6/7.1.4(b)
L. Strength

Normal D & A Y Y (1) Y NA N N NA (2) N

Heavy D & A Y Y (1) Y NA N N NA N

Notes:

1 Except BC-C for which longitudinal strength requirements in damaged condition at ballast draft are not applicable.

2 At the lightest forward draft, slamming loads for assessment of structures of bottom forward are to be determined in
accordance with the requirements of 5C-3-6/13.

7.3 Local Loading Conditions for Each Individual Hold
7.3.1 Definitions

The maximum allowable or minimum required cargo mass in a cargo hold, or in two adjacent
holds, is related to the net load on the double bottom. The net load on the double bottom is a
function of draft, cargo mass in the cargo hold, as well as the mass of any contents in double
bottom tanks.

The following definitions apply:MH : the actual cargo mass in a cargo hold corresponding to a fully homogeneous cargo loaded condition at
the molded summer draft (d). See also 3-2-A2/11 TABLE 1 item 2.2.4.MFull : = MH except that in calculating MFull, the homogeneous cargo density is not to be taken as less than
1.0 tonne/m3(62.4 lb/ft3)MHD : the maximum cargo mass allowed to be carried in a cargo hold according to design loading
condition(s) with specified holds empty at the molded summer draft (d).

7.3.2 General Conditions for All Ships
7.3.2(a)

i) Any cargo hold is to be capable of carrying at least MFull with fuel oil tanks in double
bottom in way of the cargo hold, if any, 100% full and ballast water tanks in the double
bottom in way of the cargo hold empty, at d.
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ii) The maximum allowable hold mass for a draft less than d may be obtained by adjusting
the value obtained by 5C-3-A6/7.3.2(a).i for the loss of buoyancy due to the decrease in
draft.

7.3.2(b)

i) Any cargo hold is to be capable of being immersed to d with a mass in hold not exceeding0 . 5MH and with all double bottom tanks in way of the cargo hold empty.

ii) The minimum required hold mass for a draft less than d may be obtained by adjusting the
value obtained by 5C-3-A6/7.3.2(b).i for the loss of buoyancy due to the decrease in draft,
subject to 5C-3-A6/7.3.2(d).

7.3.2(c)

i) Any cargo hold is to be capable of being immersed to the deepest ballast draft (dB) with
the cargo hold and all double bottom tanks in way of the cargo hold empty.

ii) The minimum required mass for a draft greater than dBmay be obtained by adjusting the
value obtained by 5C-3-A6/7.3.2(c).i for the added buoyancy due to the increase in draft,
subject to 5C-3-A6/7.3.2(d).

7.3.2(d) The final minimum required mass in the draft range in 5C-3-A6/7.3.2(b).ii, 5C-3-
A6/7.3.2(c).ii or, where applicable, 5C-3-A6/7.3.3(b).ii s the least of the two (or three).

7.3.2(e)

i) Any two adjacent cargo holds are to be capable of carrying at least MFull in each cargo
hold with fuel oil tanks in double bottom in way of each cargo hold, if any, 100% full and
ballast water tanks in the double bottom in way of each cargo hold empty, at d.

ii) The maximum allowable hold mass for any two adjacent holds at a draft less than d may
be obtained by adjusting the value obtained by 5C-3-A6/7.3.2(e).i for the loss of
buoyancy due to the decrease in draft.

7.3.2(f)

i) Any two adjacent cargo holds are to be capable of being immersed to d with a mass not
exceeding 0 . 5MH in each cargo hold and with all double bottom tanks in way of each
cargo hold empty.

ii) The minimum required hold mass for any two adjacent holds at a draft less than dmay be
obtained by adjusting the value obtained by 5C-3-A6/7.3.2(f).i for the loss of buoyancy
due to the decrease in draft, if that is less than that obtained from 5C-3-A6/7.3.3(d).ii.

7.3.3 Conditions for all Ships without Additional Notation (no MP)
All bulk carriers are to be designed for partial loading conditions in 5C-3-A6/7.3.3(a) through
5C-3-A6/7.3.3(d) unless the additional notation (no MP) is desired.

7.3.3(a)

i) Any cargo hold is to be capable of carrying at least MFull with fuel oil tanks in double
bottom in way of the cargo hold, if any, 100% full and ballast water tanks in the double
bottom in way of the cargo hold empty, at 0 . 67d.

ii) The maximum allowable hold mass for a draft less than 0 . 67d may be obtained by
adjusting the value obtained by 5C-3-A6/7.3.3(a).i for the loss of buoyancy due to the
decrease in draft.
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7.3.3(b)

i) Any cargo hold is to be capable of being immersed to 0 . 83d with the hold and all double
bottom tanks in way of the cargo hold empty.

ii) The minimum required hold mass for a draft greater than 0 . 83d may be obtained by
adjusting the value obtained by 5C-3-A6/7.3.3(b).i for the added buoyancy due to the
increase in draft, subject to 5C-3-A6/7.3.2(d).

7.3.3(c)

i) Any two adjacent cargo holds are to be capable of carrying at least MFull with fuel oil
tanks in double bottom in way of the cargo holds, if any, 100% full and ballast water
tanks in the double bottom in way of the cargo hold empty, at 0 . 67d. This requirement
regarding the mass of cargo and fuel oil in double bottom tanks in way of the cargo hold
applies also to the condition where the adjacent hold is fitted with ballast, if applicable.

ii) The maximum allowable hold mass for any two adjacent holds at a draft less than 0 . 67d
may be obtained by adjusting the value obtained by 5C-3-A6/7.3.3(c).i for the loss of
buoyancy due to the decrease in draft.

7.3.3(d)

i) Any two adjacent cargo holds are to be capable of being immersed to 0 . 75d, with the
cargo holds and all double bottom tanks in way of the cargo holds empty.

ii) The minimum required hold mass for any two adjacent holds at a draft greater than0 . 75d may be obtained by adjusting the value obtained by 5C-3-A6/7.3.3(d).i for the
added buoyancy due to the increase in draft, if that is less than that obtained from 5C-3-
A6/7.3.2(f).ii.

7.3.4 Additional Conditions Applicable for BC-A Notation
7.3.4(a) Cargo holds, which are intended to be empty at d, are to be capable of being empty with
all double bottom tanks in way of the cargo hold also empty.

7.3.4(b)

i) Cargo holds, which are intended to be loaded with high density cargo, are to be capable of
carrying at least MHD+ 0 . 1MH in each cargo hold, with fuel oil tanks in the double
bottom in way of the cargo holds, if any, 100% full and ballast water tanks in the double
bottom empty in way of the cargo hold, at d.

ii) In operation the maximum allowable cargo mass, with the contents of double bottom
tanks as described above, is to be limited to MHD for draft above d1, where d1 is the draft
corresponding to maximum summer draft d after adjustment for 0 . 1MH.

iii) The maximum allowable hold mass for a draft less than d1 may be obtained by adjusting
the value obtained by 5C-3-A6/7.3.4(b).i for the loss of buoyancy due to the decrease in
draft.

7.3.4(c)

i) Any two adjacent cargo holds which according to a design loading condition may be
loaded with the adjacent third and fourth holds (or any other spaces) empty, are to be
capable of carrying 10% of MH in each hold in addition to the maximum cargo mass
according to that design loading condition, with fuel oil tanks in the double bottom in way
of the cargo holds, if any, 100% full and ballast water tanks in the double bottom in way
of the cargo holds empty, at d.
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ii) In operation the maximum allowable mass in each hold, with the contents of double
bottom tanks as described above, is to be limited to the maximum cargo mass according
to that design loading condition for draft above d1 where d1 is the draft corresponding to
maximum summer draft dafter adjustment for 0 . 1MH.

iii) The maximum allowable hold mass for any two adjacent holds at a draft less than d1 may
be obtained by adjusting the value obtained by 5C-3-A6/7.3.4(c).i for the loss of
buoyancy due to the decreased draft.

7.3.5 Additional Conditions Applicable for At-sea Ballast Holds
7.3.5(a) Cargo holds, including hatchways, which are designed as ballast water holds at sea, are to
be capable of being 100% full of ballast water with all double bottom tanks in way of the cargo
hold being 100% full at any heavy ballast draft. For at-sea ballast holds adjacent to topside wing,
hopper and double bottom tanks, the local strength is to be satisfactory with the hold full with
ballast and the topside wing, hopper and double bottom tanks empty.

7.3.6 Additional Conditions Applicable during Loading and Unloading in Harbor
7.3.6(a)

i) In harbor condition, any single cargo hold is to be capable of holding, at 0 . 67d, at least
the maximum allowable seagoing mass (MMAX).

where:MMAX = MHD+MDBF for loaded hold on BC-A

 = MFULL+MDBF for all other holdsMDBF = mass of fuel oil in double bottom tank

ii) The maximum allowable hold mass for a draft less than 0 . 67d may be obtained by
adjusting the value obtained by 5C-3-A6/7.3.6(a).i for the loss of buoyancy due to the
decrease in draft, subject to 5C-3-A6/7.3.6(c).i.

7.3.6(b)

i) In harbor condition, any two adjacent cargo holds are to be capable of carrying at leastMFull, with fuel oil tanks in the double bottom in way of the cargo holds, if any, 100% full
and ballast water tanks in the double bottom in way of the cargo holds empty, at 0 . 67d.

ii) The maximum allowable hold mass for any two adjacent holds at a draft less than 0 . 67d
may be obtained by adjusting the value obtained by 5C-3-A6/7.3.6(b).i for the loss of
buoyancy due to the decrease in draft.

7.3.6(c)

i) The maximum allowable cargo mass in harbor condition, at a draft less than d [see 5C-3-
A6/7.3.2(a).ii], d1 (see 5C-3-A6/7.3.4(b).iii et al) or 0 . 67d (see 5C-3-A6/7.3.3(a).ii et
al), may be obtained by adding 0 . 15MHD for loaded holds on BC-A or 0 . 15MFULL for
all other holds to the allowable seagoing mass at that draft where it is greater than the
allowable mass obtained by 5C-3-A6/7.3.6(a), subject to the maximum of MMAX.

ii) Likewise the minimum required mass in harbor condition, at a draft greater than dB [see
5C-3-A6/7.3.2(c).ii],0 . 83d (see 5C-3-A6/7.3.3(b).ii) or 0 . 75d [see 5C-3-A6/7.3.3(d).ii]
may be obtained by subtracting 0 . 15MHD for loaded holds on BC-A or 0 . 15MFULL for
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all other holds from the allowable seagoing cargo mass at that draft, subject to the
minimum of MMIN where MMIN is the minimum required seagoing cargo mass at a draft
less than those values mentioned.

7.3.7 Hold Mass Curves
7.3.7(a) Hold mass curves, prepared based on the design loading criteria for local strength in
5C-3-A6/7.3.2 to 5C-3-A6/7.3.6 above, and showing maximum allowable and minimum required
mass as a function of draft, are to be included in the loading manual and the loading instrument.
The design loading criteria in 5C-3-A6/7.3.5 is not be used to prepare hold mass curves of dry
cargo for a hold adapted for the carriage of water ballast.

7.3.7(b) Hold mass curves are to be prepared for each single hold, as well as for any two adjacent
holds, each further divided into sea-going condition and during loading and unloading in harbor.
[See 3-2-A3/5.1.1(c) and 3-2-A3/5.1.1(d)].

7.3.7(c) At drafts other than those specified in the design loading conditions above, the maximum
allowable and minimum required mass is to be adjusted for the change in the buoyancy acting on
the bottom as specified in the respective paragraphs.

7.3.7(d) Each hold mass curve is to contain instructions for use with varying amount of contents in
double bottom tanks.

7.3.8 Quick Reference to 5C-3-A6/7.3
A quick reference to local loading conditions in 5C-3-A6/7.3 (except for ballast hold in 5C-3-
A6/7.3.5) is shown in 5C-3-A6/Tables 2A and 2B. For detailed requirements, the respective text is
to be referred to.
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TABLE 2A
Cargo Hold Loads (5C-3-A6/7.3) - Single Hold

notation L or E Cond’n Maximum Allowable Minimum Required

summer
draft (d)

shallower
draft

@ summer
draft

shallower
draft

@

BC-A Loaded
Holds

at sea (5C-3-
A6/7.3.2(a)):
MFULL + MDBF
(5C-3-
A6/7.3.4(b)): MHD
+ (0.1MH) + MDBF

(5C-3-
A6/7.3.4(b)): MHD
+ MDBF
(5C-3-
A6/7.3.3(a)):
MFULL + MDBF

d1
*0.67d

(5C-3-
A6/7.3.2(b)):
0.5MH

(5C-3-
A6/7.3.2(c)):
0
(5C-3-
A6/7.3.3(b)):
0

dB
*0.83d

No MP  (at sea) - *
marked req’t

  (at sea) - *
marked req’t

 

harbor  (5C-3-
A6/7.3.6(a)):
MMAX=
MHD(MFULL) +
MDBF
(5C-3-
A6/7.3.6(c)):
(max @sea) =
0.15MMAX

0.67d
<d,d1,0.67d

 (5C-3-
A6/7.3.6(c)):
(min @sea)
- 0.15MMIN

>dB,
0.83d,
0.75d

Empty
Holds

at sea (5C-3-
A6/7.3.2(a)):
MFULL + MDBF

(5C-3-
A6/7.3.3(a)):
MFULL + MDBF

*0.67d (5C-3-
A6/7.3.4(a)): 0

  

No MP  (at sea) - *
marked req’t

    

harbor  (5C-3-
A6/7.3.6(a)):
MMAX=
MHD(MFULL) +
MDBF
(5C-3-
A6/7.3.6(c)):
(max @sea) =
0.15MMAX

0.67d
<d,d1,0.67d
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notation L or E Cond’n Maximum Allowable Minimum Required

summer
draft (d)

shallower
draft

@ summer
draft

shallower
draft

@

BC-B at sea (5C-3-
A6/7.3.2(a)):
MFULL + MDBF

(5C-3-
A6/7.3.3(a)):
MFULL + MDBF

*0.67d (5C-3-
A6/7.3.2(b)):
0.5MH

(5C-3-
A6/7.3.2(c)):
0
(5C-3-
A6/7.3.3(b)):
0

dB
*0.83d

No MP  (at sea) - *
marked req’t

  (at sea) - *
marked req’t

 

harbor  (5C-3-
A6/7.3.6(a)):
MMAX=
MHD(MFULL) +
MDBF
(5C-3-
A6/7.3.6(c)):
(max @sea) =
0.15MMAX

0.67d
<d,d1,0.67d

 (5C-3-
A6/7.3.6(c)):
(min @sea)
- 0.15MMIN

> dB,
0.83d,
0.75d

BC-C at sea (5C-3-
A6/7.3.2(a)):
MFULL + MDBF

(5C-3-
A6/7.3.3(a)):
MFULL + MDBF

*0.67d (5C-3-
A6/7.3.2(b)):
0.5MH

(5C-3-
A6/7.3.2(c)):
0
(5C-3-
A6/7.3.3(b)):
0

dn
*0.83d

No MP  (at sea) - *
marked req’t

  (at sea) - *
marked req’t

 

harbor  (5C-3-
A6/7.3.6(a)):
MMAX=
MHD(MFULL) +
MDBF
(5C-3-
A6/7.3.6(c)):
(max @sea) =
0.15MMAX

0.67d
<d,d1,0.67d

 (5C-3-
A6/7.3.6(c)):
(min @sea)
- 0.15MMIN

>dB,
0.83d,
0.75d
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TABLE 2B
Cargo Hold Loads (5C-3-A6/7.3) (loads in each hold shown)

notation L or E Cond’n Maximum Allowable Minimum Required

summer draft(d) shallower draft @ summer draft shallower
draft

@

BC-A Two
Loaded
Holds

at sea (5C-3-
A6/7.3.4(c)): MHD
+ (0.1MH) + MDBF
None, (5C-3-
A6/7.3.2(e)):
MFULL + MDBF

(5C-3-
A6/7.3.3(c)):
MFULL + MDBF

*0.67d None, (5C-3-
A6/7.3.2(f)):
0.5MH

(5C-3-
A6/7.3.3(d)):
0

*0.75d

No MP  (at sea) - *
marked req’t

  (at sea) - *
marked req’t

 

harbor  (5C-3-
A6/7.3.6(b)):
MFULL + MDBF

0.67d    

All
Holds

at sea None, (5C-3-
A6/7.3.2(e)):
MFULL + MDBF

(5C-3-
A6/7.3.3(c)):
MFULL + MDBF

*0.67d  (5C-3-
A6/7.3.3(d)):
0

*0.75d

No MP  (at sea) - *
marked req’t

  (at sea) - *
marked req’t

 

harbor  (5C-3-
A6/7.3.6(b)):
MFULL + MDBF

0.67d    

BC-B at sea None, (5C-3-
A6/7.3.2(e)):
MFULL + MDBF

(5C-3-
A6/7.3.3(c)):
MFULL + MDBF

*0.67d  (5C-3-
A6/7.3.3(d)):
0

*0.75d

No MP  (at sea) - *
marked req’t

  (at sea) - *
marked req’t

 

harbor  (5C-3-
A6/7.3.6(b)):
MFULL + MDBF

0.67d    

BC-C at sea None, (5C-3-
A6/7.3.2(e)):
MFULL + MDBF

(5C-3-
A6/7.3.3(c)):
MFULL + MDBF

*0.67d  (5C-3-
A6/7.3.3(d)):
0

*0.75d

No MP  (at sea) - *
marked req’t

  (at sea) - *
marked req’t

 

harbor  (5C-3-
A6/7.3.6(b)):
MFULL + MDBF

0.67d    
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C H A P T E R  3
Vessels Intended to Carry Ore or Bulk Cargoes (150 meters (492 feet) or

more in Length)

A P P E N D I X  7
Hull Girder Ultimate Strength Assessment of Bulk Carriers

1 General
The hull structure for bulk carriers is to be verified for compliance with the hull girder ultimate strength
requirements specified in this section.

These requirements are applicable to the hull structure within 0 . 4L amidships in sea-going conditions. For
vessels with regions that are subject to higher total vertical bending moment than 0 . 4L amidships due to
hull girder bending effects, the hull girder ultimate strength in these regions is also to be verified.

The method for calculating the ultimate hull girder capacity is to identify all critical failure modes of main
longitudinal structural elements in the hull girder section.

3 Vertical Hull Girder Ultimate Limit State
The vertical hull girder ultimate bending capacity is to satisfy the following limit state equation:γSMsw+ γWMw ≤ MUγR
whereMsw = still water bending moment, in kN-m (tf-m), in accordance with 3-2-1/3.3

Mw = maximum wave-induced bending moment, in kN-m (tf-m), in accordance with 3-2-1/3.5.1MU = vertical hull girder ultimate bending capacity, in kN-m (tf-m), as defined in 5C-3-A7/5γS = 1.0 partial safety factor for the still water bending momentγw = 1.20 partial safety factor for the vertical wave bending moment covering environmental and wave load
prediction uncertaintiesγR = 1.10 partial safety factor for the vertical hull girder bending capacity covering material, geometric and
strength prediction uncertainties
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In general, for vessels where the hull girder ultimate strength is evaluated with gross scantlings, γR is to be
taken as 1.25.

5 Hull Girder Ultimate Bending Moment Capacity

5.1 General
The ultimate bending moment capacities of a hull girder section, in hogging and sagging conditions, are
defined as the maximum values (positive MUH, negative MUS) on the static nonlinear bending moment-
curvature relationship M− κ. See 5C-3-A7/5.1 FIGURE 1. The curve represents the progressive collapse
behavior of the hull girder under vertical bending. Hull girder failure is controlled by buckling, ultimate
strength and yielding of longitudinal structural elements.

FIGURE 1 
Bending Moment – Curvature Curve M− κ

The curvature of the critical inter-frame section, κ, is defined as:κ = θℓm−1
where:θ = relative angle rotation of the two neighboring cross-sections at transverse frame positionsℓ = transverse frame spacing in m, i.e., span of longitudinals

The method for calculating the ultimate hull girder capacity is to identify the critical failure modes of all
main longitudinal structural elements.
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Longitudinal structural members compressed beyond their buckling limit have reduced load carrying
capacity. All relevant failure modes for individual structural elements, such as plate buckling, torsional
stiffener buckling, stiffener web buckling, lateral or global stiffener buckling and their interactions, are to
be considered in order to identify the weakest inter-frame failure mode.

The effects of shear force, torsional loading, horizontal bending moment and lateral pressure are neglected.

5.3 Physical Parameters
For the purpose of describing the calculation procedure in a concise manner, the physical parameters and
units used in the calculation procedure are given below.

5.3.1 Hull Girder Load and Cross Section PropertiesMi = hull girder bending moment, in kN-m (tf-m)Fi = hull girder longitudinal force, in kN (tf)Iv = hull girder moment of inertia, in m4SM = hull girder section modulus, in m3SMdk = elastic hull girder section modulus at deck at side, in m3SMkl = elastic hull girder section modulus at bottom, in m3κ = curvature of the ship cross section, in m-1zj = distance from baseline, in m

5.3.2 Material Propertiesσyd = specified minimum yield stress of the material, in N/cm2 (kgf/cm2)

E = Young’s modulus for steel, 2.06 × 107 N/cm2 (2.1 × 106 kgf/cm2)ν = Poisson’s ratio, may be taken as 0.3 for steelΦ = edge function as defined in 5C-3-A7/5.9.2ε = relative strain defined in 5C-3-A7/5.9.2

5.3.3 Stiffener Sectional Properties
The properties of a longitudinal’s cross section are shown in 5C-3-A7/5.3.3 FIGURE 2.As = sectional area of the longitudinal or stiffener, excluding the associated plating, in cm2b1 = smaller outstanding dimension of flange with respect to centerline of web, in cmbf = total width of the flange/face plate, in cmdw = depth of the web, in cmtp = net thickness of the plating, in cmtf = net thickness of the flange/face plate, in cmtw = net thickness of the web, in cmxo = distance between centroid of the stiffener and centerline of the web plate, in cmyo = distance between the centroid of the stiffener and the attached plate, in cm
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FIGURE 2 
Dimensions and Properties of Stiffeners

5.5 Calculation Procedure
The ultimate hull girder bending moment capacity MU is defined as the peak value of the curve with
vertical bending moment M versus the curvature κ of the ship cross section as shown in 5C-3-A7/5.1
FIGURE 1.

The curve M− κ is obtained by means of an incremental-iterative approach. The steps involved in the
procedure are given below.
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The bending moment Mi which acts on the hull girder transverse section due to the imposed curvature κi is
calculated for each step of the incremental procedure. This imposed curvature corresponds to an angle of
rotation of the hull girder transverse section about its effective horizontal neutral axis, which induces an
axial strain ε in each hull structural element.

The stress σ induced in each structural element by the strain ε is obtained from the stress-strain curveσ − ε of the element, which takes into account the behavior of the structural element in the nonlinear
elasto-plastic domain.

The force in each structural element is obtained from its area times the stress and these forces are summed
to derive the total axial force on the transverse section. Note the element area is taken as the total net area
of the structural element. This total force may not be zero as the effective neutral axis may have moved due
to the nonlinear response. Hence, it is necessary to adjust the neutral axis position, recalculate the element
strains, forces and total sectional force, and iterate until the total force is zero.

Once the position of the new neutral axis is known, then the correct stress distribution in the structural
elements is obtained. The bending moment Mi about the new neutral axis due to the imposed curvature κi
is then obtained by summing the moment contribution given by the force in each structural element.

The main steps of the incremental-iterative approach are summarized as follows:

Step 1 Divide the hull girder transverse section into structural elements, (i.e., longitudinal stiffened panels
(one stiffener per element), hard corners and transversely stiffened panels), see 5C-3-A7/5.7.

Step 2 Derive the stress-strain curves (also known as the load-end shortening curves) for all structural
elements, see 5C-3-A7/5.9.

Step 3 Derive the expected maximum required curvature, κF. The curvature step sizeΔκ is to be taken asκF/300. The curvature for the first step,κ1 is to be taken as Δκ.

Derive the neutral axis zNA − i for the first incremental step (i = 1) with the value of the elastic hull girder
section modulus, see 3-2-1/9.

Step 4 For each element (index j), calculate the strain εij = κi(zj – zNA − i) corresponding to κi, the
corresponding stress σj, and hence the force in the element σjAj. The stress σj corresponding to the
element strainεij is to be taken as the minimum stress value from all applicable stress-strain curves σ − ε
for that element.

Step 5 Determine the new neutral axis position zNA − i by checking the longitudinal force equilibrium over
the whole transverse section. Hence, adjust zNA − i until:Fi = 10−3ΔAjσj = 0
Note σj is positive for elements under compression and negative for elements under tension. Repeat from
Step 4 until equilibrium is satisfied. Equilibrium is satisfied when the change in neutral axis position is less
than 0.0001 m.

Step 6 Calculate the corresponding moment by summing the force contributions of all elements as follows:Mi = 10−3∑σjAj zj− zNA − i
Step 7 Increase the curvature by Δκ, use the current neutral axis position as the initial value for the next
curvature increment and repeat from Step 4 until the maximum required curvature is reached. The ultimate
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capacity is the peak value Mu from the M− κ curve. If the peak does not occur in the curve, then κF is to
be increased until the peak is reached.

The expected maximum required curvature κF is to be taken as:

κF = 3max SMdkσyd, SMklσydEIv
5.7 Assumptions and Modeling of the Hull Girder Cross-section

In applying the procedure described in this Appendix, the following assumptions are to be made:

i) The ultimate strength is calculated at a hull girder transverse section between two adjacent
transverse webs.

ii) The hull girder transverse section remains plane during each curvature increment.

iii) The material properties of steel are assumed to be elastic, perfectly plastic.

iv) The hull girder transverse section can be divided into a set of elements which act independently of
each other.

v) The elements making up the hull girder transverse section are:

● Longitudinal stiffeners with attached plating, with structural behavior given in 5C-3-A7/5.9.2
through 5C-3-A7/5.9.6.

● Transversely stiffened plate panels, with structural behavior given in 5C-3-A7/5.9.7

● Hard corners, as defined below, with structural behavior given in 5C-3-A7/5.9.1

vi) The following structural areas are to be defined as hard corners:

● The plating area adjacent to intersecting plates

● The plating area adjacent to knuckles in the plating with an angle greater than 30 degrees.

● Plating comprising rounded gunwales

An illustration of hard corner definition for girders on longitudinal bulkheads is given in 5C-3-
A7/5.7 FIGURE 3.

vii) The size and modeling of hard corner elements is to be as follows:

● It is to be assumed that the hard corner extends up to s/2 from the plate intersection for
longitudinally stiffened plate, wheres is the stiffener spacing

● It is to be assumed that the hard corner extends up to20tgrs from the plate intersection for
transversely stiffened plates, where tgrs is the gross plate thickness.

Note:

For transversely stiffened plate, the effective breadth of plate for the load shortening portion of the stress-strain curve is to be
taken as the full plate breadth, i.e., to the intersection of other plates – not from the end of the hard corner. The area is to be
calculated using the breadth between the intersecting plates.
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FIGURE 3
Example of Defining Structural Elements

a) Example showing side shell, inner side and deck

 

 

b) Example showing girder on longitudinal bulkhead
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5.9 Stress-strain Curves σ − ε (or Load-end Shortening Curves)
5.9.1 Hard Corners

Hard corners are sturdier elements which are assumed to buckle and fail in an elastic, perfectly
plastic manner. The relevant stress strain curve σ-ε is to be obtained for lengthened and shortened
hard corners according to 5C-3-A7/5.9.2.

5.9.2 Elasto-Plastic Failure of Structural Elements
The equation describing the stress-strain curve σ − ε of the elasto-plastic failure of structural
elements is to be obtained from the following formula, valid for both positive (compression or
shortening) of hard corners and negative (tension or lengthening) strains of all elements (see 5C-3-
A7/5.9.2 FIGURE 4):σ = Φ   σyd kN/cm2(kgf/cm2)
whereΦ = edge function

= –1 for ε < – 1
= ε for – 1 < ε < 1
= 1 for ε > 1ε = relative strain

=
εEεydεE = element strainεyd = strain corresponding to yield stress in the element

= σydE
Note:

The signs of the stresses and strains in this Appendix are opposite to those in the rest of the Rules.
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FIGURE 4
Example of Stress Strain Curves σ − ε

a) Stress strain curve σ − ε for elastic, perfectly plastic failure of a hard corner
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FIGURE 4 (continued)
Example of Stress Strain Curves σ − ε

b) Typical stress strain curve σ-ε for elasto-plastic failure of a stiffener

 

 

5.9.3 Beam Column Buckling
The equation describing the shortening portion of the stress strain curve σCR1− ε for the beam
column buckling of stiffeners is to be obtained from the following formula:σCR1 = ΦσC1 As+ beff − ptpAs+ stp       kN/cm2(kgf/cm2)
whereσC1 = critical stress, in kgf/cm2 (kgf/cm2)

= σE1ε for   σE1 ≤ σyd2 ε
= σyd 1− σydε4σE1 for   σE1 > σyd2 εσE1 = Euler column buckling stress, in kgf/cm2 (kgf/cm2)

= π2E IEAEℓ2ℓ = unsupported span of the longitudinal, in cms = plate breadth taken as the spacing between the stiffeners, in cmIE = net moment of inertia of stiffeners, in cm4, with attached plating of width beff − s
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beff − s = effective width, in cm, of the attached plating for the stiffener

= sβp for βp > 1 . 0
= s for βp ≤ 1 . 0

βp = stp εσydEAE = net area of stiffeners, in cm2, with attached plating of width beff − pbeff − p = effective width, in cm, of the plating

= 2 . 25βp − 1 . 25βp2 s for βp > 1 . 25
= s for βp ≤ 1 . 25

5.9.4 Torsional Buckling of Stiffeners
The equation describing the shortening portion of the stress-strain curve σCR2− ε for the lateral-
flexural buckling of stiffeners is to be obtained according to the following formula:σCR2 = Φ AsσC2 + stpσCPAs+ stp     kN/cm2(kgf/cm2)
whereσC2 = critical stress

= σE2ε for   σE2 ≤ σyd2 ε
= σyd 1− σydε4σE2 for   σE2 > σyd2 εσCP = ultimate strength of the attached plating for the stiffener

= 2 . 25βp − 1 . 25βp2 σyd for βp > 1 . 25
= σyd for βp ≤ 1 . 25βp = coefficient defined in 5C-3-A7/5.9.3σE2 = Euler torsional buckling stress, in kN/cm2(kgf/cm2), equal to reference stress for torsional

buckling σETσET = E K/2 . 6 + nπ/ℓ 2Γ+ Co ℓ/nπ 2/E /Io 1 + Co ℓ/nπ 2/IofcLK = St. Venant torsion constant for the longitudinal’s cross section, excluding the associated plating

= bftf3+ dwtw3 /3Io = polar moment of inertia of the longitudinal, excluding the associated plating, about the toe
(intersection of web and plating)

= Ix+mIy+ As xo2+ yo2 incm4Ix, Iy = moment of inertia of the longitudinal about the x- and y-axis, respectively, through the centroid
of the longitudinal, excluding the plating (x-axis perpendicular to the web), in cm4
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m = 1 . 0 – u(0 . 7 – 0 . 1dw/bf)u = unsymmetry factor

= 1 – 2b1/bfCo = Etp3/3sΓ = warping constant≅ mIyfdw2 + dw3 tw3 /36Iyf = tfbf3 1 . 0 + 3 . 0u2dwtw/As /12fcL = critical buckling stress for the associated plating, corresponding to n-half waves

= π2E(n/α+ α/n)2(tp/s)2/12(1 – ν2)α = ℓ/sℓ = unsupported span of the longitudinal, in cms = plate breadth taken as the spacing between the stiffeners, in cmn = number of half-wave which yield a smallest σET
5.9.5 Web Local Buckling of Stiffeners with Flanged Profiles

The equation describing the shortening portion of the stress strain curve σCR3− ε for the web local
buckling of flanged stiffeners is to be obtained from the following formula:σCR3 = Φσyd beff − ptp+ dw − efftw+ bftfstp+ dwtw+ bftf     kN/cm2(kgf/cm2)
wheres = plate breadth taken as the spacing between the stiffeners, in cmbeff − p = effective width of the attached plating in cm, defined in 5C-3-A7/5.9.3dw− eff = effective depth of the web, in cm

= 2 . 25βw − 1 . 25βw2 dw for βw > 1 . 25
= dw for βw ≤ 1 . 25

βw = dwtw εσydE
5.9.6 Local Buckling of Flat Bar Stiffeners

The equation describing the shortening portion of the stress-strain curve σCR4− ε for the web
local buckling of flat bar stiffeners is to be obtained from the following formula:σCR4 = Φ AsσC4 + stpσCPAs+ stp     kN/cm2(kgf/cm2)
where
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σCP = ultimate strength of the attached plating, in kN/cm2 (kgf/cm2)

σC4 = critical stress, in kN/cm2 (kgf/cm2)

= σE4ε for   σE4 ≤ σyd2 ε
= σyd 1− σydε4σE4 for   σE4 > σyd2 εσE4 = Euler buckling stress

= 0 . 44π2E12 1− v2 twdw 2
5.9.7 Buckling of Transversely Stiffened Plate Panels

The equation describing the shortening portion of the stress-strain curve σCR5− ε for the buckling
of transversely stiffened panels is to be obtained from the following formula:

σCR5 = min σyd sℓstf 2 . 25βp − 1 . 25βp2 + 0 . 115 1− sℓstf 1 + 1βp2
2

σydΦ     kN/cm2(kgf/cm2)
whereβp = coefficient defined in 5C-3-A7/5.9.3.s = plate breadth taken as the spacing between the stiffeners, in cmℓstf = span of stiffener equal to spacing between primary support members, in cm
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C H A P T E R  4
Vessels Intended to Carry Ore or Bulk Cargoes (Under 150 Meters (492

feet) in Length)

S E C T I O N  1
Introduction

Note: Vessels with Freeboard Length Lf as defined in 3-1-1/3.3 of 150m (492 ft) or more are to comply with SOLAS
Chapter XII. Part 5C, Chapter 3 of these Rules may be used for that purpose.

1 General

1.1 Objective (2024)
1.1.1 Goal

The vessels covered in this section are to be designed, constructed, operated and maintained to:

Goal No. Goals

STRU 1 In the intact condition, have sufficient structural strength to withstand the environmental
conditions, loading conditions, and operational loads anticipated during the design life.

STRU 3 Provide protection to persons onboard, environment and required safety services.

STAB 3 Have adequate freeboard to prevent excessive water on deck.

FIR 1 Prevent the occurrence of fire and explosion.

ENV 1 Prevent and minimize oil pollution due to vessel operation and accidents.

MGMT 5.1 Design and construct vessel, machinery, and electrical systems to facilitate safe access, ease of
inspection, survey, and maintenance.

1.1.2 Functional Requirements
To achieve the above stated goals, the design, construction, installation, and maintenance are to be
in accordance with the following functional requirements:
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Functional
Requirement No.

Functional Requirements

Structure (STRU)

STRU-FR1

Scantlings are to have sufficient strength to resist failure and excessive deformation
associated with buckling and yielding when subjected to the loads anticipated throughout
the service life, such as external sea loads, cargo loads, ballast water and any other liquid
loads.

STRU-FR2 Prevent fatigue damage throughout the anticipated design life.

Safety Management (MGMT)

MGMT-FR1 Provide satisfactory arrangements for safe access for operation, inspection, and
maintenance.

Protection of Environment (ENV)

ENV-FR1 Properly arrange fuel oil tanks to protect from collision or grounding to minimize oil
pollution.

Stability (STAB)

STAB-FR1
Provide adequate watertight integrity and restoring energy (stability) to prevent capsize in
all loading conditions and foreseeable operating conditions including severe weather, icing,
dead ship, rolling resonance, and water trapped on deck.

Meet the functional requirements covered in the cross-referenced Rules.

1.1.3 Compliance
A vessel is considered to comply with the goals and functional requirements within the scope of
classification when the applicable prescriptive requirements are complied with or when an
alternative arrangement has been approved. Refer to Part 1D, Chapter 2.

1.1 Classification (2024)
In accordance with 1A-1-3/3 of the ABS Rules for Conditions of Classification (Part 1A), the mandatory
classification notation ✠A1 Bulk Carrier, or ✠A1 Ore Carrier, is to be assigned to vessels designed
for the carriage of bulk cargoes, or ore cargoes, and built to the requirements of this section and other
relevant sections of the Rules. Where the vessel has been specially reinforced for the carriage of heavy-
density cargoes, special loading arrangements, or both, it will be distinguished in the Record with a
notation describing the special arrangements. Full particulars of the loading conditions and the maximum
density of the cargoes to be provided for are to be given on the basic design drawings.

1.3 Application (2024)
Bulk carriers having a length L of 90 m or above and covered by 5A-1-1/1.2, are to comply with Part 5A
and 5B. Otherwise, these requirements are intended to apply to vessels having machinery aft, one deck and
a complete or partial double bottom. They are intended to apply to vessels generally of welded
construction, of usual form and having proportions in accordance with 3-1-2/7. They are applicable to
vessels having longitudinal framing and that may have topside tanks and side tanks, or two continuous
longitudinal bulkheads. Transverse side framing will also be acceptable. These Rules are also intended to
apply to other vessels of similar type and arrangement. See typical sections in 5C-3-1/Figure 1 through
5C-3-1/Figure 4.

For application scope of the requirements of Part 3 and this Chapter, see 5C-4-1/Figure 1A.
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FIGURE 1A 
Application Scope of Part 3 and Part 5C, Chapter 4 (2024)

1.5 Arrangement (2024)
Watertight and strength bulkheads in accordance with Section 3-2-9 are to be provided. Where this is
impracticable, the transverse strength and stiffness of the hull is to be effectively maintained by deep webs
or partial bulkheads. Where it is intended to carry liquid in any of the spaces, additional bulkheads or
swash bulkheads may be required. Tank bulkheads are to be in accordance with the requirements of
Sections 3-2-10 or 5C-2-2, as appropriate. The depth of double bottom at the centerline is not to be less
than the height for center girders, as obtained from Section 3-2-4. Tanks forward of the collision bulkhead
are not to be arranged for the carriage of oil or other liquid substances that are flammable.
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Oil fuel tanks on a ship with an aggregate fuel oil capacity of 600 m3 and above are to be protected in the
event of collision or grounding in compliance with MARPOL, Annex I, Regulation 12A.

1.7 Scantlings
Compliance with the following requirements may be accomplished through detailed investigation of the
magnitude and distribution of the imposed longitudinal and transverse forces by using an acceptable
method of engineering analysis. Where the structural members are highly stressed, their stability
characteristics are to be investigated. In any case, the following paragraphs are to be used as a guide in
determining scantlings.

1.9 Higher-strength Materials (2024)
In general, applications of higher-strength materials for vessels intended to carry ore or bulk cargoes are to
meet the requirements of this Chapter, but may be modified generally in accordance with the following
sections:

Section 3-2-4 longitudinals and inner bottom plates

Section 3-2-7 longitudinals

Section 3-2-8 deep longitudinal members (3-2-8/9.3)

Section 3-2-10 bulkhead plating and stiffeners

Section 3-2-2 shell plating

Section 3-2-3 deck plating

1.11 Corrosion Protection of Structure (2024)
For the corrosion protection of structure, see 3-2-18/5.

1.13 Selection of Material Grade (2024)
Steel materials for particular locations are not to be of lower grades than those required by 3-1-2/Table 1
for the material class given in 3-1-2/Table 2A or 3-1-2/Table 2B and 3-1-2/Table 4 for the material class
given in 3-1-2/Table 3 at lower temperature where applicable.

3 Carriage of Oil Cargoes

3.1 General
Ore carriers and bulk carriers intended also for the carriage of oil cargoes, as defined in 5C-2-1/1, are to
comply with the applicable parts of Section 5C-2-1 as well as this section.

3.3 Gas Freeing (2024)
Prior to and during the handling of bulk or ore cargoes, all spaces except slop tanks are to be free of cargo
oil vapors. This instruction is to be included in the loading manual for the guidance of the Master.

3.5 Slop Tanks
Slop tanks are to be separated from spaces that may contain sources of vapor ignition by oiltight and
adequately vented cofferdams, as defined in 5C-2-1/5.3, or by cargo oil tanks which are maintained gas
free.

5 Special Requirements for Deep Loading (2024)
Bulk carriers or ore carriers to which type B reduced freeboards are assigned based on the subdivision
requirements of the International Convention on Load Lines, 1966, are to comply with those regulations.
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7 Forecastle

7.1 General
These requirements apply to all bulk carriers, ore carriers and combination carriers. These vessels are to be
fitted with an enclosed forecastle on the freeboard deck in accordance with the requirements in this section.

7.3 Arrangements
The forecastle is to be located on the freeboard deck with its aft bulkhead fitted in way or aft of the
forward bulkhead of the foremost hold, as shown in 5C-4-1/7.7 FIGURE 1. However, if this requirement
hinders hatch cover operation, the aft bulkhead of the forecastle may be fitted forward of the forward
bulkhead of the foremost cargo hold provided the forecastle length is not less than 0 . 07Lf (Lf: see
3-1-1/3.3) abaft the forward perpendicular.

A breakwater is not to be fitted on the forecastle deck with the purpose of protecting the hatch coaming or
hatch covers. If fitted for other purposes, it is to be located such that its upper edge at center line is not less
than HB/tan 20° forward of the aft edge of the forecastle deck, where HB is the height of the breakwater
above the forecastle (see 5C-4-1/7.7 FIGURE 1).

7.5 Dimensions
7.5.1 Heights

The forecastle height, HF, above the main deck at side is to be not less than:

● The standard height of a superstructure as specified in the International Convention on Load
Line 1966 and its Protocol of 1988, or

● HC+ 0 . 5 m, where HC is the height of the forward transverse hatch coaming of cargo hold
No. 1,

whichever is the greater.

7.5.2 Location of Aft Edge of Forecastle Deck
All points of the aft edge of the forecastle deck are to be located at a distance ℓF:ℓF ≤ 5 HF− HC
from the No.1 hatch forward coaming plate in order to apply the reduced loading to the No. 1
forward transverse hatch coaming and No. 1 hatch cover in applying 5C-4-2/13.

7.7 Structural Arrangements and Scantlings (2024)
The structural arrangements and scantlings of the forecastle are to comply with the applicable requirements
of 3-2-2/5.7, 3-2-5/5, 3-2-7/3, 3-2-11/1.3, 3-2-11/3, and 3-2-11/9.
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FIGURE 1

9 Access to and Within Spaces in, and Forward of, the Cargo Area of
Bulk Carriers (2024)
For bulk carriers as defined in SOLAS Regulation IX/1 of 20,000 gross tonnage and above, the provision
of suitable means of access to the hull structures for the purpose of carrying out overall and close-up
surveys and inspections is to be provided for compliance with Regulation II-1/3-6 of SOLAS.

11 Loading Instrument (2024)
Bulk carriers of 100 m (328 ft) or more in length as defined in 3-1-1/3.1 are to be provided with a loading
instrument capable of providing information on hull girder shear forces and bending moments in
accordance with 3-2-A2/9 and on stability verified in accordance with 3-3-1/17 and Appendix 3-3-A7.

Bulk carriers under 100 m (328 ft) in length as defined in 3-1-1/3.1 are to be provided with a loading
instrument capable of providing information on stability verified in accordance with 3-3-1/17 and
Appendix 3-3-A7.
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C H A P T E R  4
Vessels Intended to Carry Ore or Bulk Cargoes (Under 150 Meters (492

feet) in Length)

S E C T I O N  2
Hull Structure

1 Objective (2024)

1.1 Goals
The vessels covered in this section are to be designed, constructed, operated and maintained to:

Goal No. Goals

STRU 1 In the intact condition, have sufficient structural strength to withstand the environmental conditions,
loading conditions, and operational loads anticipated during the design life.

STRU 2 Resist structural failure associated with accidental conditions.

STRU 3 Provide protection to persons onboard, environment and required safety services.

STRU 3.1 Maintain mechanical properties during extreme temperatures.

The goals in the cross-referenced Rules are also to be met.

1.2 Functional Requirements
To achieve the above stated goals, the design, construction, installation, and maintenance are to be in
accordance with the following functional requirements:

Functional
Requirement No. Functional Requirements

Structure (STRU)

STRU-FR1 Adequate longitudinal strength is to be provided to resist bending moments and shear forces
associated with vessel loading and wave loads anticipated during the design life.

STRU-FR2
Scantlings are to have sufficient strength to resist failure and excessive deformation associated with
buckling and yielding when subjected to the loads anticipated throughout the service life, such as
external sea loads, cargo loads and ballast water loads any other liquid loads.

STRU-FR3 Prevent fatigue damage throughout the anticipated design life.
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Functional
Requirement No. Functional Requirements

STRU-FR4 Suitable tightness of tanks is to be provided.

STRU-FR5 Suitable means are to be provided to protect deck openings to maintain the vessels with adequate
stability and buoyancy in intact and damage conditions.

The functional requirements in the cross-referenced Rules are also to be met.

1.3 Compliance
A vessel is considered to comply with the goals and functional requirements within the scope of
classification when the applicable prescriptive requirements are complied with or when an alternative
arrangement has been approved. Refer to Part 1D, Chapter 2.

2 Hull Girder Strength

2.1 Normal-strength Standard
The longitudinal hull girder strength is to be as required by the equations given in Section 3-2-1.

2.3 Hull Girder Shear and Bending Moments
For shear and bendingmoment calculation requirements, see Section 3-2-1.

2.5 Loading Guidance
Loading Guidance is to be as required by 3-2-1/7.

3 Transverse Bulkheads in Hold (2024)
Transverse bulkheads in holds are to be in accordance with 5C-4-1/1.5. For corrugated bulkheads, the
distance, ℓ, between supporting members may be measured between the upper and lower stools, except
that the credit for upper stools of rectangular cross section is not to exceed twice the width of the cross
section.

Where cargo is handled by grabs, the thickness of the lower stool plating of transverse bulkheads within a
vertical extent of 1.5 m (0.06 in.) above the inner bottom is to comply with 3-2-4/9.5.

5 Shell Plating
Shell plating is to be not less in thickness than required by Sections 3-2-1 and 3-2-2. In addition, the
thickness of the side shell plating in way of cargo holds of single side skin bulk carriers is not to be less
than given by:tmin = (L)1/2 mmtmin = 0 . 02175(L)1/2 in .
where L is the length of the vessel, as defined in 3-1-1/3.1, in m (ft).

7 Deck Plating
Deck plating is to be not less in thickness than required by Section 3-2-1 and 3-2-3.
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9 Double-bottom and Tank Structure

9.1 General (2024)
The double bottom is to be arranged with a centerline girder, or equivalent, and full-depth side girders, in
accordance with Section 3-2-4, except that the side girders are to be spaced approximately 3 m (10 ft.). The
scantlings of the double-bottom structure are to be in accordance with Section 3-2-4, except as modified in
this section. Increases may be required when cargo is to be carried in alternate holds. Forward double
bottom structures where subject to slamming forces are to be reinforced in accordance with 3-2-4/15 and
unnecessary openings in the floors and girders are to be avoided. See also 5C-4-1/1.5. Where ducts
forming a part of the double bottom structure are used as a part of the piping system for transferring cargo
oil or ballast, the structural integrity of the duct is to be safeguarded by suitable relief valves or other
arrangement to limit the pressure in the system to the value for which it is designed. See also 5C-4-1/1.5.

9.3 Floors and Transverses
In general, transverse floors under the cargo holds are to be spaced not more than 3 m (10 ft.) and their
thickness is to be as required by Section 3-2-4. Closely spaced transverses or floors fitted in the lower wing
tanks are to have thickness as required by 3-2-4/5 for floors, intercostals and brackets elsewhere.

9.5 Bottom Longitudinals and Side Tank Framing
Bottom longitudinals are to be in accordance with 3-2-4/11.3. Side members in lower wing tanks or side
tanks in bulk carriers, as well as shell frames and longitudinal bulkheadstiffeners in ore carriers, are to
have a section modulus SM not less than obtained from the following equation:SM = 7 . 8cℎsℓ2 cm3
SM = 0 . 0041cℎsℓ2 in3
wherec = 1.00 for vertical side shell frames and vertical stiffeners on bulkheads

= 0.95 for side shell longitudinals

= 0.90 for horizontal stiffeners on bulkheadsℎ = for frames, the distance, in m (ft), from the longitudinal or from the middle of ℓ for vertical
members, to the load line, or to a point located two-thirds of the distance from the keel to the
bulkhead or freeboard deck, whichever is greater.

= for bulkhead stiffeners the distance measured to a point located two-thirds of the distance from
the top of the tank to the top of the overflow, and in no case is ℎ to be less than the distance
measured to a point located above the top of the tank as given in column (e) of 3-2-7/3.1
TABLE 2, appropriate to the vessel's lengths = spacing of the members, in m (ft)ℓ = length of unsupported span, in m (ft)

Longitudinals around the bilge are to be graded in size from that required for the lowest side longitudinal
to that required for bottom longitudinals. Shell longitudinals are to be at least as required by Section 3-2-9
or 3-2-10 for bulkhead stiffeners and by 3-2-5/3.17 for side longitudinals.

9.7 Inner-bottom Longitudinals
The section modulus SM of each inner-bottom longitudinal is not to be less than 85% of that required for
bottom longitudinals, nor is to be less than obtained from the following equation:
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SM = kcnℎsℓ2 cm3(in3)
wherek = 7.8 (0.0041)c = 1.12 for vessels intended for bulk cargo

 = 1.75 for vessels specially reinforced for ore cargo or for loading in alternate holdsn = 0 . 40(1 + V/1041) for vessels intended for bulk cargo
SI and MKS

Units = V/2403 for vessels specially reinforced for ore cargo or for
loading in alternate holds

 = 0 . 40(1 + V/65) for vessels intended for bulk cargo
US Units = V/150 for vessels specially reinforced for ore cargo or for

loading in alternate holds

In no case is n to be less than 0.80.V = cargo deadweight, in kg (lb), divided by the total volume of the holds, in m3 (ft3). Where the
cargo is not uniformly distributed in all holds, the value of Vis to be checked for each hold
[cargo deadweight of each hold, in kg (lb), divided by the volume of the hold, in m3 (ft3)], and
where in any one hold it exceeds the mean value calculated as directed above, the longitudinals
of that hold are to be increased accordingly.ℎ = distance, in m (ft), from the inner bottom to the deck at centerline, or for inner bottom
longitudinals located directly under upper wing tanks, to the underside of the upper wing tank.s = spacing of longitudinals, in m (ft)ℓ = spacing of the floors, in m (ft)

9.9 Inner-bottom Plating (2024)
The inner-bottom plating is to be not less than required by 3-2-4/9.1 through 3-2-4/9.3 and is to be flush
throughout the cargo space.

Where ore or heavy bulk cargoes are carried, or where cargo is handled by grabs, the requirements of
3-2-4/9.1 and 3-2-4/9.2 are to be increased by 25%, but the increase need not exceed 5 mm (0.20 in.).
Where cargo is handled by grabs, the plating is also to comply with 3-2-4/9.5.

Commentary:

For vessels specially designed as ore carriers, it is recommended that the minimum thickness of the inner bottom be 19 mm
(0.75 in.) at 510 mm (20 in.) spacing of longitudinals.

Heavy bulk cargoes are bulk cargoes having a bulk density of not less than 1.5 t/m3.

End of Commentary

9.11 Tank Bulkhead Plating (2024)
The thickness of the transverse and longitudinal bulkheads of side or wing tanks is not to be less than that
required by 3-2-10/3.1 for the spacing of stiffeners and the distance ℎ in m (ft) measured from the lower
edge of the plating to a point located at two-thirds of the distance from the top of the tank to the top of the
overflow. In no case is ℎ to be less than the distance measured to a point located above the top of the tank
as given in column (e) of 3-2-7/3.1 TABLE 2, appropriate to the vessel's length.
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For vessels intended to carry cargo oil, the thickness of the transverse or longitudinal bulkheads of side or
wing tanks is to be not less than required by 5C-2-2/7.1.

Where cargo is handled by grabs, the thickness of sloping bulkhead plating of lower wing tanks within a
vertical extent of 1.5 m (0.06 in.) above the inner bottom is to comply with 3-2-4/9.5.

Where a sloped part of the tank bulkhead plating is within or near the line of the cargo hatch, the part of
the sloping bulkhead plating within or near the line of the cargo hatch is to be increased by at least 2 mm
(0.08 in.).

9.13 Lower Wing Tank Stiffeners
The section modulus for each stiffener on the lower wing tank bulkheads is to be in accordance with
5C-4-2/9.5, or as determined by the equation in 5C-4-2/9.7, except that for the latter, ℎ is to be measured
from the longitudinal or, in the case of vertical stiffeners, from the middle of ℓ.

9.15 Transverse Webs
Each transverse web in the lower wing tanks, where fitted in bulk carriers, is to have a section modulus SM
not less than obtained from the following equation:SM = 4 . 74cℎsℓ2 cm3
SM = 0 . 0025cℎsℓ2 in3
wherec = 1.5 for side shell, bottom shell and wing tank bulkheads.s , ℎ, ℓ are as defined under 5C-4-2/9.5

Transverse webs are to be in line with the solid floors and are to have depths of not less than 0.145 ℓ (1.75
in./ft of span ℓ). In general, the depth is to be not less than two times the depth of the slots. See also
5C-4-2/9.3.

9.17 Carriage of Water Ballast or Liquid Cargoes in Cargo Holds (2024)
Where a cargo hold is intended to be used for the carriage of water ballast or liquid cargoes, the hold is in
general to be assumed completely filled and the scantlings of the inner bottom, side structure, transverse
bulkheads, deck and hatch covers are also to be in accordance with Section 3-2-10. In addition to the
requirements in 5C-4-2/13, the hatch cover is to comply with the following against the internal loads:

Maximum allowable stress 0.235U
Maximum allowable deflection 0.0028 times the span

Top plate thickness 0.01s, but not less than 6 mm (0.24 in.)

whereU = minimum ultimate tensile strength of the steels = stiffener spacing

The securing devices of the hatch covers are to be suitable for the internal loads. See 3-2-15/9.

The scantlings of cargo holds partially filled with water ballast or liquid cargoes are to be adequate against
the loads from sloshing and full particulars are to be submitted.
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11 Framing

11.1 Transverse Hold Framing
11.1.1 Frames

Transverse hold frames are to meet the requirements in Section 3-2-5, as modified below.

For a bulk carrier having upper and lower wing tanks with adequately spaced transverse strength
bulkheads, the section modulus SM is not to be less than obtained from the following equation.SM = 3 . 5sℎ1ℓ2 cm3
SM = 0 . 00185sℎ1ℓ2 in3
whereℎ1 = ℎ + Ps = frame spacing, in m (ft)ℓ = unsupported span of frames, in m (ft), as indicated in 5C-4-2/17 FIGURE 1ℎ = vertical distance, in m (ft), from the middle of ℓ to the load lineP = C1(1 . 09 – 0 . 65ℎ/d)m

= 3 . 28C1(1 . 09 – 0 . 65ℎ/d) ftC1 = as defined in 3-2-1/3.5.1d = molded draft as defined in 3-1-1/9

The web depth to thickness ratio is to comply with the requirements of 5C-1-A2/11.9.

The ratio of outstanding flange breadth to thickness is not to exceed 10 Q where Q is as defined
in 3-2-1/5.3.

11.1.2 Frame Brackets
11.1.2(a) The section modulus SME of the frame and bracket measured at the heels of the frame
attachment is to be at least 2.0 times the SM required by 5C-4-2/11.1.1 above. See 5C-4-2/17
FIGURE 1.

11.1.2(b) Side frames of higher tensile steels are to be symmetrical sections with integral upper
and lower brackets. The brackets are to be soft toed.

The flange of the frame is to be curved (not knuckled) at the transition to the integral brackets and
the radius of curvature is not to be less than r, in mm (in.), given by:r = 0 . 4bf2/tf
wheretf = flange thickness of the bracket, in mm (in.)bf = flange width, in mm (in.)
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11.1.2(c) Where frames and brackets are of ordinary strength steel, the frames may be asymmetric
or rolled sections and fitted with separate brackets. The brackets are to be soft toed at their heels
and the face plate or flange sniped at both ends.

11.1.2(d) Integral or separate frame brackets are to extend at least for a length of 0 . 125ℎ3 onto
the frame and the depth of the bracket plus frame measured at the heel of the frame is to generally
to be at least 1.5 times that of the frame. Where the hull form renders this impracticable,
equivalent strength in shear and bending is to be provided. The brackets are to be arranged with
“soft” toes. See 5C-4-2/17 FIGURE 2 and 5C-4-2/17 FIGURE 3.

11.1.3 Minimum Thickness
11.1.3(a) Frames and Upper Brackets.
The thickness of upper brackets and the web portions of the frames are not to be less than obtained
from the following equations:t = 0 . 03L1+ 7 mm .t = 0 . 00036L1+ 0 . 28 in .
L1 = scantling length of the vessel, in m (ft), as defined in 3-1-1/3.1

In the foremost cargo hold, the thickness given in this subsection is to be increased by a factor of
1.15.

11.1.3(b) Lower Brackets.
The thickness of the brackets at the lower end of frames is to be at least 2 mm (0.08 in) greater
than the minimum thickness of web portions of frames required by 5C-4-2/11.1.3(a) above or the
actual thickness of web of the frame being supported, whichever is greater.

11.1.4 Supporting Brackets
Brackets are to be fitted in the lower and upper wing tanks in line with every side frame. These
brackets are to be stiffened against buckling.

11.1.5 Longitudinals at the Toes of Brackets
The section moduli of side longitudinals and sloping bulkhead longitudinals at the toes of brackets
are to be determined as per 5C-4-2/9.5, 5C-4-2/9.13 and 5C-4-2/11.3, with length ℓ equal to the
unsupported span between transverses and spacing s equal to “b”, as indicated in 5C-4-2/17
FIGURE 3.

11.1.6 Tripping Brackets
When the frames in the foremost hold are asymmetric sections, tripping brackets are to be fitted at
every two frames at approximately mid-span as shown in 5C-4-2/17 FIGURE 4.

11.1.7 Side Frame Aft of Collision Bulkhead (2024)
In order to prevent large relative deflection of the side shell plating, e.g., panels just aft of the
collision bulkhead, the section modulus of the first two frames aft of this bulkhead is to be at least
2.5 times the requirement in 5C-4-2/11.1.1 above. As an alternative, supporting structures are to
be fitted which maintain the continuity of forepeak stringers within the foremost hold. See 5C-4-2/
Figure 5.

11.3 Upper Wing Tank Framing
Each structural section for the side shell and wing tank stiffener and deck longitudinal in way of upper
wing tanks is to have a section modulus SM not less than obtained from the following equation:
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SM = 7 . 8cℎsℓ2 cm3
SM = 0 . 0041cℎsℓ2 in3
wherec = 0.95 for side-shell longitudinals

= 0.90 for bulkhead longitudinals

= 1.00 for vertical side frames and bulkhead stiffeners

= 1.05 for deck longitudinalsℎ = distance, in m (ft), from the center of the area supported to a point located two-thirds of the
distance from the top of the tank to the top of the overflow, and in no case is ℎ to be less than
the distance measured to a point located above the top of the tank, as given in column (e) of
3-2-7/3.1 TABLE 2, appropriate to the vessel's length, except for deck members, where
column (a) of 3-2-7/3.1 TABLE 2, appliess = spacing of member, in m (ft)ℓ = spacing of member, in m (ft)

11.5 Transverse Webs
Each transverse web in the upper wing tanks, where fitted, is to have a section modulus SM not less than
obtained from the following equation:SM = 4 . 74cℎsℓ2 cm3
SM = 0 . 0025cℎsℓ2 in3
wherec = 1.50 for shell and sloping-bulkhead webs and deck transversess , ℎ, ℓ are as defined under 5C-4-2/11.3.

The webs in the upper wing tanks are to have depths of not less than 0.0832 ℓ (1 in. per ft of span).
Thickness is to be not less than 1 mm per 100 mm (0.01 in. per in.) of depth plus 4 mm (0.16 in.), but is to
be not less than 8 mm (0.31 in.) and need not exceed 11 mm (0.44 in.). In general, the depth is to be not
less than twice the depth of the slots.

13 Cargo Hold Hatch Covers, Coamings and Closing Arrangements

13.1 General
On all bulk carriers, ore carriers and combination carriers, all cargo hold hatch covers, hatch coamings and
closing arrangements for cargo hold hatches in position 1, as defined in 3-2-15/3.1, are to meet the
requirements in 5C-3-4/19 using the design pressures as indicated in 5C-4-2/13.3.

13.3 Hatch Cover Design Pressures
The following hatch cover design pressure, p, is to be used in conjunction with 5C-3-4/19:

For ships of 100 m (328 ft) in length and above:
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p = p0+ (pFP− p0)(0 . 25− x/Lf)/0 . 25 kN/m2(tf/m2, Ltf/ft2)
For ships less than 100 m (328 ft) in length:p = R{15 . 8 + (Lf/N)[1− (5/3)(x/Lf)]− 3 . 6x/Lf} kN/m2(tf/m2, Ltf/ft2)
wherep0 = 34.3 (3.5, 0.32) kN/m2 (tf/m2, Ltf/ft2)pFP = pressure at the forward perpendicular

 = 49 . 0 + a(Lf− 100) kN/m2 for Lf in meters

 = 5 + a(Lf− 100) tf/m2 for Lf in meters

 = 0 . 457 + a(Lf− 328) Ltf/ft2 for Lf in feeta = 0.0726 (0.0074,
0.000206)

kN/m2 (tf/m2, Ltf/ft2), for type B freeboard ships

 = 0.356 (0.0363, 0.00101) kN/m2 (tf/m2, Ltf/ft2), for ships with reduced freeboardLf = freeboard length, in m (ft), as defined in 3-1-1/3.3x = distance, in m (ft), from the mid length of the hatch cover under examination to the forward
end of Lf, or 0.25Lf, whichever is lessR = 1.0 (0.102, 0.00932)N = 3 (3, 9.84)

For ships of 100 m (328 ft) in length and above, where a position 1 hatchway is located at least one
superstructure standard height higher than the freeboard deck, the pressure p may be 34.3 kN/m2 (3.5 tf/m2,
0.32 Ltf/ft2).

Special consideration is to be given for design pressures of ships less than 24 m (79 ft).

14 Structures Beyond Cargo Hold Region (2024)
Structures beyond the cargo hold region, including the forebody, aft end and machinery spaces, are to be in
compliance with the applicable requirements of Part 3, Chapter 2.

The transition from longitudinal framing to transverse framing is to be effected in as gradual a manner as
possible. Suitable transition structures are to be provided at the ends of main longitudinal members, such
as longitudinal bulkheads, girders and stringers.

15 Testing
Requirements for testing are contained in Section 3-7-1.

17 Self-unloading Gear
Requirements for self-unloading gear are contained in 5C-3-7/7.
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FIGURE 1 
Length of Hold Frame
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FIGURE 2 (2024)
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FIGURE 3
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FIGURE 4
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FIGURE 5 
Transition Structures After Forepeak Stringers (2024)
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C H A P T E R  4
Vessels Intended to Carry Ore or Bulk Cargoes (Under 150 Meters (492

feet) in Length)

S E C T I O N  3
Cargo Safety and Vessel Systems

See Section 5C-3-7.
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C H A P T E R  5
Vessels Intended to Carry Containers (130 meters (427 feet) to 450
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CONTENTS
SECTION 1 Introduction ..................................................................................... 730

1 General ......................................................................................730
1.1 Classification..................................................................730
1.2 Optional Class Notation for Design Fatigue Life............730
1.3 Application..................................................................... 730
1.5 Arrangement.................................................................. 731
1.7 Submission of Plans...................................................... 732

3 Section Properties of Structural Members .................................732

FIGURE 1 ........................................................................................... 733

SECTION 2 Design Considerations and General Requirements .................... 734
1 General Requirements ...............................................................734

1.1 General.......................................................................... 734
1.3 Initial Scantling Requirements....................................... 734
1.5 Strength Assessment - Failure Modes...........................734
1.7 Structural Redundancy and Residual Strength..............735

3 Nominal Design Corrosion Values (NDCV) ............................... 735

TABLE 1 Nominal Design Corrosion Values (NDCV) for
Container Carriers .............................................................737

FIGURE 1 Nominal Design Corrosion Values (NDCV) .......................736

SECTION 3 Load Criteria ....................................................................................739
1 General.......................................................................................739

1.1 Load Components......................................................... 739
3 Static Loads ...............................................................................739

3.1 Still-water Bending Moments, Shear Forces and
Torsional Moment.......................................................... 739

PART 5C

ABS RULES FOR BUILDING AND CLASSING MARINE VESSELS • 2024 717



3.3 Cargo Container Loads..................................................743
5 Wave-induced Loads ................................................................. 743

5.1 Wave-induced Longitudinal Bending and Torsional
Moments and Shear Forces.......................................... 744

5.3 External Pressures and Impact Loads...........................747
5.5 Cargo Loads and Liquid Pressure................................. 750

7 Nominal Design Loads ...............................................................775
7.1 Hull Girder Loads - Longitudinal Bending Moments,

Shear Forces and Torsional Moment.............................775
7.3 Local Loads for Design of Supporting Structures.......... 776
7.5 Local Pressures for Design of Plating and

Longitudinals..................................................................776
9 Combined Load Cases............................................................... 776

9.1 Combined Load Cases for Structural Analysis.............. 776
9.3 Combined Load Cases for Strength Assessment..........776

11 Impact Loads.............................................................................. 777
11.1 Bottom Slamming Pressure........................................... 777
11.3 Bowflare Slamming........................................................778

13 Other Loads................................................................................786
13.1 Vibrations.......................................................................786
13.3 Ice Loads....................................................................... 786
13.5 Accidental Loads........................................................... 786

TABLE 1A Combined Load Cases for Yielding and Buckling
Strength Formulation .........................................................765

TABLE 1B Combined Load Cases for Fatigue Strength
Formulation ....................................................................... 767

TABLE 2 Design Pressure for Local and Supporting Members ....... 768
TABLE 3 Values of α......................................................................... 781
TABLE 4 Values* of Ai and Bi............................................................782

FIGURE 1 Sign Conventions ..............................................................740
FIGURE 2 Distribution Factor fMV.......................................................740
FIGURE 3A Loading Pattern of Container Carrier ................................ 741
FIGURE 3B Loading Pattern of Container CarrierFuel Oil Tank

Located Between Cargo Hold Transverse Bulkheads ...... 742
FIGURE 3C Loading Pattern of Container CarrierFuel Oil Tank

Located within Cargo Holds .............................................. 743
FIGURE 4 Distribution Factor mℎ........................................................ 758
FIGURE 5 Distribution Factor fℎ......................................................... 759
FIGURE 6 Distribution Factor mT........................................................ 759
FIGURE 7 Torsional Moment Distribution Curves .............................. 760
FIGURE 8 Distribution of Hydrodynamic Pressure .............................761
FIGURE 9 Hydrodynamic Pressure Distribution Factor kℓo.................761

ABS RULES FOR BUILDING AND CLASSING MARINE VESSELS • 2024 718



FIGURE 10 Illustration of Determining Total External Pressure............ 762
FIGURE 11 Definition of Bow Geometry .............................................. 762
FIGURE 12 Distribution of Container Loads to Corners in Hold............763
FIGURE 13 Transfer of Container Corner Loads on the Cell Guide

to Support Points................................................................763
FIGURE 14 Definition of Tank Geometry...............................................764
FIGURE 15 Location of Hold for Nominal Pressure Calculation............772
FIGURE 16 Nominal Pressure Calculation Procedure for Non-

Prismatic Tank....................................................................773
FIGURE 17 Applicable Areas of Design Pressures...............................774
FIGURE 18 Distribution of Bottom Slamming Pressure Along the

Section Girth ..................................................................... 783
FIGURE 19 Ship Stem Angle, γ............................................................ 784
FIGURE 20 Definition of Bow Flare Geometry for Bow Flare Shape

Parameter.......................................................................... 785
FIGURE 21 Definition of Half Deck Width............................................. 786

SECTION 4 Initial Scantling Criteria ..................................................................787
1 General.......................................................................................787

1.1 Strength Requirements..................................................787
1.3 Calculation of Load Effects............................................ 787
1.5 Structural Details........................................................... 788
1.7 Evaluation of Grouped Stiffeners...................................788

3 Hull Girder Strength....................................................................789
3.1 Hull Girder Section Modulus.......................................... 789
3.3 Hull Girder Moment of Inertia.........................................790
3.5 Transverse Strength...................................................... 790

4 Hull Girder Shearing Strength ....................................................790
4.1 General.......................................................................... 790
4.3 Net Thickness of Side Shell Plating...............................790
4.5 Net Thickness of the Longitudinal Bulkhead Plating......791

5 Hull Girder Shearing Stiffness ................................................... 791
7 Torsion-induced Longitudinal Stress ..........................................792

7.1 Total Torsion-induced Longitudinal Stress, (Warping
Stress)........................................................................... 792

7.3 Wave-induced Warping Stress...................................... 792
7.5 Still-water Warping Stress..............................................795
7.7 Permissible Warping Stress...........................................795

9 Double Bottom Structures...........................................................802
9.1 General.......................................................................... 802
9.3 Bottom Shell and Inner Bottom Plating..........................802
9.5 Bottom and Inner Bottom Longitudinals.........................806
9.7 Bilge Plate and Longitudinals/Frames........................... 807
9.9 Bottom Struts................................................................. 808

ABS RULES FOR BUILDING AND CLASSING MARINE VESSELS • 2024 719



9.11 Centerline Girder in way of Cargo Holds....................... 808
9.13 Bottom Side Girders...................................................... 809
9.15 Longitudinally Stiffened Bottom Girders........................ 810
9.17 Bottom Tank Boundary Girders......................................811
9.19 Vertical Web on Bottom Tank Boundary Girder..............811
9.21 Bottom Floors................................................................ 812
9.23 Tank End Floors.............................................................813
9.25 Transverses in Pipe Tunnel........................................... 813
9.27 Container Supporting Structures................................... 814

11 Side Shell Plating and Longitudinals ......................................... 818
11.1 Side Shell Plating...........................................................818
11.3 Side Longitudinals and Side Frames............................. 822
11.5 Side Struts..................................................................... 823

13 Side Transverses and Side Stringers......................................... 824
13.1 Side Transverse in Double Side Structures...................824
13.3 Side Transverse in Single Side Shell.............................825
13.5 Side Transverse in Underdeck Passageway................. 827
13.7 Side Stringers in Double Side Structures...................... 828
13.9 Transverses Forming Tank Boundaries......................... 830
13.11 Side Stringers Forming Tank Boundaries...................... 830
13.13 Container Supporting Structures................................... 832

15 Deck Structures.......................................................................... 832
15.1 Strength Deck Plating.................................................... 832
15.3 Strength Deck Longitudinals..........................................833
15.5 Upper Wing Torsional Box............................................. 834
15.7 Cross Deck Structure.....................................................836
15.9 Longitudinal Deck Girders Inboard of Lines of

Openings....................................................................... 839
15.11 Deck Transverse in Underdeck Passageway................ 840
15.13 Underdeck Passageway (Second Deck)....................... 841
15.15 Raised Lashing Platforms..............................................844

17 Hatch Coamings and Hatch Covers .......................................... 844
17.1 Hatch Coamings............................................................ 844
17.3 Hatch Covers................................................................. 844

19 Longitudinal Bulkheads ..............................................................844
19.1 Tank Bulkhead Plating................................................... 844
19.3 Tank Bulkhead Longitudinals/Stiffeners.........................847
19.5 Watertight Bulkhead Plating...........................................849
19.7 Watertight Bulkhead Longitudinals/Stiffeners................ 849
19.9 Longitudinals in Upper Wing Torsional Box................... 850
19.11 Transverse Web on Longitudinal Bulkhead in

Underdeck Passageway................................................ 850
19.13 Tank Bulkhead Between Fuel Oil Tanks........................ 851

21 Transverse Bulkheads - Plating and Stiffeners...........................852

ABS RULES FOR BUILDING AND CLASSING MARINE VESSELS • 2024 720



21.1 Tank Bulkhead Plating................................................... 852
21.3 Tank Bulkhead Stiffeners............................................... 853
21.5 Watertight Bulkhead Plating...........................................853
21.7 Watertight Bulkhead Stiffeners...................................... 854
21.9 Underdeck Passageway................................................ 854

23 Watertight and Tank Bulkhead Main Supporting Members ........854
23.1 Transverse Watertight Bulkhead....................................854
23.3 Mid-hold Strength Bulkhead.......................................... 858
23.5 Main Supporting Members on Boundaries of Fuel Oil

Tank............................................................................... 862
23.7 Minimum Thickness and Stiffening Arrangement of

Webs..............................................................................866
25 Fuel Oil Tank Tops ..................................................................... 869

25.1 Fuel Oil Tank Top Plating............................................... 869
25.3 Fuel Oil Tank Top Longitudinals.....................................869

FIGURE 1 Scantling Requirement Reference by Sub-Section ...........788
FIGURE 2 Improvement of Hatch Corners and Heavy Insert Deck

Plate...................................................................................789
FIGURE 3 Strength Deck Definition of ℓ1, ℓ2, b0, b0′,B   and   B′.......... 797
FIGURE 4 Deck Structure................................................................... 798
FIGURE 5 Specified Stations and Coefficients for Warping Stress

Calculation ........................................................................ 799
FIGURE 6 Unsupported Span of Longitudinals...................................815
FIGURE 7 Effective Breadth of Plating be........................................... 816
FIGURE 8 Definitions of ℓs,   bs,   ℎ,   db,   dw,   ds, and y...................817
FIGURE 9 Effectiveness of Brackets for Main Supporting Members.. 818
FIGURE 10 Definitions of ℎ1 and ℎ2...................................................... 842
FIGURE 11 Sizes of Insert Plates......................................................... 843
FIGURE 12 Transverse Watertight and Mid-hold Strength Bulkhead

Definition of Spans for Bulkhead without Bottom Stool......866
FIGURE 13 Transverse Watertight and Mid-hold Strength Bulkhead

Definitions of Spans for Bulkhead with Bottom Stool.........867
FIGURE 14 Transverse Tank Bulkhead Definition of Spans for

Bulkhead with Fuel Oil Tank in The Cargo Hold or
Under The Deck House .....................................................868

FIGURE 15 Longitudinal Tank Bulkhead Definitions of Spans for
Bulkhead with Fuel Oil Tank in the Cargo Hold or Under
the Deckhouse .................................................................. 868

SECTION 5 Total Strength Assessment ............................................................870
1 General Requirements ...............................................................870

1.1 General.......................................................................... 870
1.3 Loads and Load Cases..................................................870
1.5 Stress Components....................................................... 870

ABS RULES FOR BUILDING AND CLASSING MARINE VESSELS • 2024 721



1.7 Structural Details........................................................... 871
3 Yielding Criteria ..........................................................................871

3.1 General.......................................................................... 871
3.3 Structural Members and Elements................................ 871
3.5 Plating............................................................................872

5 Buckling And Ultimate Strength Criteria .................................... 873
5.1 General.......................................................................... 873
5.3 Plate Panels...................................................................874
5.5 Longitudinals and Stiffeners.......................................... 876
5.7 Stiffened Panels.............................................................877
5.9 Deep Girders and Webs................................................ 878
5.11 Longitudinal Deck Girders, Cross Deck Box Beams

and Vertical Webs..........................................................879
7 Fatigue Life ................................................................................879

7.1 General.......................................................................... 879
7.3 Procedures.................................................................... 880
7.5 Spectral Analysis........................................................... 881

9 Calculation of Structural Responses ..........................................881
9.1 Methods of Approach and Analysis Procedures............881
9.3 3D Finite Element Models..............................................881
9.5 2D Finite Element Models..............................................882
9.7 Refined 3D Local Structural Models.............................. 882
9.9 Load Cases....................................................................882

11 Critical Areas ............................................................................. 882

FIGURE 1 Critical Areas .....................................................................883

SECTION 6 Hull Structure Beyond 0.4L Amidships ........................................ 884
1 General Requirements ...............................................................884

1.1 General.......................................................................... 884
1.3 Structure within Cargo Spaces...................................... 884

3 Bottom Shell Plating and Stiffeners in Forebody ....................... 885
3.1 Bottom Shell Plating...................................................... 885
3.3 Bottom Longitudinals and Transverse Frames.............. 885

5 Side Shell Plating and Stiffeners in Forebody ........................... 886
5.1 Side Shell Plating...........................................................886
5.3 Forecastle Side Shell Plating.........................................887
5.5 Stem Plating.................................................................. 888
5.7 Bow Thruster Tunnel......................................................888
5.9 Immersed Bow Plating...................................................888
5.11 Side Longitudinals and Transverse Frames.................. 889

7 Side Transverses and Stringers in Forebody ............................ 892
7.1 Transverse Web Frames............................................... 892

ABS RULES FOR BUILDING AND CLASSING MARINE VESSELS • 2024 722



7.3 Stringers........................................................................ 893
7.5 Fore Peak-stringer......................................................... 894

9 Deck Structures ......................................................................... 895
9.1 Strength Deck Plating Outside Line of Openings.......... 895
9.3 Strength Deck Plating Within Line of Openings.............896
9.5 Forecastle Decks........................................................... 897
9.7 Platform Decks in Enclosed Spaces..............................897
9.9 Watertight Flats..............................................................897
9.11 Deck Longitudinals and Beams..................................... 897
9.13 Deck Girders and Transverses Clear Of Tanks............. 898
9.15 Deck Girders and Transverses in Tanks........................899

11 Pillars or Struts .......................................................................... 900
11.1 Permissible Load........................................................... 900
11.3 Calculated Load.............................................................900
11.5 Pillars under the Tops of Deep Tanks............................ 901

13 Transition Zone ..........................................................................901
13.1 General.......................................................................... 901

15 Fore-peak Structure ...................................................................901
15.1 General.......................................................................... 901
15.3 Center Girder and Floor Plating.....................................901
15.5 Peak Frames................................................................. 902

17 Watertight Bulkheads .................................................................902
17.1 Plating............................................................................902
17.3 Stiffeners........................................................................903
17.5 Girders and Webs..........................................................903

19 Deep Tank Bulkheads ................................................................904
19.1 Plating............................................................................904
19.3 Stiffeners........................................................................905
19.5 Girders and Webs..........................................................906

21 Collision Bulkhead ..................................................................... 907
21.1 Plating............................................................................907
21.3 Stiffeners........................................................................908
21.5 Girders and Webs..........................................................908

23 Structure Strengthening for Impact Loads .................................909
23.1 Bottom Slamming.......................................................... 909
23.3 Bowflare Slamming........................................................ 911
23.5 Bow Strengthening........................................................ 920

25 Aftbody and Machinery Space Structure ................................... 921
25.1 Bottom Structure............................................................921
25.3 Double Bottom in Engine Space....................................922
25.5 Side Shell Structures..................................................... 924
25.7 Side Transverse Web Frames and Stringers.................928
25.9 Decks.............................................................................931
25.11 Pillars............................................................................. 935

ABS RULES FOR BUILDING AND CLASSING MARINE VESSELS • 2024 723



25.13 After-peak...................................................................... 936
25.15 Watertight Bulkheads.....................................................937
25.17 Deep Tank Bulkheads....................................................939
25.19 Machinery Space........................................................... 941

27 Breakwater .................................................................................941
27.1 General.......................................................................... 941
27.3 Plating............................................................................941
27.5 Stiffeners........................................................................942
27.7 Stanchions, Girders, and Webs..................................... 943

TABLE 1 Coefficient c2......................................................................914
TABLE 2 Coefficient c3......................................................................914
TABLE 3 Coefficient c4......................................................................914
TABLE 4 Coefficient c1......................................................................918
TABLE 5 Coefficient c3......................................................................918

FIGURE 1 Transverse Frames............................................................ 892
FIGURE 2 Web Frames.......................................................................895
FIGURE 3 Definition of Spans.............................................................915
FIGURE 4 Typical Breakwater Structure ............................................ 944

SECTION 7 Cargo Safety.....................................................................................945
1 Application ................................................................................. 945

1.1 Objective........................................................................945
3 Container Cargo Spaces............................................................ 946

3.1 General Fire Protection..................................................946
3.3 Vessels Intended to Carry Dangerous Goods............... 947
3.5 Vessels Intended to Carry Containers On or Above

the Weather Deck.......................................................... 948
5 Refrigerated Containers .............................................................955

TABLE 1 Dangerous Goods Classes................................................ 949
TABLE 2 Application of Requirements to Container Cargo Spaces..950
TABLE 3 Application of the Requirements in 4-7-2/7.3 to Different

Classes of Dangerous Goods, Except Solid Dangerous
Goods in Bulk ....................................................................952

APPENDIX 1 Fatigue Strength Assessment of Container Carriers................... 956
1 General.......................................................................................956

1.1 Note............................................................................... 956
1.3 Applicability....................................................................956
1.5 Loadings........................................................................ 956
1.7 Effects of Corrosion....................................................... 957

ABS RULES FOR BUILDING AND CLASSING MARINE VESSELS • 2024 724



1.9 Format of the Criteria.....................................................957
3 Connections to be Considered for the Fatigue Strength

Assessment................................................................................ 957
3.1 General.......................................................................... 957
3.3 Guidance on Locations.................................................. 957
3.5 Fatigue Classification.....................................................958

5 Permissible Stress Range.......................................................... 971
5.1 Assumption.................................................................... 971
5.3 Criteria........................................................................... 971
5.5 Long Term Stress Distribution Parameter, γ.................. 971
5.7 Permissible Stress Range............................................. 972

7 Calculation of Fluctuating Loads and Determination of Total
Stress Ranges ........................................................................... 975
7.1 General.......................................................................... 975
7.3 Wave-induced Loads..................................................... 975
7.5 Resulting Stress Ranges............................................... 975
7.7 Primary Stress f d 1....................................................... 978
7.9 Secondary Stress f d 2 i.................................................979
7.11 Additional Secondary Stresses f d 2 * and Tertiary

Stresses f d 3 i............................................................... 981
7.13 Calculation of Stress Range for Side Frame and

Vertical Stiffener on Longitudinal Bulkhead................... 983
9 Determination of Stress Concentration Factors(SCFs) ............. 991

9.1 General.......................................................................... 991
9.3 Sample Stress Concentration Factors (SCFs)...............992
9.5 Hatch Corner................................................................. 996

11 Stress Concentration Factors Determined from Finite
Element Analysis...................................................................... 1009
11.1 General........................................................................ 1009
11.3 S-N Data...................................................................... 1009
11.5 S-N Data and SCFs..................................................... 1010
11.7 Calculation of Hot Spot Stress for Fatigue Analysis of

Ship Structures............................................................ 1012

TABLE 1 Fatigue Classification for Structural Details ...................... 959
TABLE 2 Welded Joint with Two or More Load Carrying Members.. 964
TABLE 2A Coefficient, C...................................................................... 973
TABLE 3A Combined Load Cases for Container Carriers ..................987
TABLE 3B Combined Load Cases for Container Carriers with Fuel

Oil Tank in between Transverse Bulkheads ...................... 988
TABLE 3C Combined Load Cases for Container Carriers with Fuel

Oil Tank in Cargo Holds .................................................... 990
TABLE 4 Coefficient k3b for Double Bottom Panels.......................... 991
TABLE 5 Coefficient ai and bi for Double Bottom Panels..................991
TABLE 6 Ks (SCF) Values................................................................. 992

ABS RULES FOR BUILDING AND CLASSING MARINE VESSELS • 2024 725



FIGURE 1 Basic Design S-N Curves ..................................................974
FIGURE 2 Dimensions of Double Bottom and Double Side ...............985
FIGURE 3 Cn = Cn ψ ..........................................................................986
FIGURE 4 Cut-outs (Slots) For Longitudinals .....................................994
FIGURE 5 Fatigue Classification for Longitudinals in way of Flat

Bar Stiffener....................................................................... 996
FIGURE 6 Side Hatch Corners .........................................................1007
FIGURE 7 Circular Shape................................................................. 1008
FIGURE 8 Double Curvature Shape..................................................1008
FIGURE 9 Elliptical Shape.................................................................1008
FIGURE 10 Hatch Corner for Longitudinal Deck Girder .....................1009
FIGURE 11 ......................................................................................... 1011
FIGURE 12 ......................................................................................... 1012
FIGURE 13 ......................................................................................... 1012
FIGURE 14 ......................................................................................... 1014

APPENDIX 2 Calculation of Critical Buckling Stresses ...................................1015
1 General.....................................................................................1015
3 Rectangular Plates .................................................................. 1015
5 Longitudinal Deck Girders, Cross Deck Box Beams, Vertical

Webs, Longitudinals and Stiffeners.......................................... 1017
5.1 Axial Compression.......................................................1017
5.3 Bending........................................................................1018
5.5 Torsional/Flexural Buckling.......................................... 1020

7 Stiffened Panels .......................................................................1025
9 Deep Girders, Webs and Stiffened Brackets............................ 1027

9.1 Critical Buckling Stresses of Web Plates and Large
Brackets.......................................................................1027

9.3 Effects of Cut-outs....................................................... 1027
9.5 Tripping........................................................................1028

11 Stiffness and Proportions..........................................................1028
11.1 Stiffness of Longitudinals.............................................1028
11.3 Stiffness of Web Stiffeners...........................................1029
11.5 Stiffness of Supporting Members.................................1029
11.7 Proportions of Flanges and Face Plates......................1029
11.9 Proportions of Webs of Longitudinals and Stiffeners...1030

TABLE 1 Buckling Coefficient,Ki..................................................... 1016

FIGURE 1 Net Dimensions and Properties of Stiffeners .................. 1023
FIGURE 2 Torsional Properties......................................................... 1024
FIGURE 3 ......................................................................................... 1027

ABS RULES FOR BUILDING AND CLASSING MARINE VESSELS • 2024 726



APPENDIX 3 Definition of Hull Girder Torsional Properties ............................1031
1 General ....................................................................................1031
3 Warping Function, ω................................................................. 1031
5 Location of Shear Center, e...................................................... 1032
7 Warping Constant, Γ.................................................................1032
9 St. Venant Torsional Constant, J...............................................1032

APPENDIX 4a Longitudinal Strength Requirements (2018)............................... 1034
1 General.....................................................................................1034

1.1 Symbols and Definitions.............................................. 1034
1.3 Corrosion Margin and Net Thickness.......................... 1036

3 Loads........................................................................................1040
3.1 Sign Convention for Hull Girder Loads........................ 1040
3.3 Still Water Bending Moments and Shear Forces.........1040
3.5 Wave Loads.................................................................1041
3.7 Load Cases..................................................................1044
3.9 Hull Girder Stress........................................................ 1045

5 Strength Assessment................................................................1046
5.1 General........................................................................ 1046
5.3 Stiffness Criterion........................................................ 1046
5.5 Yield Strength Assessment..........................................1046

7 Buckling Strength......................................................................1047
7.1 Application................................................................... 1047
7.3 Buckling Criteria...........................................................1047
7.5 Buckling Utilization Factor........................................... 1047
7.7 Stress Determination................................................... 1048

9 Hull Girder Ultimate Strength....................................................1050
9.1 General........................................................................ 1050
9.3 Hull Girder Ultimate Bending Moments....................... 1050
9.5 Hull Girder Ultimate Bending Capacity........................ 1051
9.7 Acceptance Criteria..................................................... 1051

TABLE 1 Values of Corrosion Addition Factor (2018)..................... 1037
TABLE 2 Corrosion Addition for One Side of a Structural Member

(2018)...............................................................................1037
Table 3 Combination of Still Water and Wave Bending Moments

and Shear Forces (2018)................................................. 1044
TABLE 4 Load Calculation Points (LCP) Coordinates for Plate

Buckling Assessment (2018)............................................1049

FIGURE 1 Ends of Length L (2018)...................................................1036
FIGURE 2 Reference Coordinate System (2018)..............................1036
FIGURE 3 Net Sectional Properties of Supporting Members (2018).1039

ABS RULES FOR BUILDING AND CLASSING MARINE VESSELS • 2024 727



FIGURE 4 Sign Convention for Vertical Bending Moments and
Vertical Shear Forces (2018)........................................... 1040

FIGURE 5 Projected Area ADK and Vertical Distance yf(2018)........ 1042
FIGURE 6 Distribution of Vertical Wave Bending Moment along the

Ship Length (2018)...........................................................1043
FIGURE 7 Distribution of Vertical Wave Shear Force along the

Ship Length (2018)...........................................................1044
FIGURE 8 Load Combination to Determine the Maximum Hogging

and Sagging Load Case as Given in 5C-5-A4a/Table 3
(2018)...............................................................................1045

FIGURE 9 Example of Failure Limit State Curve and Stress
Multiplication Factor at Failure (2018)..............................1048

FIGURE 10 Load Calculation Points for Plate Buckling Assessment
(2018)...............................................................................1050

FIGURE 11 Bending Moment M versus Curvature χ (2018)...............1051

APPENDIX 4b Calculation of Shear Flow ............................................................ 1053
1 General.....................................................................................1053
3 Determinate Shear Flow...........................................................1053
5 Indeterminate Shear Flow.........................................................1055
7 Computation of Sectional Properties........................................ 1056

FIGURE 1 Definition of Line Segment ..............................................1055
FIGURE 2 Placement of Virtual Slits and Calculation of

Determinate Shear Flow at Bifurcation Points ................ 1055
FIGURE 3 Closed Cells and Common Wall ..................................... 1056

APPENDIX 4c Buckling Capacity .........................................................................1058
1 Elementary Plate Panel............................................................ 1058

1.1 Definition......................................................................1058
1.3 EPP with Different Thicknesses...................................1058
1.5 Symbols....................................................................... 1059

3 Buckling Capacity of Plates...................................................... 1060
3.1 Plate Panel.................................................................. 1060
3.3 Curved Plate Panels.................................................... 1068

5 Buckling Capacity of Overall Stiffened Panel........................... 1069
7 Buckling Capacity of Longitudinal Stiffeners.............................1069

7.1 Stiffeners Limit States..................................................1069
7.3 Lateral Pressure.......................................................... 1069
7.5 Stiffener Idealization.................................................... 1069
7.7 Ultimate Buckling Capacity.......................................... 1072

TABLE 1 Correction Factor Flong.................................................... 1062
TABLE 2 Buckling Factor and Reduction Factor for Plane Plate

Panels.............................................................................. 1062

ABS RULES FOR BUILDING AND CLASSING MARINE VESSELS • 2024 728



TABLE 3 Buckling Factor and Reduction Factor for Curved Plate
Panel with R/tp ≤ 2500................................................... 1069

TABLE 4 Moments of Inertia .......................................................... 1076

FIGURE 1 Plate Thickness Change Over the Width ........................ 1059
FIGURE 2 Idealization of Bulb Stiffener ........................................... 1072
FIGURE 3 Stiffener Cross Sections ..................................................1076

APPENDIX 4d Hull Girder Ultimate Bending Capacity of Container Carriers ..1077
1 General.....................................................................................1077
3 Incremental-Iterative Method....................................................1077

3.1 Assumptions................................................................ 1077
3.3 Procedure.................................................................... 1078
3.5 Load-end Shortening Curves.......................................1085

5 Alternative Methods..................................................................1090
5.1 General........................................................................ 1090
5.3 Non-linear Finite Element Analysis..............................1090

TABLE 1 Modes of Failure of Stiffened Plate Element and
Stiffener Element..............................................................1086

FIGURE 1 Flowchart of the Procedure for the Evaluation of the
Curve M−χ....................................................................... 1081

FIGURE 2 Extension of the Breadth of the Attached Plating and
Hard Corner Element ...................................................... 1083

FIGURE 3 Examples of the Configuration of Stiffened Plate
Elements, Stiffener Elements and Hard Corner
Elements on a Hull Section .............................................1084

FIGURE 4 Plating with Knuckle Point ...............................................1085
FIGURE 5 Element with Different Thickness and Yield Strength ..... 1085

APPENDIX 5 Additional Loading Patterns and Loading Cases for
Structural Analysis ....................................................................... 1091
1 General ....................................................................................1091

1.1 Applicability..................................................................1091
1.3 General........................................................................ 1091

TABLE 1 Additional Combined Load Cases for Structural Analysis1092

FIGURE 1 Additional Loading Patterns of Container Carrier.............1091

ABS RULES FOR BUILDING AND CLASSING MARINE VESSELS • 2024 729



C H A P T E R  5
Vessels Intended to Carry Containers (130 meters (427 feet) to 450

meters (1476 feet) in Length)

S E C T I O N  1
Introduction

1  General

1.1 Classification
In accordance with 1A-1-3/3 and 1A-1-3/25 of the ABS Rules for Conditions of Classification (Part 1A),
the classification ✠A1 Container Carrier, SH, SHCM is to be assigned to vessels designed primarily
for the carriage of containers in holds or on deck or both, with structures for that purpose, such as cell
guides, pedestals, etc., and built to the requirements of this Chapter and other relevant Sections of the
Rules.

1.2 Optional Class Notation for Design Fatigue Life
Vessels designed and built to the requirements in this Chapter are intended to have a structural fatigue life
of not less than 20 years. Where a vessel's design calls for a fatigue life in excess of the minimum design
fatigue life of 20 years, the optional class notation FL (year) will be assigned at the reqyest of the
applicant. This optional notation is eligible provided the excess design fatigue life is verified to be in
compliance with the criteria in Appendix 5C-5-A1. Only one design fatigue life value is published for the
entire structural system. Where differing design fatigue life values are intended for different structural
elements within the vessel, the (year) refers to the least of the varying target lives. The 'design fatigue life'
refers to the target value set by the applicant, not the value calculated in the analysis.

The notation FL (year) denotes that the design fatigue life assessed according to Appendix 5C-5-A1 is
greater than the minimum design fatigue life of 20 years. The (year) refers to the fatigue life equal to 25
years or more (in 5-year increments) as specified by the applicant. The fatigue life will be identified in the
Record by the notation FL (year); e.g., FL(30) if the minimum design fatigue life assessed is 30 years.

1.3 Application
1.3.1 Size and Proportions

The requirements contained in this Chapter are applicable to container carriers in the range of 130
to 450 meters (427-1476 feet) in length, having proportions within the range as specified below
and are intended for unrestricted service.

i) Proportion 5 ≤ L/B ≤ 9; 2 ≤ B/d ≤ 6
ii) Block coefficient at scantling draft 0 . 55 ≤ Cb ≤ 0 . 9
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Vessels that do not meet all of the aforementioned criteria, are subject to special consideration and
direct calculations of wave induced loads may be required.

1.3.2 Vessel Types
The equations and formulae for determining design load and strength requirements as specified in
Sections 5C-5-3 and 5C-5-4 are applicable to container carriers with either double-sided or single-
sided construction. In general, the strength assessment procedure and failure criteria as specified
in 5C-5-5 are applicable to all types of container carriers.

1.3.3 Direct Calculations
For a vessel with length greater than 250 meters (820 feet), the torsional response and critical
structural details beyond 0.4L amidships are to be evaluated using a full ship finite element model
unless a proven design or an equivalent analysis result is available.

For a vessel with length of 290 meters (951 feet) or more, the hull structure and critical structural
details are to comply with the requirements of the Dynamic Loading Approach. For analysis using
the Dynamic Loading Approach, acceptance of an equivalent method may be considered by ABS.
The vessel will be identified in the Record by the notations SH-DLA.

For a vessel with length in excess of 350 meters (1148 feet), the hull structure and critical
structural details are to comply with the requirements of the Spectral Fatigue Analysis. The vessel
will be identified in the Record by the notations SFA.

Direct calculations with respect to the determination of design loads and the establishment of
alternative strength criteria based on first principles will be accepted for consideration, provided
all the supporting data, analysis procedures and calculated results are fully documented and
submitted for review. In this regard, due consideration is to be given to the environmental
conditions, probability of occurrence, uncertainties in load and response predictions, and
reliability of the structure in service. For long term prediction of wave loads, realistic wave spectra
covering the North Atlantic Ocean and a probability level of 10-8 are to be employed.

1.3.4 SafeHull Construction Monitoring Program
For the class notation SH, SHCM, a Construction Monitoring Plan for critical areas, prepared in
accordance with the requirements of Section 5C-A1-2, is to be submitted for approval prior to
commencement of fabrication. See Section 5C-A1-1.

1.3.5 Strength Assessment on Impact, Transient Loads and Structural Dynamics
(1 July 2023)

Container carriers may be susceptible to various loads such as bow flare slamming, stern
slamming, whipping, and springing. For container vessels with length in excess of 350 meters
(1148 feet), the hull structure is to be evaluated in accordance with the ABS Guide for Slamming
Loads and Strength Assessment for Vessels.

For container carriers with length in excess of 350 meters (1148 feet), or with upper deck region
constructed of H47 grade steel, the hull structure and critical structural details are to comply with
the requirements of whipping and springing assessment (see 1/5.3 of the ABS Guide for
Application of Higher-Strength Hull Structural Thick Steel Plates in Container Carriers). The
vessel will be identified in the ABS Record by the mandatory notations WIP and SPR,
respectively.

1.5 Arrangement
Strength bulkheads or combined deep webs and substantial partial bulkheads are to be provided in
accordance with 3-2-9/1.7. Upper wing torsional boxes or double hull side construction are to be provided
in way of container holds having wide deck openings.

Part 5C Specific Vessel Types
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1.7 Submission of Plans
In addition to the plans listed elsewhere in the Rules (see Section 1A-1-7 of the ABS Rules for Conditions
of Classification (Part 1A)), the following plans are to be submitted: Stowage arrangement of containers
including stacking loads and height, Location of container supports and their connection to hull.

3  Section Properties of Structural Members
The geometric properties of structural members may be calculated directly from the dimensions of the
section and the associated effective plating (see 3-1-2/13.3 or 5C-5-4/9 FIGURE 6, as applicable). For
structural members with angle θ between web and associated plating not less than 75 degrees, the section
modulus, web sectional area, and moment of inertia of the “standard” (θ = 90 degrees) section may be used
without modification. Where the angle θ is less than 75 degrees, the sectional properties are to be directly
calculated about an axis parallel to the associated plating. (See 5C-5-1/3 FIGURE 1)

For longitudinals, frames and stiffeners, the section modulus may be obtained by the following equation:SM = αθSM90
whereαθ = 1 . 45− 40 . 5/θSM90 = the section modulus at θ = 90 degrees

The effective section area may be obtained from the following equation:A = A90sinθ
where A90 = effective shear area at θ = 90 degrees
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FIGURE 1
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C H A P T E R  5
Vessels Intended to Carry Containers (130 meters (427 feet) to 450

meters (1476 feet) in Length)

S E C T I O N  2
Design Considerations and General Requirements

1  General Requirements

1.1 General
The strength requirements specified in this Chapter are based on a “net” ship approach. Hull girder
strength assessment to the requirements within 5C-5-A4a are to be based on the net thickness approach
described in 5C-5-A4a/1.3 and deduction of the specified corrosion additions is to be made from the
offered scantlings. In determining compliance with other criteria for required scantlings, and performing
structural analyses and strength assessments, the nominal design corrosion values given in 5C-5-2/3
TABLE 1 are to be deducted from the offered scantlings..

1.3 Initial Scantling Requirements
The initial plating thicknesses, section moduli of longitudinals/stiffeners, and the scantlings of the main
supporting structures are to be determined in accordance with Section 5C-5-4 for the “net” ship for further
assessment as required in the following paragraph. The relevant nominal design corrosion values are then
added to obtain the full scantling requirements.

1.5 Strength Assessment - Failure Modes
A total assessment of the structures determined on the basis of the initial strength criteria in Section 5C-5-4
is to be carried out against the following three failure modes.

1.5.1 Material Yielding
The calculated stress intensities are not to be greater than the yielding state limit given in 5C-5-5/3
for all load cases specified in 5C-5-3/9.

1.5.2 Buckling and Ultimate Strength
For each individual member, plate or stiffened panel, the buckling and ultimate strength are to be
in compliance with the requirements specified in 5C-5-5/5. In addition, the hull girder ultimate
strength is to be in accordance with 5C-5-4/3.

1.5.3 Fatigue
The fatigue strength of structural details and welded joints in highly stressed regions, is to be in
accordance with 5C-5-5/7.
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1.7 Structural Redundancy and Residual Strength
Consideration is to be given to structural redundancy and hull girder residual strength in the early design
stages.

Vessels which have been built in accordance with the procedures and criteria for calculating and evaluating
the residual strength of hull structures in the ABS Guide for Assessing Hull-Girder Residual Strength, in
addition to other requirements of these Rules, will be classed and distinguished in the Record by the
symbol RES placed after the appropriate hull classification notation.

3  Nominal Design Corrosion Values (NDCV)
As indicated in 5C-5-2/1.1, the strength criteria specified in this Chapter are based on a “net” ship
approach, wherein the nominal design corrosion values are deducted.

The “net” thickness or scantlings correspond to the minimum strength requirements acceptable for
classification, regardless of the design service life of the vessel. In addition to the coating protection
specified in the Rules, minimum corrosion values for plating and structural members as given in 5C-5-2/3
TABLE 1 and 5C-5-2/3 FIGURE 1, are to be applied. These minimum corrosion values are being
introduced solely for the above purpose, and are not to be construed as renewal standards.

In view of the anticipated higher corrosion rates for structural members in some regions, such as highly
stressed areas, it is advisable to consider additional design margins for the primary and critical structural
members to minimize repairs and maintenance costs. The beneficial effects of these design margins on
reduction of stresses and increase of the effective hull girder section modulus can be appropriately
accounted for in the design evaluation.
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FIGURE 1
Nominal Design Corrosion Values (NDCV)
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TABLE 1
Nominal Design Corrosion Values (NDCV)

for Container Carriers

 Nominal Design Corrosion Values in mm
(in.)

Structural Element/Location Plate

Attached Stiffeners

Web Flange

Strength Deck Outboard of Lines of Hatch Openings 1.5 (0.06) 1.0 (0.04) 1.0 (0.04)

Inboard of Lines of Hatch Openings 1.0 (0.04) 1.0 (0.04) 1.0 (0.04)

Side Shell In Tank Space 1.5 (0.06) 1.0 (0.04) * 1.0 (0.04) *

In Dry Space 1.0 (0.04) 1.0 (0.04) 1.0 (0.04)

Bottom and Bilge In Tank Space 1.0 (0.04) 2.0 (0.08) ** 2.0 (0.08) **

In Pipe Duct Space 1.0 (0.04) 1.0 (0.04) 1.0 (0.04)

Inner Bottom In Tank Space 1.5 (0.06) 2.0 (0.08) ** 2.0 (0.08) **

In Pipe Duck Space 1.0 (0.04) 1.0 (0.04) 1.0 (0.04)

Longitudinal Bulkhead In Tank Space 1.5 (0.06) *** 1.0 (0.04) * 1.0 (0.04) *

In Dry Space 1.0 (0.04) 1.0 (0.04) 1.0 (0.04)

Transverse Bulkhead
(except for Cross Deck Box Beam)

In Tank Space 1.5 (0.06) *** 1.0 (0.04) * 1.0 (0.04) *

In Dry Space 0.5 (0.02) 0.5 (0.02) 0.5 (0.02)

Transverse Web In Tank Space 1.5 (0.06) 1.0 (0.04) * 1.0 (0.04) *

In Dry Space 1.0 (0.04) 1.0 (0.04) 1.0 (0.04)

Tight Flat forming Recesses or Steps (except 2nd deck) 1.5 (0.06) 2.0 (0.08) ** 2.0 (0.08) **

Side Stringer Tight ** 2.0 (0.08) 2.0 (0.08) 2.0 (0.08)

Non-Tight 1.5 (0.06) 1.0 (0.04) 2.0 (0.08) **

In Void Space 1.0 (0.04) 1.0 (0.04) 1.0 (0.04)

Double Bottom Girder In Tank ** 2.0 (0.08) 2.0 (0.08) 2.0 (0.08)

In Pipe Duct Space 1.0 (0.04) 1.0 (0.04) 1.0 (0.04)

Double Bottom Floor *** In Tank ** 2.0 (0.08) 2.0 (0.08) 2.0 (0.08)

In Pipe Duct Space 1.0 (0.04) 1.0 (0.04) 1.0 (0.04)

Transverse in Pipe Duct Space 1.0 (0.04) 1.0 (0.04) 1.0 (0.04)

Longitudinal Deck Girder and Box Beam 0.5 (0.02) 0.5 (0.02) 0.5 (0.02)

Hatch Coamings including Stays 1.0 (0.04) 1.0 (0.04) 1.0 (0.04)

Hatch Cover 1.0 (0.04) 1.0 (0.04) 1.0 (0.04)

Fuel Oil Tank Top 1.0 (0.04) 1.5 (0.06) 1.5 (0.06)

Strut In Double Bottom
Tank

-- 2.0 (0.08) **

In Side Tank -- 1.0 (0.04) *
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Notes:
* 2.0 mm (0.08 in.) for non-vertical members (also see **)
** May be reduced to 1.5 mm (0.06 in.) if located inside fuel oil tank
*** May be reduced to 1.0 mm (0.04 in.) if located between dry and tank spaces, or between fuel oil tanks

1 In splash zone (1.5 meters down from 2nd deck), use uniform corrosion value of 2.0 mm (0.08 in.) for all internal
members within this zone. Boundary plating of tank is considered according to the above table.

2 It is recognized that corrosion depends on many factors including coating properties, cargo and temperature of
carriage and that actual wastage rates observed may be appreciably different from those given here.

3 Pitting and grooving are regarded as localized phenomena and are not covered in this table.
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C H A P T E R  5
Vessels Intended to Carry Containers (130 meters (427 feet) to 450

meters (1476 feet) in Length)

S E C T I O N  3
Load Criteria

1 General

1.1 Load Components
In the design of the hull structure of container carriers, all load components with respect to the hull girder
and local structure as specified in this Chapter and Section 3-2-1 are to be taken into account. These
include static loads in still water, wave-induced hull girder loads, wave-induced internal and external loads,
slamming, impact loads and other loads, where applicable.

3 Static Loads
The sign convention for bending, MH, and torsional moments, TS, and shear forces, FH, is as follows in
5C-5-3/3.1 FIGURE 1.

3.1 Still-water Bending Moments, Shear Forces and Torsional Moment (1 July 2021)
For still-water bending moment and shear force calculations, see 3-2-1/3.3.

Envelope curves are also to be provided for the still-water bending moments (hogging and sagging) and
shear forces (positive and negative).

Except for special loading cases, the loading patterns shown in 5C-5-3/Figures 3A through 3C are to be
considered in determining local static loads.

Still-water torsional moment due to uneven distribution of cargo and other weights is to be considered.
Unless the maximum still-water torsional moment is specified in the loading manual, the following
equation may be used to calculate still-water torsional moment amidships.TS = ± kBWT kN−m(tf −m, Ltf − ft)
wherek = 0.004B = breadth of vessel as defined in 3-1-1/5, in m (ft)WT = maximum total container weight of vessel, kN (tf, Ltf)
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The still-water torsional moment along the length of the vessel L may be obtained by multiplying the
midship value by the distribution factor mT as given in 5C-5-3/5.5.3 FIGURE 6.

FIGURE 1
Sign Conventions

FIGURE 2 
Distribution Factor fMV
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FIGURE 3A 
Loading Pattern of Container Carrier (1 July 2021)

Tdam is the deepest equilibrium waterline draft in the one compartment damaged condition. This is not to
be less than the cargo hold filled up to the bulkhead deck at center unless a deck lower than the uppermost
continuous deck is designed as freeboard deck, as allowed in 3-1-1/15.1. In such case, Tdam may be taken
as the cargo hold filled up to freeboard deck at center. In case, an imaginary freeboard was used to evaluate
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structures due to large freeboard margins, Tdam may be taken as the cargo hold fill up to the imaginary
freeboard deck at center.

FIGURE 3B 
Loading Pattern of Container Carrier

Fuel Oil Tank Located Between Cargo Hold Transverse Bulkheads
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FIGURE 3C 
Loading Pattern of Container Carrier

Fuel Oil Tank Located within Cargo Holds

3.3 Cargo Container Loads
The cargo container loads acting on the supporting structure in still-water, may be determined based on the
weight of containers and may be distributed as given in 5C-5-3/5.5.2. The stowage arrangement of
containers including stacking loads and heights is to be submitted for review.

5 Wave-induced Loads
Where a direct calculation of the wave-induced loads [i.e., longitudinal bending moments and shear forces,
hydrodynamic pressures (external) and inertial forces and added pressure heads (internal)] is not available,
the approximation equations given below and specified in 3-2-1/3.5 may be used to calculate the design
loads.

When a direct calculation is performed, envelope curves for the combined wave and still-water bending
moments and shear forces, covering all the anticipated loading conditions, are to be submitted for review.
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5.1 Wave-induced Longitudinal Bending and Torsional Moments and Shear Forces
5.1.1 Vertical Wave Bending Moment

The vertical wave bending moment amidships, expressed in kN-m (tf-m, Ltf-ft), may be obtained
from the following:Mw   =   kwMws Wave Sagging MomentMw   =   kwMwℎ Wave Hogging Moment

wherekw = 1.0 for the nominal wave bending moment in the determination of the hull girder section modulus in
5C-5-4/3.1.1 and the bowflare slamming effects on hull girder sagging bending moment in
5C-5-3/11.3.3= (1.84 – 0.56Cb) for wave sagging bending moment used in strength formulation and assessment of local
structural elements and members in 5C-5-4, 5C-5-5/1, 5C-5-5/3 and 5C-5-5/5= 1.0 for wave hogging bending moment used in strength formulation and assessment of local structural
elements and members in 5C-5-4, 5C-5-5/1,5C-5-5/3 and 5C-5-5/5= (1 . 09 + 0 . 029V − 0 . 47Cb)1/2 for wave hogging and sagging bending moments used in fatigue
strength formulation in 5C-5-5/7 and Appendix 5C-5-A1V = 75% of the design speed, Vd, in knots, need not to be greater than 24 knotsVd = the design speed, as defined in 3-2-14/3Mws , Mwℎ and Cb are as defined in 3-2-1/3.5.1.

5.1.2 Vertical Wave Shear Force
The envelopes of the maximum wave-induced shearing forces, Fw, expressed in kN (tf, Ltf), may
be obtained from the following equations:Fw   =   kwFwp for positive shear force (upward front section)Fw   =   kwFwn for negative shear force (downward front section)

wherekw = 1.0 for the nominal wave-induced positive and negative shear forces in determination of shearing
strength in and bowflare slamming effects on hull girder positive shear force in 5C-5-4/5kw = kwp   for positive shear force (upward front section)kw = kwn   for negative shear force (downward front section)kwp  and kwn are for wave-induced shear forces used in strength formulation and assessment of

local structural elements and members in Section 5C-5-5, Linear interpolation may be used for
intermediate values.kwp = 1.0 at AP

= (1 . 61 – 0 . 47Cb)1/2   from 0.2L to 0.3L from AP

= 1.0 from 0.4L to 0.6L from AP
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= 1.5 from 0.7L to 0.85L from AP

= 1.0 at FPkwn = 1.0 at AP

= 1.5 from 0.2L to 0.3L from AP

= 1.0 from 0.4L to 0.6L from AP

= 1 . 1(1 . 61 – 0 . 47Cb)1/2 from 0.7L to 0.85L from AP

= 1.0 at FP

kw = (1 . 09 + 0 . 029V − 0 . 47Cb)1/2 for positive and negative wave-induced shear forces used in
fatigue strength formulation in 5C-5-5/7 and Appendix 5C-5-A1Fwp ,Fwn are the envelopes of maximum wave-induced vertical shearing forces, as defined in

3-2-1/3.5.3, wherein Cb is not to be taken less than 0.6. V is as defined in 5C-5-3/5.1.1.

5.1.3 Horizontal Wave Bending Moment
The horizontal wave bending moment amidships, expressed in kN-m (tf-m, Ltf-ft), positive
(tension port) or negative (tension starboard), may be obtained from the following equation:MH = ± ksK3C1L2D(Cb+ 0 . 7) × 10−3
whereks = (1 . 61 – 0 . 47Cb)1/2 for strength formulation and assessment of local structural elements and

members in Sections 5C-5-4 and 5C-5-5

   = (1 . 09 + 0 . 029V – 0 . 47Cb)1/2 for fatigue strength formulation in 5C-5-5/7 and Appendix 5C-5-
A1K3 = 104.2 (10.62, 0.973)L = length of vessel as defined in 3-1-1/3.1, in m (ft)D = depth of vessel as defined in 3-1-1/7, in m (ft)V = 75% of the design speed, Vd, in knots, need not be greater than 24 knotsVd = the design speed, as defined in 3-2-14/3C1 is as given in 3-2-1/3.5.1.Cb is as defined in 3-2-1/3.5.1 and is not to be taken less than 0.6.

The horizontal wave bending moment along the length of the vessel L may be obtained by
multiplying the midship value by the distribution factor mℎ, as given in 5C-5-3/5.5.3 FIGURE 4.

5.1.4 Horizontal Wave Shear Force
The envelope of the horizontal wave shear force, FH, expressed in kN (tf, Ltf), positive (toward
port front section) or negative (toward starboard front section), may be obtained from the
following equation:FH = ƒℎkskC1LD(Cb+ 0 . 7) × 10−2 kN(tf, Ltf)
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whereks = (1 . 61 – 0 . 47Cb)1/2 for strength formulation and assessment of local structural
elements and members in Sections 5C-5-4 and 5C-5-5

   = (1 . 09 + 0 . 029V – 0 . 47Cb)1/2 for fatigue strength formulation in 5C-5-5/7 and
Appendix 5C-5-A1ƒℎ = distribution factor, as given in 5C-5-3/5.5.3 FIGURE 5k = 36 (3.67, 0.34)C1 ,L, D , V and Cb are as defined in 5C-5-3/5.1.3 above.

5.1.5 Wave-induced Torsional Moment
5.1.5(a) Nominal Wave-induced Torsional Moment . The nominal wave-induced torsional moment
amidships, in kN-m (tf-m, Ltf-ft), positive clockwise looking forward, may be determined as
follows:TM = kskLB2d[(Cw – 0 . 5)2+ 0 . 1][0 . 13 – (e/D)(co/d)1/2]
whereks = (1 . 61 – 0 . 47Cb)1/2 for strength formulation and assessment of local structural

elements and members in Sections 5C-5-4 and 5C-5-5

   = (1 . 09 + 0 . 029V – 0 . 47Cb)1/2 for fatigue strength formulation in 5C-5-5/7 and
Appendix 5C-5-A1k = 2.7 (0.276, 0.077)co = 0.14 (0.14, 0.459)d = draft, as defined in 3-1-1/9, in m (ft); its value is not to be taken less than 12.5 m (41 ft)e = the vertical distance, in m (ft), of the effective shear center of the hull girder within
cargo space, measured from the baseline of the vessel, positive upward.

The effective shear center may be calculated by considering an open section of the cargo hold
nearest to midships.Cw = waterplane coefficient for the draft d. Where not available, it may be approximated byCw = Cb+ 0 . 2, but need not to be taken greater than 0.9 for typical container carriersL , B and D are as defined in 3-1-1/3.1, 3-1-1/5, and 3-1-1/7 respectively.Cb is as defined in 3-2-1/3.5.1 and is not to be taken less than 0.6.V is as defined in 5C-5-3/5.1.3.

5.1.5(b) Distribution of Wave-induced Torsional Moment. The nominal wave induced torsional
moment along the length of the vessel L may be obtained by multiplying the midship value by the
distribution factor mT, as given in 5C-5-3/5.5.3 FIGURE 6.
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5.1.5(c) Simultaneous Distribution of Wave-induced Torsional Moment. When a direct calculation
is not available, the wave-induced torsional moment, T x , along the length of vessel at an
instantaneous time may be approximated by the following equations. For assessing the structural
response to torsion, i.e., distortions and warping stresses, at least two different torsional moment
distribution curves in a critical region, such as in front of the engine room, are to be considered.
One curve gives approximately a peak value of the torsional moment, one shows a maximum
slope of the moment curve. Three sample torsional moment distribution curves are shown in
5C-5-3/5.5.3 FIGURE 7. These three curves should be considered as the least set to assess
torsional responses for the engine room region, amidships, and the forward quarter length region,
respectively.

A: T x = TM[0 . 8sin[2π(x/L − 0 . 025)] + 0 . 2], for 0 . 05L ≤ x ≤ 0 . 95L
B: T x = TM[0 . 7cos[2 . 72π(x/L – 0 . 5)] + 0 . 3], for 0 . 05L ≤ x ≤ 0 . 95L
C: T x = −TM[0 . 75sin(2π   x/L) + 0 . 05], for 0 . 05L ≤ x ≤ 0 . 95L
 T x = 0, at x = 0 and x = 1 . 0L  

whereTM is as defined in 5C-5-3/5.1.5(a) above.x is the distance from the aft end of L to station considered, in m (ft).L is as defined in 3-1-1/3.1.

5.3 External Pressures and Impact Loads
5.3.1 Pressure Distribution

The external pressures, pe, positive toward inboard, imposed on the hull in a seaway can be
expressed by the following equation at a given location:pe = ρg(ℎs+ kuℎde) ≥ 0 N/cm2(kgf/cm2, lbf/in2)
whereρg = specific weight of sea water

   = 1.005 N/cm2-m (0.1025 kgf/cm2-m, 0.4444 lbf/in2-ft)ℎs = hydrostatic pressure head in still water, in m (ft)ku = load factor, and may be taken as unity unless otherwise specifiedℎde = hydrodynamic pressure head induced by the wave, in m (ft), may be calculated as
followsℎde = kcℎdi

wherekc = correlation factor for a specific combined load, as given in 5C-5-3/5.5.3 Table 1 and
5C-5-3/5.5.3 TABLE 2ℎdi = hydrodynamic pressure head, in m (ft), at location i, (i =1, 2, 3, 4 or 5; see
5C-5-3/5.5.3 FIGURE 8)
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  =  kℓαiℎdo, in m (ft)kℓ = distribution factor along the length of the vessel

 = 1 + (kℓo− 1)cosμ , kℓo is as given in 5C-5-3/5.5.3 FIGURE 9

 = 1.0 amidshipsℎdo = 1.36 ksC1ks = 1.0 for strength formulation and assessment of local structural elements and members
in Sections 5C-5-4 and5C-5-5 

 = (1 . 09 + 0 . 029V − 0 . 47Cb)1/2 for fatigue strength formulation in 5C-5-5/7C1 = as defined in 3-2-1/3.5.1αi  = distribution factor around the girth of vessel at location “i”, linearly interpolated at
other locations

 = 1 . 00 – 0 . 25cosμ , for i = 1, at WL, starboard

 = 0 . 4 – 0 . 10cosμ , for i = 2, at bilge, starboard

 = 0 . 30 – 0 . 20sinμ , for i = 3, at bottom centerline

 = 2α3 – α2 , for i = 4, at bilge, port

 = 0 . 75 – 1 . 25sinμ , for i = 5, at WL, portμ  = wave heading angle in degrees, to be taken from 0° to 90° (0° for head sea, 90° for
beam sea for wave coming from starboard)

The distribution of the total external pressure including static and hydrodynamic pressures is
illustrated in 5C-5-3/5.5.3 FIGURE 10.Cb is as defined in 3-2-1/3.5.1 and is not to be taken less than 0.6. V is as defined in 5C-5-3/5.1.3.

5.3.2 Extreme Pressures
In determining the required scantlings of local structural members, the extreme external pressure,pe, as defined in 5C-5-3/5.3.1 with ku and kc given in 5C-5-3/7 and 5C-5-3/9, is to be used.

5.3.3 Simultaneous Pressures
For performing 3D structural analysis, the simultaneous pressure along any portion of the hull
girder may be obtained from:pes = ρg(ℎs+ kfkuℎde) ≥ 0 N/cm2(kgf/cm2, lbf/in2)
wherekf is the distribution function of ℎde corresponding to a designated wave profile along the vessel's
length, and may be determined as follows:

5.3.3(a) For the combined load cases, L.C.1 through L.C.6 specified in 5C-5-3/Table 1kf = kfo{1 – [1 – cos2π(x/L – xo/L)]cosμ}
5.3.3(b) For the combined load cases, L.C.7 and L.C.8 specified in 5C-5-3/Table 1kf = kfocos{4π(x/L – xo/L – 0 . 25)cosμ}
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5.3.3(c) For the combined load cases, L.C.9 and L.C.10 specified in 5C-5-3/Table 1kf = kfocos{4π(x/L – xo/L+ 0 . 25)cosμ}
5.3.3(d) For the combined load cases, L.C. F1 and L.C. F2 specified in 5C-5-A1/Tables 3A
through 3Ckf = kfocos{4π(x/L – xo/L)cosμ}
wherex = distance from AP to the station considered, in m (ft)xo = distance from AP to the reference station, in m (ft).

The reference station is the point along the vessel length where the wave trough or crest is located in
head seas, and may be taken as the mid-point of the middle hold of the three hold model.L is the ship length as defined in 3-1-1/3.1, in m (ft).μ is the wave heading angle in degrees, as defined in 5C-5-3/5.3.1.

kfo = ±1.0, as specified in 5C-5-3/Table 1 and 5C-5-A1/Tables 3A through 3C

The simultaneous pressure distribution around the girth of the vessel is to be determined based on
the wave heading angles specified in 5C-5-3/Table 1 and 5C-5-A1/Tables 3A through 3C.

5.3.4 Impact Loads on Bow and Deck
5.3.4(a) Bow Pressures. When experimental data or direct calculation is not available, nominal
wave-induced bow pressures above the load waterline (LWL) in the region from the forward end
to the collision bulkhead may be obtained from the following equations:Pbij = kCkCijVij2sinγij kN/m2(tf/m2, Ltf/ft2)
wherek = 1.025 (0.1045, 0.00888)Cij = {1 + cos2[90(Fbi – 2aij)/Fbi]}1/2Vij = ω1Vsinαij+ ω2(L)1/2ω1 = 0.515 (1.68) for m (ft)ω2 = 1.0 (1.8) for m (ft)V = as defined in 5C-5-3/5.1.3. V is not taken less than 10 knotsγij = local bow angle measured from the horizontal, not to be taken less than 50°= tan−1(tanβij/cosαij)αij = local waterline angle between the tangent line and the centerline, see 5C-5-3/5.5.3 FIGURE 11, not

taken less than 35°βij = local body plan angle measured from the horizontal, see 5C-5-3/5.5.3 FIGURE 11, not taken less than
35°
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Fbi = freeboard from the highest deck at side to the LWL at station i, in m (ft), see 5C-5-3/5.5.3 FIGURE
11aij = vertical distance from the LWL to j-th WL, in m (ft), see 5C-5-3/5.5.3 FIGURE 11Ck = 0.7 at collision bulkhead and 0.9 at 0 . 0125L aft of the FP, with linear interpolation for intermediate
locations= 0.9 between 0 . 0125L aft of the FP and the FP= 1.0 at and forward of the FPi , j = station and waterline, to be taken to correspond to the locations as required by the forward body
strength requirementsL = vessel length, as defined in 3-1-1/3.1, in m (ft).

5.3.4(b) Green Water. When experimental data or direct calculation is not available, nominal green
water pressures imposed on deck in the region forward of 0.3L from FP may be obtained from the
following equations. pgi is not to be taken less than 20.6 kN/m2 (2.1 tf/m2, 0.192 Ltf/ft2).pgi = kFnsin(δj)(MRi− k1Fbi)1/2 kN/m2(tf/m2, Ltf/ft2)
wherek = 128.16 (13.063, 0.3584)k1 = 1.5 (4.92) for m (ft)Fn = Vd/(gL)1/2 ≥ 0 . 225 , Vd is design speed as defined in 3-2-14/3, in m/s (ft/s)Fbi = freeboard at station i, in m (ft)MRi = as defined in 5C-5-3/11.1, if MRi < k1Fbi, then pgi = 0
δj = the angle between the horizontal and aline connecting the highest deck at the side and the half beam

at the still waterline of station i, see 5C-5-3/5.5.3 FIGURE 11g = acceleration due to gravity = 9.807 m/sec2 (32.2 ft/sec2)

5.5 Cargo Loads and Liquid Pressure
5.5.1 Ship Motions and Accelerations

In determining the cargo loads and liquid pressure, the dominant ship motions, pitch and roll, and
the resultant accelerations induced by the wave are required. When a direct calculation is not
available, the approximate equations given below may be used:

5.5.1(a) Pitch . The pitch amplitude: (positive bow up)ϕ = k1(V/Cb)1/4/L in deg.,

but need not to be taken more than 10 deg.

The pitch natural period:Tp = k2(Cbdi)1/2 in sec.

where
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k1 = 1030 (3378) for L, in m (ft)k2 = 3.5 (1.932) for di, in m (ft)V = as defined in 5C-5-3/5.1.3di = draft amidships for the relevant loading conditions

The vessel length L is as defined in 3-1-1/3.1, in m (ft).Cb is as defined in 3-2-1/3.5.1 and is not to be taken less than 0.6.

5.5.1(b) Roll . The roll amplitude: (positive starboard down)θ = CR(28 . 4− kθCdiΔ/1000) if Tr > 20 sec.θ = CR(28 . 4− kθCdiΔ/1000)(1 . 5375− 0 . 027Tr) if 12 . 5 ≤ Tr ≤ 20 sec.θ = CR(28 . 4− kθCdiΔ/1000)1 . 2 if Tr < 12 . 5 sec.

wherekθ = 0.002 (0.02, 0.02)θ , in degrees, but need not to be taken greater than 30 degrees.

CR = 1 . 0− 0 . 00625VV = as defined in 5C-5-3/5.1.3Cdi = 1 . 25(di/d)− 0 . 25di = draft amidships for the relevant loading conditions, in m (ft)d = draft as defined in 3-1-1/9, in m (ft)Δ = kdCbLBd kN (tf, Ltf)kd = 10.05 (1.025, 0.0286)L , B are as given in 3-1-1/3.1 and 3-1-1/5.Cb is as defined in 3-2-1/3.5.1 and is not to be taken less than 0.6.

The roll natural motion period:Tr = k4kr/GM1/2 in   sec .
wherek4 = 2 (1.104) for kr,GM in m (ft)kr = roll radius of gyration, in m (ft), and may be taken as 0 . 35B for full load conditions and0 . 40B for 2/3 draft conditions.GM = metacentric height, to be taken as:= GM (full) for di = d
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= 3.0 GM(full) for di =2/3dGM (full) = metacentric height for fully loaded condition

If GM(full) is not available, GM(full) can be taken as 0 . 06B.

5.5.1(c) Accelerations . The vertical, longitudinal and transverse accelerations of tank contents
(cargo or liquid), av, aℓ and at may be obtained from the following formulae:

av = Cvkvaog m/sec2 (ft/sec2) positive downwardaℓ = Cℓkℓaog m/sec2 (ft/sec2) positive forwardat = Ctktaog m/sec2 (ft/sec2) positive starboard

whereao = k0(2 . 4/L1/2+ 34/L − 600/L2) for L in m= k0(4 . 347/L1/2+ 111 . 55/L − 6458/L2) for L in ftk0 = (1 . 3 – 0 . 47Cb) for strength formulation and assessment of local structural elements and members in
Sections 5C-5-4 and 5C-5-5= (1 . 09 + 0 . 029V − 0 . 47Cb) for fatigue strength formulation in 5C-5-5/7 and Appendix 5C-5-A1V = as defined in 5C-5-3/5.1.3Cb = as defined in 3-2-1/3.5.1 and is not to be taken less than 0.6Cv = cos2μ+ (1 + 1 . 0z/B)(sinμ)/kvμ = wave heading angle in degrees, 0° for head sea, and 90° for beam sea for wave coming from
starboardkv = [1 + 0 . 65(5 . 3− 45/L)2(x/L − 0 . 45)2]1/2 for L in m= [1 + 0 . 65(5 . 3− 147 . 6/L)2(x/L − 0 . 45)2]1/2 for L in ftCℓ = 0 . 35− 0 . 0005(L − 200) for L in m= 0 . 35− 0 . 00015(L − 656) for L in ftkℓ = 0 . 5 + 8y/LCt = 1 . 27[1 + 1 . 52(x/L − 0 . 45)2]1/2kt = (0 . 35 + 0 . 5y/B)sinμx = longitudinal distance from the AP to the station considered, in m (ft)y = vertical distance from the waterline to the point considered, in m (ft), positive upwardz = transverse distance from the centerline to the point considered in m (ft), positive starboardg = acceleration due to gravity = 9.807 m/sec2 (32.2 ft/sec2)L , B are the length and breadth of vessel, as defined in 3-1-1/3.1 and 3-1-1/5, respectively, in m

(ft.).
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5.5.2 Cargo Container Loads
5.5.2(a) General. For the design and evaluation of hull structure, the following forces due to the
loaded containers are to be considered:

● Static weight in upright condition

● Dynamic forces due to roll and pitch of vessel

● Inertial force due to acceleration.

For the design and evaluation of the hull structure, all containers are considered to be stowedby
stacks in the cargo hold and above the deck. All containers in the hold are to be restrained by cell
guides, which are a series of vertical steel angles, suitably spaced according to the container length
and width, which provides alignment and horizontal restraint for container stacks. The static and
dynamic forces due to loaded containers are to be applied to supporting structures, such as, web,
girders, pillars, etc., as concentrated forces through the cell guide and to bottom corners of the
container stack.

The container loads from the containers stored above the deck are to be applied to hatch coamings,
bulwark, or other supporting structures at the bottom of the container stack.

5.5.2(b) Loads (2019)
The forces from individual containers are to be calculated at the center of gravity of each
container. The center of gravity of the container may be normally considered as the midpoint of
the container.Fv =W+ kuFdv kN(tf, Ltf)Ft = kuFdt kN(tf, Ltf)Fℓ = kuFdℓ kN(tf, Ltf)
whereFv = vertical container load due to each container, positive downwardFt = transverse container load due to each container, positive starboardFℓ = longitudinal container load due to each container, positive forwardW = gross weight of the container, in kN (tf, Ltf)Fdv = dynamic vertical container load due to ship motion= kcW[cosϕecosθe+ ave/g − 1]Fdt = dynamic transverse container load due to ship motion, positive starboard= kcW[sinθe+ ate/g]Fdℓ = dynamic longitudinal container load due to ship motion, positive forward= kcW[ – sinϕe+ aℓe/g]kc = correlation coefficient and may be taken as unity unless otherwise specifiedku = dynamic load factor and may be taken as unity unless otherwise specifiedθe = effective angle of roll = 0 . 71Cθθϕe = effective angle of pitch = 0 . 71Cϕϕ
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ave = effective vertical acceleration = Cecvavate = effective transverse acceleration = CecTataℓe = effective longitudinal acceleration = CecLaℓCe = 0.71= 1.0 for container supporting structures in 5C-5-4/9.27 and 5C-5-4/13.13cv , cT, cL, Cθ and Cϕ are as specified in 5C-5-3/Table 1, 5C-5-3/5.5.3 TABLE 2 and 5C-5-A1/
Table 3A through 3C.av , at , and aℓ are as specified in 5C-5-3/5.5.1(c).ϕ and θ are pitch and roll amplitudes, as given in 5C-5-3/5.5.1(a) and 5C-5-3/5.5.1(b).

The container loads Fv, Ft, and Fℓ may be distributed equally to the four corners of the container
in the direction of the load component as shown in 5C-5-3/5.5.3 FIGURE 12. The transverse and
longitudinal container loads acting on the cell guide may be transmitted to supporting structural
members by statically distributing the loads to adjacent supporting points along the cell guide as
shown in 5C-5-3/5.5.3 FIGURE 13.

All vertical container loads are to be transmitted to the bottom corners of each container stack.

All container loads above the deck are to be transmitted to the bottom corners of each container
stack, and then distributed to supporting structures such as hatch coaming, bulwark or stanchions.

5.5.3 Internal Liquid Pressures
5.5.3(a) Distribution of Internal Pressures. (1 July 2023)
The internal liquid pressures, positive toward tank boundaries for a fully filled ballast or other tank
may be obtained from the following formula:pi = ρg(η+ Δη+ kuℎd) ≥ 0 in   N/cm2(kgf/cm2, lbf/in2)
whereρg = specific weight of the fluid in N/cm2-m (kgf/cm2-m, lbf/in2-ft), but not to be taken less than the

specific weight of sea water for water ballast tanks. However, specific gravity of fuel oil is not to be
taken less than 0.99 or the value specified in the loading manual, whichever is greater. For the fuels
other than oil, special consideration based on actual specific gravity is to be given.
If the specific gravity is less than 1, the actual specific gravity may be taken subject to the following:

● Loading restrictions are to be clearly captured in Capacity Plan, Loading Manual, etc.

● The tank testing condition is to be checked with the specific gravity of the liquid to be used in
the test.

● The specification of the fuel indicating the specific gravity is to be submitted for reference.η = local coordinate in vertical direction for tank boundaries measuring from the top of the tank to the
point considered, as shown in 5C-5-3/5.5.3 FIGURE 14, in m (ft)Δη = 0 for the upper tank whose tank top extends to the strength deck
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= a distance equivalent to 1/2 of the distance from tank top to the top of the overflow (The exposed
height is minimum 760 mm above freeboard deck or 450 mm above superstructure deck.) for the
lower tank whose tank top does not extend to the strength deck but not to be taken greater than the
distance from tank top to 1/3 of the distance from the underdeck passageway (second deck) to the top
of the overflow.
Where a tank top extends to the underdeck passageway (second deck) and above, this distance need
not be greater than 1/3 of the distance from the tank top to the top of the overflow.ku = load factor and may be taken as unity unless otherwise specified.ℎd = wave induced pressure head, including inertial force and added pressure head= kc(ηai/g+ Δℎi),           m (ft)kc = correlation factor and may be taken as unity unless otherwise specified.ai = effective resultant acceleration, in m/sec2 (ft/sec2), at the point considered, may be approximated by0 . 71Cdp[wvav+wℓ(ℓ/ℎ)aℓ+ wt(b/ℎ)at]g = acceleration due to gravity= 9.807 m/sec2 (32.2 ft/sec2)Cdp is specified in 5C-5-3/5.5.3(d).av , aℓ and at are as given in 5C-5-3/5.5.1(c).wv , wℓ and wt are weighted coefficients, showing directions, as specified in 5C-5-3/Table 1,

5C-5-3/5.5.3 TABLE 2, and 5C-5-A1/Table 3A through 3C.Δℎi = added pressure head due to pitch and roll motions at the point considered, in m (ft).

In general, the added head may be calculated based on the vertical distance from the reference
point of the tank to the point considered. The reference point is (i) the highest point of the tank
boundary after roll and pitch, or (ii) the average height of the points, after roll and pitch, which areΔη above the top of the tank at the overflow, whichever is greater.

For prismatic tanks on the starboard side, whose tank top extends to the strength deck, the added
pressure head may be calculated as follows:

i) for bow down and starboard down (ϕe < 0, θe > 0)Δℎi = ξsin(− ϕe) + Cru(ζesinθecosϕe+ ηecosθecosϕe− η)ζe = b – ζηe = η
ii) for bow up and starboard up (ϕe > 0, θe < 0)Δℎi = (ℓ – ξ)sinϕe+ Cru{ζesin(− θe)cosϕe+ ηecosθecosϕe− η}ζe = ζ – δbηe = η – δℎCru is as specified in 5C-5-3/5.5.3(d).
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ξ , ζ, η are the local coordinates, in m (ft), for the point considered with respect to the origin
shown in 5C-5-3/5.5.3 FIGURE 14; b and ℎ are the local coordinate adjustments, in m (ft), for a
rounded tank corner, as shown in 5C-5-3/5.5.3 FIGURE 14.

whereθe = 0 . 71Cθθϕe = 0 . 71Cϕϕℓ = length of the tank, in m (ft)b = breadth of the tank considered, in m (ft)ℎ = height of the tank considered, in m (ft)ϕ and θ are pitch and roll amplitudes, as given in 5C-5-3/5.5.1(a) and 5C-5-3/5.5.1(b).Cϕ and Cθ are weighted coefficients, showing directions, as given in 5C-5-3/TABLE 1,
5C-5-3/5.5.3 TABLE 2, and 5C-5-A1/Table 3A through 3C.

For prismatic lower tanks on starboard side whose tank top does not extend to the strength deck,
added pressure head may be calculated as follows assuming the reference point based on the
average height of the overflow.

i) for bow down and starboard down (ϕe < 0,   θe > 0)Δℎi = (ξ – ℓ/2)sin(− ϕe) + Cru(ζesinθecosϕe+ ηecosθecosϕe – ηe)ζe = ba – ζηe = η+ Δη
ii) for bow up and starboard up (ϕe > 0,   θe < 0)Δℎi = (ℓ/2 – ξ)sinϕe+ Cru{ζesin(− θe)cosϕe+ ηecosθecosϕe – ηe}ζe = ζ – baηe = η+ Δηba is the transverse distance of over flow from ξ axis. All other parameters are as defined above.

5.5.3(b) Extreme Internal Liquid Pressure.
For assessing local structures at a tank boundary, the extreme internal liquid pressure with ku, as
specified in 5C-5-3/7 is to be considered.

5.5.3(c) Simultaneous Internal Liquid Pressures.
In performing a structural analysis, the internal liquid pressures may be calculated in accordance
with 5C-5-3/5.5.3(a) and 5C-5-3/5.5.3(b) above for tanks in the midbody. For tanks in the fore or
aft body, the pressures are to be determined based on linear distributions of accelerations and ship
motions along the length of the vessel.

5.5.3(d) Definition of Tank Shape and Associated Coefficients
i) Rectangular Tank
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The following tank is considered as a rectangular tank:b/b1 ≤ 3 . 0 or ℎ/ℎ1 ≤ 3 . 0
whereb = extreme breadth of the tank consideredb1 = least breadth of wing tank part of the tank consideredℎ = extreme height of the tank consideredℎ1 = least height of double bottom part of the tank considered

as shown in 5C-5-3/5.5.3 FIGURE 14

The coefficients Cdp and Cru of the tank are as follows:Cdp = 1 . 0Cru = 1 . 0
ii) J-shaped Tank

A tank having the following configurations is considered as a “J-shaped” tank.b/b1 ≥ 5 . 0 and ℎ/ℎ1 ≥ 5 . 0
The coefficients Cdp and Cru are as follows:Cdp = 0 . 7Cru = 1 . 0

iii) U-shaped Tank

A half of a “U-shaped” tank, divided at the centerline, should satisfy the condition of a “J-
shaped” tank.

The coefficients Cdp and Cru are as follows:Cdp = 0 . 5Cru = 0 . 7ai , defined in 5C-5-3/5.5.3(a), for U-shaped tank is not to be taken less than that
calculated for J-shaped tank.

iv) In a case where the minimum tank ratio of b/b1 or ℎ/ℎ1, whichever is lesser, is greater
than 3.0 but less than 5.0, the coefficients Cdp and Cru of the tank are to be determined by
the following interpolation:

An intermediate tank between rectangular and J-shaped tank:

(Rectangular - J-shaped like tank)Cdp = 1 . 0− 0 . 15 (the min. tank ratio - 3.0)
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Cru = 1 . 0
An intermediate tank between rectangular and U-shaped tank:

(Rectangular - U-shaped like tank)Cdp = 1 . 0 – 0 . 25 (the min. tank ratio - 3.0)Cru = 1 . 0 – 0 . 15 (the min. tank ratio - 3.0)ai , defined in 5C-5-3/5.5.3(a), for a rectangular - “U” shape like tank is not to be taken
less than that calculated for a rectangular - “J” shape like tank.

v) For non-prismatic tanks mentioned in Note 4 of 5C-5-3/5.5.3 TABLE 2, b1, ℎ and ℎ1 are
to be determined based on the extreme section.

FIGURE 4 
Distribution Factor mℎ
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FIGURE 5 
Distribution Factor fℎ

FIGURE 6 
Distribution Factor mT
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FIGURE 7 
Torsional Moment Distribution Curves
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FIGURE 8 
Distribution of Hydrodynamic Pressure

FIGURE 9 
Hydrodynamic Pressure Distribution Factor kℓo
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FIGURE 10 
Illustration of Determining Total External Pressure

FIGURE 11 
Definition of Bow Geometry
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FIGURE 12 
Distribution of Container Loads to Corners in Hold

FIGURE 13 
Transfer of Container Corner Loads on the Cell Guide to Support Points
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FIGURE 14 
Definition of Tank Geometry
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TABLE 1A
Combined Load Cases for Yielding and Buckling Strength Formulation

(1 July 2021)

 L.C.1 L.C.2 L.C.3 L.C.4 L.C.5 L.C.6 L.C.7 L.C.8 L.C.9 L.C.10 L.C. 11
(7)

L.C.FD
(8)

A. Hull Girder Loads (2)

Vertical B.M.
(3) kc Sag (-)

1.0
Hog

(+) 1.0
Sag (-)

0.7
Hog

(+) 0.7
Sag (-)

0.3
Hog (+)

0.3
Sag (-)

0.4
Hog

(+) 0.4
Sag (-)

0.4
Hog (+)

0.4
Sag (–)

0.7
--

Vertical S.F.kc (+) 0.5 (-) 0.5 (+) 1.0 (-) 1.0 (+) 0.3 (-) 0.3 (+) 0.4 (-) 0.4 (-) 0.4 (+) 0.4 (+) 1.0 --

Horizontal
B.Mkc 0.0 0.0 0.0 0.0 Stbd

Tens (-)
0.3

Port
Tens (+)

0.3

Stbd
Tens (-)

0.5

Port
Tens

(+) 0.5

Port
Tens (+)

0.7

Stbd
Tens (-)

0.7

0.0 --

Horizontal
S.F.kc 0.0 0.0 0.0 0.0 (+) 1.0 (-) 1.0 (+) 0.5 (-) 0.5 (-) 0.7 (+) 0.7 0.0 --

Torsional Mt.
(4)kc 0.0 0.0 0.0 0.0 (-)0 . 55αs (+)0 . 55αs (-) αs (+)αs (-)αs (+)αs 0.0 --

B. External Pressurekc 0.5 0.5 0.5 1.0 0.5 1.0 0.5 1.0 0.5 1.0 0.5 --kfo -1.0 1.0 -1.0 1.0 -1.0 1.0 -1.0 1.0 1.0 -1.0 -1.0 --

C. Container Cargo Loadkc 0.4 0.4 1.0 0.5 1.0 0.5 1.0 0.5 1.0 0.5 1.0 --Cv 0.8 -0.8 0.8 -0.8 0.4 -0.4 0.7 -0.7 -0.7 0.7 0.8 --CL Fwd
Bhd 0.6
Aft Bhd

0.0

Fwd
Bhd

0.0 Aft
Bhd
-0.6

Fwd
Bhd

0.6 Aft
Bhd
0.0

Fwd
Bhd

0.0 Aft
Bhd
-0.6

--
--

--
--

Fwd
Bhd 0.7
Aft Bhd

0.0

Fwd
Bhd

0.0 Aft
Bhd
-0.7

Fwd
Bhd 0.0
Aft Bhd

-0.7

Fwd
Bhd 0.7
Aft Bhd

0.0

Fwd
Bhd 0.6
Aft Bhd

0.0

--

CT --
--

--
--

--
--

--
--

Port
Wall 0.0

Stbd
Wall 0.9

Port
Wall
-0.9
Stbd

Wall 0.0

Port
Wall 0.0

Stbd
Wall 0.7

Port
Wall
-0.7
Stbd
Wall
0.0

Port
Wall
-0.7
Stbd

Wall 0.0

Port
Wall 0.0

Stbd
Wall 0.7

--
--

--

Cϕ , Pitch -0.35 0.35 -0.70 0.70 0.0 0.0 -0.30 0.30 0.30 -0.30 -0.70 --Cθ , Roll 0.0 0.0 0.0 0.0 1.0 -1.0 0.30 -0.30 -0.30 0.30 0.0 --

D. Internal Ballast Tank Pressure and Fuel Oil Tank Pressurekc 0.4 0.4 1.0 0.5 1.0 0.5 1.0 0.5 1.0 0.5 1.0 --wv 0.75 -0.75 0.75 -0.75 0.25 -0.25 0.4 -0.4 -0.4 0.4 0.75 --
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 L.C.1 L.C.2 L.C.3 L.C.4 L.C.5 L.C.6 L.C.7 L.C.8 L.C.9 L.C.10 L.C. 11
(7)

L.C.FD
(8)wℓ Fwd

Bhd
0.25 Aft

Bhd
-0.25

Fwd
Bhd
-0.25
Aft
Bhd
0.25

Fwd
Bhd
0.25
Aft
Bhd
-0.25

Fwd
Bhd
-0.25
Aft
Bhd
0.25

--
--

--
--

Fwd
Bhd 0.2
Aft Bhd

-0.2

Fwd
Bhd
-0.2
Aft
Bhd
0.2

Fwd
Bhd

-0.2 Aft
Bhd 0.2

Fwd
Bhd 0.2
Aft Bhd

-0.2

Fwd
Bhd

0.25 Aft
Bhd
-0.25

--

wt --
--

--
--

--
--

--
--

Port
Wall
-0.75
Stbd
Wall
0.75

Port
Wall
0.75
Stbd
Wall
-0.75

Port
Wall
-0.4
Stbd

Wall 0.4

Port
Wall
0.4

Stbd
Wall
-0.4

Port
Wall 0.4

Stbd
Wall
-0.4

Port
Wall
-0.4
Stbd

Wall 0.4

--
--

--

Cϕ , Pitch -0.35 0.35 -0.70 0.70 0.0 0.0 -0.30 0.30 0.30 -0.30 -0.70 --Cθ , Roll 0.0 0.0 0.0 0.0 1.0 -1.0 0.30 -0.30 -0.30 0.30 0.0 --

E. Reference Wave Heading and Position

Heading
Angle

0 0 0 0 90 90 60 60 60 60 0 0

Heave Down Up Down Up Down Up Down Up Up Down Down --

Pitch Bow
Down

Bow
Up

Bow
Down

Bow
Up

-- -- Bow
Down

Bow
Up

Bow Up Bow
Down

Bow
Down

--

Roll -- -- -- -- Stbd
Down

Stbd Up Stbd
Down

Stbd
Up

Stbd Up Stbd
Down

-- --

Draft 2/3 1 2/3 1 2/3
2/3

2/3 1 2/3 1 2/3 Tdam
1 ku = 1 . 0 for all load components.

2 Boundary forces are to be applied to produce the above specified hull girder bending moment at the middle of the structural
model, and specified hull girder shear force at one end of the middle hold of the model. The sign convention for the shear
force corresponds to the forward end of middle hold. The specified torsional moment is to be produced at the aft bulkhead of
the middle hold for L.C. 5-8, and at the forward bulkhead of the middle hold for L.C. 9-10.

3 The following still water bending moment (SWBM) is to be used for structural analysis.

L.C. 1, 3, 5, 7 and 9: Minimum hogging SWBM amidships of the actual container cargo loading conditions. This SWBM is
not be more than 20% of the wave-induced sagging moment.

L.C. 2, 4, 6, 8 and 10: Maximum hogging SWBM.

4 αs is to be obtained by the following equation:αs = (Tm+ Ts)/Tm
where Tm = nominal wave-induced torsional moment amidships, in kN-m (tf-m, Ltf-ft), as defined in 5C-5-3/5.1.5(a)Ts = still-water torsional moment amidships, in kN-m (tf-m, Ltf-ft), as defined in 5C-5-3/3.1

5 L.C. 9 & 10 are applicable to the structural model representing the cargo hold immediately forward of the engine room.

6 L.C. 11 is applicable to the structure model representing the fuel oil tank in between transverse bulkheads or within cargo
holds.
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7 L.C FD is static condition with sagging or minimum hogging SWBM amidships of the actual container cargo loading
conditions. This SWBM is not be more than 20% of the wave-induced sagging moment. This load case is applicable to main
supporting member of watertight transverse bulkhead only.

8 For container carriers where SH-DLA analysis is performed, the hull structural members may be evaluated by SH-DLA as an
alternative solution to L.C. 5, 6, 7, 8, 9 and 10.

TABLE 1B
Combined Load Cases for Fatigue Strength Formulation (1 July 2021)

 L.C.1 L.C.2 L.C.3 L.C.4 L.C.5 L.C.6 L.C.7 L.C.8 L.C.9 L.C.10

A. Hull Girder Loads (2)

Vertical
B.M.(3) kc Sag (-)

1.0
Hog (+)

1.0
Sag (-)

0.7
Hog (+)

0.7
Sag (-)

0.3
Hog (+)

0.3
Sag (-)

0.4
Hog (+)

0.4
Sag (-)

0.4
Hog (+)

0.4

Vertical
S.F. kc (+) 0.5 (-) 0.5 (+) 1.0 (-) 1.0 (+) 0.3 (-) 0.3 (+) 0.4 (-) 0.4 (-) 0.4 (+) 0.4

Horizontal
B.M kc 0.0 0.0 0.0 0.0 Stbd Tens

(-) 0.3
Port Tens

(+) 0.3
Stbd Tens

(-) 0.5
Port Tens

(+) 0.5
Port Tens

(+) 0.7
Stbd Tens

(-) 0.7

Horizontal
S.F. kc 0.0 0.0 0.0 0.0 (+) 1.0 (-) 1.0 (+) 0.5 (-) 0.5 (-) 0.7 (+) 0.7

Torsional
Mt.(4) kc 0.0 0.0 0.0 0.0 (-)0 . 55αs (+)0 . 55αs (-)αs (+) αs (-)αs (+)αs
B. External Pressurekc 0.5 0.5 0.5 1.0 0.5 1.0 0.5 1.0 0.5 1.0kfo -1.0 1.0 -1.0 1.0 -1.0 1.0 -1.0 1.0 1.0 -1.0

C. Container Cargo Loadkc 0.4 0.4 1.0 0.5 1.0 0.5 1.0 0.5 1.0 0.5Cv 0.8 -0.8 0.8 -0.8 0.4 -0.4 0.7 -0.7 -0.7 0.7CL Fwd
Bhd 0.6
Aft Bhd

0.0

Fwd Bhd
0.0 Aft

Bhd -0.6

Fwd Bhd
0.6 Aft
Bhd 0.0

Fwd Bhd
0.0 Aft

Bhd -0.6

--
--

--
--

Fwd Bhd
0.7 Aft
Bhd 0.0

Fwd Bhd
0.0 Aft

Bhd -0.7

Fwd Bhd
0.0 Aft

Bhd -0.7

Fwd Bhd
0.7 Aft
Bhd 0.0

CT --
--

--
--

--
--

--
--

Port Wall
0.0 Stbd
Wall 0.9

Port Wall
-0.9 Stbd
Wall 0.0

Port Wall
0.0 Stbd
Wall 0.7

Port Wall
-0.7 Stbd
Wall 0.0

Port Wall
-0.7 Stbd
Wall 0.0

Port Wall
0.0 Stbd
Wall 0.7Cϕ , Pitch -1.0 1.0 -1.0 1.0 0.0 0.0 -0.70 0.70 0.70 -0.70Cθ , Roll 0.0 0.0 0.0 0.0 1.0 -1.0 0.70 -0.70 -0.70 0.70

D. Internal Ballast Tank Pressure and Fuel Oil Tank Pressurekc 0.4 0.4 1.0 0.5 1.0 0.5 1.0 0.5 1.0 0.5wv 0.75 -0.75 0.75 -0.75 0.25 -0.25 0.4 -0.4 -0.4 0.4
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 L.C.1 L.C.2 L.C.3 L.C.4 L.C.5 L.C.6 L.C.7 L.C.8 L.C.9 L.C.10wℓ Fwd
Bhd

0.25 Aft
Bhd
-0.25

Fwd Bhd
-0.25 Aft
Bhd 0.25

Fwd Bhd
0.25 Aft

Bhd -0.25

Fwd Bhd
-0.25 Aft
Bhd 0.25

--
--

--
--

Fwd Bhd
0.2 Aft

Bhd -0.2

Fwd Bhd
-0.2 Aft
Bhd 0.2

Fwd Bhd
-0.2 Aft
Bhd 0.2

Fwd Bhd
0.2 Aft

Bhd -0.2

wt --
--

--
--

--
--

--
--

Port Wall
-0.75 Stbd
Wall 0.75

Port Wall
0.75 Stbd
Wall -0.75

Port Wall
-0.4 Stbd
Wall 0.4

Port Wall
0.4 Stbd
Wall -0.4

Port Wall
0.4 Stbd
Wall -0.4

Port Wall
-0.4 Stbd
Wall 0.4Cϕ , Pitch -1.0 1.0 -1.0 1.0 0.0 0.0 -0.70 0.70 0.70 -0.70Cθ , Roll 0.0 0.0 0.0 0.0 1.0 -1.0 0.70 -0.70 -0.70 0.70

E. Reference Wave Heading and Position

Heading
Angle

0 0 0 0 90 90 60 60 60 60

Heave Down Up Down Up Down Up Down Up Up Down

Pitch Bow
Down

Bow Up Bow
Down

Bow Up -- -- Bow
Down

Bow Up Bow Up Bow
Down

Roll -- -- -- -- Stbd
Down

Stbd Up Stbd
Down

Stbd Up Stbd Up Stbd
Down

Draft 2/3 1 2/3 1 2/3
2/3

2/3 1 2/3 1

1 ku = 1 . 0 for all load components.

2 Boundary forces are to be applied to produce the above specified hull girder bending moment at the middle of the structural
model, and specified hull girder shear force at one end of the middle hold of the model. The sign convention for the shear
force corresponds to the forward end of middle hold. The specified torsional moment is to be produced at the aft bulkhead of
the middle hold for L.C. 5-8, and at the forward bulkhead of the middle hold for L.C. 9-10.

3 The following still water bending moment (SWBM) is to be used for structural analysis.
L.C. 1, 3, 5, 7 and 9: Minimum hogging SWBM amidships of the actual container cargo loading conditions. This SWBM is
not be more than 20% of the wave-induced sagging moment.
L.C. 2, 4, 6, 8 and 10: Maximum hogging SWBM.

4 αs is to be obtained by the following equation:αs = (Tm+ Ts)/Tm
where Tm = nominal wave-induced torsional moment amidships, in kN-m (tf-m, Ltf-ft), as defined in 5C-5-3/5.1.5(a)Ts = still-water torsional moment amidships, in kN-m (tf-m, Ltf-ft), as defined in 5C-5-3/3.1

5 L.C. 9 & 10 are applicable to the structural model representing the cargo hold immediately forward of the engine room.

TABLE 2
Design Pressure for Local and Supporting Members (1 July 2021)

A. Local Structures - Plating & Long'ls/Stiffeners
The nominal pressure (4, 5), p = |pi− pe|, is to be determined from load cases “a” & “b” below, whichever is greater, withku = 1 . 1 and kc = 1 . 0 unless otherwise specified in the table (1)
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Structural Members /
Components

Case “a” At Forward end of the tank or hold Case “b” At Forward end of the tank or hold

Draft /
Wave

Heading
Angle

Location (2,3) and
Loading
Pattern

Coefficients Draft /
Wave

Heading
Angle

Location (2, 3) and
Loading
Pattern

Coefficientspi pe pi pe
1. Bottom Plating

and Long'1

2/3 draft/0° Full double bottom &
wing tanks

Ai Ae Full
draft/0°

Empty double bottom
& wing tanks

-- Be
2a. Inner Bottom

Plating and
Long'1

2/3 draft/0° Full double bottom &
wing tanks, cargo holds
empty

Ai --    --

2b. Inner Bottom
Plating and
Long’1 below
Fuel Oil Tank

2/3 draft/0° Full double bottom &
wing tanks, fuel oil
tank empty

Ai -- Full
draft/0°

Double bottom & wing
tanks empty, fuel oil
tank full

Ai --

3. Side Shell Plating
& Long'1/Frame

2/3
draft/60°

Starboard side (6) of full
double bottom & wing
tank

Bi Ae Full
draft/60°

Empty double bottom
& wing tanks

-- Be
4. Main Deck

Plating & Long'1

2/3 draft/0° Full wing tank (7) Ci --     

5a. Long'l Bulkhead
Plating & long'1/
Stiffeners

2/3
draft/60°

Starboard side (6) of full
double bottom & wing
tanks, cargo hold
empty

Bi -- Flooded
Condition

Flooded (8) cargo hold,
double bottom & wing
tanks empty

Di --

5b. Long'1 Bulkhead
Plating & Long'1/
Stiffeners
between Fuel Oil
Tank and Ballast
Tank

2/3
draft/60°

Starboard side (6) of full
double bottom & wing
tanks, fuel oil tank
empty

Bi -- Full
draft/60°

Starboard side (6) of
double bottom & wing
tanks empty, fuel oil
tank full

Bi --

5c. Long'1 Bulkhead
Plating & Long'1/
Stiffeners
between Fuel Oil
Tanks

Full
draft/60°

Starboard side (6) of
fuel oil tank full, port
side of fuel oil tank
empty

Bi --     

6a. Transverse
Bulkhead Plating
& Stiffeners

        

 (i) Tank
Boundaries

2/3 draft/0° Forward Bulkhead of
full double bottom &
wing tanks

Ai --     

 (ii) Cargo Hold
Boundaries

Flooded
Condition

Flooded (8) cargo hold Di --     

6b. Transverse
Bulkhead Plating
& Stiffeners
between Fuel Oil
Tank and Cargo
Hold

Flooded
Condition

Flooded (8) cargo hold Di -- Full
draft/0°

Fuel oil tank full, cargo
hold empty

Ai --
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Structural Members /
Components

Case “a” At Forward end of the tank or hold Case “b” At Forward end of the tank or hold

Draft /
Wave

Heading
Angle

Location (2,3) and
Loading
Pattern

Coefficients Draft /
Wave

Heading
Angle

Location (2, 3) and
Loading
Pattern

Coefficientspi pe pi pe
7. Double Bottom

Structure
        

 (i) Watertight
Girder Plating &
Stiffeners

2/3
draft/60°

Starboard side(6) of full
double bottom or wing
tanks, adjacent tanks
empty

Bi --     

 (ii) Tank End
Floor Plating &
Stiffeners

2/3 draft/0° Forward tank end floor
of full double bottom
or side tank, adjacent
tanks empty

Ai --     

8a. Watertight Side
Stringer

2/3
draft/60°

Full double bottom or
side tank, adjacent
tanks empty

Bi --     

8b. Watertight Side
Stringer below
Fuel Oil Tank

Full
draft/60°

Double bottom and
side tank empty, fuel
oil tank full

Bi --     

9. Top of Fuel Oil
Tank

Full
draft/60°

Fuel oil tank full Ci --     

B. Main Supporting Members
The nominal pressure, p = |pi− pe|, is to be determined from load cases “a” & “b” below, whichever is greater, withku = 1 . 0 and kc = 1 . 0 unless otherwise specified in the table

Structural Members /
Components

Case “a” Mid-Tank Case “b” Mid-Tank

Draft /
Wave

Heading
Angle

Location and
Loading
Pattern

Coefficients Draft /
Wave

Heading
Angle

Location and
Loading
Pattern

Coefficientspi pe pi pe
10a. Double Bottom

Floors & Girders
Bottom
Transverse in
Pipe Duct Space

Full
draft/0°

Mid-tank, cargo holds
and ballast tanks
empty

--- Be     

10b. Double Bottom
Floors & Girders
Bottom
Transverse in
Pipe Duct Space
below Fuel Oil
Tank

Full
draft/0°

Mid-tank, cargo holds
and ballast tanks
empty

--- Be 2/3 draft/0° Double bottom &
wing tanks empty,
fuel oil tank full

Ai Ai

11. Transverses and
Stringers

Full
draft/90°

Starboard side of mid-
tank, cargo hold and
ballast tanks empty

--- Be     
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12a. Horizontal
Girders and
Vertical Webs on
Transverse
Watertight
Bulkhead

Flooded
Condition

Flooded (8) cargo hold Di --     

12b. Horizontal
Girders and
Vertical Webs on
Transverse
Watertight
Bulkhead
between Fuel Oil
Tank and Cargo
Hold

Flooded
Condition

Flooded (8) cargo hold Di -- 2/3
draft/60°

Cargo hold empty,
fuel oil tank full

Bi --

13. Transverse Webs
on Longitudinal
Watertight
Bulkhead

Flooded
Condition

Flooded (8) cargo hold,
double bottom &
wing tanks empty

Di --     

14. Deck Transverse 2/3 draft/0° Full wing tank (7) Ci --     

15. Vertical Web on
Double Bottom
Watertight Girder

2/3
draft/60°

Starboard side (6) of
full double bottom or
wing tanks, adjacent
tanks empty

Bi --     

16. Horizontal
Girders and
Vertical Webs on
Long’1 Bulkhead
between Fuel Oil
Tanks

2/3
draft/60°

Starboard side (6) of
fuel oil tank full, port
side of fuel oil tank
empty

Bi --     

Notes:

1 For calculating pi and pe, the necessary coefficients are to be determined based on the following designated groups:

a) for pi
 

wv
wℓ wt

Cϕ CθForward
Bulkhead

Aft Bulkhead Starboard side Port side

Ai 0.75 0.25 - 0.25 0.0 0.0 - 0.35 0.0Bi 0.40 0.20 - 0.20 0.4 - 0.4 - 0.30 0.30Ci - 0.75 0.25 -- 0.0 0.0 - 0.35 0.0Di 0.0 0.0 0.0 0.0 0.0 0.0 0.0

b) for peAe : kℓo = 1 . 0, ku = 1 . 0, kc = − 0 . 5Be : kℓo = 1 . 0
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2 For structures within 0 . 4L amidships, the nominal pressure is to be calculated for a hold or tank located amidships.The net
scantlings of the structural members within 0 . 4L amidships are to be determined for each cargo hold or tank in the region,
based on the assumption that the cargo hold or tank is located amidships as shown 5C-5-3/5.5 FIGURE 15.

3 For structures outside 0 . 4L amidships, the nominal pressure is to be calculated for members in a hold or tank under
consideration.

4 The nominal pressure of a non-prismatic tank is to be calculated based on the extreme tank boundary section which is assumed
constant lengthwise as illustrated in 5C-5-3/5.5 FIGURE 16. This calculated pressure is not applicable to members outside the
actual tank boundary.

5 In the calculation of the nominal pressure, ρg of the liquid or ballast is not to be taken less than 1.005 N/cm2-m (0.1025
kgf/cm2-m, 0.4444 lbf/in.2-ft).

6 “Starboard side” and “Port side” designate the desired half portion of the tank, respectively. When calculating the nominal
pressure for case a of items 5 and 11, the pressure at the other half potion of the tank is to be examined.

7 The nominal deck pressure is to be not less than 2.06 N/cm2 (0.21 kgf/cm2, 2.99 lbf/in2) in Position 1 and 1.57 N/cm2 (0.16
kgf/cm2, 2.28 lbf/in2) in Position 2. Position 1 and Position 2 are defined in 3-2-15/3 of the Rules.

8 The nominal pressure for watertight requirement for flooding condition may be taken as the cargo hold filled up to the deepest
equilibrium waterline in the one compartment damaged condition. This is not to be less than the cargo hold filled up to the
bulkhead deck at center unless a deck lower than the uppermost continuous deck is designed as freeboard deck, as allowed in
3-1-1/13.1. In such case, the nominal pressure may be taken as the cargo hold filled up to freeboard deck at center. For
container carriers with sufficient freeboard margin, the nominal pressure may be taken as the cargo hold filled up to an
imaginary freeboard deck at center.

9 Application items for typical sections are illustrated in 5C-5-3/5.5 FIGURE 17. See also Note 6 for members marked with (*).

FIGURE 15 
Location of Hold for Nominal Pressure Calculation
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FIGURE 16 
Nominal Pressure Calculation Procedure for Non-Prismatic Tank
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FIGURE 17 
Applicable Areas of Design Pressures
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7 Nominal Design Loads
The nominal design loads specified below are to be used for determining the required scantlings of hull
structures in conjunction with the specified permissible stresses given in Section 5C-5-4.

7.1 Hull Girder Loads - Longitudinal Bending Moments, Shear Forces and Torsional
Moment
7.1.1 Total Vertical Bending Moment and Shear Force

The total longitudinal vertical bending moment and shear force may be obtained from the
following equations:Mt = Ms+ kukcMw kN−m(tf −m, Ltf − ft)Ft = Fs+ kukcFw kN(tf, Ltf)
whereMs and Mw are the still-water bending moment and vertical wave-induced bending moment
respectively, as specified in 5C-5-3/3.1 and 5C-5-3/5.1 for either hogging or sagging conditions.Fs and Fw are the still-water and the vertical wave-induced shear forces respectively, as obtained
from 5C-5-3/3.1 and 5C-5-3/5.1 for either positive or negative shears.ku is a load factor and may be taken as unity unless otherwise specified.kc is a correlation factor and may be taken as unity unless otherwise specified.

The total bending moment is to be obtained based on the envelope curves as specified in
5C-5-3/3.1 and 5C-5-3/5. For this purpose, ku = 1 . 0, and kc = 1 . 0.

7.1.2 Horizontal Wave Bending Moment and Shear Force
For non-head sea conditions, the horizontal wave bending moment and the horizontal shear force
as specified in 5C-5-3/5.1 are to be considered as additional hull girder loads, especially for the
design of the side shell and inner skin structures within the range of 0 . 35D above and below the
mid-depth of vessel. The effective horizontal bending moment and shear force, MHE and FHE, may
be determined by the following equations:MHE = kukcMH kN−m(tf −m, Ltf − ft)FHE = kukcFH kN(tf, Ltf)MH and FH are as specified in 5C-5-3/5.1.

7.1.3 Wave-Induced Torsional Moment
The effective wave-induced torsional moment for non-head sea conditions is to be considered in
addition to the hull girder loads specified in 5C-5-3/7.1.1 and 5C-5-3/7.1.2 above.TME = kukcTM kN−m(tf −m, Ltf − ft)
whereTM is as specified in 5C-5-3/5.1.5.

where ku and kc are load factor and correlation factor, respectively, which may be taken as unity
unless otherwise specified. For this purpose, ku = 1 . 0 and kc = 1 . 0.
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7.3 Local Loads for Design of Supporting Structures
In determining the required scantlings of the main supporting structures, such as girders, transverses,
stringers, floors and deep webs, the nominal loads induced by the external pressures, ballast pressures and
cargo loads distributed over both sides of the structural panel within the cargo hold boundaries are to be
considered for the worst possible load combinations. In general, consideration is to be given to the
following two loading cases accounting for the worst effects of the dynamic load components.

7.3.1
Maximum internal cargo loads or pressures for a fully loaded cargo hold with the adjacent holds
empty and minimum external pressures, where applicable.

7.3.2
Empty cargo hold with the fore and aft holds full and maximum external pressures, where
applicable.

The specified design loads for main supporting structures are given in 5C-5-3/5.5.3 TABLE 2.

7.5 Local Pressures for Design of Plating and Longitudinals
In calculating the required scantlings of plating, longitudinals and stiffeners, the nominal pressures are to
be considered for the two load cases given in 5C-5-3/7.3, using ku = 1 . 1 instead of ku = 1 . 0 as shown
above.

The necessary details for calculating the nominal pressures are given in 5C-5-3/5.5.3 TABLE 2.

9 Combined Load Cases

9.1 Combined Load Cases for Structural Analysis (1 July 2021)
For assessing the strength of the hull girder structures and in performing a structural analysis as outlined in
Section 5C-5-5, the eleven combined load cases specified in 5C-5-3/TABLE 1 are to be considered.
Additional combined load cases may be required as warranted. The loading patterns are shown in 5C-5-3/
Figures 3A through 3C and 5C-5-A5/1.3 FIGURE 1 for three cargo hold lengths. It is to be noted that the
midship section should be located within the mid-hold of the three hold FE model. The necessary factors
and coefficients for calculating hull girder and local loads are given in 5C-5-3/Table 1 and 5C-5-A5/1.3
TABLE 1. The total external pressure distribution including static and hydrodynamic pressures is
illustrated in 5C-5-3/5.5.3 FIGURE 10.

If deemed necessary, another three hold length model consisting of the engine room and two adjacent
cargo holds forward is to be analyzed to assess the torsional response of the deck structures immediately
forward of the engine room. For this purpose, four load cases, Load Cases 7 through 10 of 5C-5-3/Table 1,
are to be considered using the loading patterns of cargo holds specified in 5C-5-3/Figures 3A through 3C.

9.3 Combined Load Cases for Strength Assessment
For assessing the failure modes with respect to material yielding, buckling and ultimate strength, the
following combined load cases are to be considered:

9.3.1 Yielding, Buckling and Ultimate Strength of Local Structures (1 July 2021)
For assessing the yielding, buckling and ultimate strength of local structures, the eleven combined
load cases as given in 5C-5-3/Table 1 are to be considered.

9.3.2 Fatigue Strength
For assessing the fatigue strength of structural joints, the ten combined load cases given in
5C-5-3/9.1 and two additional load cases given in 5C-5-A1/Table 3A through 3C are to be used
for fatigue strength assessment as described in Appendix 5C-5-A1
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11 Impact Loads

11.1 Bottom Slamming Pressure
For container carriers with a heavy weather ballast draft forward less than 0 . 04L, bottom slamming loads
are to be considered for assessing strength of the flat bottom plating forward and the associated stiffening
system in the fore body region.

The equivalent bottom slamming pressure for the strength assessment is to be determined based on well
documented experimental data or analytical studies. When these direct calculations are not available,
nominal bottom slamming pressures may be determined by the following equations:Psi = kki[v02+MViEni]Ef kN/m2(tf/m2, Ltf/ft2)
wherePsi = equivalent bottom slamming pressure for section ik = 1.025 (0.1045, 0.000888)ki = 2 . 2   b*/d0+ α ≤ 40b* = half width of flat of bottom at the i-th ship station, see 5C-5-3/11.3.3 FIGURE 18d0 = 1/10 of the section draft at the heavy ballast condition, see 5C-5-3/11.3.3 FIGURE 18α = a constant as given in 5C-5-3/11.3.3 TABLE 3Ef = f1ω1(L)1/2f1 = 0.004 (0.0022), m (ft)ω1 = natural angular frequency of the hull girder 2-node vertical vibration of the vessel in the wet mode and the

heavy ballast draft condition, in rad/second. If not known, the following equation may be used:= μ[BD3/(ΔSCb3L3)]1/2+ 1 . 0 ≥ 3 . 7μ = 23400 (7475, 4094)ΔS = Δb[1 . 2 + B/(3db)]Δb = vessel displacement at the heavy ballast condition, in kN (tf, Ltf)db = mean draft of vessel at the heavy ballast condition, in m (ft)V = 75% of design speed, Vd, in knots. V is not to be taken less than 10 knots.Vd = the design speed as defined in 3-2-14/3v0 = c0L1/2 , m/s (ft/s)c0 = 0.29 (0.525), m (ft)L = vessel’s length, as defined in 3-1-1/3.1, in m (ft)Eni = natural log of nini = 5730(MVi/MRi)1/2Gei , if ni < 1 then Psi = 0Gei = e − v02/Mvi+ di2/MRidi = local section draft, in m (ft)
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MVi = BiMRiMRi = c1Ai(VL/Cb)1/2c1 = 0.44 (2.615), m (ft)Ai and Bi are as given in 5C-5-3/11.3.3 TABLE 4.Cb is as defined in 3-2-1/3.5.1 and is not to be less than 0.6.

where b represents the half breadth at the 1/10 draft of the section, see 5C-5-3/11.3.3 FIGURE 18. Linear
interpolation may be used for intermediate values.

11.3 Bowflare Slamming
Bowflare slamming loads are to be considered for assessing the strength of the side plating and the
associated stiffening system in the forebody region of the vessel at its load waterline.

11.3.1 Nominal Bowflare Slamming (1 July 2021)
When experimental data or direct calculation is not available, nominal bowflare slamming
pressures above the load waterline (LWL) may be determined by the following equations:

Pij = P0ij or Pbij as defined below, whichever is greaterP0ij = k1(9MRi− ℎij2)1/2 kN/m2 (tf/m2, Ltf/ft2)Pbij = k2k3{c2+ KijMVi(1 + Eni)} kN/m2 (tf/m2, Ltf/ft2)Pbij at a location between LWL and ℎb* above LWL need not be taken greater than pbij*. When ℎij  is higher

than ℎb*, Pbij is not to be taken less than pbij*  .
wherek1 = 9.807 (1, 0.0278)k2 = 1.025 (0.1045, 0.000888)k3 = 1 for ℎij ≤ 2ℎb*= 1− 0 . 07 ℎij− 2ℎb* for ℎij > 2ℎb*c2 = 39.2 (422.46) for m (ft)Eni = natural log of nijnij = 5730(MVi/MRi)1/2Gij ≥ 1 . 0Gij = exp −ℎij2/MRiMvi = BiMRi , where Bi is given in 5C-5-3/11.3.3 TABLE 4MRi = c1Ai(VL/Cb)1/2 , where Ai is given in 5C-5-3/11.3.3 TABLE 4, where 9MRi < ℎij2, thenPoij = 0c1 = 0.44 (2.615) for m (ft)ℎij = vertical distance measured from the load waterline (LWL) at station i to WLj on the bowflare. The

value of ℎij is not to be taken less than ℎb*.
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ℎb* = 0 . 005(L − 130) + 3 . 0 (m) for L < 230 m= 0 . 005(L − 426 . 4) + 9 . 84 (ft) for L < 754 ft= 7 . 143 × 10−3(L − 230) + 3 . 5 (m) for 230 m ≤ L < 300 m= 7 . 143 × 10−3(L − 754 . 4) + 11 . 48 (ft) for 754 ft ≤ L < 984 ft= 0 . 01 L − 300 + 4 . 0  (m) for 300 m ≤ L < 400 m= 0 . 01 L − 984 . 3 + 13 . 12   (ft) for 984 ft ≤ L < 1312 ft= 5.0 m (16.4 ft) for L ≥ 400 m (1312 ft)pbij* = Pbi*   k3   βi*/βij′Pbi* = Pbij at ℎb* above LWLKij = fij[rj/(bbij+ 0 . 5ℎij)]1/2[ℓij/rj][1 . 09 + 0 . 029V – 0 . 47Cb]2rj = (MRi)1/2bbij = bij− bi0 > 2 . 0 m (6.56 ft)bij = local half beam of location j at station ibi0 = local waterline half beam at station iℓij = longitudinal distance of station i at j-th WL measured from amidships, based on the scantling
lengthƒij = 0 . 07   [90/β′ij – 1]2   tan2(β′ij)β′ij = normal local body plan angle= tan−1[tan(βij)/cos(αij)]αij = waterline angle as in 5C-5-3/5.5.3 FIGURE 11βij = local body plan angle, in degrees, measured from the horizontal, as in 5C-5-3/5.5.3 FIGURE 11,
not to be taken greater than 75 degrees. Bowflare slamming is not applicable to the vertical side
area above the tangent line.βi* = β′ij at ℎb* above LWLV = as defined in 5C-5-3/11.1L = as defined in 3-1-1/3.1, in m (ft)Cb = as defined in 3-2-1/3.5.1 and not to be less than 0.6.

11.3.2 Simultaneous Bowflare Slamming Pressure
For performing structural analyses to determine overall responses of the hull structures, the spatial
distribution of instantaneous bowflare pressures on the fore body region of the hull may be
expressed by multiplying the calculated maximum bowflare slamming pressures, Pij, at forward
ship stations by a factor of 0.71 for the region between the stem and 0 . 3L from FP.

11.3.3 Effects of Bowflare Slamming on Vertical Hull Girder Bending Moment and Shear Force
For container carriers having a forebody parameter, Ardk, greater than 70 m2 (753 ft2), the
buckling strength of the hull girder structure in the forward half-length is to be evaluated using the
following hull girder bending moment and shear force.
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The still water bending moment used to calculate the total bending moment may be determined
from the minimum hogging bending moment or maximum sagging bending moment whichever is
applicable in the container cargo loading conditions.

The maximum bending moment due to bowflare slamming and regular waves may be determined
by the following equation:Mwbi = k[αiL2ArdkFn1/3/(ω1Cb2d)]
whereMwbi = maximum bending moment due to bowflare slamming and regular waves ending moment at

station i, where station 10 denotes the midship and station 20 is the AP, not to be less than|Mwi||Mwi| = absolute value of wave induced bending moment at station i, as specified in 5C-5-3/5.1.1 for
sagging condition, where station 10 denotes the midship and station 20 is the AP.k = 10.3 (1.05, 3.44) for kN-m (tf-m, Ltf-ft)αi = envelope curve factors: 0.6, 1.2, 1.8, 2.05, 2.1 and 2.0, corresponding to stations at 0.1, 0.2, 0.3,
0.35, 0.4, and 0.5L from the FP, respectively. Linear interpolation may be used for intermediate
valuesω1 = natural frequency of the 2-node hull girder vibration of the vessel in the wet mode, in rad/
second. If not known, the following equation may be used= μ[BD3/(ΔsCbL3)]1/2+ 1 . 4 ≥ 3 . 7

whereμ = 23400 (7475, 4094)Δs = Δ{1 . 2 + B/(3d)}Δ = displacement as defined in 5C-5-3/5.5.1(b) in kN (tf, Ltf)d = draft as defined in 3-1-1/9 in m (ft)Ar = the maximum value of Ari in the forebody regionAri = bowflare shape parameter at station i forward of the quarter length, up to the FP of the
vessel, to be determined between the LWL and the highest deck as follows:= bTi/Hi ∑ bj2+ sj2 1/2,       j = 1,n     n ≥ 4dk = 0 . 2∑i5bTi= nominal half deck width based on forward five stations of FP, 0.05L, 0.1L, 0.15L and
0.2L, (see 5C-5-3/11.3.3 FIGURE 21)

wherebTi = Σbj at station iHi = Σsj at station i
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bj = local change (increase) in beam for the j-th segment at station i (see 5C-5-3/11.3.3
FIGURE 20)sj = local change (increase) in freeboard up to the highest deck for the j-th segment at
station i forward (see 5C-5-3/11.3.3 FIGURE 20)

The still water shear force used to calculate the total shear force can be determined from the
maximum negative shear force or minimum positive shear force whichever is applicable in the
container cargo loading conditions.

The shear force due to bowflare slamming and regular waves may be determined by the following
equation:Fwbi = Ksi[c2LArdkFn1/3/(ω1Cb2d)]
whereFwbi = maximum positive wave induced shear force due to bowflare slamming and regular waves at station i,

where station 10 denotes the midship, kN (tf, Ltf), not to be less than FwiFwi = positive wave induced shear force (see 5C-5-3/5.1.2) at station i, where station 10 denotes the
midship, kN (tf, Ltf)c2 = 66.95 (6.825, 22.386)      for kN (tf, Ltf)Ksi = shear envelope curve factor at station i= 0.0 for the forward perpendicular= 1.0 for 0.7L to 0.85L from the aft end of L= 0.5 for 0.5Lto 0.6L from the aft end of L

Linear interpolation may be used for intermediate values.Fn = 0 . 514Vd/(gL)1/2 , for SI and MKS units= 1 . 688Vd/(gL)1/2 , for US unitsVd is the design speed as defined in 3-2-14/3, in knots. g is the acceleration due to gravity (9.807
m/sec2, 32.2 ft./sec2). Fn is not to be taken less than 0.225.L , B, D and Cb as defined in Section 3-1-1. Cb is not to be taken less than 0.6.

TABLE 3
Values of α

b/do α b/do α≤ 1.00 0.00 4.00 20.25

1.50 9.00 5.00 22.00

2.00 11.75 6.00 23.75

2.50 14.25 7.00 24.50
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b/do α b/do α
3.00 16.50 7.50 24.75

3.50 18.50 ≥ 25.0 24.75

TABLE 4
Values* of Ai and Bi

 Ai Bi
- 0.05L 1.25 0.3600

FP 1.00 0.4000

0.05L 0.80 0.4375

0.10L 0.62 0.4838

0.15L 0.47 0.5532

0.20L 0.33 0.6666

0.25L 0.22 0.8182

0.30L 0.22 0.8182

* Linear interpolation may be used for intermediate values
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FIGURE 18 
Distribution of Bottom Slamming Pressure Along the Section Girth
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FIGURE 19 
Ship Stem Angle, γ
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FIGURE 20 
Definition of Bow Flare Geometry for Bow Flare Shape Parameter
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FIGURE 21 
Definition of Half Deck Width

13 Other Loads

13.1 Vibrations
In addition to the vibratory hull girder loads induced by bottom and bow slamming specified in 5C-5-3/11,
vibratory responses of hull structures induced by the propulsion system and waves are also to be examined,
as applicable.

13.3 Ice Loads
For vessels intended for special services, such as navigating in cold regions, consideration is to be given to
the effects of ice loads in assessing the strength of the hull structure.

In this case, the limits of the ice loads are to be furnished and analyzed by the designer.

13.5 Accidental Loads
The effects of possible accidental loads on the stiffening systems in the design of the main supporting
members of the side and bottom shell structures are to be considered. The pressures for the flooded
condition, as specified in the Note 8 of 5C-5-3/5.5.3 TABLE 2 for watertight bulkheads, and nominal
magnitudes of the accidental loads with respect to collision or grounding, as outlined in the ABS Guide for
Assessing Hull-Girder Residual Strength, may be applied for this purpose.
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C H A P T E R  5
Vessels Intended to Carry Containers (130 meters (427 feet) to 450

meters (1476 feet) in Length)

S E C T I O N  4
Initial Scantling Criteria

1 General

1.1 Strength Requirements (2023)
This section specifies the minimum strength requirements for the hull structure with respect to the
determination of initial scantlings, including the hull girder, shell and bulkhead plating, frames/stiffeners
and main supporting members. Once the minimum scantlings are determined, the strength of the resulting
design is to be assessed in accordance with Section 5C-5-5. The assessment is to be carried out by means
of an appropriate structural analysis, as per 5C-5-5/9, in order to establish compliance with the failure
criteria in 5C-5-5/3, 5C-5-5/5 and 5C-5-5/7. Structural details are to comply with 5C-5-5/1.7.

The requirements for the hull girder strength are specified in 5C-5-4/3. The requirements in 5C-5-4/5 and
5C-5-4/7 are applicable to container carriers having upper wing torsional boxes and special consideration
is to be given to vessels without upper wing torsional boxes. The required scantlings of double bottom
structures, side structures, deck structures, longitudinal bulkheads and transverse bulkheads structures are
specified in 5C-5-4/9, 5C-5-4/11, 5C-5-4/13, 5C-5-4/15, 5C-5-4/17, 5C-5-4/19, 5C-5-4/21 and 5C-5-4/23,
respectively. 5C-5-4/1.7 FIGURE 1 shows the paragraph numbers giving scantling requirements for the
various structural components of typical container carriers. For hull structures beyond 0.4L amidships, the
initial scantlings are to be determined in accordance with Section 5C-5-6.

The stiffness, yield strength, buckling strength and hull girder ultimate strength assessment are to be
carried out, as described in Appendix 5C-5-A4a, in way of 0.2L to 0.75L with due consideration given to
locations where there are significant changes in hull cross section (e.g. changing of framing system and the
fore and aft end of the forward bridge block in case of two-island designs).

Note: The hull girder strength requirements in 5C-5-4/3 and 5C-5-4/4 need not exceed those specified in Appendix 5C-5-
A4a throughout the length of the vessel.

1.3 Calculation of Load Effects
Approximation equations are given in 5C-5-4/9 through 5C-5-4/23 and Section 5C-5-6 for calculating the
maximum bending moments and shear forces for main supporting members clear of the end brackets for
typical structural arrangements and configurations. For designs with different structural configurations,
these local load effects may be determined from a proper 3D structural analysis at the early design stages,
as outlined in 5C-5-5/9, for the combined load cases specified in 5C-5-3/9, excluding the hull girder load
components. In this case, the results of detailed stress analysis are to be submitted for review.

PART 5C

ABS RULES FOR BUILDING AND CLASSING MARINE VESSELS • 2024 787



1.5 Structural Details
See 5C-5-5/1.7 and 5C-5-4/1 FIGURE 2.

Stiffening members, cell guides and doublers for container fittings are not to be directly welded to hatch
corners. During construction, hatch corners are not to be altered to create space to accommodate cell
guides. Where container fittings are fitted for container securing, doubler pads are to be welded at least 100
mm (4 in.) away from curved edges of hatch corners.

1.7 Evaluation of Grouped Stiffeners
Where several members in a group with some variation in requirement are selected as equal, the section
modulus requirement may be taken as the average of each individual requirement in the group. However,
the section modulus requirement for the group is not to be taken less than 90% of the largest section
modulus required for individual stiffeners within the group. Sequentially positioned stiffeners of equal
scantlings may be considered a group.

FIGURE 1 
Scantling Requirement Reference by Sub-Section
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FIGURE 2 
Improvement of Hatch Corners and Heavy Insert Deck Plate

3 Hull Girder Strength

3.1 Hull Girder Section Modulus
3.1.1 Hull Girder Section Modulus Amidships (1 July 2021)

The required gross hull girder section modulus amidships is to be calculated in accordance with
3-2-1/3.7, 3-2-1/5, and 3-2-1/9 where the calculation of the total vertical bending moment, Mt, is
in accordance with 5C-5-3/7.1.1. For the determination of initial net structural scantlings, the net
hull girder section modulus amidships, SMn, is to be calculated in accordance with 5C-5-4/3.1.2
below. The longitudinal structural members in the upper deck region* made of H36 or H40
strength steel with thickness greater than 50 mm (2 in.) and up to 100 mm (4 in.) or H47 strength
steel with thickness up to 100 mm (4 in.) are to comply with the requirements in the ABS Guide
for Application of Higher-Strength Hull Structural Thick Steel Plates in Container Carriers. TheQ factor specified in this Guide may be used to calculate the required section modulus.

Note: * The upper deck region is defined as the upper deck plating, hatch side coaming plating, hatch coaming
top plating, and their attached longitudinals.

3.1.2 Effective Longitudinal Members
The hull girder section modulus calculation is to be carried out in accordance with 3-2-1/9 as
modified below. To suit the strength criteria based on a “net” ship concept, the nominal design
corrosion values specified in 5C-5-2/3 are to be deducted in calculating the net section modulus,SMn.

3.1.3 Extent of Midship Scantlings
The items included in the hull girder section modulus amidships are to be extended as necessary to
meet the hull girder section modulus required at the location being considered. The required hull
girder section modulus can be obtained as Mt/fp at the location being considered, except if(Mt)max/fp is less than SMmin in 3-2-1/3.7.1(b). In this case, the required section modulus is to
be obtained by multiplying SM min by the ratio of Mti/(Mt)max where Mti is the total bending
moment at the location under consideration and (Mt)max is the maximum total bending moment
amidships
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3.3 Hull Girder Moment of Inertia
The hull girder moment of inertia is to be not less than required by 3-2-1/3.7.2.

3.5 Transverse Strength
To ensure adequate transverse strength of the hull girder, the requirements for the sizes and scantlings of
the primary transverse supporting members, such as the cross deck box beams on top of watertight and
mid-hold strength transverse bulkheads, specified in this section, as well as the requirements for the
arrangement of transverse bulkheads given in other sections of the Rules are to be satisfied.

4 Hull Girder Shearing Strength

4.1 General
The net thicknesses of the side shell and longitudinal bulkhead plating are to be determined based on the
total vertical shear force, Ft, and the permissible shear stress fs, given below.Ft = FS+ kukcFW     kN (tf, Ltf)fs   =   11 . 96/Q       kN/cm2   (1 . 220/Q   tf/cm2, 7 . 741/Q Ltf/in2) at Sea      =   10 . 87/Q      kN/cm2   (1 . 114/Q   tf/cm2, 7 . 065/Q   Ltf/in2) in Port
whereFS = still-water shear force based on the envelope curve required by 5C-5-3/3.1 for all anticipated loading

conditions at the location considered, in kN (tf, Ltf).FW = vertical wave shear force, as given in 5C-5-3/5.1.2, with kw= 1.0, in kN (tf, Ltf).FW  for in-port condition may be taken as zero.
For vessels having significant bow flare, the value of FW at the forebody is subject to special consideration, as
specified in 5C-5-3/11.3.3.Q = material conversion factor

= 1.0 for ordinary strength steel

= 0.78 for Grade H32 steel

= 0.72 for Grade H36 steel

= 0.68 for Grade H40 steelku , kc may be taken as unity unless otherwise specified.

The shear stresses in the side shell and longitudinal bulkhead plating (net thickness) may be calculated
using a direct analysis to determine the general shear distribution. When a direct calculation is not
available and the longitudinal bulkhead is located at any point not less than 0.045B but no further than 0.12B from the side shell, the net thickness of the side shell and longitudinal bulkhead plating may be obtained
from the equations given in 5C-5-4/4.3 and 5C-5-4/4.5 below.

The nominal design corrosion values, as given in 5C-5-2/3 TABLE 1, for the side shell and longitudinal
bulkhead plating are to be added to the “net” thickness.

4.3 Net Thickness of Side Shell Platingts ≥ FtDsm/Ifs       cm (in.)
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whereFt and fs are as defined above.

Ds = shear distribution factor for side shell

= 0 . 515   (As/A)(− 0 . 143 + 2 . 109   As/A)(1 . 021− 0 . 363   b/B) for Type A

= 0 . 515   (As/A)(− 0 . 266 + 2 . 449   As/A)(1 . 029− 0 . 692   b/B) for Type B

= 0 . 515   (As/A)(− 0 . 032 + 1 . 934   As/A)(0 . 981− 0 . 538   b/B) for Type CAb = total projected area of the net longitudinal bulkhead plating above inner bottom (one side), in cm2 (in2)As = total projected area of the net side shell plating (one side), in cm2 (in2)A = Ab+ Asb = distance between outer longitudinal bulkhead and side shell, in m (ft)B = breadth of the vessel, in m (ft), as defined in 3-1-1/5

Sections of Types A, B and C are defined in 5C-5-3/5.5 FIGURE 17.I = moment of inertia of the “net” hull girder section at the position considered in, cm4 (in4)m = first moment of the “net” hull girder section, in cm3 (in3), about the neutral axis, of the area between the
vertical level at which the shear stress is being determined and the vertical extremity of the section under
consideration.

4.5 Net Thickness of the Longitudinal Bulkhead Platingtb ≥ FtDbm/Ifs     cm (in.)
whereDb = shear distribution factor for longitudinal bulkhead plating

= 0 . 550   (Ab/A)(− 0 . 120 + 2 . 445   Ab/A)(0 . 975 + 0 . 431   b/B) for Type A

= 0 . 550   (Ab/A)(− 0 . 198 + 2 . 480   Ab/A)(0 . 969 + 0 . 741   b/B) for Type B

= 0 . 550   (Ab/A)(− 0 . 098 + 1 . 934   Ab/A)(1 . 022 + 0 . 612   b/B) for Type C

All other parameters are as defined in 5C-5-4/4.3 above.

5 Hull Girder Shearing Stiffness
The strength criteria are based on the following assumptions and limitations to prevent excessive hull
girder distortion in operation.

i) b0 ≤ 0 . 905B
ii) L0 ≤ 0 . 75L
iii) αMΓM ≥ 32Cn(TM+ TS)L02(2ωM+ ℎeb0)ℓ0/[E(ℓ02)]
where
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b0 = width of the hatch opening amidships, measured between the inboard edges of the strength deck, in m
(ft)L,B,D = length, breadth, depth of the vessel, in m (ft), as defined in Section 3-1-1Cn = 1.0 for vessel without deck girders or with a centerline deck girder inboard of lines of hatch openings

= 0.95 for vessel with two continuous longitudinal deck girders inboard of lines of hatch openingsTM = nominal wave-induced torsional moment amidships, in kN-m (tf-m, Ltf-ft), as defined in 5C-5-3/5.1.5TS = still-water torsional moment amidships, in kN-m (tf-m, Ltf-ft), as defined in 5C-5-3/3.1L0 = effective length, in m (ft), of the consecutive hatch openings between engine room and forepeak space,
as defined in 5C-5-4/7.3ℓ0 = length of the hatch opening amidships, in m (ft)E = modulus of elasticity of the material, may be taken as 2.06 × 108 kN/m2 (2.1 × 107 tf/m2 , 1.92 × 106
Ltf/ft2 ) for steel.ℎe = D − eαM = 1 + 0 . 04L02JM/ΓMΓM = warping constant of the net hull girder section amidships, in m6(ft6 ), (see Appendix 5C-5-A3)JM = St. Venant torsional constant of the net hull girder section amidships, in m4(ft4 ), (see Appendix 5C-5-
A3)ωM = warping function (see Appendix 5C-5-A3) of the net hull girder section amidships at the inboard edge of
the strength deck plating, clear of hatch corner, in m2 (ft2 )e is as defined in 5C-5-3/5.1.5, measured from the baseline of the vessel, positive upward.

For designs which do not satisfy these assumptions, an appropriate hull girder analysis to verify the offered
torsional stiffness is to be submitted for review.

7  Torsion-induced Longitudinal Stress

7.1 Total Torsion-induced Longitudinal Stress, (Warping Stress)
The total warping stress in deck structures may be obtained from the following equation:fLW = fLWW+ fLWS       N/cm2  kgf/cm2, lbf/in2
wherefLWW = wave-induced warping stress in N/cm2 (kgf/cm2 , lbf/in2 ), as specified in 5C-5-4/7.3fLWS = still-water warping stress in N/cm2 (kgf/cm2 , lbf/in2 ), as specified in 5C-5-4/7.5

The total warping stress is not to be greater than the permissible warping stress, fw, as specified in
5C-5-4/7.7.

7.3 Wave-induced Warping Stress
When a direct calculation using finite element analysis is not available, the wave-induced warping stress
may be determined as specified below:
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7.3.1 For Cargo Space Forward of Engine Room
7.3.1(a) The Maximum Wave Induced Warping Stress in the Strength Deck Plating in way of Hatch
Opening.
The maximum wave-induced warping stress, fLWW, in the strength deck plating in way of hatch
opening may be obtained from the following equation:  fLWW = k   CwTML0b0ωM/(BαMΓM)           N/cm2 kgf/cm2,lbf/in2
wherek = 0.0123 (0.0123, 0.583)Cw = Cn(1 + η   Cℓ)Cn is as defined in 5C-5-4/5.Cℓ is a parameter, as given in 5C-5-4/7.7.3 FIGURE 5, for the specified stations in function ofη,   ΓE/R,ΓFC, ℓE/R, ℓFC, ICB, I, b0andℓ0, as defined below.TM = nominal wave-induced torsional moment amidships, in kN-m (tf-m, Ltf-ft), as defined in

5C-5-3/5.1.5L0 = effective length, in m (ft), of the consecutive hatch openings at the strength deck level
between the aft end of the hatch opening immediately forward of the engine room and the
forward end of the foremost hatch opening

= ℓ1+ δℓ2ℓ1 = length measured between the aft end of the hatch opening immediately forward of the engine
room and the forward end of the first hatch opening that has the same width as that
amidships, in m (ft), as shown in 5C-5-4/7.7.3 FIGURE 3ℓ2 = length of the fore-end hatch opening area, in m (ft), as shown in 5C-5-4/7.7.3 FIGURE 3δ = (b0′/B′)f/(b0/B)M ≤ 1 . 0(b0′/B′)f = average ratio of the hatch opening width to the mean vessel’s breadth for all hatch openings
in the fore-end hatch opening region, ℓ2(b0/B)M = ratio of the hatch opening width to the vessel’s breadth amidshipsb0, b0′ = width, in m (ft), of the strength deck hatch opening amidships and the mean width of the fore-
end hatch opening region, ℓ2, respectively, measured between the inboard edges of the
strength deck, as shown in 5C-5-4/7.7.3 FIGURE 3B,B′ = vessel’s breadth, in m (ft), amidships and the mean vessel’s breadth of the fore-end hatch
opening region, ℓ2, respectively, as shown in 5C-5-4/7.7.3 FIGURE 3η = [(αMΓM)/(αΓ)]   (ω/ωM)α = 1 + 0 . 04L02   J/ΓΓ = warping constant of the net hull girder section under consideration, in m6 (ft6), (see Appendix
5C-5-A3)J = St. Venant torsional constant of the net hull girder section under consideration, in m4 (ft4),
(see Appendix 5C-5-A3)ω = warping function, (see Appendix 5C-5-A3), of the net hull girder section under consideration
at the inboard edge of the strength deck plating, clear of hatch corner, in m2 (ft2)
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αM, JM,ΓM and ωM are as defined in 5C-5-4/5.ΓE/R,ΓFC = warping constant, in m6 (ft6), determined in way of the closed hull girder section immediately
abaft of the forward bulkhead of the engine room, and in way of the closed hull girder section
immediately forward of the foremost hatch opening, respectivelyℓE/R, ℓFC = length, in m (ft), of the closed hull girder section in the engine room and in the fore-end
region, respectivelyICB, I = net moment of inertia, in m4 (ft4), about the vertical axis z of the cross deck box beam at the
vessel’s centerline and of the side longitudinal deck box, respectively, under consideration
(5C-5-4/7.7.3 FIGURE 4)ℓ0 = as defined in 5C-5-4/5

The following items may be included in the calculation of the moment of inertia ICB of the cross
deck box beam:

● Transverse hatch end coaming plate and continuous stiffeners (above the strength deck)

● Cross deck plating and continuous beams at the strength deck level

● Bottom and top plating and continuous stiffeners of the cross deck box beam

● Side transverse plates and continuous stiffeners of cross deck box beam

The following items may be included in the calculation of the moment of inertia I of the side
longitudinal deck box:

● Strength deck plating and continuous longitudinals

● Side shell and longitudinal bulkhead plating and continuous longitudinals. Effective depth of
side shell and longitudinal bulkhead is equal to the distance between the strength deck and the
second deck, but not to be more than 0.22D

● Second deck plating and continuous longitudinals, if the distance between strength and second
decks does not exceed 0.22D

● Continuous longitudinal hatch side coaming (plate and continuous longitudinal stiffeners)

7.3.1(b) The Maximum Wave Induced Warping Stress at the Top of a Continuous Longitudinal Hatch
Coaming.
The maximum wave-induced warping stress, fLWW, for the top of the continuous longitudinal
hatch coaming may be obtained from the equation given in 5C-5-4/7.1 above by substituting the
warping function ω by ωc as defined below, and using Cℓ as given in 5C-5-4/7.7.3 FIGURE 5 for
the hatch coaming top.wc = w+ 0 . 5ℎb0
whereℎ = height, in m (ft), of the continuous longitudinal hatch coaming of the hull girder section under

considerationb0 = width, in m (ft), of the hatch opening of the hull girder section under consideration

7.3.2 For Cargo Space Abaft Engine Room
The maximum wave-induced warping stress, fLWW, in the strength deck plating in way of hatch
opening may be obtained from the following equation:
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fLWW = kCw′TM′L0′b0′ω′/(B′α′Γ′)         N/cm2(kgf/cm2,lbf/in2)
wherek = 0.0123 (0.0123, 0.583)Cw′ = Cn(1 + η′Cℓ)η′ = [(α′Γ′)/(αΓ)](ω/ω′)ω,α and Γ are as defined in 5C-5-4/7.3.1 above and are to be determined at the hull girder section
under consideration.ω′,α′ and Γ′ are as defined in 5C-5-4/7.3.1 above for ω,α and Γ and are to be determined at the
hull girder section immediately abaft the engine room (station B in 5C-5-4/7.7.3 FIGURE 5).ΓE/R′   = warping constant in way of the closed hull girder section immediately forward of the aft

bulkhead of the engine roomTM′ = nominal wave-induced torsional moment, in kN-m (tf-m, Ltf-ft), in way of the hull girder
section immediately abaft the engine room, as defined in 5C-5-3/5.1.5L0′ = length, in m (ft), of the consecutive hatch openings at the strength deck level abaft the engine
roomb0′,B′ = width, in m (ft), of hatch opening immediately abaft the engine room and the vessel’s breadth,
respectively, at the mid-length of that hatch opening, in m (ft)Cn is as defined in 5C-5-4/5.Cℓ is a parameter as given in 5C-5-4/7.7.3 FIGURE 5

7.3.3 For Hatch Openings in Forecastle Deck
For vessels with hatch openings in the forecastle deck, the maximum wave-induced warping
stress, fLWW, in the forecastle deck plating in way of hatch opening may be obtained from the
equation specified in 5C-5-4/7.3.1 above with the appropriate coefficients given in 5C-5-4/7.7.3
FIGURE 5.

7.5 Still-water Warping Stress
The still-water warping stresses at the inboard edge of strength deck plating and at the top of continuous
longitudinal hatch coaming may be obtained from the equations in 5C-5-4/7.3 using TS in lieu of TM, or TS′
in lieu of TM′, where TS is as specified in 5C-5-3/3.1 and TS′ is still-water torsional moment, in kN-m (tf-
m, Ltf-ft), at the section corresponding to TM′.TM′ is as specified in 5C-5-4/7.3.2.

7.7 Permissible Warping Stress
7.7.1

Permissible warping stress may be obtained from the following equation:fw = C   Smfy− fV+ fH+ f2        N/cm2 (kgf/cm2, lbf/in2)
where
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C = 0.90 for the inboard edge of the strength deck

= 0.95 for the top of the continuous longitudinal hatch side coamingSm = strength reduction factor, as defined in 5C-5-4/9.3.1fy = minimum specified yield point of the material of the member for which the warping stress is
calculated, in N/cm2 (kgf/cm2 , lbf/in2)fV = stress due to vertical still-water and wave-induced hull girder bending moments, as specified in
5C-5-4/7.7.2 below, in N/cm2 (kgf/cm2 , lbf/in2)fH = stress due to horizontal wave-induced bending moment, as specified in 5C-5-4/7.7.3 below, in N/cm2

(kgf/cm2 , lbf/in2 )f2 = secondary stress, in N/cm2 (kgf/cm2 , lbf/in2 )

= fP+ fBfP = stress due to external water pressure on side shell, in N/cm2 (kgf/cm2 , lbf/in2 ), as specified in
5C-5-4/15.5.2fP may be taken as zero when a vessel is under hogging condition.fB = stress due to dynamic container load on transverse bulkhead, in N/cm2 (kgf/cm2 , lbf/in2 ), as
specified in 5C-5-4/15.5.3fB may be taken as zero at Stations A, B, C, G, F′ and G′ shown in 5C-5-4/7.7.3 FIGURE 5.

7.7.2
Stress due to vertical hull girder bending moment may be obtained from the following equation:fV = k   MV/SMV          N/cm2(kgf/cm2,lbf/in2)
wherek = 1000 (1000, 2240)MV = vertical hull girder bending moment at the section under consideration, in kN-m (tf-m, Ltf-ft)

= MS+ 0 . 40   fMVMWMS = still-water bending moment at the section under consideration, in kN-m (tf-m, Ltf-ft), as specified in
5C-5-3/3.1MW = vertical wave-induced bending moment amidships, in kN-m (tf-m, Ltf-ft), as specified in
5C-5-3/5.1.1fMV = distribution factor, as shown in 5C-5-3/3.1 FIGURE 2SMV = vertical hull girder net section modulus at the strength deck or at the top of continuous longitudinal
hatch coaming at the section under consideration, in m-cm2 (ft-in2), determined based on 5C-5-4/3.1.4

7.7.3
Stress due to horizontal hull girder bending moment may be obtained from the following equation:fH = kMℎ/SMH
where
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k = 1000 (1000, 2240)Mℎ = horizontal wave-induced bending moment, in kN-m (tf-m, Ltf-ft), at the section under
consideration

= 0 . 7   mℎ   MHMH = horizontal wave-induced bending moment amidships, in kN-m (tf-m, Ltf-ft), as
specified in 5C-5-3/5.1.3mℎ = distribution factor, as specified in 5C-5-3/5.1.3SMH = 2   Iz/b0 = horizontal hull girder net section modulus, in m-cm2 (ft-in2)

Iz = hull girder net moment of inertia of the section under consideration about the vertical
axis through the centerline of the vessel, in cm2 -m2 (in2 -ft2)b0 = width of the hatch opening measured between the inboard edges of the strength deck at
the section under consideration, in m (ft)

FIGURE 3
Strength Deck Definition of ℓ1, ℓ2, b0, b0′,B   and   B′

L0 = ℓ1+ δℓ2δ = (b0′/B′)f/(b0/B)M ≤ 1 . 0(b0′/B′)f = (b0a′/Ba′)(ℓ2a/ℓ2) + (b0b′/Bb′)(ℓ2b/ℓ2)(b0/B)M = b0/B
Note: b0, b0a′, b0b′,Ba′ , and  Bb′ are to be measured at midpoint of the hatch opening under consideration
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FIGURE 4
Deck Structure
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9 Double Bottom Structures

9.1 General
9.1.1 General

The arrangement of bottom girders, solid floors, stiffening systems and access openings, and the
depth of the double bottom are to be in compliance with the Rules. Centerline and side girders are
to be fitted, as necessary, to provide sufficient stiffness and strength for docking loads as well as
those specified in 5C-5-3.

9.1.2 Framing
Generally, bottom and inner bottom plating is to be longitudinally framed except for limited areas
such as those in way of pipe tunnels and the bilge areas.

9.1.3 Keel Plate Thickness
The thickness of the flat keel plate is to be not less than that required for the bottom shell plating
at that location by 5C-5-4/9.3.1, increased by 1.5 mm (0.06 in.), except where the submitted
docking plan specifies all docking blocks be arranged away from the keel.

9.1.4 Definition of Bottom Shell Plating
The term "bottom shell plating" refers to the plating from the keel to the upper turn of the bilge
amidships, but the upper turn of the bilge is not to be taken more than 0.2D above the base line.

9.1.5 Non-prismatic Double Bottom Structures
See Note in 5C-5-4/9 FIGURE 8 for non-prismatic double bottom structures where the breadths of
the forward and aft ends are different.

9.3 Bottom Shell and Inner Bottom Plating
The net thicknesses of the bottom shell and inner bottom plating, over the midship 0.4L, are to satisfy the
hull girder section modulus requirements in 5C-5-4/3.1, the buckling and ultimate strength requirements in
5C-5-5/5, and are to be not less than that obtained from the following.

9.3.1 Bottom Shell Plating
The net thickness of the bottom shell plating, tn, is to be not less than t1, t2, and t3, specified as
follows:t1 = 0 . 73s k1p/f1 1/2 mm(in . )t2 = 0 . 73s k2p/f2 1/2 mm(in . )t3 = cs Smfy/E 1/2 mm(in . )
wheres = spacing of bottom longitudinals, in mm (in.)k1 = 0.342k2 = 0.500p = nominal pressure, in N/cm2 (kgf/cm2, lbf/in2), as specified in 5C-5-3/5.5.3

TABLE 2. For pipe tunnel, pressure is to be taken as that of the adjacent tank.f1 = permissible bending stress, in longitudinal direction, in N/cm2 (kgf/cm2 , lbf/in2 )
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= (0 . 95− 0 . 67α1SMRB/SMB)Smfy ≤ KpSmfyKp = 0.40 for load case “a” in 5C-5-3/5.5.3 TABLE 2

= 0 . 36forL > 210m(689ft) for load case “b” in 5C-5-3/5.5.3 TABLE 2

= 0 . 36 + (210 – L)/900forL ≤ 210m[0 . 36 + (689 – L)/2950forL ≤ 689ft]
for load case “b” in 5C-5-3/5.5.3 TABLE 2SMRB = reference net hull girder section modulus amidships based on material factor of
the bottom flange of the hull girder, in cm2-m (in2-ft)

= 0 . 9   SMSM = required gross hull girder section modulus amidships, in accordance with
5C-5-4/3.1.1, with kw defined in 5C-5-3/5.1.1 for the purpose of calculating Mw
(sagging and hogging), based on material factor of the bottom flange of the hull
girder, in cm2-m (in2-ft)SMB = design (actual) net hull girder section modulus amidships at the bottom,
amidships in cm2 -m (in2 -ft)α1 = Sm1fy1/SmfySm = strength reduction factor for plating under consideration

= 1.0 for ordinary mild steel

= 0.95 for Grade H32 steel

= 0.908 for Grade H36 steel

= 0.875 for Grade H40 steelSm1 = strength reduction factor for the bottom flange of the hull girderfy = minimum specified yield point of the material, in N/cm2(kgf/cm2, lbf/in2)fy1 = minimum specified yield point of the bottom flange of the hull girder, in N/
cm2(kgf/cm2, lbf/in2)f2 = permissible bending stress, in the transverse direction, in N/cm2(kgf/cm2,lbf/in2)

= 0 . 80SmfyE = modulus of elasticity of the material, may be taken as 2.06×107 N/cm2(2.1×106

kgf/cm2, 30×106 lbf/in2) for steelc = 0 . 7N2− 0 . 2, not to be taken less than 0 . 4Q1/2N = Rb(Q/Qb)1/2  Rb = (SMRBH/SMB)1/2SMRBH = reference net hull girder section modulus amidshipsned for hogging bending
moment based on the material factor of the bottom flange of the hull girder, in
cm2 -m (in2 -ft)

= 0 . 9SMH
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SMH = required gross hull girder section modulus amidships in accordance with
5C-5-4/3.1.1 for hogging total bending moment, with kw defined in 5C-5-3/5.1.1
for the purpose of calculating Mw (hogging), based on the material factor of the
bottom flange of the hull girder, in cm2-m (in2-ft)Q,Qb = material conversion factor for the bottom plating and the bottom flange of the
hull girder, respectively

= 1.0 for ordinary strength steel

= 0.78 for Grade H32 steel

= 0.72 for Grade H36 steel

= 0.68 for Grade H40 steel

Bottom shell plating may be transversely framed in pipe tunnels or bilge areas, provided the net
thickness of the bottom shell plating, tn, is not less thant4 specified below:t4 = 0 . 73sk(k2p/f1)1/2 mm(in . )
wheres = spacing of bottom transverse frame, in mm (in.)k = (3 . 075(α)1/2− 2 . 077)/(α+ 0 . 272) (1 ≤ α ≤ 2)

= 1.0 (α > 2)α = aspect ratio of the panel (longer edge/shorter edge)k2 = 0.500

All other parameters are as defined above.

The net thickness, t3, may be determined based on Sm and fy of the hull girder strength material
required at the location under consideration.

In addition to the foregoing, the net thickness of the bottom shell plating, outboard of 0.3B from
the centerline of the vessel, is to be not less than that of the lowest side shell plating required by
5C-5-4/11.1, adjusted for the spacing of the bottom/bilge longitudinals or frames and the material
factors. For a curved plate where girth spacing is greater than that of the adjacent bottom plating,
the spacing may be modified by the equations, as specified in 5C-5-4/9.7.

9.3.2 Inner Bottom Plating
The net thickness of the inner bottom plating, tn, is to be not less than t1, t2 and t3 specified as
follows:t1 = 0 . 73s(k1p/f1)1/2     mm(in . )t2 = 0 . 73s(k2p/f2)1/2     mm(in . )t3 = cs(Smfy/E)1/2     mm(in . )
where
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s = spacing of inner bottom longitudinals, in mm (in.)k1 = 0.342k2 = 0.500p = nominal pressure, in N/cm2 (kgf/cm2, lbf/in.2), as specified in 5C-5-3/5.5.3
TABLE 2. For pipe tunnel, internal pressure is to be taken as that of the adjacent
tank.f1 = permissible bending stress, in longitudinal direction, in N/cm2 (kgf/cm2, lbf/in2)

= (0 . 95 – 0 . 50   α1SMRB/SMB)Smfy ≤ 0 . 55Smfy, where SMB/SMRB is not to
be taken more than 1.4f2 = permissible bending stress, in the transverse direction, in N/cm2 (kgf/cm2, lbf/in2)

= 0 . 85Smfyα1 = Sm1fy1/SmfySm = strength reduction factor, as defined in 5C-5-4/9.3.1, for the inner bottom platingSm1   = strength reduction factor, as defined in 5C-5-4/9.3.1, for the bottom flange of the
hull girderfy = minimum specified yield point of the inner bottom plating, in N/cm2 (kgf/cm2 ,
lbf/in2 )fy1 = minimum specified yield point of the bottom flange of the hull girder, in N/cm2

(kgf/cm2 , lbf/ in2 )c = 0 . 7N2− 0 . 2, not to be taken less than 0 . 4Q1/2N = Rb[(Q/Qb)   (y/yn)]1/2Q,Qb = material conversion factor for the inner bottom plating and the bottom flange of
the hull girder, respectively. Refer to 5C-5-4/9.3.1 for values of material
conversion factors.y = vertical distance, in m (ft), measured from the inner bottom to the neutral axis of
the hull girder sectionyn = vertical distance, in m (ft), measured from the bottom to the neutral axis of the
sectionSMRB,   SMB and E are as defined in 5C-5-4/9.3.1.

Inner bottom plating may be transversely framed in pipe tunnels, provided the net thickness of the
inner bottom plating, tn, is not less than t4, as specified below:t4 = 0 . 73sk(k2p/f1)1/2 mm(in . )
wheres = spacing of inner bottom transverse frames, in mm (in.)k2 = 0.500k = (3 . 075(α)1/2− 2 . 077)/(α+ 0 . 272) (1 ≤ α ≤ 2)
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= 1.0 (α > 2)α = aspect ratio of the panel (longer edge/shorter edge)

All other parameters are as defined above.

The net thickness, t3, may be determined based on Sm and fy of the hull girder strength material
required at the location under consideration.

9.5 Bottom and Inner Bottom Longitudinals
The net section modulus of each bottom or inner bottom longitudinal or each transverse frame in pipe
tunnels, in association with the effective plating to which it is attached, is to be not less than that obtained
from the following equations:SM = M/fb cm3(in3)M = cpsℓ2103/k N− cm(kgf − cm, lbf − in . )
wherec = 1.0 without struts

= 0.65 with effective strutsp = nominal pressure, in N/cm2 (kgf/cm2 , lbf/in2), as specified in 5C-5-3/5.5.3 TABLE 2for bottom
and inner bottom plating, respectively. For pipe tunnel, pressure is to be taken as that of the
adjacent tank.s = spacing of longitudinals or transverse frames, in mm (in.)ℓ = span of longitudinals or transverse frames between effective supports, as shown in 5C-5-4/9
FIGURE 6, in m (ft)k = 12 (12, 83.33)fb = permissible bending stresses, in N/cm2 (kgf/cm2 , lbf/in2)

= 1 . 2[1 . 0− 0 . 65α1SMRB/SMB]Smfy ≤ 0 . 60Smfy for bottom longitudinals

= 1 . 1[1 . 0− 0 . 50α1SMRB/SMB]Smfy ≤ 0 . 65Smfy for inner bottom longitudinals

= 0 . 70Smfy for transverse framesα1 = Sm1fy1/SmfySm = strength reduction factor, as defined in 5C-5-4/9.3.1, for the material of longitudinals or
transverse frames consideredSm1 = strength reduction factor, as defined in 5C-5-4/9.3.1, for the bottom flange material of the hull
girderfy = minimum specified yield point for the material of longitudinals or transverse frames
considered, in N/cm2 (kgf/cm2 , lbf/in2)fy1 = minimum specified yield point of the bottom flange of the hull girder, in N/cm2 (kgf/cm2 ,
lbf/in2)SMRB and SMB are as defined in 5C-5-4/9.3.1.
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The net section modulus of the bottom longitudinals, outboard of 0.3B from the centerline of the vessel, is
also to be not less than that of the lowest side longitudinal required by 5C-5-4/11.3, adjusted for the span
and spacing of the longitudinals and the material factors.

Where effective struts are fitted between bottom and inner bottom longitudinals, the net section modulus of
the inner bottom longitudinals is also to be not less than 90% of that required for the bottom longitudinals.

When determining compliance with the foregoing, an effective breadth, be, of the attached plating is to be
used in the calculation of the section modulus of the design longitudinal. be is to be calculated from section
a) of 5C-5-4/9 FIGURE 7.

9.7 Bilge Plate and Longitudinals/Frames
In general, the bilge plate is to be longitudinally stiffened. The net thickness of the bilge plate is to be not
less than required in 5C-5-4/9.3.1, adjusted for the spacing of the bilge longitudinals or frames and the
material factors. Where girth spacing of bilge longitudinals is greater than that of the adjacent bottom
plating, the spacing may be modified by the following equation in calculations of t1 and t2:s = kr1sg mm(in . )
but not to be taken less than the spacing of the longitudinals of the adjacent bottom plating

wheresg = girth spacing of bilge longitudinals, in mm (in.)kr1 = (1 – 0 . 5   sg/R)2 but not less than 0.55R = radius of bilge, in mm (in.)

Longitudinals around the bilge are to be graduated in size from that required for the lowest side
longitudinal to that required for the most outboard bottom longitudinals. The permissible bending stresses
are to be calculated at the lowest side longitudinal and the most outboard bottom longitudinal.

For container carriers with length over 250 m in length, bilge longitudinals of asymmetric cross section
below 1/3d from the waterline are to have double-sided support connections to side transverses.
Alternatively, the fatigue strength of the welded connections of the slot connections is to be evaluated
using a fine mesh finite element model.α = kr2sg/s but   not   less   than   1 . 0
wheres = spacing of bilge transverse frames, in mm (in.)sg = longer edge (girth) of the panel under consideration, in mm (in.)kr2 = 15/(1 + 40   sg/R)R = radius of bilge, in mm (in.)

In no case is the net thickness of the bilge plate to be less than that of the adjacent bottom plating.

The net thickness of the web part of the transverse frame or of the web plate is to be not less than t1, as
required in 5C-5-4/9.21, for the bottom floor.
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In addition, the net section modulus of the frame is to be not less than that required in 5C-5-4/9.5 for
transverse frames nor less than that required for side frames with a nominal pressure at the upper turn of
the bilge in 5C-5-4/11.3, adjusted for the span and spacing of the frames and the material factors.

9.9 Bottom Struts
Where struts are fitted as an effective supporting system for bottom and inner bottom longitudinals, they
are to be positioned so as to divide the span into approximately equal intervals. They are to have net area
not less than Ar1 or Ar2, whichever is greater, obtained from the following equations:Ar1 = kpabs/wa     cm2(in2)Ar2 = kpbbs/wb     cm2(in2)
wherek = 0.01 (0.01, 1.0)b = mean length of longitudinals supported, in mm (in.)s = spacing of longitudinals, in mm (in.)pa = nominal pressure, in N/cm2 (kgf/cm2, lbf/in2), at the strut considered as specified in Case "a" of

5C-5-3/5.5.3 TABLE 2 for inner bottom longitudinalspb = nominal pressure, in N/cm2 (kgf/cm2, lbf/in2), at the strut considered as specified in Case "b" of
5C-5-3/5.5.3 TABLE 2 for bottom longitudinalswa = 0 . 45Smfywb = 0 . 45fy 1− 0 . 0254(fy/E)(ℓ/r)2ℓ = unsupported span of the strut, in cm (in.)r = least radius of gyration of the strut, in cm (in.)fy = minimum specified yield point of the struts, in N/cm2 (kgf/cm2 , lbf/in2 )E is as defined in 5C-5-4/9.3.1.

9.11 Centerline Girder in way of Cargo Holds (1 July 2021)
The net thickness of the centerline girder in cargo holds is to be not less than t1 and t2 as defined below,
whichever is greater:t1 = (0 . 045L+ 3 . 5)R mm for SI or MKS Units= (0 . 00054L+ 0 . 138)R in. for U.S. Unitst2 = 10F1/(dbfs) mm for U.S. Units= F1/(dbfs) in. for U.S. Units

where F1 is the maximum shear force of the centerline girder as obtained from the equations given below
(see also 5C-5-4/1.3). Alternatively, F1 may be determined from finite element analyses as specified in
5C-5-5/9 with the combined load cases in 5C-5-3/9. However, in no case is F1 to be taken less than 85% of
that determined from the equations below.
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F1 = k750α1γ1n1n2pℓss1 N (kgf, lbf) for λ ≤ 1 . 5F1 = k259γ1n1n2pbss1 N (kgf, lbf) for λ > 1 . 5
wherek = 1.0 (1.0, 2.24)α1 = 0 . 505− 0 . 183λλ = ℓs/bsℓs = unsupported length of the double bottom structures under consideration, in m (ft), as shown in 5C-5-4/9

FIGURE 8bs = unsupported width of the double bottom structures under consideration, in m (ft), as shown in 5C-5-4/9
FIGURE 8γ1 = |2 . 67x/(ℓs− sf)− 0 . 33 ≤ 1 . 0n1 = 0 . 0374(s1/sf)− 0 . 326(s1/sf) + 1 . 289n2 = 1 . 3− (sf/12)   for SI or MKS Units

= 1 . 3− (sf/39 . 37) for U.S. Unitss1 = sum of one-half of girder spacings on both sides of the centerline girder, in m (ft)sf = average spacing of floors, in m (ft)x = longitudinal distance from the mid-span of length ℓs to the location on the girder under consideration, in m (ft)p = nominal pressure, in kN/m2 (tf/m2, Ltf/ft2), as specified in 5C-5-3/5.5.3 TABLE 2db = depth of the double bottom structure, in cm (in.)fs = permissible shear stress, in N/cm2 (kgf/cm2, lbf/in2)

= 0 . 50SmfyR = 1.0 for ordinary mild steel

= fym/Smfyℎ for higher strength materialfym = specified minimum yield point for mild steel, in N/cm2 (kgf/cm2, lbf/in2)fyℎ = specified minimum yield point for higher tensile steel, in N/cm2 (kgf/cm2, lbf/in2)L = length of vessel, in m (ft), as defined in 3-1-1/3.1Sm and fy are as defined in 5C-5-4/9.3.1.

Pipe tunnels may be substituted for centerline girders, provided the tunnel is suitably stiffened by fitting
deep, closely spaced transverse webs. The thickness of each girder forming the pipe tunnel and center
girder within the pipe tunnel, if any, is not to be less than that required for the bottom side girder (see
5C-5-4/9.13).

9.13 Bottom Side Girders (1 July 2021)
The net thickness of the bottom side girders is to be not less than t1 and t2 as defined below.t1 = (0 . 026L+ 4 . 0)R mm for SI or MKS Units
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= (0 . 00031L+ 0 . 157)R in. for U.S. Unitst2 = 10F2/(dbfs) mm for SI or MKS Units= F2/(dbfs) in. for U.S. Units

where F2 is the maximum shear force of the side girder under consideration as obtained from the equations
given below (see also 5C-5-4/1.3). Alternatively, F2 may be determined from finite element analyses as
specified in 5C-5-5/9 with the combined load cases in 5C-5-3/9; however, in no case is F2 to be taken less
than 85% of that determined from the equations below.F2 = k750α2β1γ1n3n4pℓss2 N (kgf, lbf) for λ ≤ 1.5F2 = k214β1γ1n3n4pbss2 N (kgf, lbf) for λ > 1.5

wherek = 1.0 (1.0, 2.24)α2 = 0 . 445− 0 . 17λβ1 = 1 . 25− (2z1/bs) ≥ 0 . 6n3 = 1 . 072− 0 . 0715(s2/sf)n4 = 1 . 2− (sf/18) for SI or MKS Units

= 1 . 2− (sf/59 . 1) for U.S. Unitss2 = sum of one-half of girder spacings on both sides of side girder, in m (ft)z1 = transverse distance from the centerline of the vessel to the location of the girder under consideration, in m (ft).γ1, ℓs, bs, sf, λ, p,db, fs, L and R are as defined in 5C-5-4/9.11.

9.15 Longitudinally Stiffened Bottom Girders
In addition to 5C-5-4/9.11 or 5C-5-4/9.13, the net thickness of longitudinally stiffened bottom girders is to
be not less than t3, as defined below:t3 = cs(smfy/E)1/2 mm(in . )
wheres = space of stiffeners, in mm (in.)c = 0 . 7N2− 0 . 2, not to be taken less than 0 . 4Q1/2N = Rb[(Q/Qb)(y/yn)]1/2Q,Qb = material conversion factor for the bottom girder plating and the bottom flange of the hull girder,

respectively. Refer to 5C-5-4/9.3.1 for values of material conversion factors.y = vertical distance, in m (ft), measured from the lower edge of the bottom girder plating to the neutral axis
of the hull girder section.yn = vertical distance, in m (ft), measured from the bottom to the neutral axis of the sectionSm, fy, SMRB, SMB,Rb and E are defined in 5C-5-4/9.3.1
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The net thickness, t3, may be determined based on Sm and fy of the hull girder strength material required
at the location under consideration.

9.17 Bottom Tank Boundary Girders
The net thickness of the double bottom girders forming boundaries of deep tanks, in addition to complying
with 5C-5-4/9.11, 5C-5-4/9.13 and 5C-5-4/9.15, is to be not less than obtained from the following
equations:t1 = 0 . 73s(k1p/f1)1/2 mm(in . )t2 = 0 . 73s(k2p/f2)1/2 mm(in . )
wheres = spacing of longitudinals or vertical stiffeners, in mm (in.)k1 = 0.342 for longitudinally stiffened plating

= 0.500k2 for vertically stiffened platingk2 = 0.50k = (3 . 075α1/2− 2 . 077)/(α+ 0 . 272) (1 ≤ α ≤ 2)
= 1.0 (α > 2)α = aspect ratio of the panel (longer edge/shorter edge)p = nominal pressure, in N/cm2 (kgf/cm2, lbf/in.2), at the lower edge of each plate as specified in

5C-5-3/5.5.3 TABLE 2f1 = permissible bending stress in longitudinal direction, in N/cm2 (kgf/cm2 , lbf/in2 )

= 1 . 25[1− 0 . 33(z1/B)− 0 . 52α1(SMRB/SMB)(y/yn)]Smfy ≤ 0 . 5Smfyf2 = permissible bending stress in vertical direction, in N/cm2 (kgf/cm2 , lbf/in2 )

= 0 . 95Smfyy = vertical distance, in m (ft), measured from the neutral axis of the hull girder transverse section
to the lower edge of each plate where the plating is longitudinally stiffened

= vertical distance, in m (ft), measured from the neutral axis of the hull girder transverse section
to the mid-depth of the double bottom height where the plating is vertically stiffenedB = vessel's breadth, in m (ft), as defined in 3-1-1/5SMRB and SMB are as defined in 5C-5-4/9.3.1.Sm, fy and α1 are as defined in 5C-5-4/9.5.z1 and yn are as defined in 5C-5-4/9.13 and 5C-5-4/9.15, respectively.

9.19 Vertical Web on Bottom Tank Boundary Girder
Vertical webs on double bottom watertight girders, if fitted, are to have scantlings not less than obtained
from the following equations.SM = M/fb cm3(in3)
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M = psℓ2105/k1 N− cm(kgf − cm, lbf − in)As = F/fs cm2(in2)F = k2500psℓ N(kgf, lbf)
wherek1 = 12 (12,44.64)k2 = 1.0 (1.0,2.24)p = nominal pressure at the midspan of the vertical web, in kN/m2 (tf/m2, Ltf/ft2), as specified in 5C-5-3/5.5.3

TABLE 2.s = spacing of the vertical web, in m (ft)ℓ = span of the vertical web, in m (ft)ℓ may be modified in accordance with 5C-5-4/9 FIGURE 9fb = permissible bending stress, in N/cm2 (kgf/cm2 , lbf/in2)

= 0 . 7Smfyfs = permissible shear stress, in N/cm2 (kgf/cm2, lbf/in2)

= 0 . 4SmfySm = strength reduction factor for the vertical web, as defined in 5C-5-4/9.3.1fy = minimum specified yield point for the vertical web, in N/cm2 (kgf/cm2 , lbf/in2)

The net thickness of the web plate of the vertical web is to be not less than t1, obtained in 5C-5-4/9.15, as
adjusted for the material of the web plate.

9.21 Bottom Floors (1 July 2021)
The net thickness of the floors is to be not less than t1 and t2, as defined below, whichever is greater:t1 = (0 . 025L+ 3 . 5)R mm for SI or MKS Units= (0 . 0003L+ 0 . 138)R in. for U.S. Unitst2 = 10F3/(dbfs) mm for SI or MKS Units= F3/(dbfs) in. for U.S. Units

whereL = length of the vessel, in m (ft), as defined in Section 3-1-1, but need not exceed 240 m (787
feet)F3 = maximum shear force at the floor under consideration, as obtained from the equation given
below (see also 5C-5-4/1.3). Alternatively,F3 may be determined from finite element analyses,
as specified in 5C-5-5/9 with the combined load cases in 5C-5-3/9. However, in no case is F3
to be taken less than 85% of that determined from the equation below:

= k   650α3β2γ2pbss3        N (kgf, lbf)k = 1.0 (1.0, 2.24)
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α3 = 0 . 5η(0 . 66 – 0 . 08η)β2 = 2z2/bs ≥ 0 . 4γ2 = (ℓs – 2x)/(3   sf) ≤ 1 . 0η = (ℓs/bs)(sg/sf)1/4sg = average spacing of girders, in m (ft)s3 = sum of one-half of floor spacings on both sides of floor, in m (ft)x = longitudinal distance from the mid-span of lengths ℓs to the location of the floor under
consideration, in m (ft)z2 = transverse distance from the centerline of the vessel to the location on the floor under
consideration, in m (ft)ℓs, bs, sf,p,db, fs and R are as defined in 5C-5-4/9.11.

9.23 Tank End Floors
The net thickness of the tank end floors is to be not less than required in 5C-5-4/21.1.

9.25 Transverses in Pipe Tunnel
Transverses in pipe tunnels are to have scantlings, SM and As, not less than obtained from the following
equations:SM = M/fb cm3 in3M = psℓ2   105/k1 N− cm(kgf − cm, lbf − in)As = F/fs cm2(in2)F = k2   600psℓ N(kgf, lbf)
wherek1 = 10 (10, 37.2)k2 = 1.0 (1.0, 2.24)p = nominal pressure for the bottom transverse, in kN/m2 (tf/m2, Ltf/ft2), as specified in

5C-5-3/5.5.3 TABLE 2. p for the inner bottom transverse is to be taken 90% of that for the
bottom transverse.s = spacing of the transverse, in m (ft)ℓ = span of the transverse, in m (ft)ℓ may be modified in accordance with 5C-5-4/9 FIGURE 9fb = permissible bending stress, in N/cm2 (kgf/cm2 , lbf/in2 )

= 0 . 7   Smfyfs = permissible shear stress, in N/cm2 (kgf/cm2 , lbf/in2)

= 0 . 4   Smfy
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Sm = strength reduction factor for the transverses, as defined in 5C-5-4/9.3.1fy = minimum specified yield point for the transverses, in N/cm2 (kgf/cm2 , lbf/in2)

The net thickness of the web plate of the transverse is to be not less than t1, obtained in 5C-5-4/9.21 above,
adjusted for the material of the web plate.

9.27 Container Supporting Structures (2019)
Generally, bottom floors and girders are to be so arranged to support container loads. Where the container
pads are not in line with these members, brackets or headers are to be provided to transmit the container
loads to these members. Each bracket or header is to have a net section modulus, SM, in cm3 (in3), and a net
sectional area, As, in cm2 (in2), of the web portion not less than obtained from the following equations:SM = M/fbAs = F/fs
whereM = maximum bending moment due to container loads, in N-cm (kgf-cm, lbf-in.)fb = permissible bending stress, in N/cm2 (kgf/cm2 , lbf/in2)

= 0 . 80SmfyF = shearing force at the location under consideration due to container loads, in N (kgf, lbf)fs = permissible shear stress, in N/cm2 (kgf/cm2 , lbf/in2)

= 0 . 53SmfySm and fy are as defined in 5C-5-4/9.3.1.

The container loads are to be obtained from the equations in 5C-5-3/5.5.2(b) in association with the
maximum design container weight for load case 3 specified in "C. Container Cargo Load" in 5C-5-3/Table
1.

Where a finite element analysis for the strength of container supporting structures is used, the concerned
brackets, headers, floors, girders and stiffeners are to be properly represented in the FE model with net
scantlings. Reference is made to the ABS Guidance Notes on SafeHull Finite Element Analysis of Hull
Structures for model guidance. The allowable von-Mises stress limit for the analysis is defined as listed
below. In areas of high stress gradient, the allowable stresses are to be adjusted according to mesh sizes,
where LS is the mesh size of one-longitudinal space.

● Mesh size: LS, Allowable stress: 0 . 9Smfy
● Mesh size: 13LS, Allowable stress: 1 . 0Smfy
● Mesh size: 15LS − 110LS, Allowable stress: 1 . 12Smfy
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FIGURE 6 
Unsupported Span of Longitudinals
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FIGURE 7
Effective Breadth of Plating be

 

 

a) For bending at midspancℓo/s 1.5 2 2.5 3 3.5 4 4.5 and greaterbe/s 0.58 0.73 0.83 0.90 0.95 0.98 1.0

b) For bending at ends [be/s = (0 . 124cℓ/s − 0 . 062)1/2]
cℓ/s 1 1.5 2 2.5 3 3.5 4.0be/s 0.25 0.35 0.43 0.5 0.55 0.6 0.67
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FIGURE 8
Definitions of ℓs,   bs,   ℎ,   db,   dw,   ds, and y
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Note:

Where the breadths of the forward and aft ends of double bottom structure are different, i.e., non-prismatic double bottom
structure, bs is to be taken as the actual breadth of double bottom structure depending upon the longitudinal distance (x)
from the mid-span of length ℓs under consideration. For calculation of shear force for side girders, the actual length of side
girders is to be used in lieu of ℓs. All other formulae and parameters are applicable to shear force calculations. (See
5C-5-4/9.11, 5C-5-4/9.13 and 5C-5-4/9.21.)

FIGURE 9
Effectiveness of Brackets for Main Supporting Members

 

 

11 Side Shell Plating and Longitudinals

11.1 Side Shell Plating (1 July 2021)
The net thickness of the side shell plating, in addition to having the thickness required for compliance with
5C-5-4/4.3, is to be not less than t1,t2 andt3 specified below for the midship 0.4:t1 = 0 . 73s k1p/f1 1/2     mm(in . )t2 = 0 . 73s k2p/f2 1/2     mm(in . )t3 = cs Smfy/E 1/2     mm(in . )
wheres = spacing of side longitudinals, in mm (in.)k1 = 0.342
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k2 = 0.500p = nominal pressure, in N/cm2 (kgf/cm2, lbf/in2), at the lower edge of each plate strake as
specified in 5C-5-3/5.5.3 TABLE 2, but is not to be taken less than 85% of the pressure at
the upper turn of the bilge. The nominal pressure at the upper turn of bilge for case "a" in
5C-5-3/5.5.3 TABLE 2 is not to be taken less than that at bottom boundary of wing tank
where the bottom boundary is located between the upper turn of bilge and 0.35D above
the base line.f1 = permissible bending stress, in longitudinal direction in N/cm2 (kgf/cm2, lbf/in2)

= [0 . 835− 0 . 40α1(SMRB/SMB)(y/yb)]Smfy , below neutral axis where SMB/SMRB is
not to be taken more than 1.4

= [0 . 835− 0 . 52α2(SMRD/SMD)(y/yn)]Smfy , above neutral axisf1 is not to be taken greater than:0 . 43Smfy  for L ≥ 210   m   (689   ft)[0 . 43 + (210− L)/2600]Smfy  for L < 210   m[0 . 43 + (689− L)/8531]Smfy  for L < 689   ftf2 = permissible bending stress, in the vertical direction in N/cm2 (kgf/cm2, lbf/in2)

= 0 . 80Smfyα1 = Sm1fy1/Smfyα2 = Sm2fy2/SmfySm = strength reduction factor, as defined in 5C-5-4/9.3.1, of the side shell platingSm1 = strength reduction factor, as defined in 5C-5-4/9.3.1, of the bottom flange of the hull
girderSm2 = strength reduction factor, as defined in 5C-5-4/9.3.1, of the strength deck flange of the
hull girderfy = minimum specified yield point of the side shell plating, in N/cm2 (kgf/cm2, lbf/in2)fy1 = minimum specified yield point of the bottom flange of the hull girder, in N/cm2 (kgf/cm2,
lbf/in2)fy2 = minimum specified yield point of the strength deck flange of the hull girder, in N/cm2

(kgf/cm2, lbf/in2)SMRD = reference net hull girder modulus amidships based on the material factor of the strength
deck flange of the hull girder, in cm2 -m (in2 -ft).

= 0 . 95   SMSM = required gross hull girder section modulus amidships, in accordance with 5C-5-4/3.1.1,
with kw defined in 5C-5-3/5.1.1 for the purpose of calculating Mw (sagging and hogging),
based on the material factor of the strength deck flange of the hull girder, in cm2-m (in2-
ft)SMD = design (actual) net hull girder section modulus amidships at the strength deck amidships,
in cm2 -m (in2 -ft)c = 0 . 7N2− 0 . 2 , not to be taken less than 0 . 4Q1/2N = Rd(Q/Qd)1/2 for the sheer strake
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= Rd[(Q/Qd)(ya/yn)]1/2  for other locations above neutral axis

= Rb[(Q/Qb)(ya/yn)]1/2 for locations below neutral axisRd = (SMRDS/SMD)1/2Rb = (SMRBH/SMB)1/2SMRDS = reference net hull girder section modulus amidships for sagging bending moment based
on the material factor of the strength deck flange of the hull girder, in cm2 -m (in2 -ft)

= 0 . 95SMsSMs = required gross hull girder section modulus amidships, in accordance with 5C-5-4/3.1.1,
with kw defined in 5C-5-3/5.1.1 for the purpose of calculating Mw (sagging), based on the
material factor of the strength deck flange of the hull girder, in cm2-m (in2-ft)SMRBH = reference net hull girder section amidships for hogging bending moment based on the
material factor of the bottom flange of the hull girder, in cm2 -m (in2 -ft)

= 0 . 9SMHSMH = required gross hull girder section modulus amidships, in accordance with 5C-5-4/3.1.1,
with kw defined in 5C-5-3/5.1.1 for the purpose of calculating Mw (hogging), based on
the material factor of the strength deck flange of the hull girder, in cm2-m (in2-ft)Q,Qb,Qd = material conversion factor for the side shell plating, the bottom flange and the strength
deck flange of the hull girder, respectively. Refer to 5C-5-4/9.3.1 for values of material
conversion factors.y = vertical distance, in m (ft), measured from the neutral axis of the hull girder transverse
section to the lower edge of the side shell strakeya = vertical distance, in m (ft), measured from the neutral axis of the hull girder transverse
section to the lower edge (upper edge) of the side shell strake, when the strake under
consideration is below (above) the neutral axis.yb = vertical distance, in m (ft), measured from the upper turn of bilge to the neutral axis of
the sectionyn = vertical distance, in m (ft), measured from the bottom (deck) to the neutral axis of the
hull girder transverse section, when the strake under consideration is below (above) the
neutral axisSMRB, SMB , and E are as defined in 5C-5-4/9.3.1.t1 and t2 as calculated for each plate need not to be taken in excess of those calculated at the upper turn of

the bilge, respectively, as adjusted for the spacing of the longitudinals and the material factors.

In addition, the net thickness of the side shell plating is not to be taken less than t4 obtained from the
following equation:t4 = 120(s/1000 + 0 . 3)[Bd/(Smfy)2]1/4     mmt4 = 9 . 7(s/39 . 4 + 0 . 3)[Bd/(Smfy)2]1/4     in .
where
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s = spacing of side frames, in mm (in.)B = breadth of vessel, as defined in 3-1-1/5, in m (ft)d = molded draft, as defined in 3-1-1/9, in m (ft)

All other parameters are as defined above.

The net thickness, t4, is to be applied to the following extent of the side shell plating:

Longitudinal
extent:

between a section aft of amidships where the breadth at the waterline exceeds 0 . 9B, and a section
forward of amidships where the breadth at the waterline exceeds 0 . 6B,

Vertical extent: between 300 mm (12 in.) below the lowest ballast waterline to 0 . 25d or 2.2 m (7.2 ft), whichever is
greater, above the summer load line.

The net thickness, t3, may be determined based on Sm and fy of the hull girder strength material required
at the location under consideration.

In general, the side shell is to be longitudinally framed within the regions of 0.15D from the baseline and
0.15D from the upper deck. Other parts of side shell plating may be transversely framed, provided the net
thickness of the side shell plating is not less than t5, as specified below, and is also not less than that of
adjacent longitudinally framed shell:t5 = 0 . 73sk(k2p/f)1/2     mm(in . )
wheres = spacing of side frames, in mm (in.)k2 = 0.500k = (3 . 075(α)1/2− 2 . 077)/(α+ 0 . 272), (1 ≤ α ≤ 2)

= 1.0 (α > 2)α = aspect ratio of the panel (longer edge/shorter edge)p = nominal pressure at side shell under consideration, in N/cm2 (kgf/cm2, lbf/in2), as specified in 5C-5-3/5.5.3
TABLE 2 for side structural membersf = permissible bending stress, in N/cm2 (kgf/cm2, lbf/in2)

= [0 . 835− 0 . 40α1(SMRB/SMB)(y/yb)]Smfy ≤ 0 . 55Smfy , below neutral axis, where SMB/SMRB is not
to be taken more than 1.4

= 0 . 55Smfy , above neutral axis

All other parameters are as defined above.

For a curved plate where girth spacing is greater than that of the adjacent side plating, the spacing may be
modified by the equations as specified in 5C-5-4/9.7.

The minimum width of the sheerstrake for the midship 0 . 4L is to be obtained from the following
equations:b = 5L+ 800 mm for L ≤ 200 m

= 0 . 06L+ 31 . 5 in. for L ≤ 656 ft.
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b = 1800 mm for 200 < L ≤ 450 m

= 70.87 in. for 656 < L ≤ 1476 ft.L = length of vessel, as defined in 3-1-1/3.1, in m (ft)b = width of sheerstrake, in mm (in.)

The thickness of the sheer strake is to be increased 25% in way of breaks of superstructures, but this
increase need not exceed 6.5 mm (0.25 in.).

11.3 Side Longitudinals and Side Frames
The net section modulus of each side longitudinal or side frame, in association with the effective plating, is
to be not less than that obtained from the following equations:SM = M/fb     cm3(in3)M = cpsℓ2103/k     N− cm(kgf − cm, lbf − in)
wherec = 1.0 without struts

= 0.65 with effective strutsp = nominal pressure, in N/cm2 (kgf/cm2 , lbf/in2 ), at the side longitudinal considered, as specified
in 5C-5-3/5.5.3 TABLE 2, but is not to be taken less than 2.25 N/cm2 (0.23 kgf/cm2 , 3.27
lbf/in2 ). For side frames, pressure is to be taken at the middle of the span of the side frame.s = spacing of side longitudinals or side frames, in mm (in.)ℓ = span of longitudinals or frames between effective supports, as shown in 5C-5-4/9 FIGURE 6,
in m (ft)k = 12 (12, 83.33)fb = permissible bending stresses, in N/cm2 (kgf/cm2 , lbf/in2 )

= 1 . 5[0 . 835− 0 . 52α2(SMRDS/SMD)(y/yn)]Smfy ≤ 0 . 85Smfy for side longitudinals above
neutral axis in load case 3-B in 5C-5-3/5.5.3 TABLE 2

= 1 . 0[0 . 835− 0 . 52α1(SMRB/SMB)(y/yn)]Smfy ≤ 0 . 75Smfy for side longitudinals below
neutral axis

= 1 . 5[0 . 835− 0 . 52α2(SMRD/SMD)(y/yn)]Smfy ≤ 0 . 85Smfy for side longitudinals above
neutral axis in load case 3-A in 5C-5-3/5.5.3 TABLE 2

= 0 . 90Smfy for side framesα2 = Sm2fy2/SmfySm, fy and α1 are as defined in 5C-5-4/9.3.1.Sm2 = strength reduction factor for the strength deck flange of the hull girder, as defined in 5C-5-4/9.3.1fy2 = minimum specified yield point of the strength deck flange of the hull girder, in N/cm2 (kgf/cm2 , lbf/in2 )SMD and SMRDS are as defined in 5C-5-4/11.1 and SMRDS is to be taken not less than 0 . 5   SMRD.SMRB and SMB are as defined in 5C-5-4/9.3.1.
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SMRD = required net hull girder modulus amidships based on the material factor of the strength deck flange of the
hull girder, in cm2 -m (in2 -ft).

= 0 . 95   SMSM = reference gross hull girder section modulus amidships, in accordance with 5C-5-4/3.1.1, with kw defined
in 5C-5-3/5.1.1 for the purpose of calculating Mw (sagging and hogging), based on the material factor of
the strength deck flange of the hull girder, in cm2-m (in2-ft)y = vertical distance, in m (ft), measured from the neutral axis of the section to the side longitudinal under
consideration at its connection to the associated plateyn = vertical distance, in m (ft), measured from the strength deck (bottom) to the neutral axis of the section,
when the longitudinal under consideration is above (below) the neutral axis

The effective breadth of plating, be, is as defined in 5C-5-4/9.5.

The net moment of inertia of side longitudinals within the region of 0 . 1D from the strength deck, in
association with the effective plating (bWL   tn), is to be not less than that obtained from the following
equation:i0 = kAeℓ2fy/E     cm4(in4)
wherek = 610 (610, 8.79)Ae = net sectional area of the longitudinal with the associated effective plating (bWL   tn), in cm2

(in2)bWL = cesce = 2 . 25/β − 1 . 25/β2 for   β ≥ 1 . 25
= 1.0 for β ≤ 1 . 25β = (fy/E)1/2   s/tntn = net thickness of the plate, in mm (in.)D = depth of vessel, in m (ft), as defined in 3-1-1/7ℓ,   s and fy are as defined in 5C-5-4/9.5.E is as defined in 5C-5-4/9.3.1.

For container carriers with length over 250 m in length, side shell longitudinals of asymmetric cross
section below 1/3d from the waterline are to have lugged slot connections to side transverses. Alternatively,
the fatigue strength of the welded connections of the slot connections is to be evaluated using a fine mesh
finite element model.

11.5 Side Struts
Where struts are fitted as an effective supporting system for side tank structures, they are to be positioned
so as to divide the span into approximately equal intervals. They are to have net area not less than Ar1 orAr2, whichever is greater, obtained from the following equations:Ar1 = kpabs/wa     cm2(in2)

Part 5C Specific Vessel Types
Chapter 5 Vessels Intended to Carry Containers (130 meters (427 feet) to 450 meters (1476 feet) in

Length)
Section 4 Initial Scantling Criteria 5C-5-4

ABS RULES FOR BUILDING AND CLASSING MARINE VESSELS • 2024 823



Ar2 = kpbbs/wb     cm2(in2)
wherek = 0.01 (0.01, 1.0)b = mean span of the side frames or side longitudinals supported, in mm (in.)s = spacing of the side frames or side longitudinals, in mm (in.)pa = nominal pressure, in N/cm2 (kgf/cm2, lbf/in2), at the strut considered as specified in Case "a" of

5C-5-3/5.5.3 TABLE 2 for side longitudinalspb = nominal pressure, in N/cm2 (kgf/cm2, lbf/in2), at the strut considered as specified in Case "b" of
5C-5-3/5.5.3 TABLE 2 for side longitudinalswa = 0.45 Smfywb = 0 . 56fy[1− 0 . 0254(fy/E)(ℓ/r)2] when (ℓ/r)2(fy/E) < 20

= 5 . 55E   (ℓ/r)2 when (ℓ/r)2(fy/E) ≥ 20ℓ = unsupported span of the strut, in cm (in.)r = least radius of gyration of the strut, in cm (in.)fy = minimum specified yield point of the struts, in N/cm2 (kgf/cm2 , lbf/in2 )E is as defined in 5C-5-4/9.3.1.

13  Side Transverses and Side Stringers
The minimum scantlings for the side transverses and side stringers are to be determined from 5C-5-4/13.1,
5C-5-4/13.3, 5C-5-4/13.5, 5C-5-4/13.7, 5C-5-4/13.9 and 5C-5-4/13.11, as follows. Alternatively, t2 in
5C-5-4/13.1 and 5C-5-4/13.7 and the scantlings in 5C-5-4/13.3 and 5C-5-4/13.5 may be determined from
finite element analyses, as specified in 5C-5-5/9 with the combined load cases in 5C-5-3/9. However, in no
case are the scantlings to be taken less than 85% of those determined from the corresponding equations
below. For this purpose, an additional load case is also to be investigated modifying load case 6 with a full
draft.

13.1 Side Transverse in Double Side Structures (1 July 2021)
The net thickness of the side transverse in a double side is to be not less than t1 and t2 as defined below,
whichever is greater.t1 = 8.0 mm where L ≥ 200   m

= 0 . 02L+ 4 . 0 mm where 200 > L ≥ 130   m for SI or MKS Units

= 0.315 in. where   L ≥ 656   ft
= 0 . 00024L+ 0 . 157 in. where 656   ft > L ≥ 427   ft  for US Unitst2 = 10F1/(dwfs) mm for SI or MKS Units

= F1/(dwfs) in. for U.S. Units

where F1 is the maximum shear force of the side transverse under consideration, as obtained from the
equations given below (see also 5C-5-4/1.3):F1 = k190λβ1γ1pℎs1     N(kgf, lbf)

Part 5C Specific Vessel Types
Chapter 5 Vessels Intended to Carry Containers (130 meters (427 feet) to 450 meters (1476 feet) in

Length)
Section 4 Initial Scantling Criteria 5C-5-4

ABS RULES FOR BUILDING AND CLASSING MARINE VESSELS • 2024 824



wherek = 1.0 (1.0, 2.24)λ = ℓs/ℎ, but need not be taken more than 2.5β1 = 1− 1 . 25y/ℎ ≥ 0 . 45ℓs = length of the cargo hold under consideration, in m (ft)ℎ = height of the double side structure, in m (ft), as shown in 5C-5-4/9 FIGURE 8γ1 = 1.25 if no stringer is installed

= 1.05 if a stringer or stringers are installed within the upper half of the side height ℎ, but
no stringer is installed within the lower half

= 0.93 if a stringer or stringers are installed up to 0.5ℎ from the lower end of the side
height ℎs1 = sum of one-half of transverse spacings on both sides of transverse, in m (ft)y = vertical distance from the inner bottom or the lowest deck level to the location on the

transverse under consideration, as shown in 5C-5-4/9 FIGURE 8, in m (ft)dw = width of the transverse web plate at elevation y, as shown in 5C-5-4/9 FIGURE 8, in cm (in.)p = nominal pressure on the double side structure at an elevation of 0.2ℎ above the lower end of ℎ,
as specified in 5C-5-3/5.5.3 TABLE 2, in kN/m2 (tf/m2 , Ltf/in2 )fs = permissible shear stress, in N/cm2 (kgf/cm2 , lbf/in2 )

= 0.50 SmfyL = length of vessel, in m (ft), as defined in 3-1-1/3.1Sm and fy are as defined in 5C-5-4/9.3.1.

The net thickness of the transverse in the bilge part is to be not less than t1 as required above and the lower
part is also to be not less than t1 as required in 5C-5-4/9.21 for the bottom floor.

Where the shell is longitudinally framed, web stiffeners are to be fitted for the full depth of the transverses
at every longitudinal. Other stiffening arrangement may be considered based on the structural stability of
the web plates.

13.3 Side Transverse in Single Side Shell
Side transverse on single skin side shell is to have scantlings not less than obtained from the following
equations.

13.3.1 Section Modulus
The net section modulus of the side transverse is not to be less than obtained from the following
equation:SM = M/fb     cm3(in3)M = 3350λγpsℎ2/k     N− cm(kgf − cm, lbf − in)
where
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k = 1.0 (1.0, 3.72)ℎ = height of the single skin side structure, in m (ft)λ = ℓs/ℎ, but need not be taken more than 2.5γ   = 1.0 if no stringer is installed

= 0.8 if a stringer or stringers are installed within the upper half of the side heightℎ , but no stringer is installed within the lower half

= 0.65 if a stringer or stringers are installed up to 0 . 5ℎ from the lower end of side
height ℎp = nominal pressure on the single skin side structure at an elevation of 0 . 2ℎ above the

lower end of ℎ, in kN/m2 (tf/m2, Ltf/ft2), as specified in 5C-5-3/5.5.3 TABLE 2s = spacing of the side transverse, in m (ft)fb = permissible bending stress, in N/cm2 (kgf/cm2 , lbf/in2)

= 0.75 SmfySm and fy are as defined in 5C-5-4/9.3.1. ℓs is defined in 5C-5-4/13.1 above.

13.3.2 Web Thickness (1 July 2021)
The net web thickness of the side transverse is not to be less than obtained from the following
equations:t1 = 8.0 mm where L ≥ 200 m

= 0 . 02L+ 4 . 0 mm where 200 > L ≥ 130 m for SI or MKS Units

= 0.315 in. where L ≥ 656 f

= 0 . 00024L+ 0 . 157 in. where 656 ft > L ≥ 427 ft for U.S. Unitst2 = k3F/(dwfs) mm(in.)F = k160λβ1γ1psℎ N (kgf,lbf)

wherek3 = 10 (10, 1.0)fs = permissible shear stress, in N/cm2 (kgf/cm2 , lbf/in2 )

= 0.50 Smfydw = depth of the side transverse, in cm (in.)β1 = 1− 1 . 25y/ℎ ≥ 0 . 45λ, p, s and ℎ are as defined in 5C-5-4/13.3.1 above. k, γ1 and y are defined in 5C-5-4/13.1 above.

13.3.3 Web Stiffeners
Web stiffeners extending to the full depth of the side transverses are to be fitted at every
longitudinal. Other stiffening arrangements may be considered based on the structural stability of
the web plates.
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13.5 Side Transverse in Underdeck Passageway
Side transverses in the underdeck passageway forming an upper wing torsional box are to have scantlings
not less than obtained from the following equations:

13.5.1 Section Modulus
The net section modulus of the side transverses is not to be less than obtained from the following
equation:SM = (M1+M2)/fb     cm3 in3M1 = c1pusℓ2105/k1     N− cm(kgf − cm, lbf − in)M2 = k8λγ1pℎs1y     N− cm(kgf − cm, lbf − in)
wherek1 = 12 (12, 44.64)c1 = 1− 0 . 1ℓ/pupu = nominal pressure calculated at the mid-span of the side transverse under consideration, in kN/m2

(tf/m2, Ltf/ft2), as specified in 5C-5-3/5.5.3 TABLE 2s = spacing of the side transverses, in m (ft)ℓ = span of the side transverse, in m (ft), ℓ may be modified in accordance with 5C-5-4/9 FIGURE 9y = k2(ℓ− ℎu/2) ≥ 0k2 = 100 (100, 12)ℎu = height of the underdeck passageway, in m (ft)fb = permissible bending stress, in N/cm2 (kgf/cm2 , Ibf/in2 )

= 0.85 SmfySm and fy are as defined in 5C-5-4/9.3.1. k, λ, γ1, p, ℎ and s1 are as defined in 5C-5-4/13.1 above.

13.5.2 Depth of Side Transverse
The depth of the side transverse is not to be less than obtained from the following equation:d = kℓ     mm(in . )
wherek = 125 1 . 5ℓ is as defined in 5C-5-4/13.5.1 above.

13.5.3 Web Thickness (1 July 2021)
The net web thickness of the side transverse is not to be less than obtained from the following
equation:
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t = k3(F1+ F2)/(dwfs) mm (in.) but not less than 7.5 mm (0.295 in.)F1 = k500c2pusℓ N (kgf, lbf)F2 = k14 . 25λγ1pℎs1 N (kgf, lbf)

wherek3 = 10 (10, 1.0)c2 = 1− 0 . 2ℓ/pufs = permissible shear stress, in N/cm2 (kgf/cm2 , lbf/in2 )

= 0.50 Smfydw = depth of the side transverse, in cm (in.)  pu, s and ℓ are as defined in 5C-5-4/13.5.1 above.k, λ, γ1, p, ℎ and s1 are as defined in
5C-5-4/13.1 above.

13.5.4 Web Stiffeners
Web stiffeners extending to the full depth of the side transverses are to be fitted at least every two
longitudinals. Other stiffening arrangements may be considered based on the structural stability of
the web plates.

13.7 Side Stringers in Double Side Structures (1 July 2021)
If longitudinal stringers are installed in the double side below the 2nd deck, the net thickness of the stringer
plate is to be not less than t1 and t2, as defined below, whichever is greater.t1 = 8.5 mm where L ≥ 200   m

= 0 . 02L+ 4 . 5 mm where   200 > L ≥ 130   m for SI or MKS
Units

= 0.335 in. where L ≥ 656   ft
= 0 . 00024L+ 0 . 177 in. where 656   ft > L ≥ 427   ft for U.S. Unitst2 = 10F2/(dsfs) mm for SI or MKS Units

= F2/(dsfs) in. for U.S. Units

where F2 is the maximum shear force in the stringer under consideration as obtained from the
approximation equations given below (see also 5C-5-4/1.3).F2 = k95γ2psℓss2     N(kgf, lbf)
wherek = 1.0 (1.0, 2.24)γ2 = 2x/ℓs ≥ 0 . 45s2 = sum of the one-half of stringer spacings on both sides of each stringer, in m (ft)x = longitudinal distance from the mid-span of length ℓs to the location on the stringer under consideration, m (ft)
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ds = width of the stringer, as shown in 5C-5-4/9 FIGURE 8, in cm (in.)ps = nominal pressure on the double side structure at the level of the stringer under consideration, as specified in
5C-5-3/5.5.3 TABLE 2, in kN/m2 (tf/m2 , Ltf/in2 )L, ℓs , and fs are as defined in 5C-5-4/13.1.

In addition, the net thickness of the longitudinally framed plate is to be not less than that obtained from the
following equation:t3 = cs Smfs/E 1/2   mm(in . )
wheres = spacing of longitudinals, in mm (in.)c = 0 . 7N2− 0 . 2, not to be taken less than 0.2N = Rd[(Q/Qd)(y/yn)]1/2 for side stringers located above neutral axis

= Rb[(Q/Qb)(y/yn)]1/2 for side stringers located below neutral axisRd = (SMRDS/SMD)1/2Rb = (SMRBH/SMB)1/2SMRDS = reference net hull girder section modulus amidships for sagging bending moment based
on the material factor of the strength deck flange of the hull girder, in cm2 -m (in2 -ft)

= 0 . 95SMsSMs = reference gross hull girder section modulus in accordance with 5C-5-4/3.1.1 for
sagging total bending moment, with kw defined in 5C-5-3/5.1.1 for the purpose of
calculating Mw (sagging), based on the material factor of the strength deck flange of
the hull girder, in cm2-m (in2-ft)SMRBH = reference net hull girder section modulus amidships for sagging bending moment based
on the material factor of the strength deck flange of the hull girder, in cm2 -m (in2 -ft)

= 0 . 9SMHSMH = reference gross hull girder section modulus in accordance with 5C-5-4/3.1.1 for
sagging total bending moment, with kw defined in 5C-5-3/5.1.1 for the purpose of
calculating Mw (sagging), based on the material factor of the strength deck flange of
the hull girder, in cm2-m (in2-ft)SMD, SMB = as defined in 5C-5-4/11.1 and 5C-5-4/9.3.1, respectivelyQ,Qb,Qd = material conversion factor for the side stringer plating, the bottom flange, and the
strength deck flange of the hull girder, respectively. Refer to 5C-5-4/9.3.1 for values of
material conversion factors.y = vertical distance, in m (ft), measured from the neutral axis of the hull girder transverse
section to the side stringer.yn = vertical distance, in m (ft), measured from the neutral axis of the hull girder transverse
section, when the side stringer under consideration is below (above) the neutral axisSm and fy are defined in 5C-5-4/9.3.1.
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The net thickness, t3, may be determined based on Sm and fy of the hull girder strength material required
at the location under consideration

Where the shell is transversely framed, web stiffeners are to be fitted for the full width of the side stringer
at every frame. Other stiffening arrangements may be considered based on the structural stability of the
web plates.

13.9 Transverses Forming Tank Boundaries
Where transverses form tank boundaries, the net thickness is also to be not less than as required in
5C-5-4/21.

13.11 Side Stringers Forming Tank Boundaries
13.11.1 Plating

Where the side stringer forms tank boundaries, the net thickness of the boundary plating is also to
be not less than t1and t2 specified as follows:t1 = 0 . 73s(k1p/f1)1/2     mm(in . )t2 = 0 . 73s(k2p/f2)1/2     mm(in . )
wheres = spacing of longitudinals or stiffeners, in mm (in.)k1 = 0.342, for longitudinally stiffened plating

= 0 . 500   k2 , for transversely stiffened platingk2 = 0.500k = (3 . 075(α)1/2− 2 . 077)/(α+ 0 . 272), (1 ≤ α ≤ 2)
= 1.0 (α > 2)α = aspect ratio of the panel (longer edge/shorter edge)p = nominal pressure, in N/cm2 (kgf/cm2, lbf/in2), as specified in 5C-5-3/5.5.3 TABLE 2f1 = permissible bending stress, in longitudinal direction, in N/cm2 (kgf/cm2 , lbf/in2)

= c[1 . 0− 0 . 70α1SMRB/SMB(y/yn)]   Smfy ≤ 0 . 85Smfy, below neutral axis

= c[1 . 0− 0 . 70α2SMRD/SMD(y/yn)]   Smfy ≤ 0 . 85Smfy, above neutral axisc = 1.1 for longitudinally stiffened plating

= 1.4 for transversely stiffened platingf2 = permissible bending stress, in the transverse direction, in N/cm2 (kgf/cm2 , lbf/in2)

= 0 . 95Smfyα1 = Sm1fy1/Smfyα2 = Sm2fy2/SmfySm = strength reduction factor of the longitudinal bulkhead plating, as defined in
5C-5-4/9.3.1
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fy = minimum specified yield point of the longitudinal bulkhead plating, in N/cm2 (kgf/cm2 ,
lbf/in2)y = vertical distance, in m (ft), measured from the neutral axis of the hull girder transverse
section to the side stringer under considerationyn = distance, in m (ft), measured from the main deck (bottom) to the neutral axis of the
sectionSMRB, SMB, and E are as defined in 5C-5-4/9.3.1.Sm1 and fy1 are as defined in 5C-5-4/9.5.Sm2, SMRD and fy2 are as defined in 5C-5-4/11.3.SMD is as defined in 5C-5-4/11.1.

13.11.2 Stiffeners on Side Stringer
The net section modulus of each longitudinal or stiffener on side stringer forming tank boundaries,
in association with the effective plating, is to be not less than obtained from the following
equations:SM = M/fb     cm3(in3)M = cpsℓ2103/k     N− cm(kgf − cm, lbf − in)
wherek = 12 (12, 83.33)c = 1.0p = nominal pressure, in N/cm2 (kgf/cm2, lbf/in2), at the longitudinal considered as

specified in 5C-5-3/5.5.3 TABLE 2s = spacing of longitudinals or stiffeners, in mm (in.)ℓ = span of longitudinals or stiffeners between effective supports, as shown in 5C-5-4/9
FIGURE 6, in m (ft)fb = permissible bending stresses, in N/cm2 (kgf/cm2, lbf/in2)

= 1 . 1[1 . 0− 0 . 70α1(SMRB/SMB)(y/yn)]Smfy ≤ 0 . 80Smfy
for longitudinals below neutral axis

= 1 . 6[1 . 0− 0 . 70α2(SMRD/SMD)(y/yn)]Smfy ≤ 0 . 80Smfy
for longitudinals above neutral axis

= 0 . 90   Smfy for stiffenersy = vertical distance, in m (ft), measured from the neutral axis of the hull girder transverse
section to the longitudinal under consideration at its connection to the associated plateSMRB and SMB are as defined in 5C-5-4/9.3.1.Sm1 and fy1 are as defined in 5C-5-4/9.5.SMRD, Sm2 andfy2 are as defined in 5C-5-4/11.3.
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Sm, fy, yn,α1 and α2 are defined in 5C-5-4/13.11.1.SMD is as defined in 5C-5-4/11.1.

13.13 Container Supporting Structures (2019)
Where brackets or headers are provided to transmit the dynamic container loads due to ship's motion to the
main supporting side structures, each bracket or header is to have a net section modulus, Sm, in cm3(in3),
and a net sectional area, As, in cm2 (in2), of the web portion not less than obtained from the following
equations:SM = M/fbAs = F/fs
whereM = maximum bending moment due to dynamic container load, N-cm (kgf-cm, lbf-in)fb = permissible bending stress, in N/cm2 (kgf/cm2, lbf/in2)

= 0 . 80SmfyF = shear force at the location under consideration due to dynamic container load, in N (kgf, lbf)fs = permissible shear stress, in N/cm2 (kgf/cm2, lbf/in2)

= 0 . 53SmfySm and fy are as defined in 5C-5-4/9.5.

The dynamic container loads are to be obtained from the equations in 5C-5-3/5.5.2(b) in association with
the maximum design container weight for load case 5 as specified in Item C in 5C-5-3/Table 1.

Where a finite element analysis for the strength of container supporting structures is used, the concerned
brackets, headers, floors, girders and stiffeners are to be properly represented in the FE model with net
scantlings. Reference is made to the ABS Guidance Notes on SafeHull Finite Element Analysis of Hull
Structures for model guidance. The allowable von-Mises stress limit for the analysis is defined as listed
below. In areas of high stress gradient, the allowable stresses are to be adjusted according to mesh sizes,
where LS is the mesh size of one-longitudinal space.

● Mesh size: LS, Allowable stress: 0 . 9Smfy
● Mesh size: 13LS, Allowable stress: 1 . 0Smfy
● Mesh size: 15LS − 110LS, Allowable stress: 1 . 12Smfy

15 Deck Structures

15.1  Strength Deck Plating
In general, the strength deck is to be longitudinally framed. The net thickness of the strength deck plating
is to be not less than that needed to meet the hull girder section modulus requirements in 5C-5-4/3.1 and
the buckling and ultimate strength requirements in 5C-5-5/5, nor is the thickness to be less than t1, t2 andt3 specified below for the midship 0 . 4L:t1 = 0 . 73s(k1p/f1)1/2     mm(in . )
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t2 = 0 . 73s(k2p/f2)1/2     mm(in . )t3 = cs(Smfy/E)1/2     mm(in . )
wheres = spacing of deck longitudinals, in mm (in.)k1 = 0.342k2 = 0.500p = nominal deck pressure, in N/cm2 (kgf/cm2, lbf/ in2), as specified in 5C-5-3/5.5.3 TABLE 2.f1 = permissible bending stress in longitudinal direction, in N/cm2 (kgf/cm2, lbf/in2)

= 0 . 15Smfyf2 = permissible bending stress, in the transverse direction, in N/cm2 (kgf/cm2, lbf/in2)

= 0 . 80Smfyc = 0 . 5(0 . 6 + 0 . 0015L) for SI or MKS units

= 0 . 5(0 . 6 + 0 . 0046L) for US Unitsc is to be taken not less than 0 . 7N2 – 0 . 2 for vessels less than 267 m (876 ft) in length.L = length of vessel, in m (ft), as defined in 3-1-1/3.1N = Rd(Q/Qd)1/2Rd = (SMRDS/SMD)1/2SMRDS = reference net hull girder section modulus amidships for sagging bending moment based
on the material factor of the strength deck flange of the hull girder, in cm2-m (in2-ft)

= 0 . 95   SMsSMs = reference gross hull girder section modulus in accordance with 5C-5-4/3.1.1for sagging
total bending moment, with kw defined in 5C-5-3/5.1.1 for the purpose of calculatingMw (sagging), based on the material factor of the strength deck flange of the hull
girder, in cm2-m (in2-ft)Q,Qd = material conversion factor for the deck plating and the strength deck flange of the hull
girder, respectively. Refer to 5C-5-4/9.3.1 for values of material conversion factors.Sm, fy and E are as defined in 5C-5-4/9.3.1.SMD is as defined in 5C-5-4/11.1.

The net thickness, t3, may be determined based on Sm and fy of the hull girder strength material required
at the location under consideration.

15.3  Strength Deck Longitudinals
The net section modulus of each individual deck longitudinal, in association with the effective plating, is to
be not less than that obtained from the following equations:
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SM = M/fb     cm3(in3)M = psℓ2103/k     N− cm(kgf − cm, lbf − in)
wherek = 12 (12, 83.33)s = spacing of deck longitudinals, in mm (in.)ℓ = span of longitudinals between effective supports, as shown in 5C-5-4/9 FIGURE 6, in m (ft)p = nominal deck pressure, in N/cm2 (kgf/cm2, lbf/in2), as specified in 5C-5-3/5.5.3 TABLE 2.fb = permissible bending stress, in N/cm2 (kgf/cm2 , lbf/in2)

= 0 . 3   SmfySm and fy are as defined in 5C-5-4/9.5.

The effective breadth of plating, be, is as defined in 5C-5-4/9.5.

The net moment of inertia of the deck longitudinal in association with the effective plating (bWLtn) is to be
not less than io, as specified in 5C-5-4/11.3.

15.5 Upper Wing Torsional Box
15.5.1 Width of Torsional Box

In general, the width of the upper wing torsional box is not to be less than 0 . 009L0, where L0 is
as defined in 5C-5-4/7.3.

15.5.2 Calculation of Secondary Stress due to External Water Pressure on Side Shell
The stress at the strength deck and at the top of a continuous longitudinal hatch side coaming,
induced by external water pressure on the side shell, may be obtained from the following equation:fp = Mp/SM     N/cm2(kgf/cm2, lbf/in2)
whereMp = kQℓ105 N-cm (kgf-cm, lbf-in)k = 0.15 (0.15, 0.0403)Q = k1(0 . 94C1kℓℎ2+ 0 . 5ℎ22+ 0 . 67C1kℓℎ1)s kN (tf, Ltf)k1 = 9.807 (1, 0.028)kℓ = 0 . 5(1 + kℓo)s = spacing of side transverses, spacing, in m (ft), below the second deckℓ = ℓ0+ 0 . 5(w1+ w2)ℓ0 = length of the hatch opening amidships, in m (ft)
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w1,w2 = widths of the cross deck box beams, in m (ft), clear of hatch corner, fore and aft of
the hatch opening amidships, as shown in 5C-5-4/7.7.3 FIGURE 4SM = net section modulus of the upper wing torsional box, in cm3 (in3), at the inboard
edge of the strength deck or at the top of the continuous longitudinal hatch side
coaming with respect to vertical axis z (5C-5-4/7.7.3 FIGURE 4) for the hull
girder section under consideration.C1 is as defined in 3-2-1/3.5.kℓo is as defined in 5C-5-3/5.5.3 FIGURE 9.ℎ1 and ℎ2 are as shown in 5C-5-4/15 FIGURE 10 for hull girder section under consideration, in m

(ft).

The following items may be included in the calculation of the section modulus SM:

● Strength deck plating and continuous longitudinals

● Side shell and longitudinal bulkhead plating and continuous longitudinals. Effective depth of
side shell and longitudinal bulkhead is equal to the distance between the strength deck and the
second deck

● Second deck plating and continuous longitudinals

● Continuous longitudinal hatch coaming and continuous longitudinal stiffeners

15.5.3 Calculation of Secondary Stress due to Dynamic Container Load on Transverse
Bulkhead

The stress at the strength deck and at the top of the continuous longitudinal hatch coaming,
induced by container load on transverse bulkhead and transmitted through cross deck, may be
obtained from the following equation:fb = MB/SM     N/cm2(kgf/cm2, lbf/in2)
whereMB = kC2Rb0105/12 N-cm (kgf-cm, lbf-in)k = 1.0 (1.0, 0.269)R = 0 . 5Q1+ 0 . 25Q2n/ n+ 1 kN (tf, Ltf)Q1 = total dynamic container load in longitudinal direction on cross deck box beam (above

the bottom of cross deck box beam), in kN (tf, Ltf)

= m1m2W(1− ℎ5/ℎ4)(sin(0 . 5ϕ) + 0 . 5a1/g)Q2 = total dynamic container load in longitudinal direction on transverse bulkhead, (below
the bottom of cross deck box beam), in kN (tf, Ltf)

= m1m2W(ℎ5/ℎ4)(sin(0 . 5ϕ) + 0 . 5a2/g)C2 = 1 . 72− 0 . 26n0 . 5 ≥ 1 . 0b0 = width of the strength deck hatch opening amidships, in m (ft), as specified in 5C-5-4/5n = number of vertical webs on transverse bulkhead under considerationm1 = tier number of container stacks in the cargo hold amidships
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m2 = row number of container stacks in the cargo hold amidshipsℎ4 = m1ℎCℎC = height of container, in m (ft)ℎ5 = vertical distance between inner bottom and the bottom of cross deck box beam at
center line, amidships, in m (ft)W = maximum design weight of an equivalent 40 ft container in hold, not to be taken less
than 274 kN (28 tf, 27.6 Ltf)g = acceleration due to gravity = 9.807 m/sec2 (32.2 ft/sec2 )a1 = longitudinal acceleration aℓ, as specified in 5C-5-3/5.5.1(c) at a vertical height 0.5(h4 +
h5), measured from inner bottom amidships, in m/sec2 (ft./sec2)a2 = longitudinal acceleration aℓ, as specified in 5C-5-3/5.5.1(c) at a vertical height 0.5h5,
measured from inner bottom amidships, in m/sec2 (ft./sec2)ϕ = angle of pitch in degree, as specified in 5C-5-3/5.5.1(a)  SM is as defined in 5C-5-4/15.5.2 with the following modification.

The following items may be included in the calculation of the section modulus SM:

● Strength deck plating and continuous longitudinals

● Side shell and longitudinal bulkhead plating and continuous longitudinals. Effective depth of
side shell and longitudinal bulkhead is equal to the distance between the strength deck and the
second deck, but not to be more than 0 . 22D

● Second deck plating and continuous longitudinals, if the distance between strength and second
decks does not exceed 0 . 22D as shown in 5C-5-4/7.7.3 FIGURE 4

● Continuous longitudinal hatch side coaming (plate and continuous longitudinal stiffeners)

15.7 Cross Deck Structure
15.7.1 Cross Deck Width

In general, the width of the cross deck box beam is not to be less than 0 . 04b0 for watertight
bulkhead 0 . 03b0 and for mid-hold strength bulkhead where b0 is as defined in 5C-5-4/5.

15.7.2 Cross Deck Plating
The net thickness of the cross deck plating at the strength deck level and at the bottom of the cross
deck box is not to be less than obtained from the following equation:t = kFo/(wfs)     mm(in . )
but not to be taken less than 9.0 mm (0.35 in.).

wherek = 100 (100, 186.8)Fo = F+ RF = C1(TM+ Ts)ωML02ICB/(b3αMΓM) kN (tf, Ltf)C1 = 70/(9 + µ )
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μ = 107ICB* /(b03ℓ0)ICB* = 0 . 5(ICB1+ ICB2)ICB1 andICB2 = net moment of inertia of the cross deck box beam at the vessel’s centerline,
in m4 (ft4 ), fore and aft of the hatch opening amidships with respect to the
vertical axis z, (5C-5-4/7.7.3 FIGURE 4)ICB = net moment of inertia of the cross deck box beam under consideration at the
vessel’s centerline, in m4 (ft4 ), about the vertical axis z (5C-5-4/7.7.3
FIGURE 4)b = 0 . 5(B+ b0)b0 = width, in m (ft), of the strength deck hatch opening amidships, measured
between the inboard edges of the strength deck, as shown in 5C-5-4/7.7.3
FIGURE 4ℓ0 = length of the hatch opening amidships, in m (ft)B = vessel’s breadth, in m (ft), amidshipsw = width of the cross deck structure under consideration, in m (ft)fs = permissible shear stress, in N/cm2 (kgf/cm2 , lbf/in2)

= 0 . 45SmfyTs is as defined in 5C-5-3/3.1.TM,ωM, L0,αM and ΓM are as defined in 5C-5-4/5.R is as defined in 5C-5-4/15.5.3.Sm and fy are as defined in 5C-5-4/9.3.1.

For cross deck structures abaft engine room, L0 may be taken as L0′, defined in 5C-5-4/7.3.2.

The net thicknesses t1 and t2 (5C-5-4/15 FIGURE 11) of the side plate of the cross deck box beam
are not to be less than the following:t1 = L/50 + 6mm(L/4170 + 0 . 24in . ) , but need not be greater than 10 mm (0.39 in.)t2 = 14mm(0 . 55in . )
whereL = length of vessel, in m (ft), as defined in 3-1-1/3.1

The following minimum extent a1 and a2 of insert plates, (5C-5-4/15 FIGURE 11) are provided as
guidance:a1 = 1 . 5bra2 = 0 . 5bs
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br = horizontal distance from the longitudinal bulkhead to the bracket end, as shown in 5C-5-4/15
FIGURE 11bs = width of the strength deck of the hull girder section under consideration, as shown in 5C-5-4/15
FIGURE 11

The required net thickness t2 may be reduced provided the strength of the resultant design is
verified by fine mesh finite element analyses as specified in 5C-5-5/9.5 or 5C-5-5/9.7 with the
combined load cases 5C-5-3/9; however, in no case is the thickness to be taken less than t1
obtained from the above equation.

The side plating above the strength deck is also to meet the requirement in 5C-5-4/17.1.1.

15.7.3 Cross Deck Beams (1 July 2021)
The net section modulus of each deck beam at the weather deck, in association with the effective
plating to which it is attached, is to be not less than obtained from the following equations:SM = M/fb     cm3 in3M = psℓ2103/k     N− cm(kgf − cm, lbf − in)
wherek = 12 (12, 83.33)s = spacing of deck beamsℓ = span of beam between effective supports, in m (ft)p = nominal deck pressure, in N/cm2 (kgf/cm2, lbf/in2), as specified in 5C-5-3/5.5.3 TABLE

2.fb = permissible bending stress, in N/cm2 (kgf/cm2 , lbf/in2 )

= 0 . 4SmfySm and fy are as defined in 5C-5-4/9.3.1.

The effective breadth of the effective plating, be, is as defined in 5C-5-4/9.5.

In general, the side plate of the cross deck box beam is to be horizontally stiffened. The net section
modulus of stiffeners is to be not less than as required for watertight bulkhead stiffeners in
5C-5-4/21.7 in the same location. Pressure is not to be taken less than 1.25 N/cm2 (0.13 kgf/ cm2,
1.82 lbf/in2).

15.7.4 Section Modulus of Cross Deck Box Beam
The net section modulus at any section of the cross deck box beam with respect to the vertical axis
z (5C-5-4/7.7.3 FIGURE 4) is not to be less than obtained from the following equation:SM = M/fb     cm3(in3)
whereM = M1+M2M1 = kFz105 N-cm (kgf-cm, lbf-in)
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M2 = k0 . 17C2Rb1105 N-cm (kgf-cm, lbf-in)k = 1.0 (1.0, 0.269)C2 and R are as defined in 5C-5-4/15.5.3.F is as defined in 5C-5-4/15.7.2.b1 = width, in m (ft), of the hatch opening for the hull girder section under considerationz = horizontal distance from centerline of the vessel to the section of cross deck box beam
under consideration, in m (ft), as shown in 5C-5-4/7.7.3 FIGURE 4. z need not be
taken more than 0 . 5b1fb = permissible bending stress, in N/cm2 (kgf/cm2 , lbf/in2 ) = 0 . 85SmfySm and fy are as defined in 5C-5-4/9.3.1.

The following items may be included in the calculation of the cross deck box beam section
modulus SM:

● Transverse hatch coaming (above the strength deck)

● Cross deck plating with stiffeners at the strength deck level

● Bottom and top plating of the cross deck box beam with stiffeners

● Side plates of cross deck box beam with stiffeners, (between strength deck and bottom of the
cross deck box beam)

● Sm and fy are defined in 5C-5-4/9.3.1.

● The net thickness, t2, may be determined based on Smand fy of the hull girder strength
material required at the location under consideration.

● In addition, the passage deck forming a tank boundary is to comply with the requirement for a
side stringer in 5C-5-4/13.11. Where the passage deck forms a cargo hold boundary, the
scantlings of the deck are also to comply with the requirements for watertight longitudinal
bulkhead in 5C-5-4/19.5 and 5C-5-4/19.7.

15.9 Longitudinal Deck Girders Inboard of Lines of Openings
The net scantlings of the longitudinal deck girders inside the lines of outer-most hatch openings are to
satisfy the following condition and, in general, are to be maintained throughout its length:fL1/η ≤ fα1 and fL2 ≤ fα2
wherefL1 = HofLD1fL2 = HofLD2fLD1 = calculated longitudinal hull girder compressive stress at the top flange of the longitudinal

deck girder, in N/cm2 (kgf/cm2 , lbf/in2 )

= CMsv/SMfLD2 = calculated maximum longitudinal hull girder bending stress at the top flange of the
longitudinal deck structures, in N/cm2 (kgf/cm2 , lbf/in2 )
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= CMt/SMHo = effectiveness of longitudinal deck structures, as specified in 3-2-1/17.3Msv = the maximum total vertical sagging bending moment amidships, in kN-m (tf-m, Ltf-ft), but
is to be taken not less than Mw (sagging), as specified in 5C-5-3/5.1.1. For this purpose,Mw
is to be calculated with kw defined in 5C-5-3/5.1.1.Mt = total hull girder vertical bending moment, as specified in 5C-5-3/7.1.1, with ku = 1 . 0,kc = 1 . 0 and kw defined in 5C-5-3/5.1.1, in kN-m (tf-m, Ltf-ft)SM = the offered net design hull girder vertical section modulus amidships at the top flange of the
longitudinal deck girder, cm2 -m (in2 -ft)C = 1000 (1000, 2240)η = fE/fy for fE/fy ≤ 0 . 6

= (1− 0 . 24fy/fE) for fE/fy > 0 . 6fa1 = Smfy− fb N/cm2 (kgf/cm2 , lbf/in2 )fa2 = 0 . 9Smfy− fb N/cm2 (kgf/cm2 , lbf/in2 )Sm = strength reduction factor for the longitudinal deck girders, as defined in 5C-5-4/9.3.1fE = π2E/(ℓ0/r)2 N/cm2 (kgf/cm2 , lbf/in2 )E = modulus of elasticity of the material, may be taken as 2.06 × 107 N/cm2 (2.1 × 106 kgf/cm2 ,
30 × 106 lbf/in2 ) for steelℓ0 = length of the strength deck hatch opening, in cm (in.)r = least radius of gyration of the longitudinal deck girder, in cm (in.)fb = bending stress, N/cm2 (kgf/cm2, lbf/in2 ). Where the longitudinal deck girder is effectively
supported by pillars,fb may be taken as zero

= M/SMvM = bending moment of the longitudinal deck girder induced by container loads on deck, in kN-
cm (tf-cm, Ltf-in)

= cmd1md2Wdℓ0c = 45 (45, 101.9) for a centerline longitudinal deck girder

= 30 (30, 67.2) for two longitudinal deck girdersmd1 = tier number of 20 ft container stacks on deckmd2 = row number of 20 ft container stacks on deckWd = maximum design weight of a 20 ft container on deck, not to be taken less than 137.3 kN
(14 tf, 13.8 Ltf)SMv = section modulus of the longitudinal deck girder about its horizontal neutral axis, in cm3

(in3 )fy = specified minimum yield point of the longitudinal deck girders, in N/cm2 (kgf/cm2, lbf/in2 )

15.11 Deck Transverse in Underdeck Passageway
Deck transverses of the strength deck in the underdeck passageway are to have scantlings not less than
obtained from the following equations:
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15.11.1
The net section modulus of the deck transverse is not to be less than obtained from the following
equation:SM = M/fb     cm3 in3M = psℓ2105/k     N− cm(kgf − cm, lbf − in)
wherek = 12 (12, 44.64)p = nominal pressure in kN/m2 (tf/m2, Ltf/ft.2), as specified in 5C-5-3/5.5.3 TABLE 2s = spacing of the deck transverse, in m (ft)ℓ = span of the deck transverse, in m (ft)ℓ may be modified in accordance with 5C-5-4/9 FIGURE 9fb = permissible bending stress, in N/cm2 (kgf/cm2 , lbf/in2 )

= 0 . 7SmfySm and fy are as defined in 5C-5-4/9.3.1.

15.11.2
The net section modulus of the deck transverse is not to be less than the section modulus of the
side transverse in 5C-5-4/13.5. The depth and the net web thickness of the deck transverse are also
not to be less than required for side transverse in 5C-5-4/13.3 nor for transverse web on
longitudinal bulkhead in 5C-5-4/19.11.

15.13 Underdeck Passageway (Second Deck) (1 July 2021)
The net thickness of the passage deck is to be not less than t1, as specified below:t1 = 8.5 mm for L ≥ 200   mt1 = 0 . 02L+ 4 . 5 mm for 200   m ≥ L ≥ 130   mt1 = 0.335 in. for L ≥ 656   ft .t1 = 0 . 00024   L+ 0 . 177 in. for 656   ft > L ≥ 427   ft .
In addition, the net thickness of the longitudinally framed passage deck plate is to be not less than that
obtained from the following equation:t2 = cs(Smfy/E)1/2     mm(in . )
wheres = spacing of longitudinals, in mm (in.)c = 0 . 7N2− 0 . 2 , not to be taken less than 0.2N = Rd[(Q/Qd)(y/yn)]1/2Rd = (SMRDS/SMD)1/2
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SMRDS = reference net hull girder section modulus amidships for sagging bending moment based on the
material factor of the strength deck flange of the hull girder, in cm2 -m (in2 -ft)

= 0 . 95   SMsSMS = reference gross hull girder section modulus in accordance with 5C-5-4/3.1.1 for sagging total bending
moment, with kw defined in 5C-5-3/5.1.1 for the purpose of calculating Mw (sagging), based on the
material factor of the strength deck flange of the hull girder, in cm2-m (in2-ft)SMD = design (actual) net hull girder section modulus amidships at the strength deck, in cm2 -m (in2 -ft)Q,Qd = material conversion factor for the side stringer plating, the bottom flange and the strength deck flange
of the hull girder, respectively. Refer to 5C-5-4/9.3.1 for values of material conversion factors.y = vertical distance, in m (ft), measured from the neutral axis of the hull girder transverse section to the
passage deckyn = vertical distance, in m (ft), measured from the deck to the neutral axis of the hull girder transverse
section,Sm and fy are defined in 5C-5-4/9.3.1.

The net thickness, t2, may be determined based on Sm and fy of the hull girder strength material required
at the location under consideration.

In addition, the passage deck forming a tank boundary is to comply with the requirement for a side stringer
in 5C-5-4/13.11. Where the passage deck forms a cargo hold boundary, the scantlings of the deck are also
to comply with the requirements for watertight longitudinal bulkhead in 5C-5-4/19.5 and 5C-5-4/19.7.

FIGURE 10 
Definitions of ℎ1 and ℎ2
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FIGURE 11 
Sizes of Insert Plates
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15.15 Raised Lashing Platforms
Where raised lashing platforms or lashing bridges are provided on the deck in way of hatch openings, or
other locations, in order to increase container stack heights and weights, when possible, as well as for
better managing lashing assemblies, they are to be assessed for compliance with the requirements given in
Section 5 of the ABS Guide for Certification of Container Securing Systems.

In addition, hull supporting structures in way of raised lashing platforms are to be evaluated for
compliance with yielding and buckling strength requirements in accordance with Section 5C-5-5 of the
ABS Marine Vessel Rules.

17 Hatch Coamings and Hatch Covers

17.1  Hatch Coamings
In addition to the requirements in 3-2-15/9.21, hatch coamings are to satisfy the following requirements.

17.1.1 Thickness of Coamings
The net thickness of the coaming plates is to be not less than 10 mm (0.4 in.). Horizontal stiffeners
are to be fitted on coamings. Effective brackets or stays are to be fitted at intervals of not more
than 3.0 m (10 ft.). Where coamings exceed 915 mm (36 in.) in height, the arrangement of
stiffeners and brackets, or stays, is to provide equivalent strength and stiffness. Consideration is to
be given to provide additional strength for deep coamings fitted forward of 0 . 20L from the FP,
which may be subject to impact loading from green water.

Where chocks are provided on the coaming to limit the horizontal movement of hatch cover, the
strength of the coaming and deck structure is to be adequate to withstand the load on these chocks.
Similar consideration is to be given to pads supporting the load from hatch covers.

17.1.2 Continuous Longitudinal Hatch Coamings
Continuous longitudinal hatch coamings on the strength deck, which extend more than 1 7L and
are effectively supported by under deck structures, are to be longitudinally stiffened. The coaming
thickness is to be not less than the value of t3 given in 5C-5-4/15.1 adjusted for the spacing of the
coaming stiffeners and the material conversion factor. The stiffeners are to comply with the
requirements of 5C-5-4/15.3 where ℓ is the distance between brackets. The hull girder section
modulus to the top of the coaming is to be as required by 5C-5-4/3.1.

17.3 Hatch Covers
The strength and arrangements of hatch covers are generally to be determined in accordance with the
applicable parts of 3-2-15/8 and 3-2-15/9.

For container loading, the description of the container stowage arrangement including the exact locations
of the container pads, maximum design weight of a container and numbers of tiers and rows is to be
submitted. Where the pads are not in line with supporting structures, headers are to be provided to transmit
the container loads to these members. Each member intended to support containers is to be designed for
container loads in 3-2-15/9.11, applying the permissible stresses in 3-2-15/9.1.1.

19 Longitudinal Bulkheads

19.1 Tank Bulkhead Plating (1 July 2021)
The net thickness of the longitudinal bulkhead plating forming tank boundaries, in addition to having the
thickness required for compliance with 5C-5-4/4.5, is to be not less than t1 and t2, specified below:t1 = 0 . 73s(k1p/f1)1/2     mm(in . )
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t2 = 0 . 73s(k2p/f2)1/2     mm(in . )
but not less than 9.0 mm (0.354 in.) or L/60 + 5 . 5   mm   (L/5000 + 0 . 217   in . ), whichever is less.

wheres = spacing of longitudinal bulkhead longitudinals, in mm (in.)k1 = 0.342k2 = 0.500p = nominal pressure, in N/cm2 (kgf/cm2 , lbf/in2 ), at the lower edge of each plate, as specified in
5C-5-3/5.5.3 TABLE 2.f1 = permissible bending stress, in longitudinal direction, in N/cm2 (kgf/cm2 , lbf/in2 )

= 1 . 1[1 . 0− 0 . 33(z/B)− 0 . 52α1(SMRB/SMB)(y/yn)]Smfy ≤ 0 . 75Smfy below
neutral
axis

= 1 . 1[1 . 0− 0 . 33(z/B)− 0 . 52α2(SMRD/SMD)(y/yn)]Smfy ≤ 0 . 75Smfy above
neutral
axisSMB/SMRB is not to be taken more than 1 . 2α1 or 1.4, whichever is less.f2 = permissible bending stress, in the vertical direction in N/cm2 (kgf/cm2 , lbf/in2 )

= 0 . 90Smfyα1 = Sm1fy1/Smfyα2 = Sm2fy2/SmfySm = strength reduction factor of the longitudinal bulkhead plating, as defined in 5C-5-4/9.3.1fy = minimum specified yield point of the longitudinal bulkhead plating, in N/cm2 (kgf/cm2 , lbf/
in2 )z = transverse distance, in m (ft), measured from the centerline of the section to the longitudinal
bulkhead strake under considerationy = vertical distance, in m (ft), measured from the neutral axis of the hull girder transverse section
to the lower edge of the longitudinal bulkhead strake under considerationyn = vertical distance, in m (ft), measured from the strength deck (bottom) to the neutral axis of the
sectionL = vessel’s length, in m (ft), as defined in 3-1-1/3.1B = vessel’s breadth, in m (ft), as defined in 3-1-1/5SMRB,SMB , and E are as defined in 5C-5-4/9.3.1.Sm1 and fy1 are as defined in 5C-5-4/9.5.SMRD, Sm2 and fy2are as defined in 5C-5-4/11.3.SMD is as defined in 5C-5-4/11.1.
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In general, the longitudinal bulkhead is to be longitudinally framed, except for the areas of 0 . 35D above
and below mid-depth of the longitudinal bulkhead. These areas of longitudinal bulkhead plating may be
transversely framed, provided the net thickness of the longitudinal bulkhead plating is not less than t, as
specified below:t = 0 . 73sk(k2p/f)1/2     mm(in . )
wheres = spacing of vertical stiffener on the longitudinal bulkhead, in mm (in.)k = (3 . 075(α)1/2− 2 . 077)/(α+ 0 . 272), (1 ≤ α ≤ 2)

= 1.0 (α > 2)α = aspect ratio of the panel (longer edge/shorter edge)f = permissible bending stress, in longitudinal direction, in N/cm2 (kgf/cm2 , lbf/in2 )

= 1 . 2[1 . 0− 0 . 33(z/B)− 0 . 52α1(SMRB/SMB)(y/yn)]Smfy ≤ 0 . 85Smfy below
neutral
axis

= 1 . 2[1 . 0− 0 . 33(z/B)− 0 . 52α2(SMRD/SMD)(y/yn)]Smfy ≤ 0 . 85Smfy above
neutral
axis

All other parameters are as defined above.

Flats forming recesses or steps in the longitudinal bulkhead are also to be of not less net thickness than
required for the side stringer in 5C-5-4/13.11.1.

In addition to the above tank requirements, the longitudinal bulkhead forming the cargo hold boundary is
to comply with the requirements in 5C-5-4/19.5 for watertight bulkheads.

In addition to the above requirements, the net thickness of the longitudinally framed strakes is also to be
not less than that obtained from the following equation:t3 = cs(Smfy/E)1/2     mm(in . )
wheres = spacing of longitudinal bulkhead longitudinals, in mm (in.)c = 0 . 7N2− 0 . 2 , not to be less than 0.2c for the top strake is not to be taken less than 0 . 4Q1/2.N = Rd(Q/Qd)1/2  for the top strake

= Rd[(Q/Qd)(y/yn)]1/2 for other locations above neutral axis

= Rb[(Q/Qb)(y/yn)]1/2 for locations below neutral axisRd = (SMRDS/SMD)1/2Rb = (SMRBH/SMB)1/2
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SMRDS = reference net hull girder section modulus amidships for sagging bending moment based
on the material factor of the strength deck flange of the hull girder, in cm2 -m (in2 -ft)

= 0 . 95SMsSMs = reference gross hull girder section modulus in accordance with 5C-5-4/3.1.1, for
sagging total bending moment, with kw defined in 5C-5-5/5.1.1 for the purpose of
calculating Mw (sagging), based on material factor of the strength deck flange of the
hull girder, in cm2-m (in2-ft)SMRBH = reference net hull girder section modulus amidships for hogging bending moment
based on the material factor of the bottom flange of the hull girder, in cm2 -m (in2 -ft)

= 0 . 9SMHSMH = reference gross hull girder section modulus in accordance with 5C-5-4/3.1.1 for
hogging total bending moment, with kw defined in 5C-5-3/5.1.1 for the purpose of
calculating Mw (hogging), based on the material factor of the bottom flange of the hull
girder, in cm2-m (in2-ft)Q,Qb,Qd = material conversion factor for the bulkhead plating, the bottom flange and the strength
deck flange of the hull girder, respectively. Refer to 5C-5-4/9.3.1 for values of material
conversion factors.y = vertical distance, in m (ft), measured from the neutral axis of the hull girder transverse
section to the lower edge (upper edge) of the bulkhead strake, when the strake under
consideration is below (above) the neutral axis.yn = vertical distance, in m (ft), measured from the bottom (deck) to the neutral axis of the
hull girder transverse section, when the strake under consideration is below (above) the
neutral axisSm and fy are defined in 5C-5-4/19.1 and E is defined in 5C-5-4/9.3.1.

The net thickness, t3, may be determined based on Sm and fy of the hull girder strength material required
at the location under consideration.

The minimum width of the top strake for the midship 0 . 4L is to be obtained from the following equations:b = 5L+ 800 mm for L ≤ 200   m
= 0 . 06L+ 31 . 5   in. for L ≤ 656   ftb = 1800 mm for 200 < L ≤ 500   m
= 70.87 in. for 656 < L ≤ 1640   ftL = length of vessel as defined in 3-1-1/3.1, in m (ft)b = width of top strake, in mm (in.)

19.3 Tank Bulkhead Longitudinals/Stiffeners
The net section modulus of each longitudinal or each vertical stiffener on the longitudinal bulkhead and
double bottom water-tight girder forming tank boundaries, in association with the effective plating to
which it is attached, is to be not less than that obtained from the following equations:SM = M/fb     cm3(in3)M = c1c2psℓ2103/k     N− cm(kgf − cm, lbf − in)
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wherek = 12 (12, 83.33)c1 = 1.0 for longitudinals

= 1 + γℓ/10p for vertical stiffenersγ = specific weight of the liquid ≥ 1.005 N/cm2 -m (0.1025 kgf/cm2 -m, 0.444 lbf/in2 -ft)c2 = 1.0 without struts

= 0.65 with effective strutss = spacing of longitudinals or vertical stiffeners, in mm (in.)ℓ = span of longitudinals or vertical stiffeners between effective supports, as shown in 5C-5-4/9
FIGURE 6, in m (ft)p = nominal pressure, in N/cm2 (kgf/cm2 , lbf/in2 ), at the longitudinal considered, as specified in
5C-5-3/5.5.3 TABLE 2. For vertical stiffeners, pressure is to be taken at the midspan of each
stiffener.fb = permissible bending stresses, in N/cm2 (kgf/cm2 , lbf/in2 )

= 1 . 15[1 . 0− 0 . 33(z/B)− 0 . 52α1(SMRB/SMB)(y/yn)]Smfy ≤ 0 . 80Smfy
for longitudinals on the longitudinal bulkhead below neutral axis

= 1 . 3[1 . 0− 0 . 33(z/B)− 0 . 52α2(SMRD/SMD)(y/yn)]Smfy ≤ 0 . 80Smfy
for longitudinals on the longitudinal bulkhead above neutral axis

= 1 . 4[1 . 0− 0 . 33(z/B)− 0 . 52(α1SMRB/SMB)(y/yn)]Smfy ≤ 0 . 80Smfy
for longitudinals on the double bottom tight girders

= 0 . 90   Smfy    for vertical stiffenersy = vertical distance, in m (ft), measured from the neutral axis of the hull girder transverse section
to the longitudinal under consideration at its connection to the associated plateSMRB and SMB are as defined in 5C-5-4/9.3.1.Sm1 and fy1 are as defined in 5C-5-4/9.5.SMRD ,Sm2 and fy2 are as defined in 5C-5-4/11.3.SMD is as defined in 5C-5-4/11.1.Sm, fy,α1,α2, z , and yn are defined in 5C-5-4/19.1.

The effective breadth of plating, be, is as defined in 5C-5-4/9.5.

Where side struts are fitted as an effective supporting system for side tank structures, the requirement for
the vertical stiffeners on the longitudinal bulkhead is also to be not less than 90% of the side frame
requirement in 5C-5-4/11.3.

Longitudinals or horizontal stiffeners on the flats forming recesses or steps in the longitudinal bulkhead are
to comply with the requirements for stiffeners on the side stringer in 5C-5-4/13.11.2.

In addition to the above tank requirements, the longitudinal bulkhead forming a cargo hold boundary is to
comply with the requirements in the following subsection for the watertight bulkhead.
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19.5  Watertight Bulkhead Plating (1 July 2021)
The net thickness of the longitudinal bulkhead plating forming cargo hold boundaries, in addition to having
the thickness required for compliance with 5C-5-4/4.5, is to be not less than t1 and t2, specified below:t1 = 0 . 73s(k1p/f1)1/2     mm(in . )t2 = 0 . 73s(k2p/f2)1/2     mm(in . )
but not less than 8.5 mm (0.335 in.) or L/60 + 3 . 5   mm   (L/5000 + 0 . 138   in . ), whichever is less.

wheres = spacing of longitudinals or vertical stiffeners, in mm (in.)k1 = 0.342 for longitudinally stiffened plating

= 0.500k2 for vertically stiffened platingk2 = 0.500p = nominal pressure, in N/cm2 (kgf/cm2, lbf/in2), at the lower edge of each plate, as specified in
5C-5-3/5.5.3 TABLE 2. Pressure is not to be taken less than 1.25 N/cm2 (0.13 kgf/cm2, 1.82
lbf/in2).f1 = permissible bending stress, in longitudinal direction, in N/cm2 (kgf/cm2, lbf/in2)

= [1 . 0− 0 . 33(z/B)− 0 . 52α1(SMRB/SMB)(y/yn)]Smfy ≤ 0 . 75Smfy below neutral axis

= [1 . 0− 0 . 33(z/B)− 0 . 52α2(SMRD/SMD)(y/yn)]Smfy ≤ 0 . 75Smfy above neutral axisSMB/SMRB is not to be taken more than 1 . 2α1 or 1.4, whichever is less

f2 = permissible bending stress, in the vertical direction in N/cm2 (kgf/cm2, lbf/in2)

= 0 . 85   Smfy
All other parameters are defined in 5C-5-4/19.1.

In addition to the above requirement, the required net thickness t3 of the longitudinally framed strakes and
the minimum width of the top strake for the midship 0 . 4L are to be obtained from 5C-5-4/19.1.

19.7 Watertight Bulkhead Longitudinals/Stiffeners (1 July 2021)
The net section modulus of each longitudinal or vertical stiffener on the longitudinal bulkhead forming
cargo hold boundaries, in association with the effective plating to which it is attached, is to be not less than
that obtained from the following equations:SM = M/fb     cm3(in3)M = c1c2psℓ2103/k     N− cm(kgf − cm, lbf − in)
wherep = nominal pressure, in N/cm2 (kgf/cm2, lbf/in2), at the longitudinal considered, as specified in

5C-5-3/5.5.3 TABLE 2. For vertical stiffeners, pressure is to be taken at the midspan of each
stiffener. Pressure is not to be taken less than 1.25 N/cm2 (0.13 kgf/cm2, 1.82 lbf/in2).fb = permissible bending stresses, in N/cm2 (kgf/cm2, lbf/in2)
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= 1 . 2[1 . 0 – 0 . 33(z/B) – 0 . 52α1(SMRB/SMB)(y/yn)]Smfy ≤ 0 . 85Smfy
for longitudinals below neutral axis

= 1 . 35[1 . 0 – 0 . 33(z/B) – 0 . 52α2(SMRD/SMD)(y/yn)]Smfy ≤ 0 . 85Smfy
for longitudinals above neutral axis

= 0 . 95Smfy for vertical stiffeners

All other parameters are as defined in 5C-5-4/19.3 above.

19.9 Longitudinals in Upper Wing Torsional Box (1 July 2021)
The net section modulus of longitudinals on the longitudinal bulkhead forming the upper wing torsional
box is to be not less than as required for watertight bulkhead longitudinals in 5C-5-4/19.7 above in the
same location. Pressure is not to be taken less than 1.25 N/cm2 (0.13 kgf/cm2, 1.82 lbf/in2). In addition, the
net moment of inertia of longitudinals on the longitudinal bulkhead, within the region of 0 . 1D from the
strength deck, in association with the effective plating (bWL   tn), is to be not less than io, as specified in
5C-5-4/11.3.

19.11 Transverse Web on Longitudinal Bulkhead in Underdeck Passageway
Transverse webs on the longitudinal bulkhead in the under-deck passageway are to have scantlings not less
than obtained from the following equations.

19.11.1 Section Modulus of Web (1 July 2021)
The net section modulus of the side transverse web on the longitudinal bulkhead is not to be less
than that obtained from the following equation:SM1 = M/fb1     cm3(in3)SM2 = M2/fb2     cm3(in3)M1 = pusℓ2105/k1     N− cm(kgf − cm, lbf − in)M2 = k8λγ1pℎs1y     N− cm(kgf − cm, lbf − in)
wherek1 = 12 (12, 44.64)pu = nominal pressure for flooding condition calculated at the mid-span of the transverse

web under consideration, in kN/m2 (tf/m2 , Ltf/ft2 ), as specified in 5C-5-3/5.5.3
TABLE 2. Pressure is not to be taken less than 12.5 kN/m2 (1.3 tf/m2, 0.12 Ltf/ft2 )s = spacing of the transverse webs, in m (ft)ℓ = span of the transverse web, in m (ft)ℓ may be modified in accordance with 5C-5-4/9 FIGURE 9y = k2ℎu/2k2 = 100 (100, 12)ℎu = height of the underdeck passageway, in m (ft)fb1 = permissible bending stress, in N/cm2 (kgf/cm2 lbf/in2)

= 0 . 85Smfy
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fb2 = permissible bending stress, in N/cm2 (kgf/cm2 lbf/in2)

= 0 . 85SmfySm and fy are as defined in 5C-5-4/9.3.1.k, λ, γ1, p, ℎ and  s1 are as defined in 5C-5-4/13.1.

19.11.2 Depth of Web
The depth of the transverse web is not to be less than obtained from the following equation:d = kℓ     mm(in . )
wherek = 125(1 . 5)ℓ is as defined in 5C-5-4/19.11.1 above.

19.11.3 Web Thickness (1 July 2021)
The net web thickness of the transverse web is not to be less than that obtained from the following
equations:t1 = k3F1/(dwfs)     mm(in . )t2 = k3F2/(dwfs)     mm(in . )
but not less than 7.5 mm (0.295 in.)F1 = k500pusℓ     N(kgf, lbf)
wherek3 = 10 (10, 1.0)k = 1.0 (1.0, 2.24)fs = permissible shear stress, in N/cm2 (kgf/cm2, lbf/in2)

= 0 . 50Smfydw = depth of the side transverse, in cm (in.)pu, s and ℓ are as defined in 5C-5-4/19.11.1 above. F2 is as defined in 5C-5-4/13.5.3.

19.13 Tank Bulkhead Between Fuel Oil Tanks
19.13.1 Tank Bulkhead Plating (1 July 2021)

The net plate thickness of tank boundary longitudinal bulkhead is, in general, not to be less than t,
as specified below. In addition to the requirement, the longitudinal bulkhead contributing to the
hull girder bending strength is to comply with the requirements in 5C-5-4/19.1.t = 0 . 73sk(k1p/ƒ)1/2     mm(in . )
but not less than 8.5 mm (0.335 in.) L/60 + 4 . 5   mm   (L/5000 + 0 . 177   in . ) or whichever is
less.
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wheres = spacing of longitudinal bulkhead stiffeners, in mm (in.)k1 = 0.500k = (3 . 075(α)1/2− 2 . 077)/(α+ 0 . 272), (1 ≤ α ≤ 2)
= 1 . 0, (α > 2)α = aspect ratio of the panel (longer edge/shorter edge)p = nominal pressure, in N/cm2 (kgf/cm2, lbf/ in2), as specified in 5C-5-3/5.5.3 TABLE 2f = permissible bending stress, in N/cm2 (kgf/cm2, lbf/in2)

= 0 . 90Smfy
19.13.2 Tank Bulkhead Longitudinals/Stiffeners

The net section modulus of each longitudinal or each vertical stiffener on the longitudinal
bulkhead, in association with the effective plating to which it is attached, is to be not less than that
obtained from the following equation:SM = M/fb     cm3(in3)M = c1c2psℓ2103/k     N− cm(kgf − cm, lbf − in)
wherefb = permissible bending stresses, in N/cm2 (kgf/cm2, lbf/in2)

= 0 . 80Smfy
= 0 . 90Smfy   for vertical stiffenersk, c1, c2, s, ℓ,p, Sm , and fy are defined in 5C-5-4/19.3.be , is as defined in 5C-5-4/9.5.

21 Transverse Bulkheads - Plating and Stiffeners

21.1 Tank Bulkhead Plating (1 July 2021)
The net thickness of transverse bulkhead plating forming tank boundaries is to be not less than t, as
specified below:t = 0 . 73sk(k1p/f)1/2     mm(in . )
but not less than 8.5 mm (0.335 in.) or L/60 + 4 . 5   mm(L/5000 + 0 . 177   in . ), whichever is less.

wheres = spacing of bulkhead stiffeners, in mm (in.)k1 = 0.500k = (3 . 075(α)1/2− 2 . 077)/(α+ 0 . 272), (1 ≤ α ≤ 2)
= 1.0, (α > 2)
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α = aspect ratio of the panel (longer edge/shorter edge)p = nominal pressure, N/cm2 (kgf/cm2 , lbf/in2 ), at the lower edge of each plate, as specified in
5C-5-3/5.5.3 TABLE 2 for transverse bulkhead membersf = permissible bending stress

= 0 . 95   Smfy , in N/cm2 (kgf/cm2 , lbf/in2)L = vessel’s length, in m (ft), as defined in 3-1-1/3.1Sm and fy are as defined in 5C-5-4/9.3.1.

In addition to the above tank requirements, the transverse bulkhead forming a cargo hold boundary is to
comply with the requirements in 5C-5-4/21.5 for the watertight bulkhead.

21.3 Tank Bulkhead Stiffeners
The net section modulus of each individual vertical/horizontal stiffener on the transverse bulkheads
forming tank boundaries and tank end floors, in association with the effective plating, is to be not less than
obtained from the following equation:SM = M/fb     cm3(in3)M = c1psℓ2103/k     N− cm(kgf − cm, lbf − in . )
wherek = 12 (12, 83.33)c1 = 1.0 for horizontal stiffeners

= 1 + γℓ/10p for vertical stiffenersγ = specific weight of the liquid, 1.005 N/cm2 -m (0.1025 kgf/cm2 -m, 0.444 lbf/in2 -ft)s = spacing of vertical/horizontal stiffeners, in mm (in.)ℓ = span of stiffeners between effective supports, in m (ft)p = nominal pressure, in N/cm2 (kgf/cm2, lbf/in.2), at the stiffener considered as specified in
5C-5-3/5.5.3 TABLE 2. For vertical stiffeners, pressure is to be taken at the midspan of each
stiffener.fb = permissible bending stress, in N/cm2 (kgf/cm2 , lbf/in2 )

= 0 . 70SmfySm and fy are as defined in 5C-5-4/9.3.1.

21.5 Watertight Bulkhead Plating (1 July 2021)
The net thickness of transverse bulkhead plating forming cargo hold boundaries is to be not less than t as
specified below:t = 0 . 73sk(k1p/f)1/2     mm(in . )
but not less than 8.5 mm (0.335 in.) or L/60 + 3 . 5   mm(L/5000 + 0 . 138   in . ), whichever is less.

where
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s = spacing of bulkhead stiffeners, in mm (in.)k1 = 0.50p = nominal pressure, in N/cm2 (kgf/cm2, lbf/in2), at the lower edge of each plate, as specified in
5C-5-3/5.5.3 TABLE 2. Pressure is not to be taken less than 1.25 N/cm2 (0.13 kgf/cm2, 1.82
lbf/in2).f = permissible bending stress

= 0 . 85   Smfy , in N/cm2 (kgf/cm2, lbf/in2)

All other parameters are as defined in 5C-5-4/21.1 above.

21.7 Watertight Bulkhead Stiffeners (1 July 2021)
The net section modulus of each individual vertical/horizontal stiffener on the transverse bulkheads in
cargo hold, in association with the effective plating to which they are attached, is to be not less than
obtained from the following equation:SM = M/fb     cm3(in3)M = c1psℓ2103/k     N− cm(kgf − cm, lbf − in . )
wherep = nominal pressure, in N/cm2 (kgf/cm2, lbf/in2), at the longitudinal considered as specified in

5C-5-3/5.5.3 TABLE 2. For vertical stiffeners, pressure is to be taken at the mid-span of each
stiffener. Pressure is not to be taken less than 1.25 N/cm2 (0.13 kgf/cm2, 1.82 lbf/in2).fb = permissible bending stress, in N/cm2 (kgf/cm2, lbf/in.2)

= Smfy
All other parameters are as defined in 5C-5-4/21.3 above.

21.9 Underdeck Passageway
In a case where watertight transverse bulkheads are provided within the underdeck passageway, their
scantlings are to be not less than required for watertight transverse bulkheads in cargo hold in 5C-5-4/21.5
and 5C-5-4/21.7.

23 Watertight and Tank Bulkhead Main Supporting Members

23.1 Transverse Watertight Bulkhead (1 July 2021)
For the service conditions with dynamic container load and relative displacements due to torsion, the
minimum scantlings for the horizontal girders and vertical webs on the watertight bulkhead are to be
determined in accordance with the subsequent paragraphs of this Section. Alternatively, these scantlings
may be determined from the total strength assessment in Section 5C-5-5. However, in no case are the
scantlings to be taken less than 85% of those determined from the corresponding equations below for the
service conditions. For container carriers where SH-DLA analysis is performed, the horizontal girder on
transverse bulkhead may be evaluated by SH-DLA as an alternative solution.

For the flooding conditions, the minimum scantlings for the horizontal and vertical webs on the watertight
bulkhead are to be determined in accordance with the subsequent paragraphs of this Section. Alternatively,
the horizontal and vertical webs may also be evaluated using a finite element model in conjunction with
the design flooding pressures specified in 5C-5-3/5.5.3 TABLE 2 and the corresponding permissible
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bending and shear stresses in this Section. The mesh size of the finite element model should be sufficiently
refined so that the openings in the horizontal girders and vertical webs can be properly modeled.
Alternatively, the allowable Von Mises stress limit may be utilized in lieu of permissible bending and shear
stresses. The allowable von-Mises stress limit for the analysis is defined as listed below. For structural
members in area of high stress gradient, such as opening, structures discontinuities, etc, the allowable
stresses are to be adjusted according to mesh size, where LS is the mesh size of one-longitudinal space.
Reference is made to the ABS Guidance Notes on SafeHull Finite Element Analysis of Hull Structures for
modeling guidance.

● Mesh size: LS, Allowable stress: fy
● Mesh size: 1/3 LS, Allowable stress: 1.12fy
● Mesh size: 1/5 LS – 1/10 LS, Allowable stress: 1.25fy
23.1.1 Section Modulus of Horizontal Girder

The net section modulus of horizontal girders on watertight bulkheads is not to be less than SM1
and SM2 as defined below, whichever is greater (see also 5C-5-4/1.3):SM1 = (M1+M2)/fb1     cm3(in3)SM2 = M3/fb2     cm3(in3)M1 = k110, 000c2Pℓℓb     N− cm(kgf − cm, lbf − in . )M2 = k26, 000EIδc3/ℓb2     N− cm(kgf − cm, lbf − in . )M3 = k110, 000c2psℓb2     N− cm(kgf − cm, lbf − in . )
wherek1 = 1.0 (1.0,0.269)k2 = 1.0 (1.0,2.24)Pℓ = dynamic container load in longitudinal direction on horizontal girder, in kN (tf, Ltf)

= Q/(n+ 1)n = number of the horizontal girdersQ = m1m2W(ℓv/ℎ4)(sin(0 . 5ϕ) + 0 . 5aℓ/g)ϕ = angle of pitch, in degrees, as specified in 5C-5-3/5.5.1(a)aℓ = longitudinal acceleration, as specified in 5C-5-3/5.5.1(c) at the mid-span of the vertical
web of span ℓv, in m/sec2 (ft/sec2 )ℓv = span of vertical web, in m (ft), as defined in 5C-5-4/23 FIGURE 12 and 5C-5-4/23
FIGURE 13, as applicableℓb = span of the horizontal girders measured between the longitudinal bulkheads, in m (ft),
as defined in 5C-5-4/23 FIGURE 12 and 5C-5-4/23 FIGURE 13, as applicablep = pressure for flooding condition calculated at the mid-span of the horizontal girder
under consideration, in kN/m2 (tf/m2, Ltf/ft2), as specified in 5C-5-3/5.5.3 TABLE 2s = spacing of the horizontal girders under consideration, in m (ft)
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δ = relative displacement in longitudinal direction due to torsion at both ends of horizontal
girder under consideration, in cm (in.)

= 60Cn(TM+ TS)L02ωM(yℎ− db)/[EαMΓM(D − db)]TM = nominal wave-induced torsional moment amidships, in kN (tf-m, Ltf-ft), as defined in
5C-5-3/5.1.5TS = still-water torsional moment amidships, in kN (tf-m, Ltf-ft), as specified in 5C-5-3/3.1yℎ = vertical distance from baseline to the horizontal girder under consideration, in m (ft)db = depth of the double bottom, in m (ft)D = vessel’s depth, in m (ft), as defined in 3-1-1/7c2 = 0 . 316α2 for α < 0 . 5

= 0 . 204α2+ 0 . 028 for 0 . 5 ≤ α ≤ 1 . 0
= 0 . 077α+ 0 . 16 for α > 1 . 0c2 is not to be taken less than 0.05α = 0 . 9(ℓv/ℓb)   [(I/Iv)(sv/s)]1/4

if more than one vertical web is fitted on the bulkhead, average values of ℓv, sv andIv
are to be used when these values are not the same for each web.sv = spacing of vertical webs, in m (ft)I = moment of inertia of the horizontal girder at the mid-span, in m4 (ft4)Iv = moment of inertia of the vertical web at the mid-span, in m4 (ft4)c3 = 2z/ℓb, ≥ 0 . 4z = horizontal distance from the mid-span of the horizontal girder to the location under
consideration, in m (ft), as defined in 5C-5-4/23 FIGURE 12 or 5C-5-4/23 FIGURE 13E = modulus of elasticity of the material, may be taken as 2.06 × 108 kN/m2 (2.1 × 107 tf/
m2 , 1.92 × 106 Ltf/ ft2) for steelfb1 = permissible bending stress for service conditions, in N/cm2 (kgf/cm2 , lbf/in2)

= 0 . 70Smfyfb2 = permissible bending stress for flooding condition, in N/cm2 (kgf/cm2 , lbf/in2)

= 0 . 95SmfyCn,αM,ΓM and ωM are as defined in 5C-5-4/5.L0 is as defined in 5C-5-4/7.3.m1,m2,W, ℎ4 and g are as defined in 5C-5-4/15.5.3.Sm and fy are as defined in 5C-5-4/9.3.1.

23.1.2 Web Sectional Area of Horizontal Girder
The net sectional area of the web portion of horizontal girders on watertight bulkheads is not to be
less than A1 and A2, as defined below, whichever is greater (see also 5C-5-4/1.3);
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A1 = (F1+ F2)/fs1     cm2(in2)A2 = F3/fs2     cm2(in2)F1 = k2500cFPℓ     N(kgf, lbf)F2 = k120EIδ/ℓb3     N(kgf, lbf)F3 = k2500cFpsℓb     N(kgf, lbf)
wherek = 1.0 (1.0, 18.67)cF = 0 . 51α − 0 . 01   for α < 0 . 7

= 0 . 42α1/2  for 0 . 7 ≤ αcF is not to be taken less than 0.25.fs1 = permissible shear stress for service conditions, in N/cm2 (kgf/cm2, lbf/in2)

= 0 . 45Smfyfs2 = permissible shear stress for flooding condition, in N/cm2 (kgf/cm2, lbf/in2)

= 0 . 54SmfySm and fy are as defined in 5C-5-4/9.3.1.k2,α,Pℓ, p, s, ℓb,E, I and δ are as defined in 5C-5-4/23.1.1 above.

23.1.3 Section Modulus of Vertical Web
The net section modulus of vertical webs on watertight bulkheads is not to be less than obtained
from the following equation (see also 5C-5-4/1.3):SM = M/fb     cm3(in3)M = k110, 000cMpsvℓv2     N− cm(kgf − cm, lbf − in)
wherek1 = 1.0 (1.0, 0.269)ℓv = span of vertical web, in m (ft), as defined in 5C-5-4/23 FIGURE 12 and5C-5-4/23

FIGURE 13, as applicablesv = spacing of vertical webs, in m (ft)p = pressure for flooding condition calculated at the mid-span of the vertical web under
consideration, in kN/m2 (tf/m2, Ltf/ft.2), as specified in 5C-5-3/5.5.3 TABLE 2cM = 0.637 for bulkhead without horizontal girder

= 0 . 637− 0 . 4α ≥ 0 . 35   for bulkhead with horizontal girder
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α = as defined in 5C-5-4/23.1.1, except that the value of s, ℓb and I are to be averaged in
case more than one horizontal girder is fitted on bulkheadfb = permissible bending stress for flooding condition, in N/cm2 (kgf/cm2, lbf/in2)

= 0 . 95SmfySm and fy are as defined in 5C-5-4/9.3.1.

23.1.4 Web Sectional Area of Vertical Web
The net sectional area of the web portion of vertical webs on watertight bulkheads is not to be less
than obtained from the following equation (see also 5C-5-4/1.3):A = F/fs     cm2(in2)F = k2600c1c2psvℓv     N(kgf, lbf)
wherec1 = 0.678 for bulkhead without horizontal girder

= 0.678 − 0.36α, ≥ 0.45 for bulkhead with horizontal girderc2 = 1− 0 . 4y/ℓvy = vertical distance from the lower end of the vertical web to the location under consideration, in m (ft),
as defined in 5C-5-4/23 FIGURE 12 or 5C-5-4/23 FIGURE 13fs = permissible shear stress for flooding condition, in N/cm2 (kgf/cm2 , lbf/in2 )

= 0 . 54SmfySm and fy are as defined in 5C-5-4/9.3.1.ℓv, sv, p and α are as defined in 5C-5-4/23.1.3 above.k2 is as defined in 5C-5-4/23.1.1 above.

23.3 Mid-hold Strength Bulkhead
Where fitted in accordance with 3-2-9/1.7, mid-hold strength bulkheads are to meet the following
requirements. The requirements of the net section modulus and net sectional area for horizontal girders and
vertical webs may be reduced provided the strength of the resultant design is verified with the subsequent
total strength assessment in Section 5C-5-5. However, in no case are they to be taken less than 85% of
those determined from the following equations.

23.3.1 Section Modulus of Horizontal Girder
The net section modulus of horizontal girders on mid-hold strength bulkheads is not to be less than
obtained from the following equation (see also 5C-5-4/1.3):SM = (M1+M2)/fb     cm3 in3M1 = k110, 000c2Pℓℓb     N− cm kgf − cm, lbf − inM2 = k26, 000EIδc3/ℓb2     N− cm kgf − cm, lbf − in
where
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fb = permissible bending stress, in N/cm2 (kgf/cm2, lbf/in2)

= 0 . 75Smfy – 1, 000Pt/APt = dynamic container load in transverse direction on horizontal girder, in kN (tf, Ltf)

= c4Qt/(n+ 1)c4 = 0 . 5 + z/ℓb
n = number of the horizontal girdersQt = m1(m2 – 1)W(ℓv/ℎ4)(sin(0 . 5θ) + 0 . 5at/g)
θ = angle of roll at LWL draft, in degrees, as specified in 5C-5-3/5.5.1(b)at = transverse acceleration amidships, as specified in 5C-5-3/5.5.1(c) at the mid-span of

vertical web of span ℓv for wave heading of 60°, in m/sec2 (ft./sec2)A = net cross sectional area of the horizontal girder, in cm2 (in.2)Sm and fy are as defined in 5C-5-4/9.3.1.m1,m2,W, ℎ4 and g are as defined in 5C-5-4/15.5.3.k1,k2,Pℓ, ℓb, ℓv,E, I, δ, c2, c3 and z are as defined in 5C-5-4/23.1.1 above.

23.3.2 Web Sectional Area of Horizontal Girder
The net sectional area of the web portion of horizontal girders on mid-hold strength bulkheads is
not to be less than obtained from the following equation (see also 5C-5-4/1.3):A1 = (F1+ F2)/fs     cm2(in .2 )F1 = k2500cFPℓ     N(kgf, lbf)F2 = k120EIδ/ℓb3     N kgf, lbf
wherefs = permissible shear stress, in N/cm2 (kgf/cm2, lbf/in2)

= 0 . 45SmfySm and fy are as defined in 5C-5-4/9.3.1.k2,Pℓ, ℓb,E, I and δ are as defined in 5C-5-4/23.1.1 above.k and cF are are as defined in 5C-5-4/23.1.2 above.

23.3.3 Section Modulus of Vertical Web
The net section modulus of the vertical web on mid-hold strength bulkheads is not to be less than
obtained in 5C-5-4/23.3.3(a) and 5C-5-4/23.3.3(b) below.
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23.3.3(a) Section Modulus Parallel to Transverse Section.The net section modulus of the vertical
web on mid-hold strength bulkheads, about the neutral axis parallel to the transverse section of the
vessel, is not to be less than obtained from the following equation (see also 5C-5-4/1.3):SM = M/fb     cm3(in3)M = k110, 000cMPℓℓv     N− cm(kgf − cm, lbf − in . )
wherePℓ = dynamic container load in longitudinal direction on vertical web, in kN (tf, Ltf)

= Qℓ/(n+ 1)n = number of the vertical websQℓ = m1m2W(ℓv/ℎ4)[sin(0 . 71ϕ) + 0 . 5aℓ/g]ϕ = angle of pitch, in degrees, as specified in 5C-5-3/5.5.1(a).aℓ = longitudinal acceleration, as specified in 5C-5-3/5.5.1(c), at the mid-span of the vertical
web, in m/sec2 (ft/sec2)fb = permissible bending stress, in N/cm2 (kgf/cm2, lbf/in2)

= 0 . 75Smfy – 1, 000Pv/APv  = static and dynamic container load in vertical direction on vertical web, in kN (tf, Ltf)

= Qv/(n+ 1)Qv  = md1md2Wd(1 + 0 . 57av/g)(ℓb/B)md1 = tier number of container stacks on deck

md2 = row number of container stacks on deck

Wd = maximum design weight of an equivalent 40 ft container on deck, not to be taken less
than 176.5 kN (18 tf, 17.7 Ltf)av = vertical acceleration amidships, as specified in 5C-5-3/5.5.1(c) for wave heading angle
of 0°, in m/sec2 (ft/sec2)A = net sectional area of the vertical web, in cm2 (in2)B = breadth of vessel, in m (ft), as defined in 3-1-1/5.Sm and fy are as defined in 5C-5-4/9.3.1.m1,m2,W, ℎ4 and g are as defined in 5C-5-4/15.5.3.k1 and ℓb are as defined in 5C-5-4/23.1.1 above.cM and ℓv are as defined in 5C-5-4/23.1.3 above.

23.3.3(b) Section Modulus Parallel to Longitudinal Section. The net section modulus of the
vertical web, about the neutral axis parallel to the center line of the vessel, is not to be less than
obtained from the following equation (see also 5C-5-4/1.3):
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SM = M/fb     cm3(in3)M = k1cPt1ℓv1     N− cm(kgf − cm, lbf − in . )
wherek1 = 1.0 (1.0, 0.269)ℓv1 = span of vertical web between adjacent horizontal girders, in m (ft), as defined in

5C-5-4/23 FIGURE 12 and 5C-5-4/23 FIGURE 13 for bulkhead with horizontal
girders

= ℓv for bulkhead without horizontal girderc = 12500 where two (2) containers are located between adjacent horizontal girders

= 22200 where three (3) containers are located between adjacent horizontal girders

= 8330(m1 – 1) where there is no horizontal girderPt1 = W[sin(0 . 71θ) + 0 . 64at/g], in kN (tf, Ltf)θ = angle of roll at LWL draft, in degrees, as specified in 5C-5-3/5.5.1(b)at = transverse acceleration amidships, as specified in 5C-5-3/5.5.1(c) at the level of the
mid-span ℓv1 of vertical web of span, ℓv1 for wave heading angle of 90°, amidships, in
m/sec2 (ft/sec2)fb = permissible bending stress, in N/cm2 (kgf/cm2, lbf/in2)

= 0 . 80   Smfym1,W and g are as defined in 5C-5-4/15.5.3.Sm and fy are as defined in 5C-5-4/9.3.1.

23.3.4 Web Sectional Area of Vertical Web
The net sectional area of the web portion of the vertical web on mid-hold strength bulkheads is not
to be less than obtained from the following equation, (see also 5C-5-4/1.3):A = F/fs     cm2(in2)F = k2500c1Pℓ     N(kgf, lbf)
wherefs = permissible shear stress, in N/cm2 (kgf/cm2, lbf/in2)

= 0 . 45SmfySm and fy are as defined in 5C-5-4/9.3.1.k2 is as defined in 5C-5-4/23.1.1 above.c1 is as defined in 5C-5-4/23.1.4 above.
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Pℓ is as defined in 5C-5-4/23.3.3(a) above.

23.5 Main Supporting Members on Boundaries of Fuel Oil Tank
The minimum scantlings for horizontal and vertical webs on transverse tank bulkheads and longitudinal
tank bulkheads which form boundaries of fuel oil tanks in the cargo hold or under the deck house are to be
determined in accordance with the subsequent paragraphs of this section.

23.5.1 Section Modulus of Horizontal Girder on Transverse Tank Bulkheads
The net section modulus of horizontal girders on transverse tank bulkheads is not to be less thanSM1 and SM2, as defined below, whichever is greater (see also 5C-5-4/1.3):SM1 = (M1+M2)/ƒb1     cm3 in3SM2 = M3/ƒb2     cm3 in3M1 = k110, 000c2Pℓℓb     N− cm(kgf − cm, lbf − in . )M2 = k26, 000EIδc3ℓb/ℓwb3     N− cm(kgf − cm, lbf − in . )M3 = k110, 000c2psℓb2     N− cm(kgf − cm, lbf − in . )
wherePℓ = dynamic container load in longitudinal direction on horizontal girder, in kN (tf, Ltf)

= Q/(n+ 1)Q = m1mrW(ℓv/ℎ4)(sin(0 . 5ϕ) + 0 . 5aℓ/g)mr = row number of container stacks between longitudinal tank bulkhead, as shown in
5C-5-4/23 FIGURE 14, as applicableℓv = span of vertical web, in m (ft), as defined in 5C-5-4/23 FIGURE 14 and 5C-5-4/23
FIGURE 15, as applicableℓb = span of the horizontal girders measured between the longitudinal tank bulkheads, in m
(ft), as defined in 5C-5-4/23 FIGURE 14, as applicableℓwb = distance between the longitudinal bulkheads, in m (ft), as defined in 5C-5-4/23
FIGURE 14, as applicable  p = nominal pressure at the mid-span of the horizontal girder under consideration, in
kN/m2 (tf/m2, Ltf/ft2), as specified in 5C-5-3/5.5.3 TABLE 2ƒb1 = permissible bending stress for dynamic container load and torsion, in N/cm2 (kgf/cm2,
lbf/in2)

= 0 . 70Smƒyƒb2 = permissible bending stress for nominal pressure, in N/cm2 (kgf/cm2, lbf/in2)

= 0 . 95SmƒySm and ƒy are as defined in 5C-5-4/9.3.1.m1,W, ℎ4 and g are as defined in 5C-5-4/15.5.3.
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k1, k2,n, ϕ, aℓ, c2, c3, s, δ,E, and I are as defined in 5C-5-4/23.1.1 above.

23.5.2 Web Sectional Area of Horizontal Girder on Transverse Tank Bulkheads
The net sectional area of the web portion of horizontal girders on transverse tank bulkheads is not
to be less than A1 and A2, as defined below, whichever is greater (see also 5C-5-4/1.3);A1 = (F1+ F2)/ƒs1     cm2 in2A2 = F3/ƒs2     cm2 in2F1 = k2500cFPℓ     N(kgf, lbf)F2 = k120EIδℓb/ℓwb4     N(kgf, lbf)F3 = k2500cFpsℓb     N(kgf, lbf)
whereƒs1 = permissible shear stress for dynamic container load and torsion, in N/cm2 (kgf/cm2,

lbf/in2)

= 0 . 45Smƒyƒs2 = permissible shear stress for nominal pressure, in N/cm2 (kgf/cm2, lbf/in2)

= 0 . 54SmƒySm and ƒy are as defined in 5C-5-4/9.3.1.k2, s, δ,E , and I are as defined in 5C-5-4/23.1.1 above.k   and cF in in 5C-5-4/23.1.2 above.Pℓ, p, ℓb , and ℓwb, are as defined in 5C-5-4/23.5.1 above.

23.5.3 Section Modulus of Vertical Web on Transverse Tank Bulkheads
The net section modulus of vertical webs on transverse tank bulkheads is not to be less than that
obtained from the following equation (see also 5C-5-4/1.3):SM = M/ƒb     cm3 in3M = k110, 000cMpsvℓv2     N− cm kgf − cm, lbf − in .
whereƒb = permissible bending stress for nominal pressure, in N/cm2 (kgf/cm2, lbf/in2)

= 0 . 95SmƒySm and ƒy are as defined in 5C-5-4/9.3.1.k1 and sv are as defined in 5C-5-4/23.1.1 above.
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cM is as defined in 5C-5-4/23.1.3 above.ℓv  and p are as defined in 5C-5-4/23.5.1 above.

23.5.4 Web Sectional Area of Vertical Web on Transverse Tank Bulkheads
The net sectional area of the web portion of vertical webs on transverse tank bulkheads is not to be
less than obtained from the following equation (see also 5C-5-4/1.3):A = F/ƒs     cm2 in2F = k2600c1c2psvℓv     N kgf, lbf
wherec2 = 1− 0 . 4y/ℓv  y = vertical distance from the lower end of the vertical web to the location under

consideration, in m (ft), as defined in 5C-5-4/23 FIGURE 14ƒs = permissible shear stress for nominal pressure, in N/cm2 (kgf/cm2, lbf/in2)

= 0 . 54   SmƒySm and ƒy are as defined in 5C-5-4/9.3.1.k2 and sv are as defined in 5C-5-4/23.1.1 above.c1 is as defined in 5C-5-4/23.1.4 above.ℓv and p are as defined in 5C-5-4/23.5.1 above.

23.5.5 Section Modulus of Horizontal Girder on Longitudinal Tank Bulkheads
The net section modulus of horizontal girders on longitudinal tank bulkheads forming tank
boundaries is not to be less than SM, as defined below (see also 5C-5-4/1.3):SM = M/ƒb     cm3 in3M = k110, 000c2psℓb2     N− cm(kgf − cm, lbf − in)
whereℓb = span of the horizontal girders measured between the transverse tank bulkheads, in m

(ft), as defined in 5C-5-4/23 FIGURE 15, as applicablep = nominal pressure calculated at the mid-span of the horizontal girder under
consideration, in kN/m2 (tf/m2, Ltf/ft2), as specified in 5C-5-3/5.5.3 TABLE 2ƒb = permissible bending stress for nominal pressure, in N/cm2 (kgf/cm2, lbf/in2)

= 0 . 95   SmƒySm and ƒy are as defined in 5C-5-4/9.3.1.k1, c2 , and s are as defined in 5C-5-4/23.1.1 above.
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23.5.6 Web Sectional Area of Horizontal Girder on Longitudinal Tank Bulkheads
The net sectional area of the web portion of horizontal girders on longitudinal tank bulkheads
forming tank boundaries is not to be less than A, as defined below (see also 5C-5-4/1.3):A = F/ƒs     cm2(in2)F = k2500cFpsℓb     N(kgf, lbf)
whereƒs = permissible shear stress for nominal pressure, in N/cm2 (kgf/cm2, lbf/in2)

= 0.54SmfySm and ƒy are as defined in 5C-5-4/9.3.1.k2 and s are as defined in 5C-5-4/23.1.1 above.cF is as defined in 5C-5-4/23.1.2 above.p and ℓb, are as defined in 5C-5-4/23.5.5 above.

23.5.7 Section Modulus of Vertical Web on Longitudinal Tank Bulkheads
The net section modulus of vertical webs on longitudinal tank bulkheads is not to be less than that
obtained from the following equation (see also 5C-5-4/1.3):SM = M/ƒb     cm3(in3)M = k110, 000cMpsvℓv2     N− cm(kgf − cm, lbf − in . )
whereƒb = permissible bending stress for nominal pressure, in N/cm2 (kgf/cm2, lbf/in2)

= 0 . 95SmƒySm and ƒy are as defined in 5C-5-4/9.3.1.k1 and sv are as defined in 5C-5-4/23.1.1 above.cM is as defined in 5C-5-4/23.1.3 above.ℓv and p are as defined in 5C-5-4/23.5.5 above.

23.5.8 Web Sectional Area of Vertical Web on Longitudinal Tank Bulkheads
The net sectional area of the web portion of vertical webs on longitudinal tank bulkheads is not to
be less than obtained from the following equation (see also 5C-5-4/1.3):A = F/ƒs     cm2 in2F = k2600c1c2psvℓv     N kgf, lbf
where
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c2 = 1− 0 . 4y/ℓvy = vertical distance from the lower end of the vertical web to the location under
consideration, in m (ft), as defined in 5C-5-4/23 FIGURE 15ƒs = permissible shear stress for nominal pressure, in N/cm2 (kgf/cm2, lbf/in2)

= 0.54 SmfySm and ƒy are as defined in 5C-5-4/9.3.1.k1 and sv are as defined in 5C-5-4/23.1.1 above.c1 is as defined in 5C-5-4/23.1.4 above.ℓv and p are as defined in 5C-5-4/23.5.5 above.

23.7 Minimum Thickness and Stiffening Arrangement of Webs (1 July 2021)
The net thickness of the web plate of the main supporting members is to be not less than 8.0 mm (0.315
in.).

Suitable stiffening arrangements are to be considered based on the structural stability of the web plates.
Tripping brackets are to be fitted at intervals of about 3 m (10 ft).

FIGURE 12 
Transverse Watertight and Mid-hold Strength Bulkhead 
Definition of Spans for Bulkhead without Bottom Stool
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FIGURE 13 
Transverse Watertight and Mid-hold Strength Bulkhead 

Definitions of Spans for Bulkhead with Bottom Stool
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FIGURE 14
Transverse Tank Bulkhead Definition of Spans for Bulkhead with 

Fuel Oil Tank in The Cargo Hold or Under The Deck House

FIGURE 15
Longitudinal Tank Bulkhead Definitions of Spans for Bulkhead with 

Fuel Oil Tank in the Cargo Hold or Under the Deckhouse
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25 Fuel Oil Tank Tops

25.1 Fuel Oil Tank Top Plating (1 July 2021)
In general, the net thickness of fuel oil tank top plating is not to be less than t or 8.5 mm (0.335 in.),
whichever is greater:t = 0 . 73sk(k1p/f)1/2     mm(in . )
wheres = spacing of fuel oil tank top longitudinals, in mm (in.)k1 = 0.500k = (3 . 075(α)1/2− 2 . 077)/(α+ 0 . 272), (1 ≤ α ≤ 2)

= 1 . 0, (α > 2)a = aspect ratio of the panel (longer edge/shorter edge)p = nominal pressure, in N/cm2 (kgf/cm2, lbf/ in2), as specified in 5C-5-3/5.5.3 TABLE 2.f = permissible bending stress in longitudinal direction, in N/cm2 (kgf/cm2, lbf/in2)

= 0 . 90Smƒy
In addition to the above requirement, the fuel oil tank top plating contributing to the hull girder bending
strength is to comply with the requirements in 5C-5-4/13.11.

25.3 Fuel Oil Tank Top Longitudinals
The net section modulus of each individual fuel oil tank top longitudinal or transverse stiffener, in
association with the effective plating, is not to be less than that obtained from the following equations:SM = M/fb     cm3(in3)M = psℓ2103/k     N− cm(kgf − cm, lbf − in)
wherek = 12 (12, 83.33)s = spacing of longitudinals or transverse stiffeners, in mm (in.)ℓ = span of longitudinals or transverse frames between effective supports, as shown in 5C-5-4/9

FIGURE 6, in m (ft)p = nominal pressure, in N/cm2 (kgf/cm2, lbf/in2), as specified in 5C-5-3/5.5.3 TABLE 2.fb = permissible bending stress, in N/cm2 (kgf/cm2, lbf/in2)

= 0 . 80   SmƒySm and fy are as defined in 5C-5-4/9.5.
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C H A P T E R  5
Vessels Intended to Carry Containers (130 meters (427 feet) to 450

meters (1476 feet) in Length)

S E C T I O N  5
Total Strength Assessment

1  General Requirements

1.1 General
When assessing the adequacy of the structural configuration and the initially selected scantlings, the
strength of the hull girder and the individual structural member or element is to be in compliance with the
failure criteria specified in 5C-5-3/3, 5C-5-5/5 and 5C-5-5/7 below. In this regard, the structural response
(load effects) is to be calculated by performing a structural analysis as specified in 5C-5-5/9 or by other
equivalent and effective means. Due consideration is to be given to structural details as given in
5C-5-5/1.7.

1.3 Loads and Load Cases
In the determination of the structural response, the combined load cases given in 5C-5-3/9.3 are to be
considered. Bottom slamming, bowflare slamming and other loads, as specified in 5C-5-3/11 and
5C-5-3/13, are also to be considered as necessary.

1.5 Stress Components
The total stress in stiffened plate panels of the hull girder can be divided into the following three
categories:

1.5.1 Primary
Primary stresses are those resulting from hull girder bending. The primary bending stresses may
be determined by simple beam theory using the specified total vertical and horizontal wave
bending moments and the effective hull girder section modulus at the section considered. These
primary stresses, designated by fL1 (fL1V, fL1H for vertical and horizontal bending, respectively)
may be regarded as uniformly distributed across the thickness of plate elementsat the same
level,measuring from the relevant neutral axis of the hull girder.

In addition, warping stresses in the longitudinal direction, fLW, are also to be considered for the
deck structures as specified in this section.
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1.5.2 Secondary
Secondary stresses are those resulting from bending of large stiffened panels between longitudinal
and transverse bulkheads due to local loads. The secondary bending stresses,designated by fL2 orfT2, are to be determined by performing a 3D FEM analysis as outlined in this section.

For longitudinally stiffened hull structures, there is another secondary stress corresponding to
bending of longitudinals with the associated plating between deep transverses or floors. These
additional secondary stresses, designated by fL2* , may be approximated by simple beam theory.

The secondary stresses, fL2,fT2 or fL2* , may be taken as uniformly distributed in the flange plating
and face plates.

1.5.3 Tertiary
Tertiary stresses are those resulting from local bendings of the plate panels between stiffeners. The
tertiary stresses, designated by fL3 or fT3, can be calculated using classic plate theory. These
stresses are referred to as point stresses at the surface of the plate.

1.7 Structural Details
The strength criteria specified in 5C-5-4/3 through 5C-5-4/23 and Section 5C-5-6 are based on
assumptions that all structural joints and welded details are properly designed and fabricated and are
compatible with the anticipated working stress levels at the locations considered. It is critical to closely
examine the loading patterns, stress concentrations and potential failure modes of all structural joints and
details during the design of highly stressed regions. In this exercise, failure criteria specified in 5C-5-5/3,
5C-5-5/5 and 5C-5-5/7 may be used to assess the adequacy of structural details.

To enhance the structural integrity and to prevent possible cracks at hatch corners, due consideration is to
be given to the shapes of cut-outs and to the heavy insert plates as shown in 5C-5-4/1 FIGURE 2, of
material with impact properties corresponding to the material class required for stringer plate in strength
deck in 3-1-2/Tables 1 and 2.

3  Yielding Criteria

3.1 General
To prevent structural failure due to material yielding,the calculated stresses in the hull structure are to be
within the limits given below for all the combined load cases specified in 5C-5-3/9.3.

3.3 Structural Members and Elements
For all structural members and elements, such as longitudinals/stiffeners, web plates and flanges, the
combined effects of all the calculated stress components are to satisfy the following limit:fi ≤ Smfy     N/cm2(kgf/cm2, lbf/in2)
wherefi = stress intensity

= fL2+ fT2− fLfT+ 3fLT2 1/2fL = calculated total in-plane stress in the longitudinal direction including the primary, secondary
and local load effects

= fL1+ fL2+ fL2* + fLW N/cm2 (kgf/cm2, lbf/in2)fL1 = direct stress due to primary (hull girder) bending, in N/cm2 (kgf/cm2, lbf/in2)
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fL2 = direct stress due to secondary bending between bulkheads in the longitudinal direction N/cm2

(kgf/cm2, lbf/in2)fL2* = direct stress due to local bending of longitudinals or stiffeners between transverses in the
longitudinal direction, in N/cm2 (kgf/cm2, lbf/in2)fLW = warping stresses in the longitudinal direction, in N/cm2 (kgf/cm2, lbf/in2)fT = calculated total direct stress in the transverse/vertical direction, including the secondary and
local load effects

= fT2+ fT2*  N/cm2 (kgf/cm2, lbf/in2)fLT = calculated total in-plane shear stress, in N/cm2 (kgf/cm2, lbf/in2)fT2 = direct stress due to secondary bending between bulkheads in the transverse/vertical direction,
in N/cm2 (kgf/cm2, lbf/in2)fT2* = direct stress due to local bending of stiffeners in the transverse/vertical direction, in N/cm2

(kgf/cm2, lbf/in2)fy = specified minimum yield point, in N/cm2 (kgf/cm2, lbf/in2)Sm = strength reduction factor, as defined in 5C-5-4/9.3.1

For this purpose, fL2*  and fT2*  in the flanges of longitudinals and stiffeners, at the ends of their spans, may
be obtained from the following equation:fL2* = 0 . 071spℓ2/SML     N/cm2(kgf/cm2, lbf/in2)fT2* = 0 . 071spℓ2/SMT     N/cm2(kgf/cm2, lbf/in2)
wheres = spacing of longitudinals (stiffeners), in cm (in.)ℓ = unsupported span of the longitudinal (stiffener), in cm (in.)p = net pressure load, in N/cm2 (kgf/cm2, lbf/in2), for the longitudinal (stiffener)SML(SMT) = net section modulus, in cm3 (in3), of the longitudinal (stiffener)

3.5 Plating
For plating away from knuckle or cruciform connection of high stress concentrations and subject to both
in-plane and lateral loads, the combined effects of all of the calculated stress components are to satisfy the
limits specified in 5C-5-5/3.3 above with fL and fT modified as follows:fL = fL1+ fL2+ fL2* + fLW+ fL3     N/cm2(kgf/cm2, lbf/in2)fT = fT2+ fT2* + fT3     N/cm2(kgf/cm2, lbf/in2)
wherefL3, fT3 = equivalent plate bending stresses between stiffeners in the longitudinal and transverse directions,

respectively, and may be approximated as follows:fL3 = kLp(s/tn)2 N/cm2 (kgf/cm2, lbf/in2)
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fT3 = kTp(s/tn)2 N/cm2 (kgf/cm2, lbf/in2)kL = 0.182 or 0.266 for stiffeners in the longitudinal or transverse direction, respectivelykT = 0.266 or 0.182 for stiffeners in the longitudinal or transverse direction, respectivelyp = net lateral pressures for the combined load case considered (see 5C-5-3/5.5.3 TABLE 2) in N/cm2

(kgf/cm2, lbf/in2)s = stiffeners spacing, in mm (in.)tn = net plate thickness, in mm (in.)

For plating within two longitudinals or stiffeners from knuckle or cruciform connections of high stress
concentrations, the combined effects of the calculated stress components are to satisfy the following stress
limit:fi ≤ 0 . 80Smfy
wherefi = stress intensity

 = (fL2+ fT2− fLfT+ 3fLT2 )1/2fL = calculated total in-plane stress in the longitudinal direction including the primary and
secondary stresses

 = fL1+ fL2+ fLW       N/cm2 (kgf/cm2, lbf/in2)fT = calculated total direct stress in the transverse/vertical direction, including the secondary
stresses

 = fT2     N/cm2 (kgf/cm2, lbf/in2)

In addition, the failure criteria for knuckle or cruciform connections in 5C-5-5/11 are to be complied with.fL1, fL2,fL2* , fLW, fT2 and fT2*  are as defined in 5C-5-5/3.3 above.

5  Buckling And Ultimate Strength Criteria

5.1 General
5.1.1 Approach

The strength criteria given here correspond to either serviceability (buckling) state limit or
ultimate state limit for structural members and panels, according to the intended functions and
buckling resistance capability of the structure. For plate panels between stiffeners of decks, shell
or plane bulkhead, buckling in the elastic range is acceptable provided that the ultimate strength of
the structure satisfies the specified design limits. The critical buckling stresses and ultimate
strength of structural elements and members may be determined based on either well documented
experimental data or a calibrated analytical approach. When a detailed analysis is not available,
the equations given in Appendix 5C-5-A2 may be used to assess the buckling strength.

5.1.2 Buckling Control Concepts
The strength criteria, given in 5C-5-5/5.3 through 5C-5-5/5.11 below, are based on the following
assumptions and limitations with respect to buckling control in the design.
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5.1.2(a) The buckling strength of longitudinals and stiffeners is generally greater than that of the
plate panels being supported by the stiffeners.

5.1.2(b) All the longitudinals and stiffeners are designed to have moments of inertia with the
associated effective plating not less than given io in 5C-5-A2/11.1.

5.1.2(c) The main supporting members, including transverses, girders and floors with the effective
associated plating, are to have the moment of inertia not less than is given in 5C-5-A2/11.5.

5.1.2(d) Face plates and flanges of girders, longitudinals and stiffeners are proportioned such that
local instability is prevented. (5C-5-A2/11.7).

5.1.2(e) Webs of longitudinals and stiffeners are proportioned such that local instability is
prevented. (5C-5-A2/11.9).

5.1.2(f) Webs of girders, floors and transverses are designed with proper proportions and stiffening
systems to prevent local instability. Critical buckling stresses of the webs may be calculated from
equations given in 5C-5-A2/3.

For structures which do not satisfy these assumptions, a detailed analysis of buckling strength
using an acceptable method is to be submitted for review.

5.3 Plate Panels
5.3.1 Buckling State Limit

The buckling state limit for plate panels between stiffeners is defined by the following equation:(fL/fcL)2+ (fT/fcT)2+ (fLT/fcLT)2 ≤ 1 . 0
wherefL = calculated total compressive stress in the longitudinal direction for the plate, in N/cm2

(kgf/cm2, lbf/in2), induced by bending and torsion of the hull girder and large stiffened
panels between bulkheadsfT = calculated total compressive stress in the transverse/vertical direction, in N/cm2

(kgf/cm2, lbf/in2)fLT = calculated total shear stresses in the horizontal/vertical plane, in N/cm2 (kgf/cm2, lbf/
in2)fcL, fcT andfcLT are the critical buckling stresses corresponding to uniaxial compression in the

longitudinal, transverse/vertical direction and edge shear, respectively, in N/cm2 (kgf/cm2, lbf/in2),
and may be determined from the equations given in Appendix 5C-5-A2.fL, fT and fLT are to be determined for the critical combined load cases specified in 5C-5-3/9.3
including the primary and secondary stresses as defined in 5C-5-5/3.3. fL and fT may be taken as
zero when they are in tension.

5.3.2 Effective Width
When the buckling state limit specified in 5C-5-5/5.3.1 above is not satisfied, the effective widthbwL or bwT of the plating given below is to be used instead of the full width between longitudinals,s, for verifying the ultimate strength as specified in 5C-5-5/5.3.3 below. When the buckling state
limit in 5C-5-5/5.3.1 above is satisfied, the full width between longitudinals, s, may be used as the
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effective width bwL for verifying the ultimate strength of longitudinals and stiffeners specified in
5C-5-5/5.5.

5.3.2(a) For long plate (Compression on the short edges)bwL/s = Ce  Ce = 2 . 25/β – 1 . 25/β2 for β > 1 . 25
= 1.0 for β ≤ 1 . 25β = fy/E 1/2s/tn  fy = specified minimum yield point of the material, in N/cm2 (kgf/cm2, lbf/in2)s ,tn and E are as defined in 5C-5-5/5.3.1 above.

5.3.2(b) For wide plate (Compression on the long edges)bwT/ℓ = Ces/ℓ + 0 . 115(1 – s/ℓ)(1 + 1/β2)2 ≤ 1 . 0
whereℓ = spacing of transverses/girdersCe , s and ℓ are as defined in 5C-5-5/5.3.2(a) above.

5.3.3 Ultimate Strength
The ultimate strength of a plate panel between stiffeners is to satisfy all of the following
equations.(fL/fuL)2+ (fLT/fuLT)2 ≤ Sm ;(fT/fuT)2+ (fLT/fuLT)2 ≤ Sm ;(fL/fuL)2+ (fT/fuT)2 – η(fL/fuL)(fT/fuT) + (fLT/fuLT)2 ≤ Sm
whereη = (1/2)(3 – β) ≥ 0fL, fT and fLT are as defined in 5C-5-5/5.3.1 above.β is as defined in 5C-5-5/5.3.2 above.Sm is as defined in 5C-5-4/9.3.1.fuL, fuT andfuLT are the ultimate strengths with respect to uniaxial compression and edge shear,
respectively, and may be obtained from the following equations and do not need to be taken less
than the corresponding critical buckling stresses specified in 5C-5-5/5.3.1 above:fuL = fybwL/s ≥ fcL,     fuT = fybwT/ℓ ≥ fcT
for plating longitudinally stiffened
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fuL = fybwT/ℓ ≥ fcL,     fuT = fybwL/s ≥ fcT
for plating transversely stiffenedfuLT = fcLT+ 0 . 5(fy – 1 . 73fcLT)/(1 + α+ α2)1/2 ≥ fcLT
whereα = ℓ/sfy, bwL, bwT, s, ℓ, fcL, fcT andfcLT are as defined above.

When assessing the ultimate strength of plate panels between stiffeners, special attention is to be
paid to the longitudinal bulkhead plating in the regions of high hull girder shear forces, and the
bottom and inner bottom platings in the mid region of cargo holds subject to bi-axial compression.

5.5 Longitudinals and Stiffeners
5.5.1 Beam-Column Buckling State Limits and Ultimate Strength

The buckling state limit for longitudinals and stiffeners are considered as the ultimate state limit
for these members and, in combination with the effective plating, are to be determined as follows:fa/(fcaAe/A) +mfb/fy ≤ Sm
wherefa = nominal calculated compressive stress

= P/A N/cm2 (kgf/cm2, lbf/in2)P = total compressive load, N (kgf, lbf)fca = critical buckling stress, as given in 5C-5-A2/5.1, in N/cm2 (kgf/cm2, lbf/in2)A = total net sectional area, in cm2 (in.2)

= As+ stnAs = net sectional area of the longitudinal, excluding the associated plating, in cm2 (in2)Ae = effective net sectional area, in cm2 (in2)

= As+ bwLtnE = Young's modulus for steel, 2.06 × 107N/cm2 (2.1 × 106 kgf/cm2, 30 × 106 lbf/in2)fy = minimum specified yield point of the longitudinal or stiffener under consideration,
N/cm2 (kgf/cm2, lbf/in2)fb = effective bending stress, N/cm2 (kgf/cm2, lbf/in2)

= M/SMeM = maximum total bending moment induced by lateral loads

= Cmpsℓ2/12 N/cm2 (kgf/cm, lbf/in.)Cm = moment adjustment coefficient and may be taken as 0.75p = lateral pressure for the region considered, in N/cm2 (kgf/cm2, lbf/in2)s = spacing of the longitudinals, cm (in.)
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SMe = effective net section modulus of the longitudinal at flange, including the effective
plating be, in cm3 (in3).be = effective breadth as specified in 5C-5-4/9 FIGURE 7, line b.m = amplification factor

= 1/[1 – fa/π2E(r/ℓ)2] ≥ 1 . 0tn and bWL are as defined in 5C-5-5/5.3, in cm (in.).Sm is as defined in 5C-5-4/9.3.1.r and ℓ are as defined in 5C-5-A2/5.1.

The above ultimate state limit need not be applied to the longitudinals having a relatively rigid
support at one end provided that the bracket system at the rigid end is evaluated using a fine mesh
finite element model and the following strength requirement is complied with:fa/(fcaAe/A) ≤ Sm

5.5.2 Torsional-Flexural Buckling State Limit
In general, the torsional-flexural buckling state limit of longitudinals and stiffeners is to satisfy the
ultimate state limits given below:fa/(fctAe/A) ≤ Sm
wherefa = nominal calculated compressive stress, in N/cm2 (kgf/cm2, lbf/in2), as defined in 5C-5-5/5.5.1 above.fct = critical torsional-flexural buckling stress, in N/cm2 (kgf/cm2, lbf/in2), and may be determined by

equations given in 5C-5-A2/5.5.Ae and A are as defined in 5C-5-5/5.5.1 above and Sm is as defined in 5C-5-4/9.3.1.

5.7 Stiffened Panels
5.7.1 Large Stiffened Panels Between Bulkheads

For a vessel under the assumptions made in 5C-5-5/5.1 above with respect to the buckling control
concepts, the large stiffened panels of the double bottom and double side structures between
transverse bulkheads should automatically satisfy the design limits, provided each individual plate
panel and longitudinally and uniaxially stiffened panel satisfy the specified ultimate state limits.
Assessments of the buckling state limits are to be performed for large stiffened panels of the single
side shell and plane transverse bulkheads. In this regard, the buckling strength is to satisfy the
following condition for uniaxially or orthogonally stiffened panels.(fL/fcL)2+ (fT/fcT)2 ≤ Sm
where
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fL, fT = the calculated average compressive stresses in the longitudinal and transverse/vertical
directions, respectively, in N/cm2 (kgf/cm2, lbf/in2).fcL, fcT = the critical buckling stresses for uniaxial compression in the longitudinal and transverse
direction, respectively, and may be determined in accordance with 5C-5-A2/7 in N/cm2 (kgf/
cm2, lbf/in2)Sm = strength reduction factor as defined in 5C-5-4/9.3.1

5.7.2 Uniaxially Stiffened Panels between Transverses and Girders
The buckling strength of uniaxially stiffened panels between deep transverses and girders is also
to be examined in accordance with the specifications given in 5C-5-5/5.7.1 above.

5.9 Deep Girders and Webs
5.9.1 Buckling Criteria

In general, the stiffness of the web stiffeners along the depth of the web plating is to be in
compliance with the requirements 5C-5-A2/11.3. Web stiffeners which are oriented parallel to and
near the face plate and thus subject to axial compression are also to satisfy the limits specified in
5C-5-5/5.5 considering the combined effect of the compressive and bending stresses in the web. In
this case, the unsupported span of these parallel stiffeners may be taken between tripping brackets,
as applicable.

The buckling strength of the web plate between stiffeners and flange/face plate is to satisfy the
limits specified below:

5.9.1(a) For Web Plate(fL/fcL)2+ (fb/fcb)2+ (fLT/fcLT)2 ≤ Sm
wherefL = calculated uniform compressive stress along the length of the girder, in N/cm2 (kgf/cm2, lbf/in2).fb = calculated ideal bending stress, in N/cm2 (kgf/cm2, lbf/in2).fLT = calculated total shear stress, including hull girder and local loads where applicable, in N/cm2 (kgf/

cm2, lbf/in2).fL, fb and fLT are to be calculated for the panel in question under the combined load cases
specified in 5C-5-3/9.3 and these stresses may be calculated from the relative displacements of
four corner nodes. This method is useful when the meshing within the panel is irregular. However,
care should be taken when one corner of the panel is located in an area of high stress
concentration. The calculated stresses from the above mentioned method tend to be on the
conservative side. If the mesh is sufficiently refined, the plate panel stresses may be calculated
from the displacements slightly away from the corner point in the said high stress concentration.
For a regularly meshed plate panel, fL, fb and fLT may be also directly calculated from the
components stresses for the elements in the panel.fcL, fcb and fcLT are critical buckling stresses
with respect to uniform compression, ideal bending and shear, respectively, and may be
determined in accordance with Appendix 5C-5-A2.Sm is as defined in 5C-5-4/9.3.1.

In the determination of fcL and fcLT, the effects of openings are to be appropriately considered.
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A practical method of determining the buckling strength is the well-established eigenvalue
analysis method with suitable edge constrains. If the predicted buckling stresses exceed the
proportional linear elastic limit, which may be taken as 0 . 6 × fy for steel, plasticity correction is
to be made.

5.9.1(b) For Face Plate and Flange. The breadth to thickness ratio of face plate and flange is to
satisfy the limits given in 5C-5-A2/11.7.

5.9.1(c) For Large Brackets and Sloping Webs. The buckling strength is to satisfy the limits
specified in 5C-5-5/5.9.1(a) above for web plate.

5.9.2 Tripping
Tripping brackets are to be provided in accordance with 5C-5-A2/9.5.

5.11 Longitudinal Deck Girders, Cross Deck Box Beams and Vertical Webs
The buckling and ultimate state limits for the longitudinal deck girders inboard of lines of hatch openings,
the cross deck box beams where no longitudinal deck girder is installed, and the vertical webs of mid-hold
strength bulkhead where no horizontal girder is installed are to be determined as follows:fa/fua+ fb/fy ≤ Sm
wherefa = nominal calculated compressive stress = P/A, in N/cm2 (kgf/cm2, lbf/in2)P = total compressive load, in N (kgf, lbf)fua = critical buckling stress, fca as given in 5C-5-A2/5.1 or fcT as given 5C-5-A2/5.5 whichever is lesser, in N/cm

(kgf/cm2, lbf/in2)A = total net sectional area, in cm2 (in2)fb = effective bending stress, in N/cm2 (kgf/cm2, lbf/in2)

= M/SMM = maximum bending moment, as given in 5C-5-5/5.5.1. (See also 5C-5-A2/5.3.2.)SM = effective section modulus, in cm3 (in3)Sm and fy are as defined in 5C-5-4/9.3.1.

7  Fatigue Life

7.1 General
The fatigue strength of welded joints and details in highly stressed areas isto be analyzed, especially where
higher strength steel is used. Special attention is to be given to structural notches, cut-outs, and bracket
toes and also to abrupt changes of structural sections. A simplified assessment of the fatigue strength of
structural details may be accepted when carried out in accordance with Appendix 5C-5-A1.

The following subparagraphs are intended to emphasize the main points and to outline procedures where
refined spectral analysis techniques are used to establish fatigue strength.

7.1.1 Workmanship
Most fatigue data available were experimentally developed under controlled laboratory conditions.
Therefore, consideration is to be given to the workmanship expected during the construction.
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7.1.2 Fatigue Data
In the selection of appropriate S-N curves and the associated stress concentration factors, attention
is to be paid to the background of all design data and its validity for the details being considered.
In this regard, recognized design data, such as those by AWS (American Welding Society), API
(American Petroleum Institute), and DEn (Department of Energy), should be considered. Sample
fatigue data and their applications are shown in 5C-5-A1. Where other fatigue data are to be used,
the background and supporting data are to be submitted for review.

In this regard, clarification is required whether or not the stress concentration due to the weld
profile, certain structural configurations and also the heat effects are accounted for in the proposed
S-N curve. Considerations are also to be given to the additional stress concentrations.

7.1.3 Total Stress Range
For determining total stress ranges, the fluctuating stress components resulting from the load cases
specified in 5C-5-A1/7.5.2 are to be considered.

7.1.4 Design Consideration
In design, consideration is to be given to the minimization of structural notches and stress
concentrations. Areas subject to highly concentrated forces are to be properly configured and
stiffened to dissipate the concentrated loads. See also 5C-5-5/1.7.

7.1.5 Higher-Strength Hull Structural Thick Steel Plates (1 July 2021)
The fatigue strength of butt welds in the thick steel plates applied to hatch side coaming and deck
connection is to be in accordance with the requirements in the ABS Guide for Application of
Higher-Strength Hull Structural Thick Steel Plates in Container Carriers, where H36 or H40
strength steel with thickness greater than 50 mm (2 in.) and up to 100 mm (4 in.) or H47 strength
steel with thickness up to 100 mm (4 in.) is used for longitudinal structural members in the upper
deck region*.

Note: * The upper deck region is defined as the upper deck plating, hatch side coaming plating, hatch coaming
top plating, and their attached longitudinals.

7.3 Procedures
The analysis of fatigue strength for a welded structural joint/detail may be performed in accordance with
the following procedures.

7.3.1 Step 1 - Classification for Various Critical Locations
The class designations and associated load patterns are given in 5C-5-A1/3.5.1 TABLE 1.

7.3.2 Step 2 - Permissible Stress Range Approach
Where deemed appropriate, the total applied stress range of the structural details classified in Step
1 may be checked against the permissible stress ranges as shown in the Appendix 5C-5-A1.

7.3.3 Step 3 - Refined Analysis
Refined analyses are to be performed as outlined in 5C-5-5/7.3.3(a) or 5C-5-5/7.3.3(b) below for
structural details for which the total applied stress ranges obtained from Step 2 are greater than the
permissible stress ranges, or for which the fatigue characteristics are not covered by the classified
details and the associated S-N curves.

The fatigue life of the structure is generally not to be less than 20 years unless otherwise specified.

7.3.3(a) Spectral Analysis. Alternatively,a spectral analysis may be performed as outlined in
5C-5-5/7.5 below to directly calculate fatigue lives for the structural details in question.
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7.3.3(b) Refined Fatigue Data. For structural details which are not covered by the detail
classifications, proposed S-N curves and the associated SCFs, when applicable, may be submitted
for consideration. In this regard, sufficient supporting data and background are also to be
submitted for review. The refined SCFs may be determined by finite element analyses.

7.5 Spectral Analysis
Where the option in 5C-5-5/7.3.3(a) is exercised, a spectral analysis is to be performed in accordance with
the following guidelines.

7.5.1 Representative Loading Patterns
Several representative loading patterns are to be considered to cover the worst scenarios
anticipated for the design service life of the vessel with respect to the hull girder local loads.

7.5.2 Environmental Representation
Instead of the design wave loads specified in Section 5C-5-3, a wave scatter diagram (such as
Walden Data) is to be employed to simulate a representative distribution of all the wave conditions
expected for the design service life of the vessel. In general, the wave data is to cover a time
period of not less than 20 years. The probability of occurrence for each combination of significant
wave height and mean period of the representative wave scatter diagram is to be weighted based
on the transit time of the vessel at each wave environment within the anticipated shipping routes.
The representative environment (the wave scatter diagram) is not to be taken less severe than the
North Atlantic Ocean in terms of the fatigue damage.

7.5.3 Calculation of Wave Load RAO's
The wave load RAO's with respect to the wave induced bending moments, shear forces, motions,
accelerations and hydrodynamic pressures can then be predicted by ship motion calculation for a
selected representative loading condition.

7.5.4 Generation of Stress Spectrum
The stress spectrum for each critical structural detail (spot) may be generated by performing a
structural analysis accounting for all the wave loads separately for each individual wave group.
For this purpose, the 3D structural model and 2D models specified in Section 5C-5-3 may be used
for determining structural responses. The additional secondary and tertiary stresses are also to be
considered.

7.5.5 Cumulative Fatigue Damage and Fatigue Life
Based on the stress spectrum and the wave scatter diagram established above, the cumulative
fatigue damage and the corresponding fatigue life can be estimated by the Palmgren-Miner linear
damage rule.

9  Calculation of Structural Responses

9.1 Methods of Approach and Analysis Procedures
To verify the strength of the structure, the maximum stresses (load effects) in the structure are to be
determined by performing appropriate structural analyses as outlined below. Guidelines on structural
idealization, load application, and structural analysis are given in the ABS Guidance Notes on SafeHull
Finite Element Analysis of Hull Structures.

9.3 3D Finite Element Models
A simplified three-dimensional (3D) finite element model, usually representing three cargo holds within0 . 4L amidships, is required to determine the load distribution in the structure.
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Two or more 3D F.E. models may be required to simulate the actual arrangements and scantlings to cover
all critical regions for designs where the structural configuration and scantlings of the hold structure vary
significantly among the cargo spaces. A separate 3D F.E. model is recommended to represent the forebody
structures for the analysis when bottom slamming and bowflare slamming are to be considered as specified
in 5C-5-3/11.1 and 5C-5-3/11.3.

9.5 2D Finite Element Models
Two-dimensional fine mesh finite element models are required to determine the stress distribution in major
supporting structures, particularly at intersections of two or more major structural members, for
longitudinal and transverse/horizontal structural sections.

9.7 Refined 3D Local Structural Models
A 3D fine mesh model is to be used to examine stress concentrations, such as at hatch corners, connections
of longitudinal hatch girders to cross deck box beams and at intersections of transverse bulkheads with
longitudinal wing box girders.

9.9 Load Cases
When performing structural analyses, the ten combined load cases specified in 5C-5-3/9.1 are to be
considered. In general, the structural responses for the still-water conditions are to be calculated separately
to establish reference points for assessing the wave induced responses. Additional load cases may be
required for special loading patterns and unusual design functions, such as impact loads as specified in
5C-5-3/11. Additional load cases may also be required for hull structures beyond the region of 0 . 4L
amidships.

11 Critical Areas
The fatigue strength of the critical areas shown in 5C-5-5/11 FIGURE 1 is to be verified by fine mesh
finite element models built in accordance with Appendix 5C-5-A1.

The mesh size in way of high stress concentration is to be of plate thickness dimension (t), and not to be
greater than 50 mm × 50 mm. The element stress intensity of half plate thickness dimension (t/2) away
from the weld toe is to satisfy the following stress limit:fi ≤ fu
wherefi = stress intensity

 =   fL2+ fT2 − fLfT+ 3fLT2 1/2
fL = calculated total in-plane element stress in the longitudinal directionfT = calculated total in-plane element stress in the transverse/vertical directionfLT = calculated total in-plane element shear stressfu = the minimum tensile strength of the material
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FIGURE 1
Critical Areas 
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C H A P T E R  5
Vessels Intended to Carry Containers (130 meters (427 feet) to 450

meters (1476 feet) in Length)

S E C T I O N  6
Hull Structure Beyond 0.4L Amidships

1  General Requirements

1.1 General
The structural configurations, stiffening systems and design scantlings of the hull structures located beyond0 . 4L amidships, including the forebody, aftbody and machinery spaces, are to be in compliance with the
Rules.

The nominal design corrosion values for structural members within cargo spaces are to be in compliance
with 5C-5-2/3 TABLE 1. For structural members located in other than cargo spaces, the corrosion values
may be taken as below in establishing design scantlings.

1) 1.5 mm (0.06 in.) for side shell plating

2) 1.0 mm (0.04 in.) for bottom shell plating

3) 1.5 mm (0.06 in.) in the tank spaces and double bottom

4) 1.0 mm (0.04 in.) in dry spaces and decks

1.3 Structure within Cargo Spaces
The scantlings of longitudinal structural members in way of cargo spaces beyond the 0 . 4L amidships may
be gradually reduced toward 0 . 1L from the ends, provided that the hull girder section modulus is in
compliance with the requirements given in 5C-5-4/3.1 and that the strength of the structure satisfies the
requirements specified in 5C-5-6/3 through 5C-5-6/21 and 5C-5-6/25 and the material yielding, buckling
and ultimate strength criteria specified in 5C-5-5/3 and 5C-5-5/5.

In addition, consideration is to be given to the effects of the impact loads as specified in 5C-5-3/5.3 and
5C-5-3/11 with respect to the local structures as outlined in 5C-5-6/23.

The scantlings of transverse bulkheads in way of cargo spaces beyond 0 . 4L amidships may be determined
in accordance with 5C-5-4/21.
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3  Bottom Shell Plating and Stiffeners in Forebody

3.1 Bottom Shell Plating
The net thickness of the bottom shell plating is to be not less than t, obtained from the following equations
and is not to extend for more than 0 . 1L at the fore end. Between the midship 0 . 4L and 0 . 1L from the FP,
the thickness of the plating may be gradually tapered.t = 0 . 03(L+ 29) + 0 . 009s     mm for L ≤ 305 m= (10 . 70 + 0 . 009s) D/35     mm for L > 305 mt = 0 . 00036(L+ 95) + 0 . 009s     in . for L ≤ 1000 ft.= (0 . 421 + 0 . 009s) D/114 . 8     in . for L > 1000 ft.

wheres = fore peak frame spacing, in mm (in.)L = length of vessel as defined in 3-1-1/3.1, in m (ft.)D = molded depth, in m (ft.), as defined in 3-1-1/7.1 or 35 m (114.8 ft.), whichever is greater

The net bottom shell plating thickness where constructed of higher-strength material is to be not less than
obtained from the following equation:tℎts = [tms – C][(Q+ 2 Q)/3] + C
wheretℎts = net thickness of higher-strength material, in mm (in.)tms = net thickness, in mm (in.), of ordinary-strength steel as required above.Q = material conversion factor, as specified in 5C-5-4/9.3.1C = 3.3 (0.13)

In determining the thickness of bottom shell plating constructed of higher-strength material and
transversely framed, the critical buckling stress of the plating is to be checked in accordance with
Appendix 5C-5-A2.

Shell plating is also not to be less in thickness than required by 5C-5-6/19 for deep tanks.

3.3 Bottom Longitudinals and Transverse Frames
Frames are not to have less strength than is required in 5C-5-6/3.3.1 and 5C-5-6/3.3.2 below respectively.
In way of deep tanks, they are not to have less strength than is required in 5C-5-6/19 for stiffeners on deep-
tank bulkheads.

3.3.1 Bottom Longitudinals
The net section modulus of the bottom longitudinal required by 5C-5-4/9.5 for 0 . 4L amidships
may be gradually reduced to the values required by 5C-5-6/5.11.1 toward 0 . 1L from the FP,
provided that the hull girder section modulus at the location under consideration is in compliance
with the requirements given in 5C-5-4/3.1. In no case, is the net section modulus of each bottom
shell longitudinal in association with the effective plating to be less than obtained from the
equations in 5C-5-6/5.11.1.
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3.3.2 Bottom Transverse Frames (1 July 2021)
The bottom transverse frame, in association with the effective plating to which it is attached, is to
be not less than obtained from the following equation:SM = kc1c2c3ℎsℓ2Q       cm3(in3)
wherek = 7.8 (0.0041)s = spacing of the frames, in m (ft.)c1 = 1.0c2 = 0.85c3 = 0.94ℎ = the vertical distance, in m (ft.), from the middle of ℓ to the load line, or two-thirds of

the distance to the bulkhead deck or freeboard deck, whichever is greater.ℓ = span of frames between effective supports, in m (ft), as shown in 5C-5-4/9 FIGURE 6.Q = material conversion factor, as specified in 5C-5-4/9.3.1

The effective breadth of plating, be, is as defined in 5C-5-4/9.5.

5  Side Shell Plating and Stiffeners in Forebody

5.1 Side Shell Plating
The net thickness of the side shell plating is to be not less than t obtained from the following equations and
is not to extend for more than 0 . 1L at the fore end. Between the midship 0 . 4L and 0 . 1L from the FP, the
thickness of the plating may be gradually tapered.t = 0 . 029(L+ 29) + 0 . 009s     mm for L ≤ 305 m= (10 . 20 + 0 . 009s) D/35     mm for L > 305 mt = 0 . 00034(L+ 95) + 0 . 009s     in . for L ≤ 1000 ft.= (0 . 402 + 0 . 009s) D/114 . 8     in . for L > 1000 ft.

wheres = fore peak frame spacing, in mm (in.)L = length of vessel as defined in 3-1-1/3.1, in m (ft.)D = molded depth, in m (ft.), as defined in 3-1-1/7.1 or 35 m (114.8 ft.), whichever is greater

The net side shell plating thickness where constructed of higher-strength material is to be not less than
obtained from the following equation:tℎts = [tms – C][(Q+ 2 Q)/3] + C
where
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tℎts = net thickness of higher-strength material, in mm (in.)tms = net thickness, in mm (in.), of ordinary-strength steel as required aboveQ = material conversion factor, as specified in 5C-5-4/9.3.1C = 2.8 (0.11)

In determining the thickness of side shell plating constructed of higher-strength material and transversely
framed, the critical buckling stress of the plating is to be checked in accordance with Appendix 5C-5-A2.

Shell plating is also not to be less in thickness than required by 5C-5-6/19 for deep tanks.

Also, see 5C-5-6/5.9 for shell plating below the load water line for 0 . 16L from the FP.

5.3 Forecastle Side Shell Plating
The net thickness, t, of the forecastle side shell plating is to be not less than obtained from the following
equation.t = 0 . 0315(L+ 154) + 0 . 006(s – S)     mmt = 0 . 00038(L+ 505) + 0 . 006(s – S)     in .
wheres = frame spacing, in mm (in.)S = standard frame spacing

= 2 . 08L+ 438 mm for L ≤ 270 m

= 1000 mm for L > 270 m

= 610 mm in the way of the fore peakS = 0 . 025L+ 17 . 25 in. for L ≤ 886 ft.

= 39.4 in. for L > 886 ft.

= 24 in. in way of the fore peakL = length of vessel, as defined in 3-1-1/3.1, in m (ft.), but need not be taken more than 305 m
(1000 ft.)

Where constructed of higher-strength material the plating thickness is to be not less than obtained from the
following equation:tℎts = [tms – C][(Q+ 2 Q)/3] + C
wheretℎts = net thickness of higher-strength material, in mm (in.)tms = net thickness, in mm (in.), of ordinary-strength steel as required aboveQ = material conversion factor, as specified in 5C-5-4/9.3.1C = 2.8 (0.11)
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5.5 Stem Plating
The net thickness of plate stems at the design load water-line, where used, is not to be less than required by
the following equations:t = L/12 q   mm L ≤ 246 mt = 20 . 5 q   mm L > 246 mt = L/1000 q   in . L ≤ 807 ft.t = 0 . 807 q   in . L > 807 ft.

where q = 235/Y   N/mm2   24/Y   kgf/mm2,   34, 000/Y   psiY = specified minimum yield point or yield strength, in N/mm2 (kgf/mm2, psi), as
defined in 2-1-1/13 of the ABS Rules for Materials and Welding (Part 2), for the
higher-strength material or 72% of the specified minimum tensile strength,
whichever is the lesser.

Above and below the design load waterline the thickness may be tapered to the thickness required in
5C-5-6/5.1 at the freeboard deck and to the thickness of the flat-plate keel at the forefoot, respectively.

5.7 Bow Thruster Tunnel
The net thickness of the tunnel plating is to be not less than required in 5C-5-6/5.1 above, where s is to be
taken as the standard frame spacing S given by the equation in 5C-5-6/5.3, nor is the thickness to be less
than obtained from the following equation:t = 0 . 008d+ 1 . 8     mmt = 0 . 008d+ 0 . 07     in .d = inside diameter of the tunnel, in mm (in.), but is to be taken not less than 968 mm (38 in.)

Where the outboard ends of the tunnel are provided with bars or grids, the bars or grids are to be
effectively secured.

5.9 Immersed Bow Plating
The net thickness of the plating below the load water line for 0 . 16L from the FP is to be not less than t
given by the following equations, but need not be greater than the thickness of the side shell plating
amidships.t = 0 . 045(L+ 20) + 0 . 009s     mm for L ≤ 305 m= 0 . 00054(L+ 65 . 6) + 0 . 009s     in . for L ≤ 1000 ftt = (14 . 75 + 0 . 009s) D/35     mm for L > 305 m= (0 . 58 + 0 . 009s) D/114 . 8     in . for L > 1000 ft

wheres = fore peak frame spacing, in mm (in.)L = length of vessel as defined in 3-1-1/3, in m (ft)D = molded depth, in m (ft), as defined in 3-1-1/7 or 35 m (114.8 ft), whichever is greater
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The net plating thickness where constructed of higher-strength material is to be not less than obtained from
the following equation:tℎts = [tms – C][(Q+ 2 Q)/3] + C
wheretℎts = net thickness of higher-strength material, in mm (in.)tms = net thickness, in mm (in.), of ordinary-strength steel as required aboveQ = material conversion factor, as specified in 5C-5-4/9.3.1C = 2.8 (0.11)

5.11 Side Longitudinals and Transverse Frames
Frames are not to have less strength than is required in 5C-5-6/17.3 for bulkhead stiffeners in the same
location in conjunction with heads to the bulkhead deck. In way of deep tanks, they are not to have less
strength than is required in 5C-5-6/19.3 for stiffeners on deep-tank bulkheads. Framing sections are to have
sufficient thickness and depth in relation to the spans between supports. See also 3-1-2/13.5.

5.11.1 Side Longitudinals (1 July 2021)
The net section modulus of each side longitudinal, in association with the effective plating to
which it is attached, is to be not less than obtained from the following equation:SM = kc1c2c3ℎsℓ2Q       cm3(in3)
wherek = 7.8 (0.0041)s = spacing of side longitudinals, in m (ft)c1 = 0.95c2 = 0.85c3 = 0.94ℎ = above 0 . 5D from the keel, the vertical distance, in m (ft), from the longitudinal frame

to the bulkhead deck but is not to be taken as less than 2.13 m (7.0 ft)

= at and below 0 . 5D from the keel, 0.75 times the vertical distance, in m (ft), from the
longitudinal frame to the bulkhead deck, but is not less than 0 . 5DD = depth of vessel, in m (ft), as defined in 3-1-1/7ℓ = span of longitudinals between effective supports, in m (ft), as shown in 5C-5-4/9
FIGURE 6Q = material conversion factor, as specified in 5C-5-4/9.3.1

The effective breadth of plating, be, is as defined in 5C-5-4/9.5.

The net section modulus of each longitudinal tween-deck frame forward of 0 . 125L from the stem
is also to be not less than required by 5C-5-6/5.11.3 below, in the same location taking ℓ as the
unsupported span along the frame length.
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5.11.2 Fore-end Transverse Frames Forward of 0.3L to 0.125L from FP (1 July 2021)
The net section modulus SM of each transverse frame, in association with the effective plating to
which it is attached, is to be not less than obtained from the following equation:SM = sc2c3ℓ2(ℎ + bℎ1/33)(7 + 45/ℓ3)Q     cm3
= sc2c3ℓ2(ℎ + bℎ1/100)(0 . 0037 + 0 . 84ℓ3)Q     in3
wheres = spacing of side frames, in m (ft)c2 = 0.85c3 = 0.94ℓ = the actual girth length along the frame, as shown in 5C-5-6/5.11.3 FIGURE 1. Where

frames are supported by a system of web frames and side stringers of the size and
arrangements obtained from Section 3-2-6, ℓ may be taken as the distance from the toe
of the bracket to the lowest stringer plus 0.15 m (0.5 ft). The value of ℓ for use with the
equation is not be less than 2.10 m (7 ft).ℎ = vertical distance, in m (ft), from the middle of ℓ to the load line or 0 . 4ℓ, whichever is
the greater.b = horizontal distance, in m (ft), from the outside of the frames to the first row of deck
supports, as shown in 5C-5-6/5.11.3 FIGURE 1ℎ1 = vertical distance, in m (ft), from the deck at the top of the frame to the bulkhead or
freeboard deck plus the height of all cargo tween-deck spaces, or plus 2.44 m (8 ft). if
that is greater. Where the cargo load differs from 715 kgf/m3 (45 lbf/ft3) multiplied by
the tween-deck height in m (ft), the height of that tween-deck is to be proportionately
adjusted in calculating ℎ1.Q = material conversion factor, as specified in 5C-5-4/9.3.1

The effective breadth of plating, be, is as defined in 5C-5-4/9.5.

5.11.3 Transverse Tween-deck Frames (1 July 2021)
The net section modulus SM of each transverse tween-deck frame, in association with the effective
plating is to be not less than obtained from the following equation:SM = (7 + 45/ℓ3)sc2c3ℓ2KQ     cm3
= (0 . 0037 + 0 . 84/ℓ3)sc2c3ℓ2KQ   in3
wheres = spacing of side frames, in m (ft)c2 = 0.85c3 = 0.94ℓ = tween deck height or unsupported span along the frame length, as shown in

5C-5-6/5.11.3 FIGURE 1, whichever is greater, in m (ft)K = factor appropriate to the length of vessel and type of tween decks, as shown in
5C-5-6/5.11.3 FIGURE 1, defined as follows:
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For L in m:KA = 0 . 022L − 0 . 47KB = 0 . 034L − 0 . 56KC = 0 . 036L − 0 . 09 for L ≤ 180 m

= 0 . 031L+ 0 . 83 for L > 180 mKD = 0 . 029L+ 1 . 78
For L in ft:KA = 0 . 022L − 1 . 54KB = 0 . 034L − 1 . 84KC = 0 . 036L − 0 . 29 for L ≤ 590 ft

= 0 . 031L+ 2 . 8 for L > 590 ftKD = 0 . 029L+ 5 . 84L = length of vessel, as defined in 3-1-1/3.1, in m (ft), but need not be taken as greater than
305 m (1000 ft)Q = material conversion factor, as specified in 5C-5-4/9.3.1.

For tween-deck frames above the bulkhead deck forward of 0 . 125L from the FP, K is to be based
on KB.

The effective breadth of plating, be, is as defined in 5C-5-4/9.5.
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FIGURE 1 
Transverse Frames

7  Side Transverses and Stringers in Forebody

7.1 Transverse Web Frames (1 July 2021)
The net section modulus of each web frame, in association with the effective plating to which it is attached,
is to be not less than obtained from the following equation:SM = kc1c2c3sℓ2(ℎ + bℎ1/45K)Q     cm3
= kc1c2c3sℓ 2ℎ + bℎ1/150K Q     in3
wherek = 4.74 (0.0025)c1 = 1.5c2 = 0.95
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c3 = 0.94s = spacing of the web frames, in m (ft)ℓ = span, in m (ft), measured from the line of the inner bottom (extended to the side of the vessel)
to the deck at the top of the web frames. Where effective brackets are fitted, the length ℓ may
be modified as shown in 5C-5-4/9 FIGURE 9.ℎ = vertical distance, in m (ft), from the middle of ℓ to the load line. ℎ ≥ 0 . 5ℓℎ1 = vertical distance, in m (ft), from the deck at the top of the frame to the bulkhead or freeboard
deck plus the height of all cargo tween-deck spaces, or plus 2.44 m (8 ft) if that is greater.
Where the cargo load differs from 715 kgf/m3 (45 lbf/ft3) multiplied by the tween-deck height,
in m (ft), the height of that tween-deck is to be proportionately adjusted in calculating ℎ1b = horizontal distance in, m (ft), from the outside of the frame to the first row of deck supports, as
shown in 5C-5-6/7 FIGURE 2.K = 1.0, where the deck is longitudinally framed and a deck transverse is fitted in way of each web
frame

= number of transverse frame spaces between web frames where the deck is transversely framedQ = material conversion factor, as specified in 5C-5-4/9.3.1

The depth and net thickness of the web are not to be less than dw and tw, respectively, as defined below:dw = 125ℓ     mm= 1 . 5ℓ     in .tw = dw/100 + a     mm(in . )
need not be greater than 12.5 mm (0.492 in.)ℓ is as defined above.

Web frames in way of deep-tank are to comply with 5C-5-6/19.5.a = 2 . 0(0 . 079)
7.3 Stringers (1 July 2021)

The net section modulus of each side stringer, in association with the effective plating to which it is
attached, is to be not less than obtained from the following equation:SM = kc1c2c3ℎsℓ2Q     cm3(in .3 )
wherek = 4.74(0.0025)c1 = 1.5c2 = 0.95c3 = 0.94Q = material conversion factor, as specified in 5C-5-4/9.3.1ℎ = vertical distance, in m (ft), from the middle of s to the load line, or to two-thirds of the distance

from the keel to the bulkhead deck, or 1.8 m (6 ft), whichever is greatest
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s = sum of the half lengths, in m (ft), (on each side of the stringer) of the frames supportedℓ = span, in m (ft), between web frames, or between web frame and bulkhead; where brackets are
fitted the length ℓ may be modified as shown in 5C-5-4/9 FIGURE 9

The depth and net thickness of the stringer are not to be less than dw and tw respectively as defined below:dw = 125ℓ + 0 . 25ds     mm= 1 . 5ℓ + 0 . 25ds     in .
but need not exceed depth of the web frames to which they are attachedtw = 0 . 014L+ 5 . 7     mm for L ≤ 200 m= 0 . 007L+ 7 . 1     mm for L > 200 mtw = 0 . 00017L+ 0 . 224     in . for L ≤ 656 ft.= 0 . 00008L+ 0 . 28     in . for L > 656 ft.dS is the depth of the slot, in mm (in.), for the frames and ℓ is as defined above. In general, the depth of the
stringer is not to be less than 3 times the depth of the slots or the slots are to be fitted with filler plates.L = length of vessel, as defined in 3-1-1/3.1, in m (ft)

Stringers in way of deep-tank are also to comply with 5C-5-6/19.5.

7.5 Fore Peak-stringer (1 July 2021)
The peak stringer net plate thickness t and breadth b are not to be less than obtained from the following
equations, respectively:t = 0 . 014L+ 5 . 2     mm for L ≤ 200 m= 0 . 007L+ 6 . 6     mm for L > 200 mt = 0 . 00017L+ 0 . 205     in . for L ≤ 656 ft= 0 . 00008L+ 0 . 26     in . for L > 656 ftb = 2 . 22L+ 600     mm= 0 . 027L+ 23 . 5     in .
whereL = length of vessel, as defined in 3-1-1/3.1, in m (ft)

Where beams or struts are not fitted on every frame, the edge of the stringer is to be adequately stiffened
by a flange or face bar.
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FIGURE 2 
Web Frames

9  Deck Structures

9.1 Strength Deck Plating Outside Line of Openings
The net thickness of the strength deck plating is to be not less than that required to meet the longitudinal
hull girder strength. The deck area contributing to the hull girder strength for amidships 0 . 4L is gradually
reduced to the end of the vessel. Where bending moment envelope curves are used to determine the
required hull girder section modulus as permitted in 5C-5-4/3.1.3, the strength deck area is to be
maintained a suitable distance beyond superstructure breaks and is to be extended into the superstructure to
provide adequate structural continuity. The net thickness is also to be not less than t specified below,
except within deckhouse where the plating may be reduced by 1 mm (0.04 in.).

9.1.1 For Longitudinally Framed Deckst = 0 . 009sb+ 1 . 4     mm for sb ≤ 760 mm (30 in.)= 0 . 009sb+ 0 . 055     in .
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t = 0 . 006sb+ 3 . 7     mm for sb > 760 mm (30 in.)= 0 . 006sb+ 0 . 146     in .
9.1.2 For Transversely Framed Deckst = 0 . 01sb+ 1 . 3     mm for sb ≤ 760 mm (30 in.)= 0 . 01sb+ 0 . 05     in .t = 0 . 0066sb+ 3 . 9     mm for sb > 760 mm (30 in.)= 0 . 0066sb+ 0 . 154     in .

whereL = length of vessel, as defined in 3-1-1/3.1, in m (ft)sb = spacing of deck beams, in mm (in.)

The net thickness of the deck plating, for longitudinally framed decks, constructed of higher-
strength material is to be not less than obtained from the following equation:tℎts = (tms – C)Q+ C
wheretℎts = net thickness of higher-strength material, in mm (in.)

tms = net thickness, in mm (in.), of ordinary-strength steel as required aboveC = 3.3 (0.13)Q = material conversion factor, as specified in 5C-5-4/9.3.10 . 92/ Q is to be used in lieu of Q for application of 5C-5-6/9.1.2 and is not to be less than 1.0.

In general, where the deck plating is constructed of higher-strength material, the critical buckling
stress of the plating is to be checked in accordance with Appendix 5C-5-A2.

The net thickness of the stringer plate is to be increased 25% in way of breaks of superstructures,
but this increase need not exceed 6.5 mm (0.25 in.).

9.3 Strength Deck Plating Within Line of Openings
Within deckhouses, the plating may be of the thickness obtained from the following equations:t = 0 . 009sb+ 0 . 2     mm for sb ≤ 685 mm (27 in.)= 0 . 009sb+ 0 . 008     in .t = 0 . 0039sb+ 3 . 3     mm for sb > 685 mm (27 in.)= 0 . 0039sb+ 0 . 13     in .sb is as defined in 5C-5-6/9.1 above.
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9.5 Forecastle Decks
The net thickness of exposed forecastle decks plating is to be not less than obtained from 5C-5-6/9.1.2
above.

9.7 Platform Decks in Enclosed Spaces
The net thickness of the platform deck plating including lower decks is to be not less than obtained from
the following equation:t = ksb ℎ + a     mm(in . )
but not less than 4.0 mm (0.16 in.).

wherek = 0.00394 (0.00218)a = 0.5 (0.02)ℎ = tween deck height, in m (ft)

= p/n when a design load, p, is specifiedp = specified design load, in kN/m2 (kgf/m2, lbf/ft2)n = 7.05 (715, 45)sb is as defined in 5C-5-6/9.1.

Where the platform decks are subjected to hull girder bending, special consideration is to be given to the
structural stability of deck supporting members. Appendix 5C-5-A2 may be applied.

9.9 Watertight Flats
Watertight flats over tunnels or forming recesses or steps in bulkheads are to be of not less thickness than
required for the plating of ordinary bulkhead at the same level obtained from 5C-5-6/17.1 plus 1 mm (0.04
in.).

For decks forming tops of tanks see requirements in 5C-5-6/19.1.

9.11 Deck Longitudinals and Beams
9.11.1 Deck Longitudinals Outside the Line of Openings

The net sectional area of each deck longitudinal or beam, in association with the effective deck
plating, is to be not less than that required to meet the longitudinal hull girder strength nor is the
associated net section modulus to be less than obtained in 5C-5-6/9.11.2, below.

9.11.2 Beams (2022)
Each beam, in association with the plating, is to have a net section modulus SM not less than
obtained from the following equation:SM = kc1c2c3ℎsℓ2Q     cm3 in3
wherek = 7.8 (0.0041)s = spacing of beams, in m (ft)
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c1 = 0.585 for beams between longitudinal deck girders for longitudinal beams of
platform decks and between hatches at all decks

= 0.90 for beams at deep-tank tops supported at one or both ends at the shell or
longitudinal bulkheads

= 0.945 for longitudinal beams of strength decks and of effective lower decks

= 1.0 beams at deep-tank top between longitudinal girdersc2 = 0.85c3 = 0.94ℓ = span of beams between effective supports, as shown in 5C-5-4/9 FIGURE 6, in m (ft)ℎ = height, in m (ft), as follows:

= for bulkhead recesses and tunnel flats, is the height to the bulkhead deck at the
centerline unless a deck lower than the uppermost continuous deck is designated as the
freeboard deck, as allowed in 3-1-1/13.1. In such case, ℎ is to be not less than the
distance to the designated freeboard deck at center. For container carriers with
sufficient freeboard margin, the ℎ may be not less than the distance to an imaginary
freeboard deck at center; where that height is less than 6.10 m (20 ft), the value of ℎ is
to be taken as 0.8 times the actual height plus 1.22 m (4 ft)

= for deep-tank tops ℎ is as defined in 5C-5-6/19.3

elsewhere the value of ℎ may be taken as follows:ℎ = 2.9 m (9.5 ft) for bulkhead or freeboard deck having no deck below

= 2.29 m (7.5 ft) for bulkhead or freeboard deck having deck below

= 1.98 m (6.5 ft) for lower decks and platform deck

= 1.68 m (5.5 ft) for forecastle deck above bulkhead deckQ = material conversion factor, as specified in 5C-5-4/9.3.1

The effective breadth of plating, be, is as defined in 5C-5-4/9.5.

Calculations are to be submitted to show adequate provision against buckling where higher-
strength materials are used for deck beams. Longitudinal beams are to be essentially of the same
material as the plating they support.

9.13 Deck Girders and Transverses Clear Of Tanks
9.13.1 Section Modulus (1 July 2021)

Each deck girder or transverse is to have a net section modulus SM not less than obtained from the
following equation:SM = kc1c2c3bℎℓ2Q     cm3 in3
wherek = 4.74 (0.0025)c1 = 1.0c2 = 0.95
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c3 = 0.94b = mean breadth of the area of deck supported, in m (ft)ℎ = height, in m (ft), normally to be the height measured at the side of the vessel, of the
cargo space wherever stores or cargo may be carried. Where the cargo load differs
from 715 kgf/m3 (45 lbf/ft3) multiplied by the tween-deck height, in m (ft), the height is
to be proportionately adjusted.

Elsewhere the value of ℎ may be taken as follows:ℎ = 2.9 m (9.5 ft) for bulkhead or freeboard deck having no deck below

= 2.29 m (7.5 ft) for bulkhead or freeboard deck having deck below

= 1.98 m (6.5 ft) for lower decks and platform deck

= 1.68 m (5.5 ft) for forecastle deck above bulkhead deckℓ = span between centers of supporting pillars, or between pillar and bulkhead, in m (ft).
Where an effective bracket is fitted at the bulkhead, the length ℓ may be modified as
shown in 5C-5-4/9 FIGURE 9.Q = material conversion factor as specified in 5C-5-4/5

9.13.2 Proportions (1 July 2021)
The depth and net thickness of the girders and transverses are not to be less than dw and tw
respectively as defined below:dw = kℓ     mm in .tw = dw/100 + a     mm in .
≥ 7.0 mm (0.276 in.) for AF ≤ 38 cm2 (5.27 in2)

≥ 8.5 mm (0.335 in.) for AF ≤ 46 cm2 (8.84 in2)

≥ 11.0 mm (0.433 in.) for AF ≤ 101 cm2 (18.14 in2)

≥ 13.5 mm (0.531 in.) for AF > 165 cm2 (27.44 in2)

wherek = 58.3 (0.7)a = 2.5 (0.098)

The thickness for intermediate face area may be obtained by linear interpolation.AF is the net face area and ℓ is as defined in 5C-5-6/9.13.1, above.

9.15 Deck Girders and Transverses in Tanks (2022)
Deck girders and transverses in tanks are to have net section modulus SM not less than obtained in the
same manner as given in 5C-5-6/9.13.1 above, except the values of c1 and ℎ are to be as modified below.
The proportionality requirements are to be the same as given in 5C-5-6/9.13.2 of the above except that k
for dw is not to be less than 83.3 (1.0).
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c1 = 1.5ℎ = distances, as defined in 5C-5-6/19.3, in m (ft)

11  Pillars or Struts

11.1 Permissible Load (2019)
The permissible load Wa of a pillar or strut is to be obtained from the following equation which will, in all
cases, be equal to or greater than the calculated load W as determined in 5C-5-6/11.3 below.Wa = c2(k – nℓ/r)Ac       kN(tf, Ltf)
wherec2 = 1.05k = 12.09 (1.232, 7.83) ordinary strength steel

= 16.11 (1.643, 10.43) HT32

= 18.12 (1.848, 11.73) HT36

= 19.13 (1.951, 12.38) HT40ℓ = unsupported span, in m (ft)

The length ℓ is to be measured from the top of the inner bottom, deck or other structure on which the
pillars or struts are based to the under side of the beam or girder supported.r = least radius of gyration, in cm (in.)Ac = net cross sectional area of pillar or strut, in cm2 (in2)n = 4.44 (0.452, 0.345) ordinary strength steel

= 7.47 (0.762, 0.581) HT32

= 9.00 (0.918, 0.699) HT36

= 9.76 (0.996, 0.758) HT40

The foregoing equation applies where ℓ/r, with ℓ and r in the same units, is less than 130.

11.3 Calculated Load
The calculated load W for a pillar or strut is to be obtained from the following equation:W = nbℎs     kN(tf, Ltf)
wheren = 7.04 (0.715, 0.02)b = mean breadth of the area supported, in m (ft)ℎ = height above the area supported as defined below, in m (ft)

For pillars spaced not more than two frame spaces the height ℎ is to be taken as the distance from the deck
supported to a point 3.80 m (12.5 ft) above the freeboard deck.
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For wide-spaced pillars, the height ℎ is to be taken as the distance from the deck supported to a point 2.44
m (8 ft) above the freeboard deck, except in the case of such pillars immediately below the freeboard deck
in which case the value of ℎ is not to be less than 2.9 m (9.5 ft) in measuring the distance from the deck
supported to the specified height above the freeboard deck.s = mean length of the area supported, in m (ft)

11.5 Pillars under the Tops of Deep Tanks (2022)
Pillars under the tops of deep tanks are not to be less than required by the foregoing. They are to be of solid
sections and to have the net cross sectional area not less than A as specified below:A = c1c2nbℎs       cm2(in2)
wherec1 = 0.1035 (1.015, 0.16) ordinary strength steel

= 0.0776 (0.761, 0.12) HT32

= 0.069 (0.677, 0.107) HT36c2 = 0.95n = 10.5 (1.07, 0.03)b = breadth of the area of the top of the tank supported by the pillar, in m (ft)s = length of the area of the top of the tank supported by the pillar, in m (ft)ℎ = distances as defined in 5C-5-6/19.1, in m (ft)

13  Transition Zone

13.1 General
In the transition zone in way of the forepeak bulkhead, consideration is to be given to the proper tapering
of longitudinal members such as flats, decks, longitudinal bulkheads, horizontal ring frames or side
stringers forward into the fore peak.

15  Fore-peak Structure

15.1 General
The center girder continued from the midship is to extend as far forward as practicable. Forepeak frames
are to be efficiently connected to deep floors. The floors are to extend as high as necessary to give lateral
stiffness to the structure and are to be properly stiffened on their upper edges. Care is to be taken in
arranging the framing and floors to assure no wide areas of unsupported plating adjacent to the stem.
Angle ties are to be fitted as required across the tops of the floors and across all tiers of beams or struts to
prevent vertical or lateral movement. Breast hooks are to be arranged at regular intervals at and between
the stringers above and below the waterline.

15.3 Center Girder and Floor Plating (1 July 2021)
The net thickness of the plating is not to be less than obtained from the following equation, but need not
exceed 12.0 mm (0.472 in.) provided the stiffeners are not spaced more than 1.22 m (4 ft). and the buckling
strength is proven adequate (see 5C-5-A2/3).t = 0 . 036L+ 2 . 7     mm
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= 0 . 00043L+ 0 . 106     in .L = length of vessel as defined in 3-1-1/3.1, in m (ft)

Floors and girders where constructed of higher-strength material are to be not less in thickness than as
modified by the following equation:tℎts = [tms – C][(Q+ 2 Q)/3] + C
wheretℎts = net thickness of higher-strength material, in mm (in.)tms = net thickness, in mm (in.), of ordinary-strength steel, as required above.Q = material conversion factor, as specified in 5C-5-4/9.3.1C = 1.5 (0.06)

15.5 Peak Frames
The net section modulus of each peak frame is to be in compliance with 5C-5-6/5.11.

Peak frames in way of fore peak tank are to be in compliance with 5C-5-6/19.3.

17  Watertight Bulkheads

17.1 Plating (1 July 2021)
The net thickness t of the bulkhead plating forming watertight boundaries is to be not less than obtained
from the following equation:t = sk qℎ/C+ a     mm(in . )
but not less than tmin or s/200 + c1, whichever is greater.

wheretmin = 5.0 mm (0.197 in.) within cargo spaces

4.5 mm (0.177 in.) for other than cargo spacesc1 = 1.5 mm (0.059 in.) within cargo spaces

1.0 mm (0.039 in.) for other than cargo spacess = spacing of stiffeners, in mm (in.)k = (3 . 075 α – 2 . 077)/(α+ 0 . 272) (1 ≤ α ≤ 2)
= 1.0 (α > 2)α = aspect ratio of the panel (longer edge/shorter edge)q = 235/Y (N/mm2), 24/Y (kgf/mm2) or 34, 000/Y (lbf/in2)Y = specified minimum yield point or yield strength, in N/mm2 (kgf/mm2, lbf/in2), for the higher-

strength material or 72% of the specified minimum tensile strength, whichever is the lesser
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ℎ = distance from the lower edge of the plate to the deepest equilibrium waterline in the one
compartment damaged condition, in m (ft)ℎ is to be not less than the distance to the bulkhead deck at center unless a deck lower than the
uppermost continuous deck is designated as the freeboard deck, as allowed in 3-1-1/13.1. In
such case, ℎ is to be not less than the distance to the designated freeboard deck at center. For
container carriers with sufficient freeboard margin, the ℎ may be not less than the distance to
an imaginary freeboard deck at center.C = 290 (525)a = 0.5 (0.02) within cargo spaces

= 0 (0) for other than cargo spaces

17.3 Stiffeners (1 July 2021)
The net section modulus of each stiffener, in association with the effective plating to which it is attached, is
to be not less than obtained from the following equation:SM = kc1c2c3ℎsℓ2Q     cm3(in3)
wherek = 7.8 (0.0041)c1 = 0.56c2 = 0.85c3 = 0.94s = spacing of the stiffeners, in m (ft)ℎ = distance, in m (ft), from the middle of ℓ to the deepest equilibrium waterlline in the one

compartment damaged conditionℎ is to be not less than the distance to the bulkhead deck at center unless a deck lower than the
uppermost continuous deck is designated as the freeboard deck, as allowed in 3-1-1/13.1. In
such case, ℎ is to be not less than the distance to the designated freeboard deck at center. For
container carriers with sufficient freeboard margin, the ℎ may be not less than the distance to
an imaginary freeboard deck at center.
Where the distance indicated above is less than 6.10 m (20 ft), ℎ is to be taken as 0.8 times the
distance plus 1.22 m (4 ft).ℓ = span of stiffeners between effective supports, as shown in 5C-5-4/9 FIGURE 6, in m (ft)Q = material conversion factor, as specified in 5C-5-4/9.3.1

The effective breadth of plating, be, is as defined in 5C-5-4/9.5.

17.5 Girders and Webs
17.5.1 Section Modulus (1 July 2021)

Each girder and web which support bulkhead stiffeners are to have a net section modulus SM not
less than obtained from the following equation:SM = kc1c2c3ℎsℓ2Q       cm3(in3)
where
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k = 4.74 (0.0025)c1 = 1.0c2 = 0.95c3 = 0.94ℎ = vertical distance, in m (ft), to the deepest equilibrium waterline in the one compartment
damaged condition from the middle of s in the case of girders, and from the middle ofℓ in the case of websℎ is to be not less than the distance to the bulkhead deck at center unless a deck lower
than the uppermost continuous deck is designated as the freeboard deck, as allowed in
3-1-1/13.1. In such case, ℎ is to be not less than the distance to the designated
freeboard deck at center. For container carriers with sufficient freeboard margin, the ℎ
may be not less than the distance to an imaginary freeboard deck at center.
Where the distance indicated above is less than 6.10 m (20 ft), ℎ is to be taken as 0.8
times the distance plus 1.22 m (4 ft.).s = sum of half lengths (on each side of girder or web) of the stiffener supported, in m (ft)ℓ = span measured between the heel of end attachments, in m (ft). Where an effective
bracket is fitted at the bulkhead, the length ℓ may be modified as shown in 5C-5-4/9
FIGURE 9.Q = material conversion factor, as specified in 5C-5-4/9.3.1

17.5.2 Proportions (1 July 2021)
The depth and net thickness of the girders and webs are not to be less than dw and tw respectively
as defined below:dw = 83 . 3ℓ + 0 . 25dS     mm= ℓ + 0 . 25ds     in .tw = dw/100 + 1 . 5     mm need not exceed 10.0 mm (0.394 in.)= dw/100 + 0 . 059     in .dS is the depth of the slots for the stiffeners, in mm (in.) and ℓ is as defined in 5C-5-6/17.5.1
above.

19  Deep Tank Bulkheads
This section applies to deep tank bulkheads where the requirements in this section exceed those of
5C-5-6/17.

19.1 Plating (2022)
The net thickness t of bulkhead plating forming tank boundaries is to be not less than obtained from the
following equation:t = sk qℎ/C+ a     mm(in . )
but not less than 4.5 mm (0.177 in.) or s/150 + 0 . 5 mm (s/150 + 0 . 02 in.), whichever is greater.

where
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s = spacing of stiffeners, in mm (in.)k = (3 . 075 α – 2 . 077)/(α+ 0 . 272) (1 ≤ α ≤ 2)
= 1.0 (α > 2)α = aspect ratio of the panel (longer edge/shorter edge)q = 235/Y (N/mm2), 24/Y (kgf/mm2) or 34, 000/Y (lbf/in2)Y = specified minimum yield point or yield strength in N/ mm2 (kgf/mm2, lbf/in2) for the higher-

strength material or 72% of the specified minimum tensile strength, whichever is the lesserℎ = the greatest of the following distances, in m (ft), from the lower edge of the plate to:

● A point located two-thirds of the distance from the top of the tank to the top of the
overflow (the exposed height is minimum 760 mm above freeboard deck or 450 mm
above superstructure deck) for the lower tank whose tank top does not extend to the
strength deck but not to be greater than the distance from tank top to one-third of the
distance from the underdeck passageway (second deck) to the top of the overflow. Where
a tank top extends to the underdeck passageway (second deck) and above, this distance
need not be greater than one-third of the distance from the tank top to the top of the
overflow

● 1.3 m (4.27 ft) above the top of the tank

● The load line

● A point located at two-thirds of the distance to the bulkhead or freeboard deckC = 254 (460)a = 0.5 (0.02)

The tops of tanks are to have plating 0.5 mm (0.02 in.) thicker than would be required for vertical plating
at the same level.

19.3 Stiffeners (2022)
The net section modulus of each stiffener, in association with the effective plating to which it is attached, is
not to be less than obtained from the following equation:SM = kc1c2c3ℎsℓ2Q       cm3(in3)
wherek = 7.8 (0.0041)c1 = 0.90c2 = 0.85c3 = 0.94s = spacing of the stiffeners, in m (ft)
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ℎ = the greatest of the following distances, in m (ft), from the middle of ℓ to:

● A point located two-thirds of the distance from the top of the tank to the top of the
overflow (the exposed height is minimum 760 mm above freeboard deck or 450 mm
above superstructure deck) for the lower tank whose tank top does not extend to the
strength deck but not to be greater than the distance from tank top to one-third of the
distance from the underdeck passageway (second deck) to the top of the overflow. Where
a tank top extends to the underdeck passageway (second deck) and above, this distance
need not be greater than one-third of the distance from the tank top to the top of the
overflow

● 1.3 m (4.27 ft) above the top of the tank

● The load line

● A point located at two-thirds of the distance to the bulkhead or freeboard deckℓ = span of stiffeners between effective supports, as shown in 5C-5-4/9 FIGURE 6, in m (ft)Q = material factor, as specified in 5C-5-4/9.3.1

The effective breadth of plating, be, is as defined in 5C-5-4/9.5

19.5 Girders and Webs
19.5.1 Section Modulus (1 July 2021)

Each girder and web which support bulkhead stiffeners are to have a net section modulus SM not
less than obtained from the following equation:SM = kc1c2c3sℎℓ2Q       cm3(in3)
wherek = 4.74 (0.0025)c1 = 1.5c2 = 0.95c3 = 0.94ℎ = vertical distance, in m (ft), from the middle of s in the case of girders, and from the

middle of ℓ in the case of webs to the same height to which ℎ for the stiffeners is
measured. See 5C-5-6/19.3 above.s = sum of half lengths (on each side of girder or web) of the frame or stiffener supported,
in m (ft)ℓ = span measured between the heels of the end of the attachments, in m (ft). Where
effective brackets are fitted, the length ℓ may be modified as shown in 5C-5-4/9
FIGURE 9.Q = material conversion factor, as specified in 5C-5-4/5

19.5.2 Proportions (1 July 2021)
The depth and net thickness of the girders and webs are to be not less than dw and tw, respectively,
as defined below:dw = 145ℓ + 0 . 25dS mm

where no struts or ties are fitted
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= 1 . 74ℓ + 0 . 25dS in.

= 83 . 3ℓ + 0 . 25dS mm

where struts are fitted

= ℓ + 0 . 25dS in.tw = dw/100 + 1 . 0 mm        need not exceed 9.5 mm (0.374 in.)

= dw/100 + 0 . 039 in.dS is the depth of the slots, in mm (in.), for the stiffeners and ℓ is as defined above. In general, the
depth of the girder or web is not to be less than three (3) times the depth of the slots or the slots
are to be fitted with filler plates.

21  Collision Bulkhead

21.1 Plating (1 July 2021)
The net thickness, t, of the collision bulkhead plating is to be not less than obtained from the following
equation:t = sk qℎ/C+ a       mm(in . )
but not less than tmin or s/200 + c1, whichever is greater.

wheretmin = 5.0 mm (0.197 in.) within cargo spaces

4.5 mm (0.177 in.) for other than cargo spacesc1 = 1.5 mm (0.059 in.) within cargo spaces

1.0 mm (0.039 in.) for other than cargo spacess = spacing of stiffeners, in mm (in.)k = (3 . 075 α – 2 . 077)/(α+ 0 . 272) (1 ≤ α ≤ 2)
= 1.0 (α > 2)α = aspect ratio of the panel (longer edge/shorter edge)q = 235/Y (N/mm2), 24/Y (kgf/mm2) or 34, 000/Y (lbf/in2)Y = specified minimum yield point or yield strength, in N/mm2 (kgf/mm2, lbf/in2), for the higher-

strength material or 72% of the specified minimum tensile strength, whichever is the lesserℎ = distance from the lower edge of the plate to the deepest equilibrium waterline in the one
compartment damaged condition , in m (ft)ℎ is to be not less than the distance to the bulkhead deck at center unless a deck lower than the
uppermost continuous deck is designated as the freeboard deck, as allowed in 3-1-1/13.1. In
such case, ℎ is to be not less than the distance to the designated freeboard deck at center. For
container carriers with sufficient freeboard margin, the ℎ may be not less than the distance to
an imaginary freeboard deck at center.C = 254 (460)
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α = 0.5 (0.02) within cargo spaces

= 0 (0) for other than cargo spaces

Where the plating of collision bulkheads forms tank boundaries, the plating is not to be less than required
for bulkhead plating obtained in 5C-5-6/19.1.

21.3 Stiffeners (1 July 2021)
The net section modulus of each stiffener, in association with the effective plating to which it is attached, is
to be not less than obtained from the following equation:SM = kc1c2c3ℎsℓ2Q       cm3(in3)
wherek = 9.75 (0.0051)c1 = 0.56c2 = 0.85c3 = 0.94s = spacing of the stiffeners, in m (ft)ℎ = distance, in m (ft), from the middle of ℓ to the deepest equilibrium waterline in the one

compartment damaged conditionℎ is to be not less than the distance to the bulkhead deck at center unless a deck lower than the
uppermost continuous deck is designated as the freeboard deck, as allowed in 3-1-1/13.1. In
such case, ℎ is to be not less than the distance to the designated freeboard deck at center. For
container carriers with sufficient freeboard margin, the ℎ may be not less than the distance to
an imaginary freeboard deck at center.
Where the distance indicated above is less than 6.10 m (20 ft), ℎ is to be taken as 0.8 times the
distance plus 1.22 m (4 ft).ℓ = span of stiffeners between effective supports, as shown in 5C-5-4/9 FIGURE 6, in m (ft)Q = material conversion factor, as specified in 5C-5-4/9.3.1

The effective breadth of plating, be, is as defined in 5C-5-4/9.5.

For stiffeners on bulkheads forming a tank boundary, the net section modulus is not to be less than required
for stiffeners obtained in 5C-5-6/19.3.

21.5 Girders and Webs
21.5.1 Section Modulus (1 July 2021)

Each girder and web which support bulkhead stiffeners are to have a net section modulus SM not
less than obtained from the following equation:SM = kc1c2c3ℎsℓ2Q     cm3(in3)
wherek = 5.925 (0.0031)c1 = 1.0c2 = 0.95
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c3 = 0.94ℎ = vertical distance, in m (ft), to the deepest equilibrium waterlline in the one
compartment damaged condition from the middle of s n the case of girders, and from
the middle of ℓ in the case of websℎ is to be not less than the distance to the bulkhead deck at center unless a deck lower
than the uppermost continuous deck is designated as the freeboard deck, as allowed in
3-1-1/13.1. In such case, ℎ is to be not less than the distance to the designated
freeboard deck at center. For container carriers with sufficient freeboard margin, the ℎ
may be not less than the distance to an imaginary freeboard deck at center.
Where the distance indicated above is less than 6.10 m (20 ft), ℎ is to be taken as 0.8
times the distance plus 1.22 m (4 ft).s = sum of half lengths (on each side of girder or web) of the stiffener supported, in m (ft)ℓ = span measured between the heels of end attachments, in m (ft). Where an effective
bracket is fitted at the bulkhead, the length ℓ may be modified as shown in 5C-5-4/9
FIGURE 9.Q = material factor, as specified in 5C-5-4/9.3.1

Where the girders and webs form tank boundaries, the net section modulus is to comply with
5C-5-6/19.5.

21.5.2 Proportions (1 July 2021)
The depth and net thickness of the girders and webs are to be not less than dw and tw, respectively,
as defined below:dw = 83 . 3ℓ + 0 . 25dS mm

= ℓ + 0 . 25dS in.tw = dw/100 + 1 . 5 mm        need not exceed 10.0 mm (0.394 in.)

= dw/100 + 0 . 059 in.

dS is the depth of the slots, in mm (in.), for the stiffeners and ℓ is as defined above.

Where the girders and webs form tank boundaries, the proportions are to be in compliance with
5C-5-6/19.5.

23  Structure Strengthening for Impact Loads
Where the hull structure is subject to impact loads as specified in 5C-5-3/5.3 or 5C-5-3/11, appropriate
strengthening is to be required as outlined below.

23.1 Bottom Slamming
When bottom slamming as specified in 5C-5-3/11.1 is considered, the bottom structure in the region of the
flat bottom forward of 0 . 25L from the FP is to be in compliance with the following requirements:

23.1.1 Bottom Plating (2020)
The net thickness of the flat bottom plating forward of 0 . 25L from the FP is not to be less than t1
or t2, whichever is greater, obtained from the following equations:t1 = 0 . 73s(k1ps/f1)1/2     mm(in . )
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t2 = 0 . 73s(k2ps/f2)1/2     mm(in . )
wheres = spacing of longitudinals or transverse stiffeners, in mm (in.)k1 = 0.342 for longitudinally stiffened plating

= 0 . 5k2 for transversely stiffened platingk2 = 0.5 for longitudinally stiffened plating

= 0.342 for transversely stiffened platingk = (3.075(α)1/2 − 2.077)/(α + 0.272) (1 ≤ α ≤ 2)
= 1.0 (α > 2)α = aspect ratio of the panel (longer edge/shorter edge)ps = the maximum slamming pressure = kupsipsi = nominal bottom slamming pressure, as specified in 5C-5-3/11.1 at the center of the

panel, in N/cm2 (kgf/cm2, lbf/in2)ku = slamming load factor = 1.1f1 = permissible bending stress in the longitudinal direction, in N/cm2 (kgf/cm2, lbf/in2)

= 0 . 85Smfy forward of 0 . 125L from the FP

= 0 . 75Smfy between 0 . 2L and 0 . 25L, from the FPf1 at intermediate locations between 0 . 125L and 0 . 2L , from the FP may be obtained
by linear interpolationf2 = permissible bending stress in the transverse direction, in N/cm2 (kgf/cm2, lbf/in2)

= 0 . 85SmfySm and fy are as defined in 5C-5-4/9.3.1.

23.1.2 Bottom Longitudinals and Frames (2020)
The section modulus of the frame, including the associated effective plating on the flat bottom
plating forward of 0 . 25L from FP is not to be less than that obtained from the following equation:SM = M/fb     cm3(in3)M = pssℓ2103/k     N− cm(kgf − cm, lbf − in . )
wherek = 16 (16, 111.1)ps = the maximum slamming pressure = kupsipsi = nominal bottom slamming pressure as specified in 5C-5-3/11.1 at the midpoint of the

span ℓ, in N/cm2 (kgf/cm2, lbf/in2)ku = slamming load factor = 1.1
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s = spacing of longitudinal or transverse frames, in mm (in.)ℓ = the unsupported span of the frame, as shown in 5C-5-4/9 FIGURE 6, in m (ft)fb = 0.9Smfy for transverse and longitudinal frames in the region forward of
0.125L from the FP, in N/cm2 (kgf/cm2, lbf/in2)

= 0.8Smfy for longitudinal frames in the region between 0.2L and 0.25L from
the FP, in N/cm2 (kgf/cm2, lbf/in2)fb at intermediate locations between 0.125L and 0.2L, from the FP may be obtained by

linear interpolation

The effective breadth of plating, be, is as defined in 5C-5-4/9.5.

Struts connecting the bottom and inner bottom longitudinals are not to be fitted.

23.1.3 Bottom Girders and Floors (2020)
The arrangements and scantlings of girders and floors are to be adequate for bottom slamming
loads, as specified in 5C-5-3/11.1.

23.3 Bowflare Slamming
When bowflare slamming as specified in 5C-5-3/11.3 is considered, the side shell structure above the
waterline in the region between 0.0125L and 0.25L from the FP is to be in compliance with the following
requirements in addition to 5C-5-6/5.

23.3.1 Side Shell Plating
The net thickness of the side shell plating between 0.0125L and 0.25L from the FP is not to be less
than t1 or t2, whichever is greater, obtained from the following equations:t1 = 0 . 73s(k1ps/f1)1/2     in   mm(in . )t2 = 0 . 73s(k2ps/f2)1/2     in   mm(in . )
wheres = spacing of longitudinal or transverse frames, in mm (in.)k1 = 0.342 for longitudinally stiffened plating

= 0.5 k2 for transversely stiffened platingk2 = 0.5 for longitudinally stiffened plating

= 0.342 for transversely stiffened platingk = (3.075(α)1/2 − 2.077)/(α + 0.272) (1 ≤ α ≤ 2)
= 1.0 (α > 2)α = aspect ratio of the panel (longer edge/shorter edge)ps = the design slamming pressure = kupijpij = nominal bowflare slamming pressure as specified in 5C-5-3/11.3.1 at the center of the

supported panel under consideration, in N/cm2 (kgf/cm2, lbf/in2)ku = slamming load factor = 1.1
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f1 = 0.9 Smfy for side shell plating in the region between 0.0125L and 0.125L,
from the FP, in N/cm2(kgf/ cm2, lbf/in2)

= 0.75 Smfy for side shell plating in the region between 0.125L and 0.25L, from
the FP, in N/cm2(kgf/cm2, lbf/in2)f2 = 0.9 Smfy, in N/cm2 (kgf/cm2, lbf/in2)Sm and fy are as defined in 5C-5-4/9.3.1.

23.3.2 Side Longitudinals and Frames
The net section modulus of the frame, including the associated effective plating, is not to be less
than that obtained from the following equation:SM = M/fb     in   cm3(in3)M = pssℓ2103/k     N− cm(kgf − cm, lbf − in . )
wherek = 16 (16, 111.1)ℓ = unsupported span of the frame, as shown in 5C-5-4/9 FIGURE 9, in m (ft)ps = the maximum slamming pressure, in N/cm2 (kgf/cm2, lbf/in2), as defined in

5C-5-6/23.3.1 above, at the midpoint of the span ℓs = spacing of longitudinal or transverse frames, in mm (in.)fb = 0.9Smfy for transverse and longitudinal frames in the region between 0.0125L and
0.125L, from the FP

= 0.8Smfy for longitudinal frames in the region between 0.125L and 0.25L from the FP,
in N/cm2 (kgf/ cm2, lbf/in2)

The effective breadth of plating, be, is as defined in 5C-5-4/9.5.Sm and fy are as defined in 5C-5-4/9.3.1.

23.3.3 Side Transverses and Stringers
Note:

When the scantlings of side transverses and stringers are evaluated, the section modulus and effective shear area
are to be calculated with due consideration to the inclined angle (5C-5-1/3). If the flange of such a member is
constructed in a less effective way to resist bending (such as snipped close to the most critical area), the section
modulus is to be calculated without considering the contribution from the flange.

23.3.3(a) Section Modulus. The net section modulus of side transverse and stringer in association
with the effective side shell plating is not to be less than that obtained from the following
equation:SM = M/fb     in   cm3(in3)
i) Longitudinally Framed Side Shell

For side stringer
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M = c1c2psℓtℓs105/k     in   N− cm(kgf − cm, lbf − in . )
For side transverse, M is not to be less than M1 or M2, whichever is greaterM1 = c3psℓt2(1 . 0 – c4ϕ)105/k     in   N− cm(kgf − cm, lbf − in . )M2 = p1sℓt2105/k     in   N− cm(kgf − cm, lbf − in . )
wherek = 12 (12, 44.64)c1 = 0.125 + 0.875ϕ, but not less than 0.3

Coefficients c2, c3 and c4 are given in the 5C-5-6/Tables 1, 2 and 3 respectively.p = slamming pressure = kupij, in kN/m2 (tf/m2, Ltf/ft2)

For side transverse; p is taken at the midspan of ℓt of the side transverse under
consideration.

For side stringer; p is taken at the midspan of ℓs of the stringer under consideration.p1 = slamming pressure, in kN/m2 (tf/m2, Lft/ft2), at the midspan of ℓt1 of the side
transverse under consideration.

= kupijku = slamming load factor = 0.71pij = nominal bowflare slamming pressure, in kN/m2 (tf/m2, Lft/ft2), as defined in
5C-5-3/11.3.1s = sum of half distances on each side of a transverse, in m (ft), between the side
transverse under consideration and adjacent side transverses or transverse
bulkhead (strength bulkhead)

= 0.45 ℓs for stringerϕ = 1/(1 + α)α = 1 . 33(It/Is)(ℓs/ℓt)3It = moment of inertia, in cm4 (in4), (with effective side plating) of side transverse.It is to be taken as average of those at the middle of each span ℓt1 between side
stringers or side stringer and platform (flat), clear of the bracketIs = moment of inertia, in cm4 (in4), (with effective side plating) of side stringer at
the middle of the span ℓs clear of the bracketℓt = spans, in m (ft), of the side transverse under consideration between platforms or
flats, as shown in 5C-5-6/23.3.3.i FIGURE 3bℓs = spans, in m (ft), of the side stringer under consideration between transverse
bulkheads or strength bulkheads, as shown in 5C-5-6/23.3.3.i FIGURE 3aℓt1 = span, in m (ft), of side transverse under consideration between stringers, or
stringer and platform (flat), as shown in 5C-5-6/23.3.3.i FIGURE 3b
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fb = permissible bending stress, in N/cm2 (kgf/cm2, lbf/in2)

= 0.75SmfySm and fy are as defined in 5C-5-4/9.3.1.

The bending moment for side transverse below stringer (or below the platform if no
stringer is fitted) is not to be less than 80% of that for side transverse above stringer (or
above platform if no stringer is fitted).

TABLE 1
Coefficient c2

Number of Side Stringers Between
Platforms (flats)

No Stringer One Stringer More than One
Stringer

Stringer 0.0 1.06 0.94

TABLE 2
Coefficient c3

Number of Side Stringers Between
Platforms (flats)

No Stringer One Stringer More than One
Stringer

Transverse 1.0 0.80 0.80

TABLE 3
Coefficient c4

Number of Side Stringers Between
Platforms (flats)

No Stringer One Stringer More than One
Stringer

Transverse 0.0 0.75 0.80
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FIGURE 3 
Definition of Spans

ii) Transversely Framed Side Shell
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For side transverseM = c1psℓtℓs105/k     in   N− cm(kgf − cm, lbf − in . )
For side stringer, M is not to be less than M1 or M2, whichever is greaterM1 = c2psℓs2(1 . 0 – c3ϕ1)105/k     in   N− cm(kgf − cm, lbf − in . )M2 = 1 . 30p1sℓs12 105/k     in   N− cm(kgf − cm, lbf − in . )
wherek = 12 (12, 44.64)c1 = 0.12 + 0.82ϕ1, but not to be taken less than 0.1

If no side transverses are fitted between transverse bulkheads or strength bulkheadsc2 = 1 . 3c3 = 0
If side transverses are fitted between transverse bulkheads or strength bulkheadsc2 = 0 . 94c3 = 0 . 8p is as defined in 5C-5-6/23.3.3.i above.p1 = slamming pressure, in kN/m2 (tf/m2, Lft/ft2), at the midspan of ℓs1 of the side

stringer under consideration.

= kupijpij = nominal bowflare slamming pressure, in kN/cm2 (tf/m2, Ltf/ft2), as defined in
5C-5-3/11.3.1ku = slamming load factor = 0.71s = sum of half distances, in m (ft), between side stringer under consideration and
adjacent side stringers or platforms (flats), on each side of the stringer.

= for transverse; 0.45 ℓtϕ1 = α/(1 + α)ℓs1 = span, in m (ft.), of side stringer under consideration between side transverses,
or side transverse and transverse bulkhead (strength bulkhead), as shown in
5C-5-6/23.3.3.i FIGURE 3afb = permissible bending stress, in N/cm2 (kgf/cm2, lbf/in2)

= 0.75 SmfySm and fy are as defined in 5C-5-4/9.3.1.ℓt , ℓs and α are as defined in 5C-5-6/23.3.3.i above
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23.3.3(b) Sectional Area of Web. The net sectional area of the web portion of the side transverse
and side stringer is not to be less than obtained from the following equation:A = F/fs     cm2(in2)
i) Longitudinally Framed Side Shell

For side stringerF = kc1pℓs103     in   N(kgf, lbf)
For side transverse, F is not to be less than F1 or F2 whichever is greaterF1 = kc2pℓs(1 . 0 – c3ϕ – 2ℎe/ℓ)103     in   N(kgf, lbf)F2 = 2kc2p1s(0 . 5ℓ1 – ℎe)103     in   N(kgf, lbf)
wherek = 0 . 5 0 . 5, 1 . 12c2 = 1 . 0
Coefficients c1, and c3 are given in the 5C-5-6/23.3.3.i TABLE 4 and 5C-5-6/23.3.3.i
TABLE 5, respectively.ℓ = span, in m (ft), of the side transverse under consideration between platforms

(flats), as shown in 5C-5-6/23.3.3.i FIGURE 3bℓ1 = span, in m (ft), of the side transverse under consideration between side stringers
or side stringer and platforms (flats), as shown in 5C-5-6/23.3.3.i FIGURE 3bℎe = length, in m (ft), of the end bracket of the side transverse, as shown in
5C-5-6/23.3.3.i FIGURE 3b

To obtain F1, ℎe is equal to the length of the end bracket at the end of span ℓ of side
transverse, as shown in 5C-5-6/23.3.3.i FIGURE 3b.

To obtain F2, ℎe is equal to the length of the end bracket at the end of span ℓ1 of side
transverse, as shown in 5C-5-6/23.3.3.i FIGURE 3b.fs = permissible shear stress, in N/cm2 (kgf/cm2, lbf/in2)

= 0.45 SmfySm and fy are as defined in 5C-5-4/9.3.1.p , p1, ϕ and s are as defined in 5C-5-6/23.3.3.i.

The shear force for the side transverse below the lowest stringer (or below the platform if
no stringer is fitted), is not to be less than 110% of that for the side transverse above the
top stringer (or above the platform if no stringer is fitted).
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TABLE 4
Coefficient c1

Number of Side Stringers Between
Platforms (flats)

No Stringer One Stringer More than One
Stringer

Stringers 0.0 0.61 0.72

TABLE 5
Coefficient c3

Number of Side Stringers Between
Platforms (flats)

No Stringer One Stringer More than One
Stringer

Transverses 0.0 0.5 0.6

ii) Transversely Framed Side Shell

For side transverseF = kc1pℓs103     in   N kgf, lbf
For side stringer, F is not to be less than F1 or F2 whichever is greaterF1 = 1 . 18kpℓs(1 . 0 – 0 . 6ϕ1 – 2ℎe/ℓ)103     in   N kgf, lbfF2 = 2 . 4kp1s(0 . 5ℓ1 – ℎe)103     in   N kgf, lbf
wherek = 0.5 (0.5, 1.12)c1 = 0.1 + 0.7ϕ1, but not to be taken less than 0.2ℓ = span, in m (ft), of the side stringer under consideration between transverse

bulkheads, as shown in 5C-5-6/23.3.3.i FIGURE 3aℓ1 = span, in m (ft), of the side stringer under consideration between side transverses
or side transverse and bulkhead, as shown in 5C-5-6/23.3.3.i FIGURE 3aℎe = length, in m (ft), of the end bracket of the side stringer under consideration, as
shown in 5C-5-6/23.3.3.i FIGURE 3a

To obtain F1, ℎe is equal to the length of the end bracket at the end of span ℓ of side
stringer, as shown in 5C-5-6/23.3.3.i FIGURE 3a.

To obtain F2, ℎe is equal to the length of the end bracket at the end of span ℓ1 of side
stringer, as shown in 5C-5-6/23.3.3.i FIGURE 3a.fs = permissible shear stress, in N/cm2 (kgf/cm2, lbf/in2)

= 0.45 SmfySm and fy are as defined in 5C-5-4/9.3.1.p , p1, ϕ and sare as defined in 5C-5-6/23.3.3.ii above.
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23.3.3(c) Depths of Side Transverses and Stringers. The depths of side transverses and stringers
are neither to be less than obtained from the following equations nor be less than 2.5 times the
depth of the slots respectively.

i) Longitudinally Framed Side Shell

For side transverse

If side stringer is fitted between platforms (flats)dw = (0 . 08 + 0 . 80α)ℓt for α ≤ 0.05= (0 . 116 + 0 . 084α)ℓt for α > 0.05 and need not be greater than 0.2ℓt
If no side stringer is fitted between platforms (flats):dw ≥ 0 . 2ℓt
For side stringerdw = (0 . 42− 0 . 9α)ℓs for α ≤ 0.2= (0 . 244 – 0 . 0207α)ℓs for α > 0.2α is not to be taken greater than 8.0 to determine the depth of the side stringer.ℓt , ℓs and α are as defined in 5C-5-6/23.3.3.i above.

ii) Transversely Framed Side Shell

For side stringer

If side transverse is fitted between transverse bulkheadsdw = (0 . 08 + 0 . 80α1)ℓs for α1 ≤ 0.05= 0 . 116 + 0 . 084α1 ℓs for α1 > 0.05 and need not be greater than 0.2ℓs
If no side transverse is fitted between transverse bulkheadsdw = 0 . 2ℓs
For side transversedw = (0 . 277 – 0 . 385α1)ℓt for α1 ≤ 0.2= (0 . 204 – 0 . 0205α1)ℓt for α1 > 0.2α is not to be taken greater than 7.5 to determine the depth of the side transverse.

whereα1 = 1/αℓt , ℓs and α are as defined in 5C-5-6/23.3.3(a).i above.
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23.5 Bow Strengthening
When impact loads on bow as specified in 5C-5-3/5.3.4 is considered, the side shell structure above the
waterline in the region forward of collision bulkhead is to be in compliance with the following
requirements in addition to 5C-5-6/5.

23.5.1 Side Shell Plating
The net thickness of the side shell plating is not to be less than t3, obtained from the following
equations:t3 = 0 . 73sk(k3pb/f3)1/2       in   mm(in . )
wheres = spacing of longitudinal or transverse frames, in mm (in.)k3 = 0.5k = (3 . 075(α)1/2 – 2 . 077)/(α+ 0 . 272), (1 ≤ α ≤ 2)

= 1.0 (α> 2)α = aspect ratio of the panel (longer edge/shorter edge)pb = the design bow pressure = kupbijpbij = nominal bow pressure as specified in 5C-5-3/5.3.4(a) at the center of the supported
panel under consideration, in N/cm2 (kgf/cm2, lbf/in2)ku = impact load factor = 1.1f3 = 0.85 Smfy, in N/cm2 (kgf/cm2, lbf/in2)Sm and fy are as defined in 5C-5-4/9.3.1.

23.5.2 Side Longitudinals and Frames
The net section modulus of the frame, including the effective plating, is not to be less than that
obtained from the following equation:SM = M/fbi     in   cm3(in3)M = pbsℓ2103/k     in   N− cm(kgf − cm, lbf − in)
wherek = 16 (16, 111.1)ℓ = unsupported span of the frame, as shown in 5C-5-4/9 FIGURE 6, in m (ft.)pb = the maximum bow pressure, in N/cm2 (kgf/cm2, lbf/in2), as defined in 5C-5-6/23.5.1

above, at the midpoint of the span ℓs = spacing of longitudinal or transverse frames, in mm (in.)fbi = 0.9 Smfy for transverse and longitudinal frames

The effective breadth of plating, be, is as defined in 5C-5-4/9.5.
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23.5.3 Direct Strength Assessment
For container carriers with length over 250 meters (820 feet), the main supporting members in the
bow structure including deck structure in the region forward of collision bulkhead are to be
evaluated by direct calculation using 3-D finite element analysis against the impact loads.

25  Aftbody and Machinery Space Structure

25.1 Bottom Structure
25.1.1 Bottom Shell Plating

The minimum net thickness of the bottom shell plating is not to be less than t, obtained from the
following equations and is not to extend for more than 0.1L from the aft end.

Between the midship 0.4L and 0.1L from the aft end, the thickness of the plating may be gradually
tapered.t = 0 . 03(L+ 29) + 0 . 009s     mm for L ≤ 305 mt = (10 . 70 + 0 . 009s) D/35     mm for L > 305 mt = 0 . 00036(L+ 95) + 0 . 009s     in . for L ≤ 1000 ftt = (0 . 402 + 0 . 009s) D/114 . 8     in . for L > 1000 ft

wheres = after peak frame spacing, in mm (in.)L = length of vessel, as defined in 3-1-1/3.1, in m (ft)D = molded depth, as defined in 3-1-1/7.1, in m (ft), or 35 m (114.8 ft) whichever is greater

The net bottom-shell plating where constructed of higher-strength material is not to be less in
thickness than obtained from the following equation:tℎts = [tms− C][(Q+ 2 Q)/3] + C
wheretℎts = net thickness of higher-strength material, in mm (in.)

tms = et thickness, in mm (in.), of ordinary-strength steel, as required above.Q = material conversion factor, as specified in 5C-5-4/9.3.1C = 3.3 (0.13)

In determining the thickness of bottom shell plating constructed of higher-strength material and
transversely framed, the critical buckling stress of the plating is to be checked in accordance with
Appendix 5C-5-A2.

Shell plating is also not to be less in thickness than required by 5C-5-6/25.17 for deep tanks.

25.1.2 Bottom Longitudinals and Transverse Frames
Frames are not to have less strength than is required in 5C-5-6/25.1.2(a) and 5C-5-6/25.1.2(b)
below respectively. In way of deep tanks, they are not to have less strength than is required in
5C-5-6/25.17 for stiffeners on deep-tank bulkheads.
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25.1.2(a) Bottom Longitudinals.
The net section modulus of the bottom longitudinal, required by 5C-5-4/9.5 for 0.4L amidship
may be gradually reduced to the values required by 5C-5-6/25.5.4(a) toward 0.1 from the end,
provided that the hull girder section modulus at the location under consideration is in compliance
with the requirements given in 5C-5-4/3.1. In no case, is the net section modulus of each bottom
shell longitudinal in association with the effective plating to which it is attached, to be less than
obtained from the equations 5C-5-6/25.5.4(a).

25.1.2(b) Bottom Transverse Frames. (1 July 2021)
The bottom shell transverse frame, in association with the effective plating, is to be not less than
obtained from the following equation:SM = kc1c2c3ℎsℓ2Q     cm3(in3)
wherek = 7.8 (0.0041)s = spacing of the frames, in m (ft)c1 = 1.0c2 = 0.85c3 = 0.94ℎ = the vertical distance, in m (ft), from the middle of l to the load line, or two-thirds of the

distance to the bulkhead deck or freeboard deck, whichever is greaterℓ = span of frames between effective supports, in m (ft), as shown in 5C-5-4/9 FIGURE 6Q = material conversion factor, as specified in 5C-5-4/9.3.1

The effective breadth of plating, be, is as defined in 5C-5-4/9.5.

25.3 Double Bottom in Engine Space
25.3.1 General (2020)

The arrangements of the vessel are to comply with the requirements of Regulation II-1/9 of
SOLAS 1974, as amended.

The depth of the double bottom in the engine space is to comply with the requirements in
3-2-4/3.1.1(c).

25.3.2 Center Girder (1 July 2021)
The net thickness of center-girder plates is not to be less than obtained from the following
equation:t = 0 . 056L+ 3 . 0     mmt = 0 . 00067L+ 0 . 118     in .
Center girder where constructed of higher-strength material is to be not less in thickness than
obtained from the following equation:tℎts = [tms− C][(Q+ 2 Q)/3] + C
where
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tℎts = net thickness of higher-strength material, in mm (in.)

tms = net thickness, in mm (in.), of ordinary-strength steel, as required above.Q = material conversion factor, as specified in 5C-5-4/9.3.1C = 1.5 (0.06)

25.3.3 Solid Floors and Side Girders (1 July 2021)
The net thickness of solid floors and side girders is not to be less than obtained from the following
equation:t = 0 . 036L+ 2 . 7     mmt = 0 . 00043L+ 0 . 106     in .L = length of vessel, as defined in 3-1-1/3.1, in m (ft)

Solid floors are to be fitted on every frame under machinery and transverse boiler bearers. In this
arrangement, the net thickness of floors needs not exceed 12.0 mm (0.472 in.) provided the
buckling strength is proven adequate (see 5C-5-A2/3).

Where boilers are mounted on the tank top, the thickness of the floors in way of the boilers is to be
increased by 1.5 mm (0.06 in.).

Floors and side girders where constructed of higher-strength material are to be not less in
thickness than obtained from the following equation:tℎts = [tms− C][(Q+ 2 Q)/3] + C
wheretℎts = net thickness of higher-strength material, in mm (in.)

tms = net thickness, in mm (in.), of ordinary-strength steel, as required above.Q = material conversion factor, as specified in 5C-5-4/9.3.1C = 1.5 (0.06)

25.3.4 Floor Stiffeners
Stiffeners spaced not more than 1.53 m (5 ft.) apart are to be fitted on solid floors. Stiffeners may
be omitted on non-tight floors with transverse framing, provided the thickness of the floor plate is
increased 10% above the thickness obtained from 5C-5-6/25.3.3 above.

25.3.5 Inner-bottom Plating Thickness
The net thickness of inner-bottom plating is not to be less than obtained from the following
equation:t = 0 . 037L+ 0 . 009s     mmt = 0 . 00044L+ 0 . 009s     in .
where
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L = length of vessel, as defined in 3-1-1/3.1, in m (ft)s = frame spacing, in mm (in.)

For vessels with longitudinally-framed inner bottoms, the thickness of inner-bottom plating, as
obtained above, may be reduced by 1.0 mm (0.04 in.).

The net inner-bottom plating, where constructed of higher-strength material, is to be not less in
thickness than obtained by the following equation:tℎts = [tms− C][(Q+ 2 Q)/3] + C
wheretℎts = net thickness of higher-strength material, in mm (in.)

tms = net thickness, in mm (in.), of ordinary-strength steel, as required above.Q = material conversion factor, as specified in 5C-5-4/9.3.1C = 1.5 (0.06)

In way of engine bed plates or thrust blocks which are bolted directly to the inner bottom, the net
plating thickness is to be at least 17.5 mm (0.7 in.); the thickness is to be increased according to
the size and power of the engines. Holding down bolts are to pass through angle flanges of
sufficient breadth to take the nuts.

Also see 3-2-12/1.

Where the inner-bottom forms tank boundaries, plating is to be in compliance with
5C-5-6/25.17.1.

25.5 Side Shell Structures
25.5.1 Side Shell Plating

The minimum net thickness of the side shell plating at ends including transom plating is to be not
less than t, obtained from the following equations and is not to extend for more than 0.1L from the
aft end. Between the midship 0.4L and the end 0.1L, the thickness of the plating may be gradually
tapered.t = 0 . 029(L+ 29) + 0 . 009s     mm for L ≤ 305 mt = (10 . 20 + 0 . 009s) D/35     mm for L > 305 mt = 0 . 00036(L+ 95) + 0 . 009s     in . for L ≤ 1000 ftt = (0 . 402 + 0 . 009s) D/114 . 8     in . for L > 1000 ft

wheres = after peak frame spacing, in mm (in.)L = length of vessel, as defined in 3-1-1/3.1, in m (ft)D = molded depth, in m (ft), as defined in 3-1-1/7.1 or 35 m (114.8 ft), whichever is greater

Where the strength deck at the ends is above the freeboard deck, the net thickness of the side shell
plating above the freeboard deck may be reduced to the thickness as given in 5C-5-6/25.5.2 below.

Part 5C Specific Vessel Types
Chapter 5 Vessels Intended to Carry Containers (130 meters (427 feet) to 450 meters (1476 feet) in

Length)
Section 6 Hull Structure Beyond 0.4L Amidships 5C-5-6

ABS RULES FOR BUILDING AND CLASSING MARINE VESSELS • 2024 924



The required net thickness of the side shell plating is also to meet the hull girder shear strength at
the location considered.

The net thickness of side-shell plating where constructed of higher-strength material is to be not
less in thickness than obtained from the following equation:tℎts = [tms− C][(Q+ 2 Q)/3] + C
wheretℎts = net thickness of higher-strength material, in mm (in.)

tms = net thickness, in mm (in.), of ordinary-strength steel, as required above.Q = material conversion factor, as specified in 5C-5-4/9.3.1C = 2.8 (0.11)

In determining the thickness of side-shell plating constructed of higher-strength material and
transversely framed, the critical buckling stress of the plating is to be checked in accordance with
Appendix 5C-5-A2.

Shell plating is also not to be less in thickness than required by 5C-5-6/25.17 for deep tanks.

Shell plating thickness is to be increased 25% in way of breaks of superstructures, but this
increase need not exceed 6.5 mm (0.25 in.).

25.5.2 Poop Side Plating
The net thickness, t, of the plating is not to be less than obtained from the following equation:t = 0 . 028(L+ 150) + 0 . 006(s − S)     mmt = 0 . 00034(L+ 492) + 0 . 006(s − S)     in .
wheres = frame spacing. in mm (in.)S = standard frame spacing

= 2.08L + 438 mm for L ≤ 270 m

= 0.025L + 17.25 in. for L ≤ 886 ft

= 1000 (39.4) mm(in.) for L > 270 m (886 ft)

= 610 (24) mm(in.) in way of the aft peakL = length of vessel, as defined in 3-1-1/3.1, in m (ft), but need not be taken more than 305
m (1000 ft)

Where constructed of higher-strength material the plating is to be not less in thickness than
obtained from the following equation:tℎts = [tms− C][(Q+ 2 Q)/3] + C
where

Part 5C Specific Vessel Types
Chapter 5 Vessels Intended to Carry Containers (130 meters (427 feet) to 450 meters (1476 feet) in

Length)
Section 6 Hull Structure Beyond 0.4L Amidships 5C-5-6

ABS RULES FOR BUILDING AND CLASSING MARINE VESSELS • 2024 925



tℎts = net thickness of higher-strength material, in mm (in.)

tms = net thickness, in mm (in.), of ordinary-strength steel, as required above.Q = material conversion factor, as specified in 5C-5-4/9.3.1C = 2.8 (0.11)

25.5.3 Stern Thruster Tunnels
The net thickness of the tunnel plating is to be not less than required by 5C-5-6/25.5.1, where s is
to be taken as the standard frame spacing S given by the equation in 5C-5-6/25.5.2, nor is the
thickness to be less than obtained from the following equation:t = 0 . 008d+ 1 . 8     mmt = 0 . 008d+ 0 . 07     in .
Where the outboard ends of the tunnel are provided with bars or grids, the bars or grids are to be
effectively secured.

25.5.4 Side Longitudinals and Transverse Frames
Frames are not to have less strength than is required in 5C-5-6/25.15.2 for bulkhead stiffeners in
the same location in conjunction with the heads to the bulkhead deck. In way of deep tanks they
are not to have less strength than is required in 5C-5-6/25.17.2 for stiffeners on deep-tank
bulkheads. Framing sections are to have sufficient thickness and depth in relation to the spans
between supports. See also 5C-5-A2/11.9.

25.5.4(a) Side Longitudinals. (1 July 2021)
The net section modulus of each side longitudinal, in association with the effective plating to
which it is attached, is not to be less than obtained from the following equation:SM = kc1c2c3ℎsℓ2Q     cm2(in2)
wherek = 7.8 (0.0041)s = spacing of side longitudinals, in m (ft)c1 = 0.95c2 = 0.85c3 = 0.94

above 0.5D from the keel:ℎ = the vertical distance, in m (ft), from the side longitudinal to the bulkhead deck, but is
not to be taken less than 2.13 m (7.0 ft.)

at and below 0.5D from the keel:ℎ = 0.75 times the vertical distance, in m (ft), from the longitudinal frame to the bulkhead
deck, but is not to be less than 0.5DD = depth of vessel, in m (ft), as defined in 3-1-1/7.
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ℓ = span of longitudinal between effective supports, as shown in 5C-5-4/9 FIGURE 6, in m
(ft)Q = material conversion factor, as specified in 5C-5-4/9.3.1

The effective breadth of plating, be, is as defined in 5C-5-4/9.5.

25.5.4(b) Transverse Frames. (1 July 2021)
The net section modulus SM of each transverse frame, in association with the effective plating to
which it is attached, is to be obtained from the following equation:SM = c2c3sℓ2(ℎ + bℎ1/33)(7 + 45/ℓ3)Q     cm3
SM = c2c3sℓ2(ℎ + bℎ1/100)(0 . 0037 + 0 . 84/ℓ3)Q     in3
wheres = spacing of side frames, in m (ft)c2 = 0.85c3 = 0.94ℓ = the span of frames between effective supports, as defined in 5C-5-6/5.11.3 FIGURE 1,

in m (ft). The value of ℓ for use with the equation is not to be less than 2.10 m (7 ft).ℎ = vertical distance, in m (ft), from the middle of ℓ to the load line or 0.4ℓ, whichever is
the greater, as shown in 5C-5-6/5.11.3 FIGURE 1.b = horizontal distance, in m (ft), from the outside of the frames to the first row of deck
supports, as shown in 5C-5-6/5.11.3 FIGURE 1ℎ1 = vertical distance, in m (ft), from the deck at the top of the frame to the bulkhead or
freeboard deck plus the height of all cargo tween-deck spaces and one half the height
of all passenger spaces above the bulkhead or freeboard deck, or plus 2.44 m (8 ft) if
that be greater. Where the cargo load differs from 715 kgf/m3 (45 lbf/ft3) multiplied by
the tween-deck height in m (ft), the height of that tween-deck is to be proportionately
adjusted in calculating ℎ1.Q = material conversion factor, as specified in 5C-5-4/9.3.1

The effective breadth of plating, be, is as defined in 5C-5-4/9.5.

25.5.4(c) Transverse tween-deck Frames. (1 July 2021)
The net section modulus of each transverse tween-deck frame, in association with the effective
plating to which it is attached, is to be not less than obtained from the following equation:SM = c2c3(7 + 45/ℓ3)sℓ2KQ     cm3
SM = c2c3(0 . 0037 + 0 . 84/ℓ3)sℓ2KQ     in3
wheres = spacing of side frames, in m (ft)c2 = 0.85c3 = 0.94
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ℓ = tween deck height or unsupported span along the frame length, as shown in 5C-5-4/9
FIGURE 6, whichever is greater, in m (ft)K = factor appropriate to the length of vessel and type of tween decks, as shown in
5C-5-6/5.11.3 FIGURE 1, defined as follows:

For L in m:KA = 0.022L − 0.47KB = 0.034L− 0.56KC = 0.036L − 0.09 for L≤ 180 mKC = 0.031L + 0.83 for L > 180 mKD = 0.029L + 1.78

For L in ft:KA = 0.022L − 1.54KB = 0.034L − 1.84KC = 0.036L − 0.29 for L ≤ 590 ftKC = 0.031L + 2.8 for L > 590 ftKD = 0.029L + 5.84L = length of vessel, as defined in 3-1-1/3.1, in m (ft), but need not be taken as greater than
305 m (1000 ft)Q = material conversion factor, as specified in 5C-5-4/9.3.1

The effective breadth of plating, be, is as defined in 5C-5-4/9.5.

25.7 Side Transverse Web Frames and Stringers
25.7.1 Transverse Web Frames (1 July 2021)

The net section modulus of each web frame, in association with the effective plating to which it is
attached, is to be not less than obtained from the following equation:SM = kc1c2c3sℓ2(ℎ + bℎ1/45K)Q     cm3
SM = kc1c2c3sℓ2(ℎ + bℎ1/150K)Q     in3
wherek = 4.74 (0.0025)c1 = 1.5c2 = 0.95c3 = 0.94s = spacing of the web frames, in m (ft)ℓ = span, in m (ft), measured from the line of the inner bottom (extended to the side of the

vessel) to the deck at the top of the web frames. Where effective brackets are fitted, the
length ℓ may be modified as shown in 5C-5-4/9 FIGURE 9.
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ℎ = vertical distance, in m (ft), from the middle of ℓ to the load line, the value of ℎ is not to
be less than 0.5ℓℎ1 = vertical distance, in m (ft), from the deck at the top of the frame to the bulkhead or
freeboard deck plus the height of all cargo tween-deck spaces and one half the height
of all passenger spaces above the bulkhead or freeboard deck, or plus 2.44 m (8 ft) if
that be greater. Where the cargo load differs from 715 kgf/m3 (45 lb/ft3) multiplied by
the tween-deck height in m (ft), the height of that tween-deck is to be proportionately
adjusted in calculating ℎ1.b = horizontal distance, in m (ft), from the outside of the frame to the first row of deck
supports, as shown in 5C-5-6/7 FIGURE 2K = 1.0, where the deck is longitudinally framed and a deck transverse is fitted in way of
each web frame

= number of transverse frame spaces between web frames where the deck is transversely
framedQ = material conversion factor, as specified in 5C-5-4/9.3.1

The depth and net thickness of the web are not to be less than dw and tw, respectively, as defined
below:dw = 125ℓ     mm= 1 . 5ℓ     in .tw = dw/100 + 2 . 0     mm need not be greater than 12.5 mm (0.492 in.)= dw/100 + 0 . 079     in .ℓ is as defined above.

Where the webs are in close proximity to boilers, the thickness of the webs, face bars, flanges, etc.
are to be increased 1.5 mm (0.06 in.) above the normal requirements.

Web frames in way of deep-tank are to comply with 5C-5-6/25.17

25.7.2 Stringers (1 July 2021)
The net section modulus of each side stringer, in association with the effective plating to which it
is attached, is to be not less than obtained from the following equation:SM = kc1c2c3ℎsℓ2Q     cm3(in3)
wherek = 4.74 (0.0025)c1 = 1.5c2 = 0.95c3 = 0.94Q = material conversion factor, as specified in 5C-5-4/9.3.1ℎ = vertical distance, in m (ft), from the middle of s to the load line, or to two-thirds of the

distance from the keel to the bulkhead deck, or 1.8 m (6 ft), whichever is greatest
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s = sum of the half lengths, in m (ft), (on each side of the stringer) of the frame supportedℓ = span, in m (ft), between web frames, or between web frame and bulkhead; where
brackets are fitted, the length ℓ may be modified as shown in 5C-5-4/9 FIGURE 9

The depth and net thickness of the stringer are not to be less than dw and tw, respectively, as
defined below:dw = 125ℓ + 0 . 25ds     mm= 1 . 5ℓ + 0 . 25ds     in .
but need not exceed depth of the web frames to which they are connectedtw = 0 . 014L+ 5 . 7     mm for L ≤ 200 m= 0 . 007L+ 7 . 1     mm for L > 200 mtw = 0 . 00017L+ 0 . 224     in. for L ≤ 656 ft

= 0 . 00008L+ 0 . 28     in . for L > 656 ftL = length of vessel, as defined in 3-1-1/3.1, in m (ft)dS is the depth of the slot, in mm (in.), for the transverse frames and ℓ is as defined above. In
general, the depth of the stringers is not to be less than 3 times the depth of the slots or the slots
are to be fitted with filler plates.

Where the stringers are in close proximity to boilers, the thickness of the stringer plates, face bars,
flanges, etc. are to be increased 1.5 mm (0.06 in.) above the normal requirements.

Stringers in way of deep-tank are also to comply with 5C-5-6/25.17.

25.7.3 After-peak stringers (1 July 2021)
The after peak stringer plate net thickness t and breadth b are not to be less than obtained from the
following equations:t = 0 . 014L+ 5 . 2     mm for L ≤ 200 mt = 0 . 007L+ 6 . 6     mm for L > 200 mt = 0 . 00017L+ 0 . 205     in . for L ≤ 656 ft= 0 . 0008L+ 0 . 26     in . for L > 656 ftb = 2 . 22L+ 600     mm= 0 . 0266L+ 23 . 62     in .L = length of vessel, as defined in 3-1-1/3.1, in m (ft)

Where beams or struts are not fitted on every frame, the edge of the stringer is to be adequately
stiffened by a flange or face bar.
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25.9 Decks
25.9.1 Strength Deck Plating Outside Line of Openings

The net thickness of the strength deck plating is to be not less than that required to meet the
longitudinal hull girder strength. The deck area contributing to the hull girder strength for
amidship 0.4L is gradually reduced to the end of the vessel. Where bending moment envelope
curves are used to determine the required hull girder section modulus as permitted in 5C-5-4/3.1,
the strength deck area is to be maintained a suitable distance beyond superstructure breaks and is
to be extended into the superstructure to provide adequate structural continuity. The thickness is
also to be not less than t specified below, except within deckhouse where the plating may be
reduced by 1 mm (0.04 in.).

25.9.1(a) for longitudinally framed deckst = 0 . 009sb+ 1 . 4     mm= 0 . 009sb+ 0 . 055     in . for sb ≤ 760 mm (30 in.)t = 0 . 006sb+ 3 . 7     mm= 0 . 006sb+ 0 . 146     in . for sb > 760 mm (30 in.)

25.9.1(b) for transversely framed deckst = 0 . 01sb+ 1 . 3     mm= 0 . 01sb+ 0 . 05     in . for sb ≤ 760 mm (30 in.)t = 0 . 0066sb+ 3 . 9     mm= 0 . 0066sb+ 0 . 154     in . for sb > 760 mm (30 in.)

whereL = length of vessel, as defined in 3-1-1/3.1, in m (ft)sb = spacing of deck beams, in mm (in.)

The net thickness of deck plating, for longitudinally framed decks, constructed of higher-strength
material is to be not less than obtained from the following equation:tℎts = (tms – C)   Q+ C
wherec = 3.3 (0.13)tℎts = net thickness of higher-strength material, in mm (in.)

tms = net thickness, in mm (in.), of ordinary-strength steel, as required aboveQ = material conversion factor as specified in 5C-5-4/9.3.10 . 92/ Q is to be used in lieu of Q for application of 5C-5-6/25.9.1(b) and is not to be less than
1.0.
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In general, where the deck plating is constructed of higher-strength material, the critical buckling
stress of the plating of the higher-strength material is to be checked in accordance with Appendix
5C-5-A2.

The net thickness of the stringer plate is to be increased 25% in way of breaks of superstructures,
but this increase need not exceed 6.5 mm (0.25 in.).

25.9.2 Strength Deck Plating within Line of Openings
Within deckhouses, the plating may be of the thickness obtained from the following equations:t = 0 . 009sb – 0 . 2     mm for sb ≤ 685 mmt = 0 . 0039sb+ 3 . 3     mm for sb > 685 mmt = 0 . 009sb− 0 . 008     in . for sb ≤ 27 in.t = 0 . 0039sb− 0 . 13     in . for sb > 27 in.sb is as defined in 5C-5-6/25.9.1 above.

25.9.3 Poop Decks
The net thickness of exposed poop deck plating is to be not less than obtained from 5C-5-6/25.9.2
above.

25.9.4 Platform Decks in Enclosed Spaces
The net thickness of platform deck plating including lower decks in machinery space, is to be not
less than obtained from the following equation:t = ksb ℎ + a     mm(in . )
but not less than 4.0 mm (0.2 in.).

wherek = 0.00394 (0.00218)a = 0.5 (0.02)ℎ = tween deck height, in m (ft)

= p/n , when a design load, p, is specifiedp = specified design load, in kN/m2 (kgf/m2, lbf/ft2)n = 7.05 (715, 45)sb is as defined in 5C-5-6/25.9.1 above.

Where the platform decks are subjected to hull girder bending, special consideration is to be given
to the structural stability of deck supporting members. Appendix 5C-5-A2 may be used.

25.9.5 Watertight Flats
Watertight flats over tunnels or forming recesses or steps in bulkheads are to be of not less
thickness than required for the plating of ordinary bulkhead at the same level obtained from
5C-5-6/25.15.1 plus 1 mm (0.04 in.).

For decks forming tops of tanks, see requirements in 5C-5-6/25.17.
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25.9.6 Deck Longitudinals and Beams
25.9.6(a) Deck Longitudinals Outside The Line Of Openings.
The net sectional area of each deck longitudinal or beam, in association with the effective deck
plating to which it is attached, is to be not less than that required to meet the longitudinal hull
girder strength nor is the associated net section modulus to be less than obtained in
5C-5-6/25.9.6(b) below.

25.9.6(b) Beams. (2022)
The net section modulus of each deck longitudinal or beams in association with the effective
plating is not to be less than obtained from the following equation:SM = kc1c2c3ℎsℓ2Q     cm3(in3)
wherek = 7.8 (0.0041)s = spacing of longitudinals or beams, in m (ft)c1 = 0.585 for beams between longitudinal deck girders. for longitudinal

beams of platform decks and between hatches at all decks

= 0.90 for beams at deep-tank tops supported at one or both ends at the
shell or on longitudinal bulkheads

= 0.945 for longitudinals of strength decks and of effective lower decks

= 1.0 for beams at deep-tank topc2 = 0.85c3 = 0.94ℓ = span of longitudinals or beams between effective supports, as shown in 5C-5-4/9
FIGURE 6, in m (ft).ℎ = height, in m (ft), as follows

= for bulkhead recesses and tunnel flats, is the height to the bulkhead deck at the
centerline unless a deck lower than the uppermost continuous deck is designated as the
freeboard deck, as allowed in 3-1-1/13.1. In such case, ℎ is to be not less than the
distance to the designated freeboard deck at center. For container carriers with
sufficient freeboard margin, the ℎ may be not less than the distance to an imaginary
freeboard deck at center; where that height is less than 6.10 m (20 ft), the value of ℎ is
to be taken as 0.8 times the actual height plus 1.22 m (4 ft).

= for deep-tank tops, ℎ is as defined in 5C-5-6/19.3.

Elsewhere, the value of ℎ may be taken as follows.ℎ = 2.9 m (9.5 ft) for bulkhead or freeboard deck having no deck below

= 2.29 m (7.5 ft) for bulkhead or freeboard deck having deck below

= 1.98 m (6.5 ft) for lower decks and platform deck

= 1.68 m (5.5 ft) for poop deck above bulkhead deckQ = material conversion factor, as specified in 5C-5-4/9.3.1

The effective breadth of plating, be, is as defined in 5C-5-4/9.5. Calculations are to be submitted
to show adequate provision against buckling where higher-strength materials is used for deck
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beams. Longitudinal members are to be essentially of the same material as the plating they
support.

25.9.7 Deck Girders and Transverses Clear of Tanks
25.9.7(a) Section Modulus. (1 July 2021)
The net section modulus of each deck girder or transverse with the effective plating is not to be
less than obtained from the following equation:SM = kc1c2c3bℎℓ2Q     cm3(in3)
wherek = 4.74 (0.0025)c1 = 1.0c2 = 0.95c3 = 0.94b = mean breadth of the area of deck supported, in m (ft)ℎ = the height, in m (ft), measured at the side of the vessel, of the cargo space wherever

stores or cargo may be carried. Where the cargo load differs from 715 kgf/m3 (45 lbf/
ft3) multiplied by the tween-deck height, in m (ft), the height is to be proportionately
adjusted.

Elsewhere, the value of ℎ may be taken as follows.ℎ = 2.9 m (9.5 ft) for bulkhead or freeboard deck having no deck below

= 2.29 m (7.5 ft) for bulkhead or freeboard deck having deck below

= 1.98 m (6.5 ft) for lower decks and platform deck

= 1.68 m (5.5 ft) for poop deck above bulkhead deckℓ = span between centers of supporting pillars, or between pillar and bulkhead, in m (ft).
Where an effective bracket is fitted at the bulkhead, the ℓ may be modified, as shown
in 5C-5-4/9 FIGURE 9.Q = material conversion factor, as specified in 5C-5-4/9.3.1

25.9.7(b) Proportions. (1 July 2021)
The depth and net thickness of the girders and transverses are not to be less than dw and tw,
respectively, as defined below:dw = kℓ mm (in.)tw = dw/100 + a mm (in.)

≥ 7.0 mm (0.276 in.) for AF ≤ 38 cm2 (5.27 in2)

≥ 8.5 mm (0.335 in.) for AF ≤ 46 cm2 (8.84 in2)

≥ 11.0 mm (0.433 in.) for AF ≤ 101 cm2 (18.14 in2)

≥ 13.5 mm (0.531 in.) for AF > 165 cm2 (27.44 in2)k = 58.3 (0.7)a = 2.5 (0.098)
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The thickness for intermediate face area may be obtained by interpolation.AF is the net face area and ℓ is as defined in 5C-5-6/25.9.7(a) above.

25.9.8 Deck Girders and Transverses in Tanks (2022)
The net section SM modulus of deck girders and transverses in tanks are to be obtained in the
same manner as given in 5C-5-6/25.9.7 above, except the values of c1 and ℎ are to be as modified
below. The proportionality requirements are to be the same as given in 5C-5-6/25.9.7 above
except that kfor dw is not to be less than 83.3 (1.0).c1 = 1.5ℎ = distances, as defined in 5C-5-6/19.3, in m (ft)

25.11 Pillars
25.11.1 Permissible Load (2019)

The permissible load Wa of a pillar or strut is to be obtained from the following equation which
will, in all cases, be equal to or greater than the calculated load W as in 5C-5-6/25.11.2 below.Wa = c2(k – nℓ/r)Ac     kN(tf, Ltf)
wherec2 = 1.05k = 12.09 (1.232, 7.83) ordinary strength steel

= 16.11 (1.643, 10.43) HT32

= 18.12 (1.848, 11.73) HT36

= 19.13 (1.951, 12.38) HT40ℓ = unsupported span, in m (ft)

The length ℓ is to be measured from the top of the inner bottom, deck or other structure on which
the pillars or struts are based to the under side of the beam or girder supported.r = least radius of gyration, in cm (in.)Ac = net cross sectional area of pillar or strut, in cm2 (in2)n = 4.44 (0.452, 0.345) ordinary strength steel

= 7.47 (0.762, 0.581) HT32

= 9.00 (0.918, 0.699) HT36

= 9.76 (0.996, 0.758) HT40

The foregoing equation applies where ℓ/r, with ℓ and r in the same units, is less than 130.

25.11.2 Calculated Load
The calculated load Wfor a specific pillar is to be obtained from the following equation:W = nbℎs     kN(tf, Ltf)
where
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n = 7.04 (0.715, 0.02)b = mean breadth of the area supported, in m (ft)ℎ = height above the area supported as defined below, in m (ft)

For pillars spaced not more than two frame spaces the height ℎ is to be taken as the distance from
the deck supported to a point 3.80 m (12.5 ft) above the freeboard deck.

For wide-spaced pillars, the height ℎ is to be taken as the distance from the deck supported to a
point 2.44 m (8 ft) above the freeboard deck, except in the case of such pillars immediately below
the freeboard deck in which case the value of ℎ is not to be less than 2.9 m (9.5 ft) in measuring
the distance from the deck supported to the specified height above the freeboard deck, the height
for any tween decks devoted to crew accommodation may be taken as 1.98 m (6.5 ft).s = mean length of the area supported, in m (ft)

25.11.3 Pillars under the Tops of Deep Tanks (2022)
Pillars under the tops of deep tanks are not to be less than required by the foregoing. They are to
be of solid sections and to have the net cross sectional area not less than A specified below.A = c1c2nbℎs       cm2(in2)
wherec1 = 0.1035 (1.015, 0.16) ordinary strength steel

= 0.0776 (0.761, 0.12) HT32

= 0.069 (0.677, 0.107) HT36c2 = 0.95n = 10.5 (1.07, 0.03)b = breadth of the area of the top of the tank supported by the pillar, in m (ft)s = length of the area of the top of the tank supported by the pillar, in m (ft)ℎ = distances as defined in 5C-5-6/19.1, in m (ft)

25.13 After-peak
25.13.1 Center Girder and Floor Plating (2022)

The center girder continued from the midship is to extend as far aft as practicable and to be
attached to the stern frame. The net thickness of plating is not to be less than obtained from the
following equation, but need not exceed 12.0 mm (0.472 in.) provided that it is suitably stiffened.t = 0 . 036L+ 2 . 7     mmt = 0 . 00043L+ 0 . 106     in .L = length of vessel as defined in 3-1-1/3.1, in m (ft)

The floors are to extend as high as necessary to give lateral stiffness to the structure and are to be
properly stiffened with flanges. If applicable, means are to be provided to prevent lateral
movement of floors.
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Floors and girders where constructed of higher-strength material are to be not less in thickness
than as modified by the following equation:tℎts = tms− C Q+ 2 Q /3 + C
wheretℎts = net thickness of higher-strength material, in mm (in.)tms = net thickness, in mm (in.), of ordinary-strength steel, as required above.Q = material conversion factor, as specified in 5C-5-4/9.3.1C = 1.5 (0.06)

25.13.2 Peak Frame
The net section modulus of each peak frame is to comply with 5C-5-6/25.5.4.

Peak frames in way of aft peak tank are to be in compliance with 5C-5-6/25.17.2.

25.15 Watertight Bulkheads
25.15.1 Plating (1 July 2021)

The net thickness t of bulkhead plating forming watertight boundaries is to be obtained from the
following equation:t = sk qℎ/C+ a     mm(in . )
but not less than tmin or s/200 + c1, whichever is greater.

wheretmin = 5.0 mm (0.197 in.) within cargo spaces

4.5 mm (0.177 in.) for other than cargo spacesc1 = 1.5 mm (0.059 in.) within cargo spaces

1.0 mm (0.039 in.) for other than cargo spacesC = 290 (525)a = 0.5 (0.02) within cargo spaces

= 0 (0) for other than cargo spacess = spacing of stiffeners, in mm (in.)k = (3.075 α − 2.077)/(α + 0.272) (1 ≤ α ≤2)

= 1.0 (α > 2)α = aspect ratio of the panel (longer edge/shorter edge)q = 235/Y(N/mm2), 24/Y(kgf/mm2) or 34,000/Y(lbf/in2)Y = minimum specified yield point or yield strength, in N/mm2 (kgf/mm2, lbf/in2), for the
higher-strength material or 72% of the specified minimum tensile strength, whichever
is the lesser
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ℎ = distance from the lower edge of the plate to the deepest equilibrium waterline in the
one compartment damaged condition, in m (ft)ℎ is to be not less than the distance to the bulkhead deck at center unless a deck lower
than the uppermost continuous deck is designated as the freeboard deck, as allowed
in 3-1-1/13.1. In such case, ℎ is to be not less than the distance to the designated
freeboard deck at center. For container carriers with sufficient freeboard margin, the ℎ
may be not less than the distance to an imaginary freeboard deck at center.

The net plating thickness of afterpeak bulkheads below the lowest flat is not to be less than
required for solid floors obtained by 5C-5-6/25.13.1.

25.15.2 Stiffeners (1 July 2021)
The net section modulus of each stiffener, in association with the effective plating to which it is
attached, is to be not less than obtained from the following equation:SM = kc1c2c3ℎsℓ2Q     cm3(in3)
wherek = 7.8 (0.0041)c1 = 0.56c2 = 0.85c3 = 0.94s = spacing of the stiffeners, in m (ft)ℎ = distance, in m (ft), from the middle of ℓ to the deepest equilibrium waterline in the one

compartment damaged conditionℎ is to be not less than the distance to the bulkhead deck at center unless a deck lower
than the uppermost continuous deck is designated as the freeboard deck, as allowed in
3-1-1/13.1. In such case, ℎ is to be not less than the distance to the designated
freeboard deck at center. For container carriers with sufficient freeboard margin, the ℎ
may be not less than the distance to an imaginary freeboard deck at center.

Where the distance indicated above is less than 6.10 m (20 ft), ℎ is to be taken as 0.8
times the distance plus 1.22 m (4 ft).ℓ = span of stiffeners between effective supports, as shown in 5C-5-4/9 FIGURE 6, in m
(ft)Q = material conversion factor, as specified in 5C-5-4/9.3.1

The effective breadth of plating, be, is as defined in 5C-5-4/9.5.

25.15.3 Girders and Webs (Watertight Bulkhead)
25.15.3(a) Section Modulus. (1 July 2021)
The net section modulus SM of each girder and web with effective plating which support bulkhead
stiffeners is not to be less than as obtained from the following equation:SM = kc1c2c3ℎsℓ2Q     cm3(in3)
where
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k = 4.74 (0.0025)c1 = 1.0c2 = 0.95c3 = 0.94ℎ = vertical distance, in m (ft), to the deepest equilibrium waterline in the one compartment
damaged condition from the middle of s in the case of girders, and from the middle ofℓ in the case of websℎ is to be not less than the distance to the bulkhead deck at center unless a deck lower
than the uppermost continuous deck is designated as the freeboard deck, as allowed in
3-1-1/13.1. In such case, ℎ is to be not less than the distance to the designated
freeboard deck at center. For container carriers with sufficient freeboard margin, the ℎ
may be not less than the distance to an imaginary freeboard deck at center.

Where the distance indicated above is less than 6.10 m (20 ft), ℎ is to be taken as 0.8
times the distance plus 1.22 m (4 ft).s = sum of half lengths ℓ on each side of girder or web of the stiffeners supported, in m (ft)ℓ = span measured between the heels of end attachments, in m (ft). Where an effective
bracket is fitted at the bulkhead, the length ℓ may be modified as shown in 5C-5-4/9
FIGURE 9.Q = material conversion factor, as specified in 5C-5-4/9.3.1

25.15.3(b) Proportions. (1 July 2021)
The depth and net thickness of the girders and web are not to be less than dw and tw, respectively,
as defined below;dw = 83 . 3ℓ + 0 . 25dS     mmdw = 1 . 0ℓ + 0 . 25dS     in .tw = dw/100 + 1 . 5     mm need not exceed 10.0 mm (0.394 in.)tw = dw/100 + 0 . 059     in .dS is the depth of the slots in mm (in.) for the stiffeners and ℓ is as defined above.

25.17 Deep Tank Bulkheads
This section applies to deep tank bulkheads where the requirements in this section exceed those of
5C-5-6/25.15.

25.17.1 Plating (2022)
The net thickness tof bulkhead plating forming tank boundary is to be obtained from the following
equation:t = sk qℎ/C+ a     mm(in . )
but not less than 4.5 mm (0.177 in.) or s/150 + a mm (in.), whichever is greater.

whereC = 254 (460)a = 0.5 (0.02)
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s = spacing of stiffeners, in mm (in.)k = (3.075 α − 2.077)/(α + 0.272) (1 ≤ α ≤ 2)

= 1.0 (α > 2)α = aspect ratio of the panel (longer edge/shorter edge)q = 235/Y (N/mm2), 24/Y (kgf/mm2) or 34,000/Y (lbf/in2)Y = minimum specified yield point or yield strength, in N/ mm2 (kgf/mm2, lbf/in2), for the
higher-strength material or 72% of the specified minimum tensile strength, whichever
is the lesserℎ = distances, as defined in 5C-5-6/19.1, in m (ft)

The tops of tanks are to have plating 0.5 mm (0.02 in.) thicker than would be required for vertical
plating at the same level.

25.17.2 Stiffeners (2022)
The net section modulus of each stiffener, in association with the effective plating to which it is
attached, is not to be less than obtained from the following equation:SM = kc1c2c3ℎsℓ2Q     cm3(in3)
wherek = 7.8 (0.0041)c1 = 0.90c2 = 0.85c3 = 0.94s = spacing of the stiffeners, in m (ft)ℎ = distances, as defined in 5C-5-6/19.3, in m (ft)ℓ = span of stiffeners between effective supports, as shown in 5C-5-4/9 FIGURE 6, in m

(ft)Q = material conversion factor, as specified in 5C-5-4/9.3.1

The effective breadth of plating, be, is as defined in 5C-5-4/9.5.

25.17.3 Girders and Webs (Deep Tank Bulkhead)
25.17.3(a) Section Modulus. (1 July 2021)
The net section modulus of each girder and web with effective plating which supports bulkhead
stiffeners is not to be less than obtained from the following equation:SM = kc1c2c3sℎℓ2Q     cm3(in3)
wherek = 4.74 (0.0025)c1 = 1.5c2 = 0.95
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c3 = 0.94ℎ = vertical distance, in m (ft), from the middle of sin the case of girders, and from the
middle of ℓ in the case of webs to the same height to which ℎ for the stiffeners is
measured (See 5C-5-6/25.17.2 above).s = sum of half lengths ℓ on each side of girder or web of the frame or stiffener supported,
in m (ft)ℓ = span measured between the heels of the end of the attachments, in m (ft). Where
effective brackets are fitted, the length ℓ may be modified as defined in 5C-5-4/9
FIGURE 9.Q = material conversion factor, as specified in 5C-5-4/9.3.1

25.17.3(b) Proportions. (1 July 2021)
The depth and net thickness of the girders and webs are not to be less than dw and tw, respectively,
as defined below;dw = 145ℓ + 0 . 25dS mm

= 1 . 74ℓ + 0 . 25dS in.

where no struts or ties are fitteddw = 83 . 3ℓ + 0 . 25dS mm

= 1 . 0ℓ + 0 . 25dS in.

where struts are fittedtw = dw/100 + 1 . 0 mm need not exceed 9.5 mm (0.374 in.)

= dw/100 + 0 . 039 in.dS is the depth of the slots, in mm (in.), for the stiffeners and ℓ is as defined above. In general, the
depth is not to be less than 3 times the depth of the slots or the slots are to be fitted with filler
plates.

25.19 Machinery Space
Care is to be taken to provide sufficient transverse strength and stiffness in the machinery space by means
of webs, plated through beams, and heavy pillars in way of deck openings and casings.

27 Breakwater

27.1 General
Breakwater is not required as a condition of class. However, where a breakwater is fitted forward of (x/L
≥ 0.85), the scantlings are to be in accordance with the requirements of this Subsection.

27.3 Plating (1 July 2021)
The net thickness t of the breakwater plating is not to be less than that obtained from the following
equations, whichever is greater:t = k1s qℎ     mm(in . )t = k2+ L/k3     mm(in . )
where
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k1 = 3.0 (0.02)k2 = 4.5 (0. 177)k3 = 100 (8331)s = spacing of stiffeners, in m (ft)q = 235/Y (N/mm2), 24/Y (kgf/mm2) or 34,000/Y (lbf/in2)Y = minimum specified yield point or yield strength, in N/ mm2 (kgf/mm2, lbf/in2), for the higher-
strength material or 72% of the specified minimum tensile strength, whichever is the lesserℎ = a[(bf) – y] , the design head, in m (ft)ℎ is not to be taken less than 2.5 + L/100 m (8.2 + L/100 ft), in which L need not be taken as
greater than 250 m (820 ft)a = 2.0 + L/k4, in m (ft)k4 = 120 (393.6)b = 1 . 0 + 1 . 5 x/L − 0 . 45Cb+ 0 . 2 2

Cb = block coefficient, as defined in 3-1-1/13.3 , not to be taken as less than 0.60 nor greater than
0.80x = distance, in m (ft), between the after perpendicular and the breakwater being consideredy = vertical distance, in m (ft), from the summer load waterline to the middle of the plateL = length of vessel, in m (ft)f = value of f is obtained from the following table based on the length of the vessel

Value of f Length of Vessel L in m (ft)ƒ = (L/10)(e−L/n1) – [n5 – (L/n2)2] L ≤ 150 (492)ƒ = (L/10)(e−L/n1) 150 (492) < L< 220 (722)ƒ = 0 . 0165L+ n3 220 (722) ≤ L ≤ 300 (984)ƒ = 0 . 02L+ n4 L ≥ 300 (984)n1 = 300 (984)n2 = 150 (272)n3 = 6.95 (22.8)n4 = 5.91 (19.39)n5 = 1.0 (3.28)

27.5 Stiffeners (1 July 2021)
Each stiffener, in association with the plating to which it is attached, is to have a net section modulus SM
not less than obtained from the following equation:SM = sℓ2c1c2c3ℎq     cm3(in3)
where
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ℓ = unsupported span, in m (ft), not to be taken less than 2 m (6.56 ft)c1 = 3.5 (0.00185)c2 = 0.95c3 = 0.94ℎ is as defined in 5C-5-6/27.3 where y is measured from the summer load waterline to the bottom of the
breakwater;s and q are as defined in 5C-5-6/27.3;

Slot connections are to be fitted with collar plates unless calculations are submitted showing unnecessary.

27.7 Stanchions, Girders, and Webs (1 July 2021)
Each deep supporting member which supports breakwater stiffeners or other girders and webs is to have a
net section modulus SM not less than obtained from the following equation:SM = c1sℓ2c2c3c4ℎq     cm3(in3)
wherec4 = 4.0 for cantilevered stanchions.

= 0.7 for webs or girders effectively attached at both ends.s = sum of half lengths (on each side of stanchion, girder, or web) of the stiffeners supported, in m (ft)ℓ = span of stanchion, girder, or web, in m (ft)c1, c2 and c3 are defined in 5C-5-6/27.5 and ℎ and q are defined in 5C-5-6/27.3

Where the breakwater is supported by cantilevered stanchions, the required section modulus is to be
provided at the connection between the stanchion and the deck. The stanchion may be gradually tapered to
the stiffener scantlings at the free end. Ample strength is to be provided at the support at the deck and the
required section modulus is to be maintained for a suitable distance beyond the stanchion deck
intersection.

The scantlings of deep supporting members having other types of end connection are to be specially
considered.
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FIGURE 4
Typical Breakwater Structure
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C H A P T E R  5
Vessels Intended to Carry Containers (130 meters (427 feet) to 450

meters (1476 feet) in Length)

S E C T I O N  7
Cargo Safety (2024)

Note: Text in italics comes from the International Convention of Safety of Life at Sea (SOLAS) 1974, as amended, and
other IMO documents. and are required for classification. The parts which are classification requirements and not
based on the Codes are presented in non-italics "Times New Roman" type style. The term “shall be” is to be
understood to read as “is to be” or “are to be” unless otherwise specified.

1  Application (2024)
Part 5C, Chapter 5, Section 7 (referred to as Section 5C-5-7) apply to vessels intended to carry containers
in respect of hazards posed by some cargoes. They form a part of the necessary condition for assigning the
mandatory classification notation Container Carrier. Part 4, specifying conditions for assigning the
mandatory machinery class notation AMS (see 4-1-1/1.5), is applicable to container carriers in addition to
this Section.

1.1 Objective (2024)
1.1.1 Goal

The equipment and systems covered in this section are to be designed, constructed, operated, and
maintained to:

Goal No. Goals

SAFE 1.1 Minimize danger to persons on board, the vessel, and surrounding equipment/installations from
hazardous associated with machinery and systems.

FIR 1 Prevent the occurrence of fire and explosion. (SOLAS II-2/Reg 2.1.1)

FIR 3 Reduce the risk of damage caused by fire to the ship, its cargo and the environment. (SOLAS
II-2/Reg 2.1.3)

CARGO 1 Enable all cargoes to be stored and secured in such a way that the ship and persons onboard and
the environment are not put at risk.

AUTO 2 Indicate the system operational status and alert operators when any essential machinery/systems
deviate from their defined design/operating conditions or intended performance.

POW 3 Enable all electrical services necessary for maintaining the vessel in normal operational and
habitable conditions to be available without recourse to the emergency source of power.
(SOLAS II-1 Reg 3-7 and SOLAS II-1 Reg 40-1.1)
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The goals in the cross-referenced Rules/Regulations are also to be met.

1.1.2 Functional Requirements
In order to achieve the above stated goals, the design, construction, installation and maintenance
are to be in accordance with the following functional requirements:

Functional
Requirement No.

Functional Requirements

Fire Safety (FIR)

FIR-FR1
(CARGO)

Containment and extinction of any fire in the space of origin. (SOLAS II-2)

FIR-FR2 Provide suitable means to protect the ship from added fire hazards associated with
containers on and above weather deck.

FIR-FR3 Fire protection systems shall be provided to protect the ship from the added fire hazards
associated with carriage of dangerous goods. (SOLAS II-2)

FIR-FR4 Dangerous goods shall be adequately separated from ignition sources. (SOLAS II-2)

FIR-FR5 Appropriate personnel protective equipment shall be provided for the hazards associated
with the carriage of dangerous goods. (SOLAS II-2)

FIR-FR6 Minimization of possibility of ignition of flammable cargo vapor. (SOLAS II-2)

FIR-FR7 Means shall be provided to limit the accumulation of flammable vapors. (SOLAS II-2)

Safety of Personnel (SAFE)

SAFE-FR1 (FIR) Electrical equipment and machinery are to be of appropriate type for the hazardous areas
that they will be operating in and are arranged to minimize fire risk when located in such
areas.

SAFE-FR2 Provide alerts when the classification of hazardous area changes due to ventilation failure.

Power Generation and Distribution (POW)

POW-FR1 Provide sufficient power to electrical loads in normal and emergency conditions with at least
one standby.

The functional requirements in the cross-referenced Rules/Regulations are also to be met.

1.1.3 Compliance
A vessel is considered to comply with the goals and functional requirements within the scope of
classification when the prescriptive requirements are complied with or when an alternative
arrangement has been approved. Refer to Part 1D, Chapter 2.

3 Container Cargo Spaces

3.1 General Fire Protection (2024)
Except for cargo spaces covered in 5C-5-7/3.3, cargo spaces on cargo ships of 2,000 gross tonnage and
upwards shall be protected by a fixed carbon dioxide or inert gas fire-extinguishing system complying with
the provisions of 4-7-3/3, or by a fire-extinguishing system which gives equivalent protection.
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3.3 Vessels Intended to Carry Dangerous Goods (2024)
Container holds intended for the carriage of dangerous goods are to comply with the following tabulated
requirements, except when carrying dangerous goods in limited quantities and excepted quantities (as
defined in Chapters 3.4 and 3.5 of IMDG Code respectively):

● 5C-5-7/3 TABLE 1 provides a description of the list of dangerous goods as defined in IMDG Code.

● 5C-5-7/3 TABLE 2 provides the application of the requirements described in 4-7-2/7.3 to container
cargo spaces.

● 5C-5-7/3 TABLE 3 provides the application of the requirements described in 4-7-2/7.3 to the different
classes of dangerous goods except dangerous goods in bulk.

● For hazardous areas, refer to IEC 60092-506: Special features - Ships carrying specific dangerous
goods and materials hazardous only in bulk.

● For pipes having open ends (e.g., ventilation and bilge pipes) in a hazardous area, the pipe itself is to
be classified as a hazardous area. Reference IEC 60092-506 Table B1, Item B.

● (IACS UR SC79) When carrying flammable liquids having flashpoints less than 23°C (73.4°F) as
Class 3, 6.1 or 8 in cargo spaces, the bilge pipes with flanges, valves, pumps, etc. constitute a source of
release and the enclosing spaces (e.g., pipe tunnels, bilge pump rooms, etc.) are to be classified as
extended hazardous areas (comparable with Zone 2) unless these spaces are continuously mechanically
ventilated with a capacity for at least six air changes per hour. Except where the space is protected
with redundant mechanical ventilation capable of starting automatically, equipment not certified for
Zone 2 is to be automatically disconnected following loss of ventilation while essential systems such
as bilge and ballast systems are to be certified for Zone 2.

Where redundant mechanical ventilation is employed, equipment and essential systems not certified
for Zone 2 are to be interlocked in order to prevent inadvertent operation if the ventilation is not
operational. Audible and visible alarms are to be provided at a manned station if failure occurs.

3.3.1 Door Arrangement between Hazardous Area and Non-hazardous Area (2022)
Where the underdeck passageway has an opening into an adjacent hazardous area (i.e., enclosed
cargo space), the passageway may be defined as a non-hazardous area when following
requirements are complied with:

i) Where the passageway is provided with a mechanical supply fan and a minimum
overpressure of 25 Pa with respect to the cargo area, a single watertight door may be
acceptable provided below arrangement is complied with:

a) The watertight door is open to the non-hazardous area.

b) Self-closing arrangement is to be provided on the watertight door, warning plate
is to be attached to remind the door is to be kept closed on board.

c) Visual and audible alarms are to be provided at both sides of the watertight door
when it is not closed.

d) Monitoring is to be provided to maintain a minimum overpressure of 25 Pa of
passageway with respect to the cargo area when carrying dangerous goods.
Failure of the overpressure is to be alarm at the navigation bridge.

ii) Where the passageway is provided with natural ventilation, a single watertight door with
additional a gas-tight door are to be provided and below arrangement is to be complied
with:

a) Gas-tight door is to be installed at the cargo area side and watertight door is to be
installed at passageway side.

b) The space between gas-tight door and watertight door is defined as extended
hazardous area as per item F of IEC60092-506 Annex B.
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c) Doors are to open to the less hazardous area.

d) Self-closing arrangement is to be provided on both doors, warning plates are to
be attached to indicate the doors are to be kept closed.

e) Visual and audible alarms are to be provided at both sides of the door and
activated when the door is not closed.

3.5 Vessels Intended to Carry Containers On or Above the Weather Deck
3.5.1 Water Mist Lance

All vessels designed to carry containers on or above the weather deck shall carry at least one (1)
water mist lance. The water mist lance shall consist of a tube with a piercing nozzle which is
capable of penetrating a container wall and producing water mist inside a confined space
(container, etc.) when connected to the fire main.

3.5.2 Mobile Water Monitors
Vessels designed to carry five or more tiers of containers on or above the weather deck are to
also carry onboard mobile water monitors.

3.5.2(a) Number Required:
i) vessels with a breadth less than 30 m (98 ft): at least two (2) mobile water monitors; or

ii) vessels with a breadth of 30 m (98 ft) or more: at least four (4) mobile water monitors.

3.5.2(b) Storage.
The mobile water monitors, all necessary hoses, fittings and required fixing hardware shall be
kept ready for use in a location outside the cargo space area not likely to be cut-offin the event of
a fire in the cargo spaces.

3.5.2(c) Standards.
The mobile water monitors are to comply with IMO MSC.1/Circ.1472 (Guidelines for the design,
performance, testing and approval of mobile water monitors used for the protection of on-deck
cargo areas of ships designed and constructed to carry five or more tiers of containers on or
above the weather deck) or equivalent international standards.

3.5.2(d) Operational Performance.
The operational performance of each mobile water monitor shall be tested during initial survey on
board the ship to the satisfaction of the attending Surveyor. The test shall to verify that:

i) The mobile water monitor can be securely fixed to the ship structure ensuring safe and
effective operation; and

ii) The mobile water monitor jet reaches the top tier of containers with all required monitors
and water jets from fire hoses operated simultaneously.

3.5.3 Fire Hydrants Arrangements
3.5.3(a) Number.
A sufficient number of fire hydrants shall be provided such that:

i) All provided mobile water monitors can be operated simultaneously for creating effective
water barriers forward and aft of each container bay;

ii) he two jets of water required by 4-7-3/1.9 can be supplied at the pressure required by
4-7-3/1.7.2; and

iii) Each of the required mobile water monitors can be supplied from a separate hydrant at
the pressure necessary to reach the top tier of containers on deck.

3.5.3(b) Hydrant Valves. (2024)
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The hydrant valves are to comply with 4-7-3/1.11.2.

3.5.4 Pumps and piping systems (MSC.1/Circ.1550)
3.5.4(a) General.
Pipework diameter is defined as the diameter of the firemain and water service pipes.

3.5.4(b) Independent Water Supply.
In cases where the mobile water monitors of 5C-5-7/3.5.2 are supplied by separate pumps and
piping system, the total capacity of the main fire pumps need not exceed 180 m3/h (792 gpm) and
the pipework diameter need only be sufficient for the discharge of 140 m3/h (616 gpm).

3.5.4(c) Water Supply by Main Fire Pumps.
In cases where the mobile water monitors are supplied by the main fire pumps; the total capacity
of required main fire pumps and the pipework diameter is to be sufficient for simultaneously
supplying both the required number of fire hoses and the mobile water monitors specified in
5C-5-7/3.5.2 in the most hydraulically remote arrangement. However, the total capacity is not to
be less than that required in 4-7-3/1.3.

3.5.4(d) Carriage of Dangerous Goods.
Where dangerous goods are to be carried, and the mobile water monitors and the “water spray
system” (fixed arrangement of spraying nozzles or flooding the cargo space with water) required
by 4-7-2/7.3.1(c) are supplied by the main fire pumps, the total capacity of the main fire pumps
and the pipework diameter need only be sufficient to supply whichever of the following is the
greater:

i) The mobile water monitors of 5C-5-7/3.5.2 and the four nozzles required by
4-7-2/7.3.1(b); or

ii) The four nozzles required by 4-7-2/7.3.1(b) and the water spray system required by
4-7-2/7.3.1(c).

The total capacity, however, should not be less than 4-7-3/1.3 or 180 m3/h (792 gpm), whichever is
smaller.

3.5.4(e) Emergency Fire Pump Capacity.
The total capacity of the emergency fire pump need not exceed 72 m3/h (317 gpm).

TABLE 1
Dangerous Goods Classes (1 July 2020)

Class Substance

1
(1.1 through 1.6,
except 1.4S)

Explosives

1.4S

Explosives Division 1.4, compatibility group S: Substances or articles so packaged or designed
that any hazardous effects arising from accidental functioning are confined within the package
unless the package has been degraded by fire, in which case all blast or projection effects are
limited to the extent that they do not significantly hinder or prohibit fire-fighting or other
emergency response efforts in the immediate vicinity of the package.

2.1 (hydrogen and
hydrogen mixtures
exclusively)

Hydrogen and hydrogen mixtures (compressed, liquefied, refrigerated liquefied, dissolved under
pressure or adsorbed)
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Class Substance

2.1 (other than
hydrogen and
hydrogen mixtures)

Flammable gases other than hydrogen and mixtures of hydrogen (compressed, liquefied,
refrigerated liquefied, dissolved under pressure or adsorbed)

2.2 Non-flammable, non-toxic gases (compressed, liquefied, refrigerated liquefied, dissolved under
pressure or adsorbed)

2.3 Toxic gases (compressed, liquefied, refrigerated liquefied, dissolved under pressure or adsorbed)

3
(3.1 through 3.3)

Flammable liquids

4.1 Flammable solids, self-reactive substances, solid desensitized explosives and polymerizing
substances

4.2 Substances liable to spontaneous combustion

4.3 Substances which, in contact with water, emit flammable gases

5.1 Oxidizing substances

5.2 Organic peroxides

6.1 Toxic substances

6.2 Infectious substances

7 Radioactive materials

8 Corrosives

9 Miscellaneous dangerous substances and articles, that is any substance which experience has
shown, or may show, to be of such a dangerous character that the provisions for dangerous
substance transportation are to be applied.

TABLE 2
Application of Requirements to Container Cargo Spaces (2024)

4-7-2/… Requirements Container cargo spaces Weather deck

4-7-2/7.3.1(a) Availability of water x x

4-7-2/7.3.1(b) Quantity of water x x

4-7-2/7.3.1(c) Under-deck cargo space
cooling

x -

4-7-2/7.3.1(d) Alternative to cooling by
water

x -

4-7-2/7.3.2 Sources of ignition x -

4-7-2/7.3.3 Detection system x -

4-7-2/7.3.4(a) Ventilation - air changes x (1) -

4-7-2/7.3.4(b) Ventilation - fans x -

4-7-2/7.3.5 Bilge pumping x -

4-7-2/7.3.6 Personnel protection x x

4-7-2/7.3.7 Portable fire extinguisher - x
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4-7-2/… Requirements Container cargo spaces Weather deck

4-7-2/7.3.8 Insulation of machinery
space boundary

x (2) x

4-7-2/7.3.9 Water-spray system - -

Notes:

 1 For classes 4 and 5.1 solids not applicable to closed freight containers. For classes 2, 3, 6.1 and 8 when
carried in closed freight containers the ventilation rate may be reduced to not less than two air changes.
For classes 4 and 5.1 liquids when carried in closed freight containers, the ventilation rate may be
reduced to not less than two air changes per hour. For the purpose of this requirement, a portable tank is
a closed freight container.

 2 Applicable to decks only.
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5  Refrigerated Containers
Where independent refrigerated containers are carried, requirements specified in 4-8-2/3.1.1 are to be
complied with taking into consideration electrical loads of the containers with any one generator in
reserve.
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C H A P T E R  5
Vessels Intended to Carry Containers (130 meters (427 feet) to 450

meters (1476 feet) in Length)

A P P E N D I X  1
Fatigue Strength Assessment of Container Carriers

1 General

1.1 Note
This Appendix provides a designer oriented approach to fatigue strength assessment which may be used,
for certain structural details, in lieu of more elaborate methods such as spectral fatigue analysis. The term
assessment is used here to distinguish this approach from the more elaborate analysis.

The criteria in this Guide are developed from various sources including the Palmgren-Miner linear damage
model, S-N curve methodologies, a long-term environment data of the North-Atlantic Ocean (Walden's
Data), etc., and assume workmanship of commercial marine quality acceptable to the Surveyor. The
capacity of structures to resist fatigue is given in terms of permissible stress range to allow designers the
maximum flexibility possible.

While this is a simplified approach, a good amount of effort is still required in applying these criteria to the
actual design. For this reason, PC based software has been developed and is available to the clients.
Interested parties are kindly requested to contact the nearest ABS plan approval office for more
information.

1.3 Applicability
The criteria in this Appendix are specifically written for container carriers to which Part 5C, Chapter 5 is
applicable.

1.5 Loadings
The criteria have been written for ordinary wave induced motions and loads. Other cyclic loadings, which
may result in significant levels of stress ranges over the expected lifetime of the vessel, are also to be
considered by the designer.

Where it is known that a vessel will be engaged in long-term service on a route with more severe
environment, the fatigue strength assessment criteria in this Appendix are to be modified accordingly.
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1.7 Effects of Corrosion
To account for the mean wastage throughout the service life, the total stress range calculated using the net
scantlings (i.e. deducting nominal design corrosion values, see 5C-5-2/3 TABLE 1) is modified by a factorcf. See 5C-5-A1/7.5.1.

1.9 Format of the Criteria
The criteria in this Appendix are presented as a comparison of fatigue strength of the structure (capacity)
and fatigue inducing loads (demands) as represented by the respective stress ranges. In other words, the
permissible stress range is to be not less than the total stress range acting on the structure.

5C-5-A1/5 provides the basis to establish the permissible stress range for the combination of the fatigue
classification and typical structural joints of container carriers. 5C-5-A1/7 presents the procedures to be
used to establish the applied total stress range. 5C-5-A1/9 provides typical stress concentration factors
(SCF's) and guidelines for direct calculation of the required SCF's. 5C-5-A1/11 provides the guidance for
assessment of stress concentration factors and the selection of compatible S-N data where a fine mesh
finite element approach is used.

3 Connections to be Considered for the Fatigue Strength Assessment

3.1 General
These criteria have been developed to allow consideration of a broad variation of structural details and
arrangements so that most of the important structural details anywhere in the vessel can be subjected to an
explicit (numerical) fatigue assessment using these criteria. However, where justified by comparison with
details proven satisfactory under equal or more severe conditions, an explicit assessment can be exempted.

3.3 Guidance on Locations
As a general guidance for assessing fatigue strength for a container carrier, the following connections and
locations are to be considered:

3.3.1 Connections of Longitudinal Stiffeners to Transverse Web/Floor and to Transverse
Bulkhead

3.3.1(a) Two (2) to three (3) selected side longitudinals in the region from 1.1 draft (d) to about 1/3
draft (d) in the midship region and also in the region between 0 . 15L and 0 . 25L from FP

3.3.1(b) One (1) to two (2) stiffeners selected from each of the following groups:

Deck longitudinals, bottom longitudinals, inner bottom longitudinals and longitudinals on the
longitudinal bulkheads.

For these structural details, the fatigue assessment is to be first focused on the flange of the
longitudinal at the rounded toe welds of attached flat bar stiffeners and brackets, as illustrated for
Class F item 2) and Class F2 item 1) and at the connection of the strut for Class G item 4) in 5C-5-
A1/3.5.1 TABLE 1.

Then, the critical spots on the web plate cut-out, on the lower end of the flat bar stiffener as well
as the weld throat are also to be checked for the selected structural detail. For illustration see
5C-5-A1/9.3.1 and 5C-5-A1/9.3.2(a), 5C-5-A1/9.3.2(b) and 5C-5-A1/9.3.2(c).

Where the stiffener end bracket arrangements on two sides of a transverse web or transverse
bulkhead are different, both configurations are to be checked.

3.3.2 End Connections of Side Frame and Vertical Stiffener on Longitudinal Bulkhead
End connections of side frame and vertical stiffener on longitudinal bulkhead.
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3.3.3 Connections of Transverse Web or Floor to Side Shell, Bottom, Inner Bottom or
Bulkhead Plating (for Fatigue Strength of Plating)

3.3.3(a) One (1) to two (2) selected locations of side shell plating near the summer LWL
amidships and between 0 . 15L and 0 . 25L from FP, respectively.

3.3.3(b) One (1) to two (2) selected locations in way of bottom, inner bottom and also lower
strakes of the longitudinal bulkhead amidships, respectively.

3.3.4 Hatch Corners
The following locations (stations) of hatch corners as shown in 5C-5-4/7.7.3 FIGURE 5

3.3.4(a) Typical hatch corners within 0 . 4L amidships, one each at water-tight and mid-hold
strength bulkheads, station D and D'.

3.3.4(b) Hatch corners immediately forward and aft of the engine room, stations C and B.

3.3.4(c) One of the forward hatch corners subject to significant warping constraint from the
adjacent structures, station E, F or G, whichever has the greatest warping constraint.

3.3.5 Connection of Longitudinal Hatch Girders and Cross Deck Box Beams to Other
Supporting Structures

Two or more representative locations of each hatch girder and cross deck box beam connections

3.3.6 End Bracket Connections for Transverses and Girders
One (1) to two (2) selected locations in the midship region for each type of bracket configuration

3.3.7 End Bracket Connections for Hatch Side and Hatch End Coamings
One (1) to two (2) selected locations in the midship region for each type of bracket configuration

3.3.8 Representative Cut-outs
Representative cut-outs in the longitudinal bulkheads, longitudinal deck girder, hatch side
coamings and cross deck box beams

3.3.9 Other Regions and Locations
Highly stressed by fluctuating loads, as identified from structural analysis

For these structural details of items 5C-5-A1/3.3.4, 5C-5-A1/3.3.5 and 5C-5-A1/3.3.7, the value of
the total stress range, fR, as specified in 5C-5-A1/7.5.1 may be determined from fine mesh F.E.M.
analyses for the combined load cases as specified in 5C-5-A1/7.5.2(d). Alternatively, the value offR may be calculated by the approximate equations given in this Appendix.

3.5 Fatigue Classification
3.5.1 Welded Connections with One Load Carrying Member

Fatigue classification for structural details is shown in 5C-5-A1/3.5.1 TABLE 1.
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TABLE 1
Fatigue Classification for Structural Details

  Long-term
Distribution
Parameter

Permissible
Stress Range

Class
Designation

Description γ kgf/mm2

B Parent material, plates or shapes as rolled or draw, with no
flame-cut edges

0.7
0.8
0.9
1.0

92.2*
75.9
64.2
55.6

C 1)
2)

Parent material with automatic flame-cut edges
Full penetration seam welds or longitudinal fillet welds
made by an automatic submerged or open are process, and
with no stop-start positions within the length.

0.7
0.8
0.9
1.0

79.2
63.9
53.3
45.7

 

D 1) Full penetration butt welds made either manually or by 0.7 59.9

  an automatic process other than submergedarc, from both
sides, in downhand position.

0.8 47.3

   0.9 38.9

 2) Weld in C-2) with stop-start positions within the length 1.0 32.9

 

E 1) Full penetration butt welds made by other 0.7 52.8

  processes than those specified under D-1) 0.8 41.7

 2) Full penetration butt welds made from both sides between
plates of unequal widths or thicknesses

0.9 34.2

   1.0 29.0

 

 

 3) Welds of brackets and stiffeners to web plat of girders   
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  Long-term
Distribution
Parameter

Permissible
Stress Range

Class
Designation

Description γ kgf/mm2

 

 

F 1) Full penetration butt weld made on a permanent backing
strip

0.7 44.7

   0.8 35.3

 2) Rounded fillet welds as shown below 0.9 29.0

   1.0 24.5

 

 

 3) Welds of brackets and stiffeners to flanges   

 

 

 4) Attachments on plate or face plate   
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  Long-term
Distribution
Parameter

Permissible
Stress Range

Class
Designation

Description γ kgf/mm2

 

 

F2 1) Fillet welds as shown below with rounded welds and no
undercutting

0.7 39.3

   0.8 31.1

   0.9 25.5

 

 

 2) Fillet welds with any undercutting at the corners dressed
out by local grinding

1.0 21.6
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  Long-term
Distribution
Parameter

Permissible
Stress Range

Class
Designation

Description γ kgf/mm2

 

 

G 1) Fillet welds in F2 - 1) without rounded tow welds or with
limited minor undercutting at corners or bracket toes

0.7 32.8

 2) Fillet welds in F2 - 2) with minor undercutting 0.8 25.9

 3) Doubler on face plate or flange, small deck openings 0.9 21.3

 4) Overlapped joints as shown below 1.0 18.0
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  Long-term
Distribution
Parameter

Permissible
Stress Range

Class
Designation

Description γ kgf/mm2

 

 

W 1) Fillet welds in G - 3) with any undercutting at the toes 0.7 28.3

   0.8 22.3

 2) Fillet welds - weld throat 0.9 18.4

   1.0 15.5
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  Long-term
Distribution
Parameter

Permissible
Stress Range

Class
Designation

Description γ kgf/mm2

1) The permissible stress range cannot be taken greater that two times the specified minimum tensile
strength of the material.

2) To obtain the permissible stress range in SI and U.S. Units, the conversion factors of 9.807 (N/
mm2) and 1422 (lb/in2) can be used respectively.

3.5.2 Welded Joint with Two or More Load Carrying Members
For brackets connecting two or more load carrying members an appropriate stress concentration
factor (SCF) determined from fine mesh 3D or 2D finite element analysis is to used. In this
connection the fatigue class at bracket toes may be upgraded to class E. Sample connections are
illustrated below with/without SCF.

TABLE 2
Welded Joint with Two or More Load Carrying Members
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Note:
Thickness of brackets is to be not less than that of cross deck plating in the same location (level).
For fitting of cell guide, no cut nor welding to the brackets is allowed.
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5 Permissible Stress Range

5.1 Assumption
The fatigue strength of a structural detail under the loads specified here in terms of a long term,
permissible stress range, is to be evaluated using the criteria contained in this section. The key assumptions
employed are listed below for guidance.

● A linear cumulative damage model (i.e. Palmgren-Miner's Rule) has been used in connection with the
S-N data in 5C-5-A1/5.7 FIGURE 1 (extracted from Ref. 1*).

* Ref. 1: “Offshore Installations: Guidance on Design, Construction and Certification”, Department of
Energy, U.K., Fourth Edition - 1990, London: HMSO

● Cyclic stresses due to the loads in 5C-5-A1/7 have been used and the effects of mean stress have been
ignored.

● The target design life of the vessel is taken to be 20 years.

● The long-term stress ranges on a detail can be characterized by using a modified Weibull probability
distribution parameter (γ).

● Structural details are classified and described in 5C-5-A1/3.5.1 TABLE 1.

● Simple nominal stress (e.g. determined by P/A and M/SM) is the basis of fatigue assessment rather
than more localized peak stress in way of weld.

The structural detail classification in 5C-5-A1/3.5.1 TABLE 1 is based on joint geometry and direction of
the dominant load. Where the loading or geometry is too complex for a simple classification, a finite
element analysis of the details is to be carried out to determine the stress concentration factors. 5C-5-A1/11
contains guidance on finite element analysis modeling to determine stress concentration factors for weld
toe locations that are typically found at longitudinal stiffener end connections.

5.3 Criteria
The permissible stress range obtained using the criteria in 5C-5-A1/5 is to be not less than the fatigue
inducing stress range obtained from 5C-5-A1/7.

5.5 Long Term Stress Distribution Parameter, γ
In 5C-5-A1/3.5.1 TABLE 1 the permissible stress range is given as a function of the long-term distribution
parameter, γ, as defined below.γ = msγo
wherems = 1.05 for deck and bottom structures of vessels with a forebody parameter, Ardk = 155 m2 (1667.5

ft2) as defined in 5C-5-3/11.3.

= 1.02 for deck and bottom structures of vessels with a forebody parameter, Ardk = 112 m2 (1205
ft2)

= 1.0 for structures elsewhere, and all structures of vessels without bowflare slamming (Ardk ≤ 70
m2 (753 ft2))

For intermediate values of Ardk,ms may be obtained by linear interpolation. For Ardk > 155 m2(1667.5 ft2),ms is to be determined by direct calculations.
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γo = 1 . 40 – 0 . 2αL0 . 2 for 130 < L ≤ 305 m

= 1 . 54 – 0 . 245α0 . 8L0 . 2 for L > 305 mγo = 1 . 40 – 0 . 16αL0 . 2 for 427 < L ≤ 1001 ft

= 1 . 54 – 0 . 19α0 . 8L0 . 2 for L > 1001 ft

whereα = 1.0 for deck structures, including side shell and longitudinal bulkhead structures within 0 . 1D
from the deck

= 0.93 for bottom structures, including inner bottom, and side shell and longitudinal bulkhead
structures within 0 . 1D from the bottom

= 0.86 for side shell and longitudinal bulkhead structures within the region of 0 . 25D upward and0 . 3D downward from the mid-depth

= 0.80 for side frames, vertical stiffeners on longitudinal bulkhead and transverse bulkhead
structuresα may be linearly interpolated for side shell and longitudinal bulkhead structures between 0 . 1D and0 . 25D from the deck and between 0 . 1D and 0 . 2D from the bottom.

In the calculation of γ for fatigue assessment of hatch corners, ms given in the above equation in
association with Ardk is to be used in L.C.1 through L.C.4 and ms may be taken as 1.0 in other loading
conditions. α may be also taken as 1.0.L and D are the ship's length and depth, as defined in 3-1-1/3.1 and 3-1-1/7.

5.7 Permissible Stress Range
5C-5-A1/3.5.1 TABLE 1 contains a listing of permissible stress ranges for various categories of structural
details. The permissible stress range is determined for the combination of the types of connections/details,
the direction of the dominant loading and the parameter, γ, as defined in 5C-5-A1/5.5. Linear interpolation
may be used to determine the values of permissible stress range for γ between those given.

For vessels designed for a fatigue life in excess of the minimum design fatigue life of 20 years (see
5C-5-1/1.2), the permissible stress ranges (PS) calculated above are to be modified by the following
equation:PS[Yr] = C(20/Yr)1/mPS
wherePS[Yr] = permissible stress ranges for the design fatigue life for the YrYr = target value of “design fatigue life” set by the applicant in 5 year incrementm = 3 for Class D through W of S-N curve, 3.5 for Class C or 4 for Class B curvesC = correction factor related to target design fatigue life considering the two-segment S-N

curves (see 5C-5-A1/5.7 TABLE 2A).
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TABLE 2A
Coefficient, C

Long-term Stress
Distribution Parameter, γ Target Design Fatigue

Life, years, Yr S-N Curve Classes

B C D through W

0.7 20 1.000 1.000 1.000

30 1.004 1.006 1.011

40 1.007 1.012 1.020

50 1.010 1.016 1.028

0.8 20 1.000 1.000 1.000

30 1.005 1.008 1.014

40 1.009 1.015 1.025

50 1.013 1.021 1.035

0.9 20 1.000 1.000 1.000

30 1.006 1.010 1.016

40 1.012 1.019 1.030

50 1.017 1.026 1.042

1.0 20 1.000 1.000 1.000

30 1.008 1.012 1.019

40 1.015 1.022 1.035

50 1.020 1.031 1.049

Note:
Linear interpolations may be used to determine the values of C where Yr = 25, 35 and 45
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FIGURE 1
Basic Design S-N Curves

 

 

Notes (For 5C-5-A1/5.7 FIGURE 1) (2018)

a) Basic design S-N curves

S-N curves represent the relationship between the applied stress range (SB) and the number of cycles (N)
to failure under the stress range. The basic design curves consist of bi-linear relationships between
log(SB) and log(N). They are based upon a statistical analysis of appropriate experimental data and may
be taken to represent two standard deviations below the mean line.
The first segment of the S-N curve is for N ≤ 107 and is of the form:log(N) = log(K2) – mlog(SB)
where log(K2) = log(K1) – 2σNK1σmK2

is the predicted number of cycles to failure under stress range SB;
is a constant relating to the mean S-N curve;
is the standard deviation of log N;
is the inverse slope of the S-N curve.
is a constant relating to the first segment of the S-N curve;

The second segment of the S-N curve is for N ≤ 107 and is of the form:
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log(N) = log(K3) – (m+ 2)log(SB)  
where log(K3) = log(K2) + 2log(fq)  K3fq is a constant relating to the second segment of the S-N curve;

is the stress range at the intersection of the two segments of the S-N curve.

The relevant values of these terms are shown in the table below.

The S-N curves have a change of inverse slope from m to m+ 2 at N = 107 cycles.

Details of basic S-N curves

Class K1 σ m K2 fq (N/mm2) K3
B 2.343 × 1015 0.1821 4.0 1.013 × 1015 100.321 1.019 × 1019

C 1.082 × 1014 0.2041 3.5 4.227 × 1013 78.190 2.584 × 1017

D 3.988 × 1012 0.2095 3.0 1.520 × 1012 53.364 4.328 × 1015

E 3.289 × 1012 0.2509 3.0 1.036 × 1012 46.963 2.284 × 1015

F 1.726 × 1012 0.2183 3.0 0.632 × 1012 39.824 1.002 × 1015

F2 1.231 × 1012 0.2279 3.0 0.431 × 1012 35.061 0.530 × 1015

G 0.566 × 1012 0.1793 3.0 0.248 × 1012 29.157 0.211 × 1015

W 0.368 × 1012 0.1846 3.0 0.157 × 1012 25.054 0.987 × 1014

7 Calculation of Fluctuating Loads and Determination of Total Stress
Ranges

7.1 General
This section provides: 1) the criteria to define the individual load components considered to cause fatigue
damage (see 5C-5-A1/7.3.1); 2) the load combination cases to be considered for different regions of the
hull containing the structural detail being evaluated (see 5C-5-A1/7.5.2); and 3) procedures to idealize the
structural components to obtain the total stress ranges acting on the structure.

7.3 Wave-induced Loads
7.3.1 Load Components

The fluctuating load components to be considered are those induced by the seaway. They are
divided into the following three groups:

● Hull girder wave-induced moments (vertical, horizontal, and torsion), see 5C-5-3/5 and
5C-5-3/7.

● External hydrodynamic pressures, see 5C-5-3/5.3

● Internal fluid loads (including inertial loads and added static head due to ship's motion), see
5C-5-3/5.5

7.5 Resulting Stress Ranges
7.5.1 Definitions

The total stress range, fR, is computed as the sum of the two stress ranges as follows:
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fR = cfcm fRG+ fRL     N/cm2(kgf/cm2, lbf/in2)
wherefRG = global dynamic stress range, in N/cm2(kgf/cm2, lbf/in2)

= fd1vi− fd1vj + fd1ℎi− fd1ℎj + fd1wi− fd1wjfRL = local dynamic stress range, in N/cm2 (kgf/cm2, lbf/in2)

= cw fd2i+ fd2i* + fd3i − fd2j+ fd2j* + fd3jcf = adjustment factor to reflect a mean wasted condition

= 0.95cm = 0.85 for connections of longitudinals to transverse web/floor and
transverse bulkhead in bottom part of Zone A, as specified in 5C-5-
A1/7.5.2(a)

= 0.85 for connection of floor to plates in bottom part of Zone A

= 1.0 for all other locationscw = coefficient for the weighted effects of the two paired loading patterns

= 0.75 for local dynamic stress range, as specified in 5C-5-A1/7.9.1,
5C-5-A1/7.9.2 and 5C-5-A1/7.11

= 1.0 otherwisefd1vi, fd1vj = wave-induced component of the primary stresses produced by hull girder
vertical bending, in N/cm2 (kgf/cm2, lbf/in2), for load case i and j of the
selected pairs of combined load cases, respectively. For this purpose, kw is to
be taken as k01/2 in calculating Mw (sagging and hogging) in 5C-5-3/5.1.1fd1ℎi, fd1ℎj = wave-induced component of the primary stresses produced by hull girder
horizontal bending, in N/cm2 (kgf/cm2, lbf/in2), for load case i and j of the
selected pairs of combined load cases, respectivelyfd1wi, fd1wj = wave-induced component of the primary stresses produced by hull girder
torsion (warping stress) moment, in N/cm2 (kgf/cm2, lbf/in2), for load case i
and j of the selected pairs of combined load cases, respectively. These
components are applicable to the structural details in 5C-5-A1/3.3.4 and
5C-5-A1/3.3.5fd2i, fd2j = wave-induced component of the secondary bending stresses produced by the
bending of cross stiffened panels between transverse bulkheads, in N/cm2

(kgf/cm2, lbf/in2), for load case i and j of the selected pairs of combined load
cases, respectivelyfd2i* . fd2j* = wave-induced component of the additional secondary bending stresses
produced by the local bending of the longitudinal stiffener between
supporting structures (e.g. transverse bulkheads and web frames), in N/cm2

(kgf/cm2, lbf/in2), for load case i and j of the selected pairs of combined load
cases, respectivelyfd3i, fd3j = wave-induced component of the tertiary bending stresses produced by the
local bending of plated elements between the longitudinal stiffeners, in
N/cm2 (kgf/cm2, lbf/in2), for load case i and j of the selected pairs of
combined load cases, respectively

Part 5C Specific Vessel Types
Chapter 5 Vessels Intended to Carry Containers (130 meters (427 feet) to 450 meters (1476 feet) in

Length)
Appendix 1 Fatigue Strength Assessment of Container Carriers 5C-5-A1

ABS RULES FOR BUILDING AND CLASSING MARINE VESSELS • 2024 976



For calculating the wave induced stresses, sign convention is to be observed for the respective
directions of wave-induced loads as specified in 5C-5-3/5.5.3 TABLE 1. The wave-induced load
components are to be calculated with the sign convention for the external and internal loads and
the wave-induced local net pressure is to be taken positive toward inboard and positive upwards;
however, the total of the external static and dynamic components or the total of the internal static
and dynamic components, need not be taken less than zero.

These wave-induced stresses are to be determined based on the net ship scantlings (see 5C-5-
A1/1.7) and in accordance with 5C-5-A1/7.5.2 through 5C-5-A1/7.11. The results of direct
calculation where carried out may also be considered.

7.5.2 Fatigue Assessment Zones and Controlling Load Combination
Depending on the location of the structural detail undergoing the fatigue assessment, different
combinations of load cases are to be used to find the appropriate stress range as indicated below
for indicated respective zones.

7.5.2(a) Zone A.
Zone A consists of deck and bottom structures, side shell and all longitudinal bulkhead structures
within 0.10D (D is vessel's molded depth) from deck or bottom, respectively except for members
and locations specified in 5C-5-A1/3.3.6 through 5C-5-A1/3.3.9 (see 5C-5-A1/7.5.2(d) below).
For Zone A, stresses are to be calculated based on the wave-induced loads specified in
5C-5-3/5.5.3 TABLE 1 as follows except for the members and locations specified in 5C-5-
A1/3.3.4, 5C-5-A1/3.3.5, 5C-5-A1/3.3.7 and 5C-5-A1/3.3.8 (see 5C-5-A1/7.5.2(d) below).

1) Calculate dynamic component of stresses for load cases L.C.1 through L.C.4,
respectively.

2) Calculate two sets of stress ranges, one each for the following two pairs of combined
loading cases.

- L.C.1 and L.C.2, and

- L.C.3 and L.C.4

3) Use the greater of the stress ranges obtained by 2.
7.5.2(b) Zone B.
Zone B consists of side shell and all longitudinal bulkhead structures within the region between
0.25D upward and 0.30D downward from the mid-depth and all transverse bulkhead structures.
The total stress ranges for Zone B may be calculated based on the wave-induced loads specified in
5C-5-A1/Table 3A through 3C and 5C-5-3/5.5.3 TABLE 1 as follows except for the members and
locations specified in 5C-5-A1/3.3.4, 5C-5-A1/3.3.5, 5C-5-A1/3.3.7 and 5C-5-A1/3.3.8 (see 5C-5-
A1/7.5.2(d) below).

1) Calculate dynamic component of stresses for load cases L.C.5 through L.C.10, L.C.F1
and L.C.F2, respectively.

2) Calculate four sets of stress ranges, one each for the following four pairs of combined
loading cases.

- L.C.5 and L.C.6,

- L.C.7 and L.C.8,

- L.C.9 and L.C.10, and

- L.C.F1 and L.C.F2

3) Use the greater of the stress ranges obtained by 2.

Part 5C Specific Vessel Types
Chapter 5 Vessels Intended to Carry Containers (130 meters (427 feet) to 450 meters (1476 feet) in

Length)
Appendix 1 Fatigue Strength Assessment of Container Carriers 5C-5-A1

ABS RULES FOR BUILDING AND CLASSING MARINE VESSELS • 2024 977



7.5.2(c) Transitional Zone.
Transitional zone between A and B consists of; side shell and all longitudinal bulkhead structures
between 0.1D and 0.25D (0.2D) from deck (bottom).fR = fR(B)− fR(B)− fR(A) yu/0 . 15D
for upper transitional zonefR = fR(B)− fR(B)− fR(A) yℓ/0 . 10D
for lower transitional zone

wherefR(A), fR(B) = the total stress ranges based on the combined load cases defined for Zone A
and Zone B respectivelyyu = vertical distance from 0.25D upward from the mid-depth upward to the
location consideredyℓ = vertical distance from 0.3D downward from the mid-depth downward to the
location considered

7.5.2(d) Hatch Related Members.
For members and locations specified in 5C-5-A1/3.3.4, 5C-5-A1/3.3.5 and 5C-5-A1/3.3.7, the
total stress ranges are to be obtained in the same manner as in 5C-5-A1/7.5.2(a) and 5C-5-
A1/7.5.2(b) for Zones A and B for the following six pairs of combined loading cases:

– L.C.1 and L.C.2,

– L.C.3 and L.C.4,

– L.C.5 and L.C.6,

– L.C.7 and L.C.8,

– L.C.9 and L.C.10, and

– L.C.F1 and L.C.F2

7.5.2(e) Vessels with either Special Loading Patterns or Special Structural Configuration.
(1 July 2021)
For vessels with either special loading patterns or special structural configurations/features,
additional load cases may be required for determining the stress range.

For container carriers where SFA analysis is performed, the fatigue strength assessment of the hull
structural members may be evaluated by SFA as an alternative solution.

7.7 Primary Stress fd1fd1v and fd1ℎ may be calculated by a simple beam approach. For assessing fatigue strength of side shell
and longitudinal bulkhead plating at welded connections, the value of wave-induced primary stress is to be
taken as that of maximum principal stresses at the location considered to account for the combined load
effects of the normal stresses and shear stresses. For calculating the value of fd1v for longitudinal deck
members, normal camber may be disregarded.fd1w in way of hatch corners at strength deck, top of continuous hatch side coaming and lower deck, which
is effective for the hull girder strength and is located in line with the bottom of cross deck box beam,
within 0.22D below the strength deck at side, may be approximated by the following equation:
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fd1w = kcfLWW N/cm2 (kgf/cm2, lbf/in2)fLWW is defined in 5C-5-4/7.3 as specified for cargo space forward of engine room and for cargo space
abaft engine room. ω is to be used as a warping function at the location under consideration.

In a calculation of fLWW, Cw for the lower deck is to be used as 80% of that given for the strength deck in
5C-5-4/7.3.kc is specified in 5C-5-A1/Tables 3A through 3C and 5C-5-3/5.5.3 TABLE 1 for torsional moment withαs = 1 . 0.

7.9 Secondary Stress fd2i
When a 3D structural analysis is not available, the secondary bending stress ranges may be obtained from
an analytic calculation or experimental data with appropriate boundary conditions. Otherwise, the
secondary bending stresses may be calculated using the approximate equations given below. For the
connections specified in 5C-5-A1/3.3.1, the secondary bending stresses are low and may be ignored.

7.9.1 Double bottom
The secondary longitudinal bending stress in double bottom panels may be obtained from the
following equation:fd2bi = k1bk2bk3bpbeiℓs2rb/iG,   N/cm2(kgf/cm2, lbf/in2)
wherefd2bi = secondary longitudinal bending stress in the double bottom panel at the

intersection with the transverse bulkhead for the load case “i” considered.
For other intersections with transverse web/floor, fd2bi may be taken as zero.k1b = 100 (100, 0.173) for bottom or inner bottom plating

= 91 (91, 0.157) for face plates, flanges and web plates of bottom and
inner bottom longitudinalsk2b = coefficient depending on apparent aspect ratio “ρb”, as given in 5C-5-

A1/7.13 TABLE 4ρb = 2 . 1 b/ℓs iG/iF 1/4k3b = 1− 3 . 9 z/b 2z = the distance from vessel's centerline to the double bottom longitudinal
member under consideration, in m (ft),pbei = wave-induced external pressure on the bottom shell at the centerline and at
midpoint between watertight and mid-hold strength bulkheads of the hold
under consideration, for the load case “i” considered, as specified in
5C-5-3/9, in N/cm2 (kgf/cm2, lbf/in2)b = width of the double bottom panel (see 5C-5-A1/7.13 FIGURE 2 ), in m (ft)ℓs = length between watertight bulkheads of the cargo hold being considered (see
5C-5-4/9 FIGURE 8), in m (ft)iG and iF = unit moments of inertia of the double bottom girders and floors, respectivelyiG = IG/SGiF = IF/SF
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IG and IF = moments of inertia of an average girder and an average floor (see 5C-5-
A1/7.13 FIGURE 2), respectively, including the effective width of plating
and stiffeners attached to the effective plating, in cm4 (in4)SG and SF = average spacing of bottom girders and floors, respectively, in m (ft.)rb = distance between the horizontal neutral axis of the double bottom cross
section and the location of the structural element being considered (bending
lever arm - see 5C-5-A1/7.13 FIGURE 2 ), in cm (in.)

7.9.2 Double Sides
For double side structural members, the secondary longitudinal bending stress at the intersection
with the transverse strength bulkheads and web frames may be obtained from the following
equation:fd2si = k1sk2spseiℎ2rs/ isiW 1/2,   N/cm2(kgf/cm2, lbf/in2)
wherefd2si = secondary longitudinal bending stress in the double bottom panel at the

intersection with the transverse bulkhead for the load case “i” considered.fd2si at other intersections with transverse web/web frame may be taken as
zero.k1s = 7.5 (7.5, 0.013) for side shell or longitudinal bulkhead plating

= 6.8 (6.8, 0.012) for face plates, flanges and web plates of side
longitudinals and longitudinal bulkhead stiffenersk2s = 4ai 1− y/ℎ − bi 1− 2y/ℎ y/ℎai and bi = coefficients depending on apparent aspect ratio “ ρs” as given in 5C-5-

A1/7.13 TABLE 5,y = vertical distance from the lower end of “ℎ” to the longitudinal member under
consideration, as shown in 5C-5-A1/7.13 FIGURE 2, in m (ft)ρs = 0 . 48 ℓs/ℎ iW/iS 1/4psei = wave-induced external pressure on the doubleside at the lower end of “ℎ”
(but need not be lower than the upper turn of bilge) at the midpoint between
watertight and mid-hold strength bulkheads of hold under consideration, for
the load case “i” considered, as specified in 5C-5-3/9 in N/cm2 (kgf/cm2,
lbf/in.2)ℎ = height of the double side panel (see 5C-5-A1/7.13 FIGURE 2), in m (ft.)ℓs = length between watertight bulkheads of the cargo hold being considered (see
5C-5-4/9 FIGURE 8), in m (ft.)iS and iW = unit moments of inertia of the double side panel in the longitudinal and
vertical directions, respectivelyiS = IS/SSiW = IW/SW
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IS and IW = moments of inertia of an average longitudinal stringer and an average web
frame, respectively, including the effective width of plating and stiffeners
attached to the effective plating, in cm4 (in4 ); where no stringers are fitted
within the double side height “ℎ”, IS is to be calculated for a unit including
an average single longitudinal stiffener, as shown in 5C-5-A1/7.13 FIGURE
2SS and SW = average spacing of longitudinal stringers and web plates, respectively, in m
(ft); where no stringers are fitted within the double side height “ℎ”, SS is to
be taken as an average spacing between longitudinal stiffeners, as shown in
5C-5-A1/7.13 FIGURE 2rs = distance between the vertical neutral axis of the double side cross section and
the location of structural element being considered (bending lever arm - see
5C-5-A1/7.13 FIGURE 2), in cm (in.)

7.11 Additional Secondary Stresses fd2*  and Tertiary Stresses fd3i
7.11.1 Calculation of fd2*

Where required, the additional secondary stresses acting at the flange of a longitudinal stiffener,fd2i*  may be approximated byfd2i* = CtCyMi/SM     N/cm2(kgf/cm2, lbf/in2)
whereMi = pisℓ2/12 N-cm (kgf-cm, lbf-in.) at the supported ends of

longitudinal without strut

= cpi+ copoi sℓ2/12 N-cm (kgf-cm, lbf-in.) at the supported ends and at
the strut connection of a longitudinal with strut

Where flat bar stiffeners or brackets are fitted, the bending moment, Mi , given above, may be
adjusted to the location of the brackets toe, i.e., Mx in 5C-5-4/9 FIGURE 7.

Where a longitudinal has remarkably different support stiffness at its two ends (e.g. a
longitudinal connected to a transverse bulkhead on one end), consideration is to be given to the
increase of bending moment at the joint.pi = wave-induced local net pressure, N/cm2 (kgf/cm2, lbf/in2), for specified location for the

load case “i” at the midspan of the longitudinal consideredpoi = wave-induced local net pressure, N/cm2 (kgf/cm2, lbf/in2), for specified location for the
load case “i” considered at the midspan of the longitudinal connected to the other end
of the strutc = 0.650 at the supported ends

= -0.15 at the strut connectionco = 0.375 at the supported ends

= -0.375 at the strut connections = spacing of longitudinals/stiffeners, in cm (in.)ℓ = unsupported span of longitudinal/stiffener, in cm (in.), as shown in 5C-5-4/9 FIGURE
6
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SM = net section modulus of the longitudinal with the associated effective plating, in cm3

(in3 ), at the flange or point considered. The effective breadth, be, in cm (in.), may be
determined as shown in 5C-5-4/9 FIGURE 7.Ct = correction factor for the combined bending and torsional stress induced by lateral loads
at the welded connection of the flat bar stiffener or bracket to the flange of
longitudinal, as shown in 5C-5-4/9 FIGURE 6.

= 1 . 0 + ar for unsymmetrical sections, fabricated or rolled

= 1.0 for tee and flat barsCy = 0 . 656 d/y 4 ≥ 0 . 30 for side longitudinals, for y/d ≥ 0 . 9
= 1.0 for all other locationsd = draft, as defined in 3-1-1/9, in m (ft)y = vertical distance from the base line to the side longitudinal under consideration, in m

(ft)ar = CnCpSM/KCp = 31 . 2dw e/ℓ 2e = horizontal distance between web centerline and shear center of the cross section,
including longitudinal and the effective plating≈ dwbf2tfu/ 2SM     cm(in . )K = St. Venant torsion constant for the longitudinal's cross section, excluding the associated
plating

= bftf3+ dwtw3 /3     cm4(in4)Cn = coefficient given in 5C-5-A1/7.13 FIGURE 3, as a function of ψ, for point (1) shown
in 5C-5-A2/5.5.1 FIGURE 1.u = 1− 2b1/bfψ = 0 . 31ℓ K/I 1/2Γ = Warping constant

= mIyfdw2 + dw3tw3 /36     cm6(in6)Iyf = tfbf3 1 . 0 + 3 . 0u2Aw/As /12     cm4(in4)Aw = dwtw     cm2(in2)As = net sectional area of the longitudinals, excluding the associated plating, in cm2 (in2)m = 1 . 0− u 0 . 7− 0 . 1dw/bfdw, tw, b1, bf, tf, all in cm (in.), are as defined in 5C-5-A2/5.5.1 FIGURE 1.

For general applications, ar need not be taken greater than 0.65 for a fabricated angle bar and 0.50
for a rolled section.

For connection as specified in 5C-5-A1/3.3.3, the wave-induced additional secondary stress fd2i*
may be ignored.
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7.11.2 Calculation of fd3i
For welded joints of a stiffened plate panel, fd3i may be determined based on the wave-induced
local loads as specified in 5C-5-A1/7.11.1 above, using the approximate equations given below.
For direct calculation, non-linear effect and membrane stresses in the plate may be considered.

For plating subjected to lateral load, fd3i in the longitudinal direction is determined as:fd3i = 0 . 182pi s/tn 2     N/cm2(kgf/cm2, lbf/in2)
wherepi = wave-induced local net pressure for the load case “i” considered, in N/cm2 (kgf/cm2,

lbf/in2)s = spacing of longitudinal stiffeners, in mm (in.)tn = net thickness of plate, in mm (in.)

7.13 Calculation of Stress Range for Side Frame and Vertical Stiffener on Longitudinal
Bulkhead
For fatigue strength assessment the stress range acting at the flange of a side frame and vertical stiffener on
longitudinal bulkhead may be obtained from the following equation:fR = cfcw fd2i* + fd2j*       N/cm2(kgf/cm2, lbf/in2)
The values of fd2i*  and fd2j*  may both be approximated byfd2i* = CtMi/SM     N/cm2(kgf/cm2, lbf/in2)
whereMi = pisℓ2/12     N− cm(kgf − cm, lbf − in . )

at the supported ends of frame without strut

= cpi+ copoi sℓ2/12     N− cm(kgf − cm, lbf − in . )
at the supported ends of frame without strut

Where flat bar stiffeners or brackets are fitted, the bending moment, Mi, given above, may be adjusted to
the location of the bracket toe, i.e., Mx in 5C-5-4/9 FIGURE 7.pi = wave-induced local net pressure, in N/cm2 (kgf/cm2, lbf/in2), for specified location for load

case “i” at the midspan of the frame considered. The local net pressure is to be taken as an
average value of that calculated at lower and upper ends of the span.poi = wave-induced local net pressure, in N/cm2 (kgf/cm2, lbf/in2), for specified location for load
case “i” at the midspan of the stiffener connected to the other end of the strutc = 0.650 at the supported ends

= -0.125 at the strut connectionco = 0.375 at the supported ends

= -0.375 at the strut connection
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s = spacing of frame/stiffener, in cm (in.)ℓ = unsupported span of frame/stiffener, in cm (in.)SM = net section modulus of the frame with the associated effective plating, in cm3 (in3), at the flange
or point considered. The effective breadth, be, in cm (in.), may be determined as shown in
5C-5-4/9 FIGURE 7.cf and cw are as defined in 5C-5-A1/7.5.1 and Ct is as defined in 5C-5-A1/7.11.1.
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FIGURE 2
Dimensions of Double Bottom and Double Side

 

 

Type I when one or more longitudinal stringers (decks) are fitted in double-side structure
Type II when no longitudinal stringers are fitted in double-side structure
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FIGURE 3 Cn = Cn ψ
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TABLE 3A
Combined Load Cases for Container Carriers

Fatigue Assessment (1)

  L.C. F1 L.C. F2 Load Cases F1 and
F2 for Fatigue

A HULL GIRDER LOADS (2)  

 

 Vertical B.M. (3)kc Sag (-) 0.4 Hog (+) 0.4

Vertical S.F. kc (+) 0.4 (-) 0.4

Horizontal B.M. kc Stbd Tens (-) 1.0 Port Tens (+) 1.0

Horizontal S.F. kc (+) 1.0 (-) 1.0

Torsional Mt. (4)kc (-) 0.55 as (+) 0.55 as
B EXTERNAL PRESSURE

 kc 0.5 1.0kf0 -1.0 1.0

C CONTAINER CARGO LOAD

 kc 1.0 0.5cV 0.7 -0.7cL Fwd Bhd 0.7
Aft Bhd 0.0

Fwd Bhd 0.0
Aft Bhd –0.7cT Port Wall 0.0

Stbd Wall 0.7
Port Wall –0.7
Stbd Wall 0.0Cϕ , Pitch -0.7 0.7Cθ , Roll 0.7 -0.7

D INTERNAL BALLAST TANK PRESSURE

 kc 1.0 0.5wv 0.4 -0.4wI Fwd Bhd 0.2
Aft Bhd -0.2

Fwd Bhd -0.2
Aft Bhd 0.2wt Port Wall -0.4

Stbd Wall 0.4
Port Wall 0.4
Stbd Wall -0.4Cϕ , Pitch -0.7 0.7Cθ , Roll 0.7 -0.7

E REFERENCE WAVE HEADING AND POSITION

 Heading Angle 60 60

Heave Down Up

Pitch Bow Down Bow Up
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Fatigue Assessment (1)

  L.C. F1 L.C. F2 Load Cases F1 and
F2 for Fatigue

Roll Stbd Down Stbd Up

Draft 1 1

TABLE 3B
Combined Load Cases for Container Carriers with

Fuel Oil Tank in between Transverse Bulkheads

Fatigue Assessment (1)

  L.C. F1 L.C. F2 Load Cases F1 and
F2 for Fatigue

A HULL GIRDER LOADS (2)  

 

 Vertical B.M. (3)kc Sag (-) 0.4 Hog (+) 0.4

Vertical S.F. kc (+) 0.4 (-) 0.4

Horizontal B.M. kc Stbd Tens (-) 1.0 Port Tens (+) 1.0

Horizontal S.F. kc (+) 1.0 (-) 1.0

Torsional Mt. (4)kc (-) 0.55 as (+) 0.55 as
B EXTERNAL PRESSURE

 kc 0.5 1.0kf0 -1.0 1.0

C CONTAINER CARGO LOAD

 kc 1.0 0.5cV 0.7 -0.7cL Fwd Bhd 0.7
Aft Bhd 0.0

Fwd Bhd 0.0
Aft Bhd –0.7

cT Port Wall 0.0
Stbd Wall 0.7

Port Wall –0.7
Stbd Wall 0.0Cϕ , Pitch -0.7 0.7Cθ , Roll 0.7 -0.7

D INTERNAL BALLAST TANK & FUEL OIL TANK PRESSURE

 kc 1.0 0.5wv 0.4 -0.4
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Fatigue Assessment (1)

  L.C. F1 L.C. F2 Load Cases F1 and
F2 for FatiguewI Fwd Bhd 0.2

Aft Bhd -0.2
Fwd Bhd -0.2
Aft Bhd 0.2wt Port Wall -0.4

Stbd Wall 0.4
Port Wall 0.4
Stbd Wall -0.4Cϕ , Pitch -0.7 0.7Cθ , Roll 0.7 -0.7

E REFERENCE WAVE HEADING AND POSITION

 Heading Angle 60 60

Heave Down Up

Pitch Bow Down Bow Up

Roll Stbd Down Stbd Up

Draft 1 1
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TABLE 3C
Combined Load Cases for Container Carriers with Fuel Oil Tank in Cargo Holds

(2022)

Fatigue Assessment (1)

  L.C. F1 L.C. F2 Load Cases F1 and F2
for Fatigue

A HULL GIRDER LOADS (2)  

 

 Vertical B.M. (3)kc Sag (-) 0.4 Hog (+) 0.4

Vertical S.F. kc (+) 0.4 (-) 0.4

Horizontal B.M. kc Stbd Tens (-) 1.0 Port Tens (+) 1.0

Horizontal S.F. kc (+) 1.0 (-) 1.0

Torsional Mt. (4)kc (-) 0.55 as (+) 0.55 as
B EXTERNAL PRESSURE

 kc 0.5 1.0kf0 -1.0 1.0

C CONTAINER CARGO LOAD

 kc 1.0 0.5cV 0.7 -0.7cL Fwd Bhd 0.7
Aft Bhd 0.0

Fwd Bhd 0.0
Aft Bhd –0.7cT Port Wall 0.0

Stbd Wall 0.7
Port Wall –0.7
Stbd Wall 0.0Cϕ , Pitch -0.7 0.7Cθ , Roll 0.7 -0.7

D INTERNAL BALLAST TANK & FUEL OIL TANK PRESSURE

 kc 1.0 0.5wv 0.4 -0.4wI Fwd Bhd 0.2
Aft Bhd -0.2

Fwd Bhd -0.2
Aft Bhd 0.2wt Port Wall -0.4

Stbd Wall 0.4
Port Wall 0.4
Stbd Wall -0.4Cϕ , Pitch -0.7 0.7Cθ , Roll 0.7 -0.7

E REFERENCE WAVE HEADING AND POSITION

 Heading Angle 60 60

Heave Down Up
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Fatigue Assessment (1)

Pitch Bow Down Bow Up

Roll Stbd Down Stbd Up

Draft 1 1

1 ku = 1.0 for all load components.

2 Boundary forces are to be applied to produce the above specified hull girder bending moment at the middle of the
structural model, and specified hull girder shear force at one end of the middle hold of the model. The sign
convention for the shear force corresponds to the forward end of middle hold. The specified torsional moment is to
be produced at the aft bulkhead of the middle hold.

3 The following still water bending moment (SWBM) is to be used for structural analysis.
L.C. F1: Minimum hogging SWBM amidships of the actual container cargo loading conditions. This SWBM is not
to be more than 20% of the wave-induced sagging moment.
L.C. F2: Maximum hogging SWBM.

4 αs is to be obtained by the following equation:αs = Tm+ Ts /Tm
whereTm = nominal wave-induced torsional moment amidships, in kN-m (tf-m, Ltf-ft), as defined in 5C-5-3/5.1.5(a)Ts = still-water torsional moment amidships, in kN-m (tf-m, Ltf-ft), as defined in 5C-5-3/3.1

TABLE 4
Coefficient k3b for Double Bottom Panels

ρb 1.0 1.2 1.4 1.6 1.8 2.0 ≥ 2.2k2b 700 791 844 876 896 908 915

TABLE 5
Coefficient ai and bi for Double Bottom Panels

 ρs 0.7 0.8 0.9 1.0 1.2 1.5 ≥ 2.0

At W/T
Strength
Bhd

ai 566 464 389 333 254 183 120bi 166 150 136 123 101 74 45

At Mid-
hold
Strength
Bhd

ai 508 417 350 299 228 164 108bi 150 136 123 111 91 67 40

9 Determination of Stress Concentration Factors(SCFs)

9.1 General
This section contains information on stress concentration factors (SCFs) to be considered in the fatigue
assessment.

Where, for a particular example shown, no specific value of SCF is given when one is called for, it
indicates that a finite element analysis is needed. When the fine mesh finite element approach is used,
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additional information on calculations of stress concentration factors and the selection of compatible S-N
data is given in 5C-5-A1/11.

9.3 Sample Stress Concentration Factors (SCFs)
9.3.1 Cut-outs (Slots) for Longitudinal

SCFs, fatigue classifications and peak stress ranges may be determined in accordance with 5C-5-
A1/3.5.1 TABLE 1 and 5C-5-A1/7.13 TABLE 4.

TABLE 6Ks (SCF) Values

 Ks (SCF)

Configuration Unsymmetrical Flange Symmetrical Flange

Location [1] [2] [3] [1] [2] [3]

Single-sided
Support

2.0 2.1 - 1.8 1.9 -

Single-sided
Support with
F.B. Stiffener

1.9 2.0 - 1.7 1.8 -

Double-sided
Support

2.4 2.6 1.9 2.4 2.4 1.8

Double-sided
Support with
F.B. Stiffener

2.3 2.5 1.8 2.3 2.3 1.7
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Notes:

a The value of Ks is given based on nominal shear stresses near the locations under consideration.

b Fatigue classification
Locations [1] and [2]: Class C or B as indicated in 5C-5-A1/3.5.1 TABLE 1
Location [3]: Class F

c The peak stress range is to be obtained from the following equations:

1 For locations [1] and [2]fRI = cf[Ksifsi+ fni]
wherecf = 0.95fsi = fsc+ αi   fswi,   fsi ≥ fscαi = 1.8 for single-sided support

= 1.0 for double-sided supporfni = normal stress range in the web platefswi = shear stress range in the web plate

= Fi/AwFi is the calculated web shear force range at the location considered. Aw is the area of web.fsc = shear stress range in the support (lug or collar plate)

= CγP/(Ac+ As)Cy is as defined in 5C-5-A1/7.11.1.P = s   ℓ   popo = fluctuating lateral pressureAc = sectional area of the support or of both supports for double-sided supportAs = sectional area of the flat bar stiffener, if anyKsi = SCFs given aboves = spacing of longitudinal/stiffenerℓ = spacing of transverses

2 For location [3]fR3 = cf[fn32 + (Ksfs2)2]1/2
wherecf = 0.95fn3 = normal stress range at location [3]fs2 = shear stress range as defined in 1 above near location [3].Ks = SCFs given above
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FIGURE 4 
Cut-outs (Slots) For Longitudinals

9.3.2 Flat Bar Stiffeners for Longitudinals
9.3.2(a) For assessing fatigue life of a flat bar stiffener at location [1] or [2] as shown in 5C-5-
A1/9.3.2 FIGURE 5, the peak stress range is to be obtained from the following equations:fRi = [(αifs)2fL2]1/2     (i = 1   or   2)
wherefs = nominal stress range in the flat bar stiffener.

= cfCyP/(As+ Ac)
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P,As,Ac, cf as defined in 5C-5-A1/9.3.1 and Cy in 5C-3-A1/7.11.1. For flat bar stiffeners with
soft-toed brackets, the brackets may be included in the calculation of As.fLi = stress range in the longitudinal at location i   (i =1 or 2), as specified in 5C-5-A1/7.5αi = stress concentration factor at location i   (i = 1 or 2) accounting for misalignment and

local distortion.

At location [1]

For flat bar stiffener without bracketsαi = 1.50 for double-sided support connection

= 2.00 for single-sided support connection

For flat bar stiffener with bracketsαi = 1.00 for double-sided support connection

= 1.25 for single-sided support connection

At location [2]

For flat bar stiffener without bracketsα2 = 1.25 for single or double-sided support connection

For flat bar stiffener with bracketsα2 = 1.00 for single or double-sided support connection

9.3.2(b) For assessing the fatigue life of the weld throat as shown in 5C-5-A1/3.5.1 TABLE 1,
Class W, the peak stress range fR at the weld may be obtained from the following equation:fR = 1 . 25fsAs/Asw
whereAsw = sectional area of the weld throat. Brackets may be included in the calculation of Aswfs and As are as defined in 5C-5-A1/9.3.2(a) above.

9.3.2(c) To assess the fatigue life of the longitudinal, the fatigue classification given in 5C-5-
A1/3.5.1 TABLE 1 for the longitudinal as the only load carrying member is to be considered.
Alternatively, the fatigue classification shown in 5C-5-A1/9.3.2 FIGURE 5 in conjunction with
the combined stress effects, fR, may be used. In calculation of fR, the αi may be taken as 1.25 for
both locations [1] and [2].
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FIGURE 5 
Fatigue Classification for Longitudinals in way of Flat Bar Stiffener

9.5 Hatch Corner
9.5.1 Side Hatch Corners

The peak stress range, fR, for hatch corners at the strength deck, the top of the continuous hatch
side coaming and the lower deck which is effective for the hull girder strength and is located in
line with the bottom of cross deck box beam, within 0.22D below the strength deck at side, may be
approximated by the following equation:fR = cf[Ks1cL1(fRG1+ fRL1) + Ks2cL2(fRG2+ fRL2)]     N/cm2(kgf/cm2, lbf/in2)
wherefRG1 = global dynamic longitudinal stress range at the inboard edge of the strength deck

plating of hull girder section under consideration clear of hatch corner, in N/cm2

(kgf/cm2, lbf/in2)

= |(fd1vi –   fd1vj) + (fd1ℎi – fd1ℎj) + (fd1wi – fd1wj)|fRG2 = bending stress range in connection with hull girder twist induced by torsion in cross
deck structure in transverse direction, in N/cm2 (kgf/cm2, lbf/in2). fRG2 may be taken
as zero in Stations A, B, C, F′ and G in 5C-5-4/7.7.3 FIGURE 5.

= |fd1ci  –   fd1cj|fRL1 = secondary dynamic longitudinal stress range induced by external pressure at the
inboard edge of the strength deck plating of hull girder section under consideration
clear of hatch corner, in N/cm2 (kgf/cm2, lbf/in2)

= cw |fd2si  –   fd2sj|fRL2 = secondary stress range on the cross deck structure in transverse direction due to
dynamic container load in longitudinal direction, in N/cm2 (kgf/cm2, lbf/in2). fRL2
may be taken as zero in Stations A, B, C, F′ and G in 5C-5-4/7.7.3 FIGURE 5.
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= cw |fd2ci  –   fd2cj|cw = 0.75cf, cw, fd1vi, fd1vj, fd1ℎi, fd1ℎj, fd1wi and fd1wj are as defined in 5C-5-A1/7.5.1 and 5C-5-A1/7.7.Ks1 and Ks2 are stress concentration factors for the hatch corners considered and can be obtained
by a direct finite element analysis. When a direct analysis is not available, these may be obtained
from the following equations, but not to be taken less than 1.0:Ks1 = αℓ1ctαt1αcαsks1Ks2 = αℓ2αgαctαt2ks2
whereks1 = nominal stress concentration factor in longitudinal direction, as given in a table

belowks2 = nominal stress concentration factor in transverse direction, as given in a table belowct = 0.8 for locations where coaming top terminated

= 1.0 for other locationsαℓ1 = location adjustment factor

= 1.0 for typical hatch corners of the strength deck and the lower
deck in the midship region, e.g., Stations D and D′ as in
5C-5-4/7.7.3 FIGURE 5

= 1.2 for hatch corners of the strength deck and the lower deck at
Stations E and F as in 5C-5-4/7.7.3 FIGURE 5 where there
is a change in width of the hatch opening

= 1.55 for hatch corners of the strength deck and the lower deck at
Stations A, B, C, F′ and G, as in 5C-5-4/7.7.3 FIGURE 5

= 0.9 for a hatch corner at the top of a continuous hatch side
coamingαℓ2 = 1.0 for a hatch corner at the strength deck and the lower deck

= 0.9 for a hatch corner at the top of a continuous hatch side
coamingαc = adjustment factor for cutout at hatch corners

= 1.0 for shapes without cutout

= 1 - 0.04(c/R)3/2 for circular shapes with a cutout

= [1 - 0.04(c/rd)3/2] for double curvature shapes with a cutout

= [1 - 04(c/R1)3/2] for elliptical shapes with a cutoutαs = adjustment factor for contour curvature

= 1.0 for circular shapes

= 0.33 [1 + 2(rs1/rd) +
0.1(rd/rs1)2] for double curvature shapes
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= 0.33 [1 + 2(R2/R1) +
0.1(R1/R2)2] for elliptical shapes

αg = 0.9 for hatch corners at Station E and F where there is a change
in width of the hatch opening by an offset of one container
row.

= 0.8 for hatch corners at Station E and F where there is a change
in width of the hatch opening by an offset of two container
rows or more

= 1.0 for other hatch cornersαct = 1.0 for shapes without cutout

= 0.5 for shapes with cutoutαt1 = (ts/ti)1/2αt2 = 6.0/[5.0 + ( (ti/tc)], but not less than 0.85αt1 or αt2 is to be taken as 1.0 where longitudinal or transverse extent of the reinforced plate
thickness in way of the hatch corner is less than that required in 5C-5-A1/9.5 below, as shown in
5C-5-A1/9.5.3 FIGURE 6.rs1 = R for circular shapes in 5C-5-A1/9.5.3 FIGURE 7, in mm

(in.)

= [3R1/(R1 – R2) + cosθ]re2/[3 . 816 + 2 . 879R2/(R1 – R2)]
for double curvature shapes in 5C-5-A1/9.5.3 FIGURE 8,
in mm (in.)

= R2 for elliptical shapes in 5C-5-A1/9.5.3 FIGURE 9, in mm
(in.)rs2 = R for circular shapes in 5C-5-A1/9.5.3 FIGURE 7, in mm
(in.)

= R2 for double curvature shapes in 5C-5-A1/9.5.3 FIGURE 8,
in mm (in.)

= R22/R1 for elliptical shapes in 5C-5-A1/9.5.3 FIGURE 9, in mm
(in.)rd = (0 . 753 – 0 . 72R2/R1)[R1/(R1 – R2) + cosθ]re1ts = net plate thickness of the strength deck, hatch side coaming top or lower deck clear

of the hatch corner under consideration, in mm (in.)tc = net plate thickness of the cross deck, hatch end coaming top or bottom of cross box
beam clear of the hatch corner under consideration, in mm (in.)ti = net plate thickness of the strength deck, hatch coaming top or lower deck in way of
the hatch corner under consideration, in mm (in.).R,R1 and R2 for each shape are as shown in 5C-5-A1/Figures 7, 8 and 9.θ for double curvature shapes is defined in 5C-5-A1/9.5.3 FIGURE 8.re1 and re2 also defined for double curvature shapes in 5C-5-A1/9.5.3 below.
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ks1rs1/w1 0.1 0.2 0.3 0.4 0.5ks1 1.945 1.89 1.835 1.78 1.725

ks2rs2/w2 0.1 0.2 0.3 0.4 0.5ks2 2.35 2.20 2.05 1.90 1.75

Note: ks1 and ks2 may be obtained by interpolation for intermediate values of rs1/w1   or   rs2/w2.

wherew1 = width of the cross deck under consideration, in mm (in.), for hatch corners of the
strength deck and lower deck at Stations D, D′, E and F

= 100b1 for SI or MKS Units, (1.2b1 for U.S. Units) for hatch corners of the strength
deck and lower deck at Stations A, B, C, F′ and G

= width of the coaming top for the continuous hatch side coaming, in mm (in.)w2 = width of the cross deck under consideration, in mm (in.), for strength deck and lower
deck

= width of the coaming top for the hatch end coaming, in mm (in.)b1 = width of the hatch opening under consideration, in m (ft)Ks1 and Ks2 for hatch corners with configurations other than that specified in this section are to be
determined from fine mesh 3D and 2D finite element analysis.

The angle ϕ in degrees along the hatch corner contour is defined as shown in 5C-5-A1/Figures 7,
8 and 9 and cL1 and cL2 at a given ϕ may be obtained by the following equations. For determining
the maximum fR,   cL1 and cL2 are to be calculated at least for 5 locations, i.e. at ϕ = ϕ1,   ϕ2 and
three intermediate angles for each pair of the combined load cases considered. Alternatively, the
maximum fR may be searched by a computer program provided in the SafeHull software package.

for circular shapes, 25 ≤ ϕ ≤ 55cL1 = 1 – 0 . 00045(ϕ – 25)2cL2 = 0 . 8 – 0 . 0004(ϕ – 55)2
for double curvature shapes, ϕ1 ≤ ϕ ≤ ϕ2cL1 = [1 . 0 – 0 . 02(ϕ – ϕ1)]/[1 – 0 . 015(ϕ – ϕ1) + 0 . 00014(ϕ – ϕ1)2]   for θ < 55

= [1 . 0 – 0 . 026(ϕ – ϕ1)]/[1 – 0 . 03(ϕ – ϕ1) + 0 . 0012(ϕ – ϕ1)2]   for θ ≥ 55cL2 = 0 . 8/[1 . 1 + 0 . 035(ϕ – ϕ2) + 0 . 003(ϕ – ϕ2)2]
where
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ϕ1 = μ(95 – 70rs1/rd)ϕ2 = 95/(0 . 6 + rs1/rd)μ = 0 . 165(θ – 25)1/2 for θ < 55
= 1 . 0 for θ ≥ 55

for elliptical shapes, ϕ1 ≤ ϕ ≤ ϕ2cL1 = 1 – 0 . 0004(ϕ – ϕ1)−3CL2 = 0 . 8/[1 + 0 . 0036(ϕ – ϕ2)2]
whereϕ1 = 95 – 70R2/R1ϕ2 = 95 – 70R2/R1
The peak stress range, fR, is to be obtained through calculations of cL1and cL2 at each ϕ along a
hatch corner.

The formulas for double curvature shapes and elliptical shapes may be applicable to the following
range:0 . 3 ≤ R2/R1 ≤ 0 . 6   and 45° ≤ θ ≤ 70° for double curvature shapes

At Stations A, B, C, F′ and G, the upper limit of θ may be increased to 80°.

For hatch coaming top and longitudinal deck girders, R2/R1 may be reduced to 0.15.0 . 3 ≤ R2/R1 ≤ 0 . 9 for double curvature shapesfd1ci, fd2si and fd2ci for the load case i may be obtained from the following equations:

9.5.1(a) Calculation of fd1cifd1ci = ckcM1/SMc       N/cm2(kgf/cm2, lbf/in2)
whereSMc = net section modulus of the cross deck box beam clear of the hatch corner under consideration with

respect to the vertical axis z (5C-5-4/7.7.3 FIGURE 4), in cm3(in3)c = 1.0 for strength deck and hatch coaming top

= 0.8 for lower deckM1 is as defined in 5C-5-4/15.7.4. In calculation of M1,Ts is to be taken as zero and z is to be
taken as a distance from the ship's centerline to a section clear of hatch corner but need not be
more than b0/2 at each station as shown in 5C-5-4/7.7.3 FIGURE 5.fd1ci may be taken as zero at Stations A, B, C, F' and G in 5C-5-4/7.7.3 FIGURE 5.
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kc is specified in 5C-5-A1/Table 3A through 3C and 5C-5-3/5.5.3 TABLE 1 for torsional moment
with as = 1 . 0.

9.5.1(b) Calculation of fd2sifd2si = Ms/SM       N/cm2(kgf/cm2, lbf/in2)
whereMs = secondary bending moment due to external water pressure at watertight or mid-hold

strength bulkhead, in N-m (kgf-cm, lbf-in)

= kpsiℓo 2ℎk = 1000 (1000, 269)psi = wave-induced external pressure, kN/m2 (tf/m2, Ltf/ft2), at the lower end of ℎ (but need
not be lower than the upper turn of bilge) at the midpoint of the hatch opening under
consideration.ℓo = length of the hatch opening under consideration, in m (ft)ℎ is as defined in 5C-5-A1/7.9.2.SM is as defined in 5C-5-4/15.5.2.

9.5.1(c) Calculation of fd2cifd2ci = M/SMc     N/cm2(kgf/cm2, lbf/in2)
whereM = secondary bending moment on the cross deck structure due to dynamic container load in

longitudinal direction, in N-cm (kgf-cm, lbf-in)

= KC2[0 . 5Qd1+ 0 . 25Qd2   n/(n+ 1)]b1105K = 0.17 (0.17, 0.046)Qd1 = total dynamic container load in longitudinal direction on cross deck box beam (above the
bottom of cross deck box beam), in kN (tf, Ltf)

= m1m2(1 – ℎ5/ℎ4)Fdℓ1Qd2 = total dynamic container load in longitudinal direction on transverse bulkhead, (below the
bottom of cross deck box beam), in kN (tf, Ltf)

= m1m2(ℎ5/ℎ4)Fdℓ2m1 = tier number of container stacks in the cargo hold under considerationm2 = row number of container stacks in the cargo hold under considerationℎ4 = m1ℎCℎ5 = vertical distance between the bottom of the cargo hold under consideration and the
bottom of cross deck box beam at center line, in m (ft)
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Fdℓ1 = dynamic longitudinal container force Fdℓ, as specified in 5C-5-3/5.5.2(b), with W of the
maximum design container weight at a vertical height 0 . 5(ℎ4+ ℎ5), measured from
inner bottomFdℓ2 = dynamic longitudinal container force Fdℓ, as specified in 5C-5-3/5.5.2(b), with W of the
maximum design container weight at a vertical height 0 . 5ℎ5, measured from inner
bottomW,C2,n and ℎC are as defined in 5C-5-4/15.5.3.b1 is as defined in 5C-5-4/15.7.4, but need not be taken as greater than b0 at each station in

5C-5-4/7.7.3 FIGURE 5.fd2ci may be taken as zero at Stations A, B, C, F′ and G in 5C-5-4/7.7.3 FIGURE 5.SMc is as defined in 5C-5-A1/9.5.1(a) above.

9.5.2 Hatch Corners at the End Connections of Longitudinal Deck Girder
The total stress range, fR, for hatch corners at the connection of longitudinal deck girder with
cross deck box beam may be approximated by the following equation:fR = cf[(αtKd1(fRG1+ fRl1) + Kd2fRG2]     N/cm2(kgf/cm2, lbf/in2)
wherefRG1 = wave-induced stress range by hull girder vertical and horizontal bending moments at the

longitudinal deck girder of hull girder section, in N/cm2 (kgf/cm2, lbf/in2)

= |(fd1vi –   fd1vj) + (fd1ℎi – fd1ℎj)|fRG2 = wave-induced stress range by hull girder torsional moment at the connection of the
longitudinal deck girder with the cross deck box beam, in N/cm2 (kgf/cm2, lbf/in2)

= |fd1di  – fd1dj|fRL1 = secondary dynamic stress range on the longitudinal deck girder due to on-deck
container load in vertical direction, in N/cm2 (kgf/cm2, lbf/in2)

= cw( |fd2di− fd2dj | )cw = 0.75αi = 1 . 0 for symmetrical section of the longitudinal deck girder about its vertical neutral
axis

= 1 . 25 for unsymmetrical section of the longitudinal deck girder about its vertical neutral
axiscf is as defined in 5C-5-A1/7.5.1.Kd1 and Kd2 may be obtained from the following equations but not to be taken less than 1.0 :Kd1 = 1 . 0Kd2 = α1αskd

where
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kd = nominal stress concentration factor as given in a table belowαs = 1.0 for circular shapes

= 0 . 33[1 + 2(rs1/rd) + 0 . 1(rd/rs1)2] for double curvature shapes

= 0 . 33[1 + 2(R2/R1) + 0 . 1(R1/R2)2] for elliptical shapesαt = (td/ti)1/2αt is to be taken as 1.0 where longitudinal or transverse extent of the reinforced plate thickness in
way of the hatch corner is less than that in 5C-5-A1/9.5.3 below, as shown in 5C-5-A1/9.5.3
FIGURE 10.td = flange net plate thickness of the longitudinal deck girder clear of the hatch corner under

consideration, in mm (in.)ti = net plate thickness at the end connection of the longitudinal deck girder under
consideration, in mm (in.).R,R1 and R2 for each shape are as shown in 5C-5-A1/Figures 7, 8 and 9.θ for double curvature shapes is defined in 5C-5-A1/9.5.3 FIGURE 8.rs1 and rd are as defined for double curvature shapes in 5C-5-A1/9.5.1 above.re1 and re2 are as defined for double curvature shapes in 5C-5-A1/9.5.3 below.

kdrs1/wd 0.1 0.2 0.3 0.4 0.5kd 2.35 2.20 2.05 1.90 1.75

Note: kd may be obtained by interpolation for intermediate values of rs1/wd .
wherewd = width of the longitudinal deck girder, in mm (in.)fd1vi, fd1ℎi, fd1di and fd2d1  for the load case i may be obtained from the following equations:

9.5.2(a) Calculation of fd1vifd1vi = cHoMwE/SM     N/cm2(kgf/cm2, lbf/in2)
wherec = 1000 (1000, 2240)Ho = effectiveness of longitudinal deck structure, as specified in 3-2-1/17.3MwE = wave-induced bending moment at the section under consideration, in a condition as

specified in 5C-5-3/5.5.3 TABLE 1 and 5C-5-A1/Tables 3A through 3C, in kN-m (tf-m,
Ltf-ft)
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= kukc   fMVMwSM = net hull girder vertical section modulus at the section under consideration, cm2-m (in2-
ft)

= I/yI = moment of inertia of hull girder section under consideration about the horizontal neutral
axis, in cm2-m2 (in2-ft2)y = vertical distance from the horizontal neutral axis of the hull girder section to the point
under consideration, m (ft)Mw = the nominal wave-induced vertical bending moment, as defined in 5C-5-3/5.1.1, withkw = k01/2 for either hogging or sagging condition, as specified in 5C-5-3/5.5.3 Table 1
and 5C-5-A1/Tables 3A through 3C, in kN-m (tf-m, Ltf-m)ku and kc are specified in 5C-5-A1/Tables 3A through 3C and 5C-5-3/5.5.3 TABLE 1 for hull

girder vertical bending moment.fMV is as shown in 5C-5-3/3.1 FIGURE 2.

9.5.2(b) Calculation of fd1ℎifd1ℎi = cHoMHE/SMH     N/cm2(kgf/cm2, lbf/in2)
wherec = 1000 (1000, 2240)Ho = effectiveness of longitudinal deck structure, as specified in 3-2-1/17.3MHE = effective wave-induced horizontal bending moment at the section under consideration, in a condition

as specified in 5C-5-3/5.5.3 TABLE 1 and 5C-5-A1/Tables 3A through 3C, in kN-m (tf-m, Ltf-ft)

= kukcmℎMHSMH = net hull girder vertical section modulus at the section under consideration, cm2-m (in2-ft)

= IH/zIH = moment of inertia of hull girder section under consideration about the horizontal neutral axis, in cm2-
m2 (in2-ft2)z = horizontal distance from the vessel’s centerline to the vertical neutral axis (z axis of section D-D in
item b of 5C-5-A1/3.5.2 TABLE 2) of the longitudinal side deck girder, in m (ft)fd1ℎi for the centerline deck girder may be taken zero.ku and kc are specified in 5C-5-A1/Table 3A through 3C and 5C-5-3/5.5.3 TABLE 1 for hull

girder horizontal bending moment.MH is as defined in 5C-5-3/5.1.3 and mℎ is as shown in 5C-5-3/5.5.3 FIGURE 4.

9.5.2(c) Calculation of fd1di  fd1di = MD/SMℎ     N/cm2(kgf/cm2, lbf/in2)
where
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MD = kc1kcC1TML02ωM105(c2b0αMΓM)     N‐cm(kgf‐cm,lbf‐in)k = 1.0 (1.0, 0.269)SMℎ = net section modulus of the longitudinal deck girder under consideration about its
vertical neutral axis (z axis of section D-D in item b of 5C-5-A1/3.5.2 TABLE 2), in cm3

(in3)cs = 0.53 for centerline deck girder

= 0.42 for two side deck girderc2 = c3b0/ICB  * + ℓ0/Igc3 = 0.75 for centerline deck girder

= 0.425 for two side deck girdersℓ0 = length of the hatch opening amidships, in m (ft)ICB* = average net moment of inertia of the cross deck box beam at the vessel’s centerline, in
m4 (ft4), fore and aft of the hatch opening amidships with respect to vertical axis, z.Ig = net moment of inertia of the longitudinal deck girder amidships about its vertical neutral
axis (z axis of section D-D in item b of 5C-5-A1/3.5.2 TABLE 2), in cm4(in4)TM, L0,ωM,αM,Γ and b0 are as defined in 5C-5-4/5 and C1 is as defined in 5C-5-4/15.7.2. kc is

specified in 5C-5-3/5.5.3 TABLE 1 and 5C-5-A1/Table 3A through 3C for torsional moment withαs = 1 . 0.

For the longitudinal deck girders abaft the engine room, L0 may be taken as L0′  defined in
5C-5-4/7.3.2.

9.5.2(d) Calculation of fd2difd2di = M/SMV     N/cm2(kgf/cm2, lbf/in2)
whereM = secondary bending moment on the longitudinal deck girder due to dynamic container

load on deck in vertical direction, in N-cm (kgf-cm, lbf-in)

= kcmd1md2Fdvℓ · 105k = 1.0 (1.0, 0.269)c = 0.042 for centerline deck girder

= 0.28 for two side deck girdermd1 = tier number of 20 ft container stacks on deckmd2 = row number of 20 ft container stacks on deckFdv = dynamic vertical container force as specified in 5C-5-3/5.5.2 with W of the maximum
design 20 ft container weight on deck and W not to be taken less than 137.3 kN (14 tf,
13.8 Ltf)SMv = net section modulus of the longitudinal deck girder under consideration about its
horizontal axis (y axis of section D-D in 5C-5-A1/3.5.2 TABLE 2b), in cm3 (in3)
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ℓ is as defined in 5C-5-A1/7.9.2.

For calculation of Cv in 5C-5-3/5.5.1(c), z, defined in 5C-5-A1/9.5.2(b) above may be used.

9.5.3 Extent of Reinforced Plate Thickness at Hatch Corners
Where plating of increased thickness is inserted at hatch corners, the extent of the inserted plate as
shown in 5C-5-A1/9.5.3 FIGURE 6and 5C-5-A1/9.5.3 FIGURE 10 is to be generally not less than
that obtained from the following:ℓi = 1 . 75re1 mm(in . )bi = 1 . 75re2 mm in .bd = 1 . 1re2 mm in .
for a cut-out radius type,ℓi1 = 1 . 75re1 mm in .ℓi2 = 1 . 0re1 mm in .bi = 2 . 5re2 mm in .bd = 1 . 25re2 mm in .
wherere1 = R for circular shapes in 5C-5-A1/9.5.3 FIGURE 7, in mm (in.)

= R2+ (R1− R2)cosθ for double curvature shapes in 5C-5-A1/9.5.3 FIGURE 8, in mm (in.)

= (R1+ R2)/2 for elliptical shapes in 5C-5-A1/9.5.3 FIGURE 9, in mm (in.)re2 = R for circular shapes in 5C-5-A1/9.5.3 FIGURE 7, in mm (in.)

= R1− (R1− R2)sinθ for double curvature shapes in 5C-5-A1/9.5.3 FIGURE 8, in mm (in.)

= R2 for elliptical shapes in 5C-5-A1/9.5.3 FIGURE 9, in mm (in.)

At welding joints of the inserted plates to the adjacent plates, a suitable transition taper is to be
provided and the fatigue assessment at these joints may be approximated by the following:fR = cfKtfs     N/cm2(kgf/cm2, lbf/in2)
wherefs = nominal stress range at the joint under consideration

= fRG1+ fRL1 for side longitudinal deck box, as specified in 5C-5-A1/9.5.1,
in N/ cm2 (kgf/cm2, lbf/in2)

= fRG2+ fRL2 for cross deck box beam, as specified in 5C-5-A1/9.5.1, in N/
cm2 (kgf/cm2, lbf/in2)

= fRG1+ fRG2+ fRL1 for longitudinal deck girder, as specified in 5C-5-A1/9.5.2, in
N/ cm2 (kgf/cm2, lbf/in2)Kt = 0 . 25(1 + 3ti/ta) ≤ 1.25
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ti = net plate thickness of inserted plate, in mm (in.)ta = net plate thickness of plate adjacent to the inserted plate, in mm (in.)cf is as defined in 5C-5-A1/7.5.1.

FIGURE 6 
Side Hatch Corners
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FIGURE 7 
Circular Shape

FIGURE 8 
Double Curvature Shape

FIGURE 9 
Elliptical Shape
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FIGURE 10 
Hatch Corner for Longitudinal Deck Girder

11 Stress Concentration Factors Determined from Finite Element
Analysis

11.1 General
S-N data and stress concentration factors (SCFs) are related to each other and therefore are to be
considered together so that there is a consistent basis for the fatigue assessment.

The following guidance is intended to help make right decisions.

11.3 S-N Data
S-N data are presented as a series of straight-lines plotted on log-log scale. The data reflect the results of
numerous tests which often display considerable scatter. The recommended design curves for different
types of structural details and welded connections recognize the scatter in test results in that the design
curves have been based on the selection of the lower bound, 95% confidence limit. In other words about
2.5% of the test failure results fall below this curve. Treating the design curve in this manner introduces a
high, yet reasonable degree of conservatism in the design and fatigue evaluation processes.

Individual S-N curves are presented to reflect certain generic structural geometries or arrangements. 5C-5-
A1/3.5.1 TABLE 1 and 5C-5-A1/9.3 contain sketches of typical weld connections and other details in ship
structure, giving a list of the S-N classification. This information is needed to assess the fatigue strength of
a detail. Also needed is a consistent way to establish the demands or load effects placed on the detail so
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that a compatible assessment can be made of the available strength versus the demand. Here is where
interpretation and judgment enter the fatigue assessment.

S-N curves are obtained from laboratory sample testing. The applied reference stress on the sample which
is used to establish the S-N data is referred to as the nominal stress. The nominal stress is established in a
simple manner, such as force divided by area and bending moment divided by section modulus (P/A &M/SM). The structural properties used to establish the nominal stress are taken from locations away from
any discontinuities to exclude local stress concentration effects arising from the presence of a weld or other
local discontinuity. In an actual structure it is rare that a match will be found between the tested sample
geometry and loadings. One is then faced with the problem of making the appropriate interpretation.

11.5 S-N Data and SCFs
Selection of appropriate S-N data is straight-forward with respect to “standard details” offered in 5C-5-
A1/3.5.1 TABLE 1 or other similar reference. However, in the case of welded connections in complex
structures, it is required that SCFs be used to modify the nominal stress range. An example of the need to
modify the nominal stress for fatigue assessment purposes is shown in 5C-5-A1/11.5 FIGURE 11 below,
relating to a hole drilled in the middle of a flat plate traversed by a butt weld.

In this example the nominal stress SN is P/Area, but the stress to be used to assess the fatigue strength at
point A is SA or SN ·SCF. This example is deceptively simple because it does not tell the entire story. The
prerequisite of the example is that one needs to have a definitive and consistent basis to obtain the SCF.
There are reference books which indicate that based on the theory of elasticity the SCF to be applied in this
case is 3.0. However, when the SCF is computed using the finite element analysis techniques, the SCF
obtained can be quite variable, depending on the mesh size. The example does not indicate which S-N
curve is to be applied, nor does the example show how the selection of the design S-N data could be
affected by the mentioned finite element analysis issues. Therefore, where such interpretation questions
exist for a simple example, the higher difficulty of appropriately treating more complex structures should
be evident.

Referring to the S-N curves to be applied to welded connections (for example S-N curves, D-W in 5C-5-
A1/5.7 FIGURE 1) the SCFs resulting from the presence of the weld itself are already accounted for in
these curves. If one were to have the correct stress distribution in the region - from the weld to a location
sufficiently away from the weld toe (where the stress is suitably established by the nominal stress obtained
from P/A and M/SM) - the stress distribution may be generically separated into three distinct segments as
shown in the 5C-5-A1/11.5 FIGURE 12 below.

● Region III is a segment where the stress gradient is controlled by the nominal stress gradient.

● Region II is a segment where the nominal stress gradient is being modified due to the presence of
other structure such as the bracket end shown in the figure. This must be accounted for to obtain an
appropriate stress at the weld toe to be used in the fatigue analysis.

● Region I is a segment where the stress gradient is being modified due to the presence of the weld metal
itself. The stress concentration due to the weld is already accounted for in the S-N design curve and
need not be discussed further. Since the typical way to determine the stress distribution is via planar/
linear elements, which ignore the weld, this is consistent with the method of analysis.

This general description of the stress distribution is again inconclusive because one does not know in
advance and with certainty the distances from the weld toe where the indicated changes of slope for the
stress gradient occur. For this reason, definite rules need to be established to determine the slopes, then
criteria can be established and used to find the stress at the weld toe which is to be used in the fatigue
assessment.

In this regard two approaches can be used to find the stress at the weld toe, which reflect two methods of
structural idealization. One of these arises from the use of a conventional beam element idealization of the
structure including the end bracket connection, and the other arises from the use of a fine mesh finite
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element idealization. Using a beam element idealization, the nominal stress at any location (i.e. P/A and
M/SM) can be obtained. (See 5C-5-4/9 FIGURE 7 for a sample beam element model). In the beam element
idealization there will be difficulty to account for the geometric stress concentration due to the presence of
other structure; this is the “Segment II” stress gradient previously described. In the beam modeling
approach shown in the figure, the influence on stresses arising from the “carry over” of forces and bending
moments from adjacent structural elements has been approximately accounted for. At the same time the
strengthening effect of the brackets has been ignored. Hence for engineering purposes, this approach is
considered to be sufficient in conjunction with the nominal stress obtained at the location of interest and
the nominal S-N curve, i.e. the F or F2 Class S-N data, as appropriate.

In the fine mesh finite element analysis approach one needs to define the element size to be used. This is
an area of uncertainty because the calculated stress distribution can be unduly affected by both the
employed mesh size and the uniformity of the mesh adjacent to the weld toe. Therefore, it is necessary to
establish “rules” as given below to be followed in producing the fine mesh model adjacent to the weld toe.
Further since the area adjacent to the weld toe (or other discontinuity of interest) may be experiencing a
large and rapid change of stress (i.e., a high stress gradient) it is also necessary to provide a rule which can
be used to establish the stress at the location where the fatigue assessment is to be made.

5C-5-A1/11.5 FIGURE 13 shows an acceptable method which can be used to extract and interpret the
“near weld toe” element stresses and to obtain a (linearly) extrapolated stress at the weld toe. When plate
or shell elements are used in the modeling, it is recommended that each element size is to be equal to the
plate thickness. When stresses are obtained in this manner the use of the E Class S-N data is considered
acceptable.

Weld hot spot stress can be determined from linear extrapolation of surface component stresses at t/2 and3t/2 from weld toe. The principal stresses at hot spot are then calculated based on the extrapolated
stresses and used for fatigue evaluation. Description of numerical procedure is given in 5C-5-A1/11.7
below.

FIGURE 11
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FIGURE 12

FIGURE 13

11.7 Calculation of Hot Spot Stress for Fatigue Analysis of Ship Structures
The algorithm described in the following is applicable to obtain the hot spot stress for the point at the toe
of a weld. The weld connects either a flat bar member or a bracket typically to the flange of a longitudinal
stiffener as shown below in 5C-5-A1/11.7.4 FIGURE 14.

Consider the four points, P1 to P4, measured by the distances X1 to X4 from the weld toe, designated as the
origin of the coordinate system. These points are the centroids of four neighboring finite elements the first
of which is adjacent to the weld toe. Assuming that the applicable surface component stresses, Si, at Pi
have been determined from FEM analysis, the corresponding stresses at “hot spot”, i.e., the stress at the
weld toe, can be determined by the following procedure:

11.7.1
Select two points,L and R, such that points L and R are situated at distances t/2 and 3t/2 from
the weld toe; i.e.,XL = t/2XR = 3t/2
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where t denotes the thickness of the member to which elements 1 to 4 belong (e.g., the flange of a
longitudinal stiffener).

11.7.2
Let X = XL and compute the values of four coefficients as follows:C1 = X − X2 X − X3 X − X4 / X1− X2 X1− X3 X1− X4C2 = X − X1 X − X3 X − X4 / X2− X1 X2− X3 X2− X4C3 = X − X1 X − X2 X − X4 / X3− X1 X3− X2 X3− X4C4 = X − X1 X − X2 X − X3 / X4− X1 X4− X2 X4− X3
The corresponding stress at Point L can be obtained as:SL = C1S1+ C2S2+ C3S3+ C4S4

11.7.3
Let X = XR and repeat Step 5C-5-A1/11.7.2 in to determine four new coefficients, the stress at
Point R can be obtained likewise, i.e.,SR = C1S1+ C2S2+ C3S3+ C4S4

11.7.4
The corresponding stress at hot spot, S0, is given byS0 = 3SL− SR /2
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FIGURE 14

 

 

Note:
The algorithm presented in the foregoing involves two types of operations. The first is to utilize the stress values
at the centroid of the four elements considered to obtain the estimates of the stress at Points L and R by way of an
interpolation algorithm known as Lagrange interpolation. The second operation is to make use of the stress
estimates SL and SR to obtain the hot spot stress via linear extrapolation.
While the Lagrange interpolation is applicable to any order of polynomial, it is not advisable to go beyond the 3rd
order (cubic). Also, the even order polynomials are biased; so that leaves the choice between a linear scheme and
a cubic scheme. Therefore, the cubic interpolation as described in 5C-5-A1/11.7.2 is to be used. It can be observed
that the coefficients, C1 to C4 are all cubic polynomials. It is also evident that, when X = Xj which is not equal toXi all the C's vanish except Ci, and if ,X = Xi , Ci = 1.
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C H A P T E R  5
Vessels Intended to Carry Containers (130 meters (427 feet) to 450

meters (1476 feet) in Length)

A P P E N D I X  2
Calculation of Critical Buckling Stresses

1 General
The critical buckling stresses for various structural elements and members may be determined in
accordance with this Appendix or other recognized design practices. Critical buckling stresses derived
from experimental data or analytical studies may be considered, provided well documented supporting data
are submitted for review.

3 Rectangular Plates
The critical buckling stresses for rectangular plate elements, such as plate panels between stiffeners; web
plates of longitudinals, girders, floors and transverses; flanges and face plates, may be obtained from the
following equations with respect to uniaxial compression, bending and edge shear, respectively.fci = fEi, for fEi ≤ Prfyifci = fyi[1 – Pr(1 – Pr)fyi/fEi], for fEi > Prfyi
wherefci = critical buckling stress with respect to uniaxial compression, bending or edge shear, separately,

in N/cm 2( kgf/cm2, lbf/in2)fEi = Ki[π2E/12(1 – v2)](tn/s)2 , N/cm2 (kgf/cm2, lbf/in2)Ki = buckling coefficient as given in 5C-5-A2/3 TABLE 1E = modulus of elasticity of the material, may be taken as 2.06 ×107N/cm2 (2.1 × 106 kgf/cm2, 30
×106 lbf/in2) for steelv = Poisson's ratio, may be taken as 0.3 for steel.tn = net thickness of the plate, in cm (in.).s = spacing of longitudinals/stiffeners, in cm (in.).Pr = proportional linear elastic limit of the structure, may be taken as 0.6 for steelfyi = fy , for uniaxial compression and bending
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= fy/ 3, for edge shearfy = specified minimum yield point of the material, in N/cm2 (kgf/cm2, lbf/in2)

TABLE 1
Buckling Coefficient,Ki

For Critical Buckling Stress Corresponding tofL, fT, fb or fLT
I. Plate panel between stiffeners Ki
A Uniaxial compression
1. Long plateℓ ≥ s  

 

a. For f′L, = fL:
b. For f′L, = fL/3:
(see note)

4C1 ,5 . 8C1 ,
 

 

2. Wide plateℓ ≥ s
 

 

 

a. For f′T, = fT:
b. For f′T, = fT/3:
(see note)

[1 + (s/ℓ)2]2C21 . 45[1 + (s/ℓ)2]2C2
 

 

B Ideal Bending
1. Long plateℓ ≥ s  

 

 24C1
 

2. Wide plateℓ ≥ s  

 

a. For 1 . 0 ≤ ℓ/s ≤ 2 . 0:
b. For 2 . 0 < ℓ/s: 24(s/ℓ)2C212(s/ℓ)C2

 

C Edge Shear  

 

 Ki[5 . 34 + 4(s/ℓ)2]C1
D Values of C1 and C2
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1. For plate panels between angles or tee stiffenersC1 = 1.1C2 = 1.3 within the double bottom or double side*C2 = 1.2 elsewhere
2. For plate panels between flat bars or bulb platesC1 = 1.0C2 = 1.2 within the double bottom or double side*C2 = 1.1 elsewhere

* applicable where shorter edges of a panel are supported by rigid structural members, such as bottom, inner bottom, side
shell, inner skin bulkhead, double bottom floor/girder and double side web stringer.

II. Web of Longitudinal or Stiffener Ki
A Axial compression
Same as I.A.1 by replacings with depth of the web and ℓ with unsupported span

a. For f′L, = fL:
b. For f′L, = fL/2:
(see note)
whereC = 1.0 for angle or tee stiffenersC = 0.33 for bulb platesC = 0.11 for flat bars

4C5 . 2C

B Ideal Bending
Same as I.B.1 by replacing s with depth of the web and ℓ with unsupported span

24C
III. Flange and Face Plate Ki
Axial Compression 0.44

 

 s = b2ℓ = unsupported span

Note:

In I.A. (II.A), Ki for intermediate values off′L/fL(f′T/fT) may be obtained by interpolation between a and b.

5 Longitudinal Deck Girders, Cross Deck Box Beams, Vertical Webs,
Longitudinals and Stiffeners

5.1 Axial Compression
The critical buckling stress,fca, of a beam-column, i.e., the longitudinal and the associated effective
plating, with respect to axial compression may be obtained from the following equations:fca = fE, for fE ≤ Prfyfca = fy[1 – Pr(1 – Pr)fy/fE], for fE > Prfy
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wherefE = π2E/(ℓ/r)2 , in N/cm2 (kgf/cm2, lbf/in2)ℓ = unsupported span of the longitudinal or stiffener, in cm (in.), as defined in 5C-5-4/9 FIGURE
6.r = radius of gyration of area, Ae, in cm (in.).Ae = As+ bwLtnAs = net sectional area of the longitudinals or stiffeners excluding the associated plating, in cm2

(in2).bwL = effective width of the plating, as given in 5C-5-5/5.3.2, in cm (in.)tn = net thickness of the plating, in cm (in.)fy = minimum specified yield point of the longitudinal or stiffener under consideration, N/cm2

(kgf/cm2, lbf/in2)Pr and E are as defined in 5C-5-A2/3.

5.3 Bending
5.3.1 Longitudinals, Stiffeners and Frames

The allowable ultimate stress with respect to bending moment induced by lateral loads, fub, for a
longitudinal may be taken as fy. In this regard, the corresponding bending stress, fb, specified in
5C-5-5/5.5 is to be determined from the following equation:fb = M/SMe     N/cm2(kgf/cm2, lbf/in2)
whereM = maximum total bending moment induced by lateral loads and the end structures

connected

= cmpsℓ2/12     N− cm(kgf − cm, lbf − in . )cm = moment adjustment coefficient, and may be taken as 0.75p = lateral pressure for the region considered, in N/cm2 (kgf/cm2, lbf/in2)SMe = net section modulus of the longitudinals, in cm3 (in3), including the effective breadth
of the plating, be, at midspan. be may be taken as that given in 5C-5-4/9 FIGURE 7.s is as defined in 5C-5-A2/3.ℓ is as defined in 5C-5-A2/5.1.

5.3.2 Longitudinal Deck Girders, Cross Deck Box Beams and Vertical Webs
The allowable ultimate stress with respect to bending moment, fub, for these structural members
may be taken as fy. In this regard, the corresponding bending stress, fb, specified in 5C-5-5/5.11
is to be determined from the following equations:

5.3.2(a) Longitudinal Deck Girders inboard of Lines of Hatch Openings
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fb = M/SM     N/cm2(kgf/cm2, lbf/in2)
whereM = kc1KCC1TMLo2ωM105/ c2boαMΓM     N− cm(kgf − cm, lbf − in . )k = 1.0 (1.0, 0.269)SM = net section modulus of the longitudinal deck girder about its vertical neutral axis (z

axis of section C-C in 5C-5-4/7.7.3 FIGURE 4), in cm3 (in3)c1 = 0.53 for centerline deck girders

= 0.42 for two side deck girdersKc = 0 . 9kckc is specified in 5C-5-3/5.5.3 TABLE 1 for torsional moment.c2 = c3bo/ICB* + ℓo/Igc3 = 0.75 for centerline deck girder

= 0.425 for two side deck girdersTM, Lo,ωM, ℓM, bo, ℓo,αM and ΓM are as defined in 5C-5-4/7.3 and C1 and ICB*  are as defined in
5C-5-4/15.7.2.

5.3.2(b) Cross Deck Box Beams where no Longitudinal Deck Girders are installedfb = (KcM1+M2)/SM     N/cm2(kgf/cm2, lbf/in2)
whereM1 is defined in 5C-5-4/15.7.4. In the calculation of M1, z is to be taken as 0 . 5b1 where b1 is as
defined in 5C-5-4/15.7.4Kc = 0 . 9kckc is specified in 5C-5-3/5.5.3 TABLE 1 for torsional moment.M2 = kC2[0 . 5Qd1+ 0 . 25Qd2n/(n+ 1)]b1105k = 0.17 (0.17, 0.046)Qd1 = total dynamic container load in longitudinal direction on cross deck box beam

(above the bottom of the cross deck box beam), in kN (tf, Ltf)

= m1m2 1− ℎ5/ℎ4 Fdℓ1Qd2 = total dynamic container load in longitudinal direction on transverse bulkhead,
(below the bottom of cross deck box beam), in kN (tf, Ltf)

= m1m2 ℎ5/ℎ4 Fdℓ2m1 = tier number of container stacks in the cargo hold under considerationm2 = row number of container stacks in the cargo hold under consideration
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ℎ4 = m1ℎCℎ5 = vertical distance between inner bottom and the bottom of cross deck box beam at
center line, in m (ft)Fdℓ1 = longitudinal dynamic container load Fdℓ as specified in 5C-5-3/5.5.2(b) with W of
the maximum design container weight at a vertical height 0 . 5(ℎ4+ ℎ5), measured
from inner bottomFdℓ2 = longitudinal dynamic container load Fdℓ as specified in 5C-5-3/5.5.2(b), with W of
the maximum design container weight at a vertical height 0 . 5ℎ5, measured from
inner bottomSM = net section modulus of the cross deck box beam clear of the hatch corner under
consideration about vertical axis (z axis of section A-A in 5C-5-4/7.7.3 FIGURE 4),
in cm3 (in3)W,C2,n and ℎC are as defined in 5C-5-4/15.5.3 and b1 is as defined in 5C-5-4/15.7.4.

5.3.2(c) Vertical Webs of Mid-hold Strength Bulkhead where no Horizontal Girder is installedfb = M/SM     N/cm2(kgf/cm2, lbf/in2)
whereM = kcFdtℓvk = 1 . 0 1 . 0, 0 . 269c = 8330 m1− 1m1 is as defined in 5C-5-A2/5.3.2(b)Fdt = transverse dynamic container load as specified in 5C-5-3/5.5.2(b) with W of the

maximum design container weight at the mid-span of vertical web of span ℓv, in kN
(tf, Ltf)SM = net section modulus of the vertical web under consideration about the neutral axis
parallel to the longitudinal centerline plane of vessel, in cm3 (in3)W and ℓv are as defined in 5C-5-4/15.5.3 and 5C-5-4/23.1, respectively.

5.5 Torsional/Flexural Buckling
The critical torsional/flexural buckling (ultimate) stress with respect to axial compression, e.g. of a
longitudinal, stiffener including its associated plating (effective width, bwL) may be obtained from the
following equations:fct = fET, for fET ≤ Prfyfct = fy[1 – Pr(1 – Pr)fy/fET], for fET > Prfy
where fET may be determined as follows.
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5.5.1 Longitudinals, Stiffeners and FramesfET = E[K/2 . 6 + (nπ/ℓ)2Γ+ Co(ℓ/nπ)2/E]/Io[1 + Co(ℓ/nπ)2/IofcL] , in N/cm2 (kgf/cm2,
lbf/in2)

wherefct = critical torsional/flexural buckling (ultimate) stress with respect to axial
compression, N/cm2 (kgf/cm2, lbf/in2).K = St. Venant torsion constant for the stiffener's cross section, excluding the
associated plating, in cm4 (in4)

= 1/3[bftf3+ dwtw3 ]Io = polar moment of inertia of the stiffener's cross section, excluding the associated
plating, about the toe (intersection of web and plating), in cm4 (in4).

= Ix+mIy+ As(xo2+ yo2)Ix, Iy = moment of inertia of the longitudinal about the x- and y-axis, respectively,
through the centroid of the longitudinal excluding the plating (x-axis
perpendicular to the web), in cm4 (in4).m = 1 . 0 – u(0 . 7 – 0 . 1dw/bf)u = unsymmetry factor

= 1 – 2b1/bfxo = horizontal distance between centroid of stiffener As and centerline of the web
plate, in cm (in.).yo = vertical distance between the centroid of the longitudinal's cross section As and its
toe, in cm (in.).dw = depth of the web, in cm (in.).tw = net thickness of the web, in cm (in.).bf = total width of the flange/face plate, in cm (in.).b1 = smaller outstanding dimension of flange with respect to web's centerline (see
5C-5-A2/5.5.1 FIGURE 1), in cm (in.).tf = net thickness of the flange/face plate, in cm (in.).Co = Etn3/3sΓ = warping constant, in cm6 (in6)≅ mIyfdw2 + dw3tw3 /36Iyf = tfbf3 1 . 0 + 3 . 0u2dwtw/As /12, cm4 in4fcL = critical buckling stress for the associated plating corresponding to n-half waves, in
N/cm2 (kgf/cm2, lbf/in2)

= π2E(n/α+ α/n)2(tn/s)2/12(1 – v2)α = ℓ/s
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n = number of half-waves which yield smallest fETfy = minimum specified yield point of the longitudinal or stiffener under consideration,
N/cm2 (kgf/cm2, lbf/in2)Pr,E, s and v are as defined in 5C-5-A2/3.As, tn and ℓ are as defined in 5C-5-A2/5.1.
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FIGURE 1
Net Dimensions and Properties of Stiffeners
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5.5.2 Longitudinal Deck Girders, Cross Deck Box Beams, and Vertical WebsfET = E[K/2 . 6 + (π/ℓ)2Γ]/Iofct = critical torsional/flexural buckling (ultimate) stress with respect to axial
compression, in N/cm2 (kgf/cm2, lbf/in2).K = St. Venant torsion constant for the member's cross section, in cm4 (in4)Γ = warping constant, in cm6 (in6)Io = polar moment of inertia of the member's cross section with respect to shear center,
in cm4 (in4)

= Ix+ Iy+ A yo2+ xo2Ix, Iy = moment of inertia of the member's cross section about the x- and y-plane, through
its neutral axis (x-plane perpendicular to the web), in cm4 (in4)yo = vertical distance between the centroid of the member's cross section A and its shear
center, in cm (in.)xo = horizontal distance between the centroid of member's cross section A and its shear
center, in cm (in.)A = total net sectional area of the structural members, in cm2 (in2)ℓ is as defined in 5C-5-A2/5.1

For illustration purposes, the torsional properties are shown in 5C-5-A2/5.5.2 FIGURE 2 for I
section with two planes of symmetry and channel section with one plane of symmetry.

FIGURE 2 
Torsional Properties

For I section with two axes of symmetry:
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e = 0K = 2bftf3 + ℎtw33Γ = tfℎ2bf324
For channel section with one axis of symmetry:

e = 3bf2tf6bftf+ ℎtwK = 2bftf3 + ℎtw33Γ =
tfℎ2bf3 3bftf+ 2ℎtw12 6bftf+ ℎtw

7 Stiffened Panels
For large stiffened panels between bulkheads or panels stiffened in one direction between transverses and
girders, the critical buckling stresses with respect to uniaxial compression may be determined from the
following equations:fci = fEi for fEi ≤ Prfyfci = fy 1− Pr 1− Pr fy/fEi , for fEi > Prfy
wherefEi = kLπ2(DLDT)1/2/tLb2 in the longitudinal direction, N/cm2 (kgf/cm2, lbf/in2)fEi = kTπ2(DLDT)1/2/tTℓ2 in the transverse direction, N/cm2 (kgf/cm2, lbf/in2)kL = 4 for ℓ/b ≥ 1

= 1/ϕL2+ 2η+ ϕL2 for ℓ/b < 1kT = 4 for b/ℓ ≥ 1
= 1/ϕT2 + 2η+ ϕT2 for b/ℓ < 1DL = EIL/sL(1 – v2)DL = Etn3/12(1 – v2) where no stiffener in the longitudinal directionDT = EIT/sT(1 – v2)DT = Etn3/12(1 – v2) where no stiffener in the transverse directionℓ, b = length and width between transverse bulkheads and side shell/longitudinal bulkheads,

respectively, cm (in.) (See 5C-5-A2/7 FIGURE 3)tL, tT = equivalent net thickness of the plating and smeared stiffener in the longitudinal and
transverse direction, respectively, cm (in.)

= (sLtn+ AsL)/sL   or   (sTtn+ AsT)/sT
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sL, sT = spacing of longitudinals and transverses, respectively, cm (in.) (See 5C-5-A2/7 FIGURE
3)ϕL = (ℓ/b)(DT/DL)1/4ϕT = (b/ℓ)(DL/DT)1/4η = [(IpLIpT)/(ILIT)]1/2AsL,AsT = net sectional area of the longitudinal and transverse, excluding the associated plating,
respectively, cm2 (in2)IpL, IpT = moment of inertia of the effective plating (effective breadth due to shear lag) alone about
the neutral axis of the combined cross section, including stiffener and plating, in the
longitudinal and transverse direction respectively, cm4 (in4)IL, IT = moment of inertia of the stiffener (one) with effective plating in the longitudinal and
transverse direction, respectively, cm4 (in4)

Where no stiffener, the moment of inertia is calculated for the plating only.Pr, fy,E and v are as defined in 5C-5-A2/3. tn is as defined in 5C-5-A2/5.1.

Except for deck panels, when the lateral load parameter, qo, defined below is greater than 5, reduction of
the critical buckling stresses given above is to be considered.qo = pnℓ4/(π4tLDL) if no stiffener in the transverse directionqo = pnb4/(π4tTDT) for all other cases

wherepn = average net lateral pressure, N/cm2 (kgf/cm2, lbf/in2)DL,DT, b, ℓ, tT and tL are as defined above.

In this regard the critical buckling stress may be approximated byfci′ = Rofci     N/cm2(kgf/cm2, lbf/in2)
whereRo = 1 – 0 . 045(qo – 5) for qo ≥ 5
For deck panels, Ro = 1 . 0 and fci′ = fci

Part 5C Specific Vessel Types
Chapter 5 Vessels Intended to Carry Containers (130 meters (427 feet) to 450 meters (1476 feet) in

Length)
Appendix 2 Calculation of Critical Buckling Stresses 5C-5-A2

ABS RULES FOR BUILDING AND CLASSING MARINE VESSELS • 2024 1026



FIGURE 3

9 Deep Girders, Webs and Stiffened Brackets

9.1 Critical Buckling Stresses of Web Plates and Large Brackets
The critical buckling stresses of web plates and large brackets between stiffeners may be obtained from the
equations given in 5C-5-A2/3 for uniaxial compression, bending and edge shear.

9.3 Effects of Cut-outs
The depth of cut-outs, in general, is to be not greater than dw/3, where dw is the depth of the web,and the
stresses in the area calculated are to account for the local increase due to the cut-out.

When cut-outs are present in the web plate, the effects of the cut-outs on reduction of the critical buckling
stresses are to be considered as outlined below:

9.3.1 Reinforced by Stiffeners Around Boundaries of Cut-outs
When reinforcement is made by installing straight stiffeners along the boundaries of the cut-outs,
the critical buckling stresses of web plate between stiffeners with respect to compression and shear
may be obtained from equations given in 5C-5-A2/3.

9.3.2 Reinforced by Face Plates Around Contour of Cut-outs
When reinforcement is made by adding face plates around the contours of the cut-outs, the critical
buckling stresses with respect to compression, bending and shear may be obtained from equations
given in 5C-5-A2/3, without reduction, provided the net sectional area of the face plate is not less
than 8tw2 , where tw is the net thickness of the web plate,and the depth of the cut-outs is not greater
than dw/3, where dw is the depth of the web.

9.3.3 No Reinforcement Provided
When reinforcement is not provided, the buckling strength of web plate surrounding the cut-out
may be treated as a strip of plate with one edge free and the other edge simply supported.
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9.5 Tripping
To prevent tripping of deep girders and webs with wide flanges, tripping brackets are to be installed with a
spacinggenerally not greater than 3 meters (9.84 ft).

Design of tripping brackets may be based on the force, P, acting on the flange as given by the following
equation:P = 0 . 02fcℓ Af+ Aw/3

wherefcℓ = critical lateral buckling stress with respect to axial compression between tripping brackets,
N/cm2 (kgf/ cm2, lbf/in2)fcℓ = fce for fce ≤ Prfy

= fy[1 – Pr(1 – Pr)fy/fce] for fce > Prfyfce = 0 . 6E[(bf/tf)(tw/dw)3] N/cm2 (kgf/cm2, lbf/in2)Af = net cross sectional area of the flange/face plate, in cm2 (in2)Aw = net cross sectional area of the web, in cm2 (in2)bf, tf,dw, tw are as defined in 5C-5-A2/5.5.1E,Pr andfy are as defined in 5C-5-A2/3.

11 Stiffness and Proportions
To fully develop the intended buckling strength of the assemblies of structural members and panels,
supporting elements of plate panels and longitudinals are to satisfy the following requirements for stiffness
and proportion in highly stressed regions.

11.1 Stiffness of Longitudinals
The net moment of inertia of the longitudinals, io, with effective plating is to be not less than that given by
the following equation:

io = stn312 1− v2 γo     cm4 in4
where
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γo = (2 . 6 + 4 . 0δ)α2+ 12 . 4α – 13 . 2α1/2δ = A/(stn)α = ℓ/ss = spacing of longitudinals/stiffeners, in cm (in.)tn = net thickness of plating supported by the longitudinal, in cm (in.)v = Poisson's ratio

= 0.3 for steelA = net sectional area of the longitudinal section (excluding effective plating), in cm2 (in2)ℓ = unsupported span of the longitudinal, in cm (in.)

11.3 Stiffness of Web Stiffeners
The net moment of inertia, i,of the web stiffener, with the effective breadth of net plating not exceeding s
or be, as specified in 5C-5-4/9.5, whichever is less, is not to be less than obtained from the following
equations:i = 0 . 17ℓt3(ℓ/s)3     cm4(in4) for ℓ/s ≤ 2 . 0i = 0 . 34ℓt3(ℓ/s)2     cm4(in4) for ℓ/s > 2 . 0
whereℓ = length of stiffener between effective supports, in cm (in.)t = required net thickness of web plating, in cm (in.)s = spacing of stiffeners, in cm (in.)

11.5 Stiffness of Supporting Members
The net moment of inertia of the supporting members such as transverses, girders and webs is to be not
less than that obtained from the following equation:Is/io ≥ 0 . 2(Bs/ℓ)3(Bs/s)
whereIs = moment of inertia of the supporting member, including the effective plating, in cm4 (in4)io = moment of inertia of the longitudinals/stiffeners, including the effective plating, in cm4 (in4)Bs = unsupported span of the supporting member, in cm (in.)ℓ and s are as defined in 5C-5-A2/11.1.

11.7 Proportions of Flanges and Face Plates
The breadth-thickness ratio of flanges and face plates of longitudinals and girders is to satisfy the limits
given below:b2/tf ≤ 0 . 4(E/fy)1/2
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whereb2 = breadth of flange, as given in 5C-5-A2/5.5.1 FIGURE 1, in cm (in.)tf = net thickness of flange/face plate, in cm (in.)E and fy are as defined in 5C-5-A2/3.

11.9 Proportions of Webs of Longitudinals and Stiffeners
The depth-thickness ratio of webs of longitudinals and stiffeners is to satisfy the limits given below:dw/tw ≤ 1 . 5(E/fy)1/2 for angles and tee-barsdw/tw ≤ 0 . 85(E/fy)1/2 for bulb platesdw/tw ≤ 0 . 5(E/fy)1/2 for flat bars

wheredw and tw are as defined in 5C-5-A2/5.5 and E andfy are as defined in 5C-5-A2/3.

When these limits are complied with, the assumption on buckling control stated in 5C-5-5/5.1.2(e) is
considered satisfied. Where not, the buckling strength of the web is to be further investigated as per 5C-5-
A2/3.
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C H A P T E R  5
Vessels Intended to Carry Containers (130 meters (427 feet) to 450

meters (1476 feet) in Length)

A P P E N D I X  3
Definition of Hull Girder Torsional Properties

1 General
The hull girder torsional properties may be calculated based on the thin walled beam theory. The hull
girder section of a typical container carrier is usually modeled as an assemblage of segments (plates)
connected to nodal points, consisting of open zones and closed cells. The following sections define the
torsional properties used in the Rules. The torsional properties for each design will be calculated with
SafeHull software.

3 Warping Function, ω
The warping function for node “N”, ω(s)N, may be obtained from the following equation:ω(s)N = ω(s)N* + exN
ω(s)N* = ∫o"N" rs− qsts ds
wherers = distance from the origin to the axis of each segment

The origin is taken as the intersection of the centerline and baseline of the vessel.qs = specific stress flow of cell to which each segment belongsts = plate thickness of each segment with the area of longitudinal stiffeners smearede = distance of shear center of the hull girder section, measured from the baseline, positive upwardxN = horizontal distance from the centerline of the vessel to node “N”s = length along girth

The specific stress flow, q, of each cell may be obtained from the following set of equations; the number of
the equations is equal to the number of cells in hull girder section.
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qi∮i dst − qi − 1∫  Div dst − qi+ 1∫  Div dst = 2Ai, (i = 1, 2, − − − k)
whereqi = specific flow for cell “i”qi–1 = specific flow for adjacent cell “i – 1”qi+ 1 = specific flow for adjacent cell “i+ 1”k = number of the cells in hull girder sectionAi = enclosed area of cell “i”t = plate thickness of segment with the area of longitudinal stiffeners smeared

5 Location of Shear Center, e
The location of the shear center, e, of the hull girder, measured from the baseline may be obtained from the
following equation:e = – (Iωy/Iy)
whereIωy = sectorial moment

= ∫cω(s)N*xNtsdsIy = hull girder moment of inertia about the centerline of the vesselC = total girth lengthω(s)N* , xN, ts are as defined in 5C-5-A3/3.

7 Warping Constant, Γ
The warping constant, Γ, for the hull girder section may be obtained from the following equation:

Γ = ∑n − 1p tn∫0ℓnω2(s)ds
wherep = number of segments in hull girder sectionℓn = length of segment “n”tn = plate thickness of segment “n” with the area of longitudinal stiffeners smearedω(s) = warping function

9 St. Venant Torsional Constant, J
The St. Venant torsional constant, J, may be obtained from the following equation:

J = 4∑i = 1k Ai2∮ds/t
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whereAi = enclosed area of cell “i”t = plate thickness of segment in cell “i” without smearing longitudinal stiffenersk is as defined in 5C-5-A3/3.
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C H A P T E R  5
Vessels Intended to Carry Containers (130 meters (427 feet) to 450

meters (1476 feet) in Length)

A P P E N D I X  4 A
Longitudinal Strength Requirements (2018)

1 General

1.1 Symbols and Definitions
1.1.1 Symbols (1 July 2021)L = Rule length, in m (ft), as defined in 3-1-1/3.1B = molded breadth, in m (ft), as defined in 3-1-1/5C = wave parameter, see 5C-5-A4a/3.5.1d = draft, in m (ft), as defined in 3-1-1/9Cb = block coefficient as defined in 3-1-1/13.3Cw = waterplane coefficient at draft d, to be taken as:

= AwLBAw = waterplane area at draft d, in m2 (ft2)σyd = specified minimum yield stress of the material, in N/mm2 (kgf/mm2, psi)Q = material conversion factor

= 1.0 for ordinary strength steel

= 0.78 for Grade H32 steel

= 0.72 for Grade H36 steel

= 0.68 for Grade H40 steel
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The structural members in the upper deck region* made of H36 or H40 strength steel
with thickness greater than 50 mm (2 in.) and up to 100 mm (4 in.) or H47 strength
steel with thickness up to 100 mm (4 in.) are to comply with the requirements in the
ABS Guide for Application of Higher-Strength Hull Structural Thick Steel Plates in
Container Carriers. The Q factor specified in this Guide may be used to calculate the
reduced section modulus.

Note: * The upper deck region is defined as the upper deck plating, hatch side
coaming plating, hatch coaming top plating, and their attached longitudinals.E = Young’s modulus, to be taken as E = 2 . 06 × 105 N/mm2 (21,000 kgf/mm2, 30 × 106

psi)Ms = vertical still water bending moment in seagoing condition, in kN-m (tf-m, Ltf-ft), at the
cross section under considerationMsmax,Msmin = permissible maximum and minimum vertical still water bending moments in seagoing
condition, in kN-m (tf-m, Ltf-ft), at the cross section under consideration, see 5C-5-
A4a/3.3.2Mw = vertical wave induced bending moment, in kN-m (tf-m, Ltf-ft), at the cross section
under considerationFs = vertical still water shear force in seagoing condition, in kN (tf, Ltf), at the cross section
under considerationFsmax,Fsmin = permissible maximum and minimum still water vertical shear force in seagoing
condition, in kN (tf, Ltf), at the cross section under consideration, see 5C-5-A4a/3.3.2Fw = vertical wave induced shear force, in kN (tf, Ltf), at the cross section under
considerationqv = shear flow along the cross section under consideration, to be determined according to
Appendix 5C-5-A4bfNL − Hog = nonlinear correction factor for hogging, see 5C-5-A4a/3.5.2fNL − Sag = nonlinear correction factor for sagging, see 5C-5-A4a/3.5.2fR = factor related to the operational profile, 5C-5-A4a/3.5.2tnet = net thickness, in mm (in.), see 5C-5-A4a/1.3.1tres = reserve thickness, to be taken as 0.5 mm (0.02 in.)Inet = net vertical hull girder moment of inertia at the cross section under consideration, to be
determined using net scantlings as defined in 5C-5-A4a/1.3, in cm2-m2 (in2-ft2)σHG = hull girder bending stress, in N/mm2 (kgf/mm2, psi), as defined in 5C-5-A4a/3.9τHG = hull girder shear stress, in N/mm2 (kgf/mm2, psi), as defined in 5C-5-A4a/3.9x = longitudinal coordinate of a location under consideration, in m (ft)y = vertical coordinate of a location under consideration, in m (ft)yn = distance from the baseline to the horizontal neutral axis, in m (ft)

1.1.2 Fore End and Aft End
● The fore end (FE) of the rule length L, see 5C-5-A4a/1.1.2 FIGURE 1, is the perpendicular to

the scantling draft waterline at the forward side of the stem.

● The aft end (AE) of the rule length L, see 5C-5-A4a/1.1.2 FIGURE 1, is the perpendicular to
the scantling draft waterline at a distance L aft of the fore end (FE).
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FIGURE 1
Ends of Length L (2018)

1.1.3 Reference Coordinate System
The ships geometry, loads and load effects are defined with respect to the following right- hand coordinate
system (see 5C-5-A4a/1.1.3 FIGURE 2):

Origin: At the intersection of the longitudinal plane of symmetry of ship, the aft end of L and the baseline.

X axis: Longitudinal axis, positive forwards.

Y axis: Vertical axis, positive upwards.

Z axis: Transverse axis, positive towards starboard side.

FIGURE 2
Reference Coordinate System (2018)

1.3 Corrosion Margin and Net Thickness
1.3.1 Net Scantling Definitions

The strength is to be assessed using the net thickness approach on all scantlings.

The net thickness, tnet, for the plates, webs and flanges is obtained by subtracting the voluntary
addition tvol_add and the factored corrosion addition tc from the as built thickness tas_built, as
follows:

Part 5C Specific Vessel Types
Chapter 5 Vessels Intended to Carry Containers (130 meters (427 feet) to 450 meters (1476 feet) in

Length)
Appendix 4a Longitudinal Strength Requirements (2018) 5C-5-A4a

ABS RULES FOR BUILDING AND CLASSING MARINE VESSELS • 2024 1036



tnet = tas_built− tvol_add− αtc     mm(in . )
where α is a corrosion addition factor whose values are defined in 5C-5-A4a/1.3.1 TABLE 1.

The voluntary addition, if being used, is to be clearly indicated on the drawings.

TABLE 1 
Values of Corrosion Addition Factor (2018)

Structural Requirement Property/Analysis Type α
Strength assessment (5C-5-A4a/5) Section properties 0.5

Buckling strength (5C-5-A4a/7)
Section properties (stress determination) 0.5

Buckling capacity 1.0

Hull girder ultimate strength (5C-5-A4a/9)
Section properties 0.5

Buckling/collapse capacity 0.5

1.3.2 Determination of Corrosion Addition
The corrosion addition for each of the two sides of a structural member, tc1 or tc2 is specified in
5C-5-A4a/1.3.2 TABLE 2. The total corrosion addition, tc, in mm (in.), for both sides of the
structural member is obtained by the following formula:tc = tc1+ tc2 + tres     mm(in . )
For an internal member within a given compartment, the total corrosion addition, tc is obtained
from the following formula:tc = 2tc1 + tres     mm(in . )
The corrosion addition of a stiffener is to be determined according to the location of its connection
to the attached plating.

TABLE 2 
Corrosion Addition for One Side of a Structural Member (2018)

Compartment Type One Side Corrosion Addition tc1 or tc2 , in mm (in.)

Exposed to sea water 1.0 (0.04)

Exposed to atmosphere 1.0 (0.04)

Ballast water tank 1.0 (0.04)

Void and dry spaces 0.5 (0.02)

Fresh water, fuel oil and lube oil tank 0.5 (0.02)

Accommodation spaces 0.0 (0.0)

Container holds 1.0 (0.04)

Compartment types not mentioned above 0.5 (0.02)
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1.3.3 Determination of Net Section Properties
The net section modulus, moment of inertia and shear area properties of a supporting member are
to be calculated using the net dimensions of the attached plate, web and flange, as defined in
5C-5-A4a/1.3.3 FIGURE 3. The net cross-sectional area, the moment of inertia about the axis
parallel to the attached plate and the associated neutral axis position are to be determined through
applying a corrosion magnitude of 0.5 αtc deducted from the surface of the profile cross-section.
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FIGURE 3 
Net Sectional Properties of Supporting Members (2018)
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3 Loads

3.1 Sign Convention for Hull Girder Loads
The sign conventions of vertical bending moments and vertical shear forces at any ship transverse section
are as shown in 5C-5-A4a/3 FIGURE 4, namely:

● The vertical bending moments Ms and Mw are positive when they induce tensile stresses in the
strength deck (hogging bending moment) and negative when they induce tensile stresses in the bottom
(sagging bending moment).

● The vertical shear forces Fs,Fw are positive in the case of downward resulting forces acting aft of the
transverse section and upward resulting forces acting forward of the transverse section under
consideration. The shear forces in the directions opposite to above are negative.

FIGURE 4 
Sign Convention for Vertical Bending Moments

and Vertical Shear Forces (2018)

3.3 Still Water Bending Moments and Shear Forces
3.3.1 General

Still-water bending moments, Ms in kN-m (tf-m, Ltf-ft), and still water shear forces, Fs in kN (tf,
Ltf), are to be calculated at each section along the ship length for design loading conditions as
specified in 5C-5-A4a/3.3.2.

3.3.2 Design Loading Conditions
In general, the design cargo and ballast loading conditions, based on amount of bunker, fresh
water and stores at departure and arrival, are to be considered for the MS and FS calculations.
Where the amount and disposition of consumables at any intermediate stage of the voyage are
considered more severe, calculations for such intermediate conditions are to be submitted in
addition to those for departure and arrival conditions. Also, where any ballasting and/or de-
ballasting is intended during voyage, calculations of the intermediate condition just before and just
after ballasting and/or de-ballasting any ballast tank are to be submitted and where approved
included in the loading manual for guidance.

The permissible vertical still water bending moments Msmax and Msmin and the permissible
vertical still water shear forces Fsmax and Fsmin in seagoing conditions at any longitudinal
position are to envelop:

● The maximum and minimum still water bending moments and shear forces for the seagoing
loading conditions defined in the Loading Manual.
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● The maximum and minimum still water bending moments and shear forces specified by the
designer

The Loading Manual should include the relevant loading conditions, which envelop the still water
hull girder loads for seagoing conditions, see Appendix 3-2-A2.

3.5 Wave Loads
3.5.1 Wave Parameter

The wave parameter is defined as follows:

C = 1− 1 . 50 1− LLref 2 . 2
for L ≤ Lref

= 1− 0 . 45 LLref − 1 1 . 7
for L > Lref

whereLref = reference length, in m (ft), taken as:

= 315 Cw−1 . 3 m (1033 Cw−1 . 3 ft) for the determination of vertical wave bending moments
according to 5C-5-A4a/3.5.2

= 330 Cw−1 . 3 m (1083 Cw−1 . 3 ft) for the determination of vertical wave shear forces
according to 5C-5-A4a/3.5.3

3.5.2 Vertical Wave Bending Moments
The distribution of the vertical wave induced bending moments along the ship length is given in
5C-5-A4a/3.5.2 FIGURE 6, where:Mw− Hog = + 1 . 5c1fRL3CCw BL 0 . 8fNL − Hog   kN−m(tf −m, Ltf − ft)WaveHoggingMomentMw− Sag = − 1 . 5c1fRL3CCw BL 0 . 8fNL − Sag   kN−m(tf −m, Ltf − ft)WaveSaggingMoment
wherec1 = 1.0 (0.10197, 0.0093239)fR = factor related to the operational profile, to be taken as 0.85L = length of vessel, as defined in 3-1-1/3.1, in m (ft)Cw = waterplane coefficient at draft d, to be taken as:

= AwLBAw = waterplane area at draft d,in m2 (ft2)B = breadth of the vessel, in m (ft), as defined in 3-1-1/5fNL − Hog = non-linear correction for hogging, to be taken as:
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= 0 . 3 CbCw d not to be taken greater than 1.1, for d in meters

= 0 . 16563 CbCw d not to be taken greater than 0.60730, for d in feetfNL − Sag = non-linear correction for sagging, to be taken as:

= 4 . 51 + 0 . 2fBowCw CbL0 . 3 not to be taken less than 1.0, for L in meters

= 6 . 42691 + 0 . 2fBowCw CbL0 . 3 not to be taken less than 1.4282, for L in feet

fBow = bow flare shape coefficient, to be taken as:

= ADK − AWL0 . 2LyfADK = projected area in horizontal plane of uppermost deck, in m2 (ft2) including the
forecastle deck, if any, extending from 0.8L forward (see 5C-5-A4a/3.5.2
FIGURE 5). Any other structures (e.g., plated bulwark) are to be excluded.AWL = waterplane area at draft d, in m2 (ft2), extending from 0.8L forwardyf = vertical distance, in m (ft), from the waterline at draft d to the uppermost deck
(or forecastle deck), measured at the fore end (FE) of the rule length (5C-5-A4a/
3.5.2 FIGURE 5). Any other structures (e.g., plated bulwark) are to be excluded.d = draft, in m (ft), as defined in 3-1-1/9

FIGURE 5
Projected Area ADK and Vertical Distance yf(2018)

The distribution of the vertical wave bending moment, Mw along the length of the vessel L, is
given in 5C-5-A4a/3.5.2 FIGURE 6.
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FIGURE 6 
Distribution of Vertical Wave Bending Moment along the Ship Length

(2018)

3.5.3 Vertical Wave Shear Force
The distribution of the vertical wave induced shear forces, Fw, expressed in kN (tf, Ltf), along the
ship length is given in 5C-5-A4a/3.5.3 FIGURE 7, where,

FwHog Aft = + 5 . 2c1fRL2CCw BL 0 . 8 0 . 3 + 0 . 7fNL − Hog  kN (tf, Ltf)FwHog Fore = − 5 . 7c1fRL2CCw BL 0 . 8 fNL − Hog kN (tf, Ltf)

FwSag Aft = − 5 . 2c1fRL2CCw BL 0 . 8 0 . 3 + 0 . 7fNL − Sag  kN (tf, Ltf)FwSag Fore = + 5 . 7c1fRL2CCw BL 0 . 8 0 . 25 + 0 . 75fNL − Sag  kN (tf, Ltf)Fw Mid = + 4 . 0c1fRL2CCw BL 0 . 8 kN (tf, Ltf)

wherec1 = 1 . 0 0 . 10197, 0 . 0093239fR , L, C, Cw, B, fNL − Hog and fNL − Sag are as defined in 5C-5-A4a/3.5.2.
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FIGURE 7
Distribution of Vertical Wave Shear Force along the Ship Length (2018)

3.7 Load Cases
For the strength assessment, the maximum hogging and sagging load cases given in 5C-5-A4a/3.7 Table 3
are to be checked. For each load case the still water condition at each section as defined in 5C-5-A4a/3.3 is
to be combined with the wave condition as defined in 5C-5-A4a/3.5, refer also to 5C-5-A4a/3.7 FIGURE
8.

Table 3
Combination of Still Water and Wave Bending Moments and Shear Forces

(2018)

Load Case Bending Moment Shear ForceMs Mw Fs Fw
Hogging Msmax Mw− Hog Fsmax for x ≤ 0 . 5L Fwmax for x ≤ 0 . 5LFsmin for x > 0 . 5L Fwmin for x > 0 . 5L
Sagging Msmin Mw− Sag Fsmin for x ≤ 0 . 5L Fwmin for x ≤ 0 . 5LFsmax for x > 0 . 5L Fwmax for x > 0 . 5LMw− Hog: Wave bending moment in hogging at the cross section under consideration, to be taken as the positive value ofMw as defined in 5C-5-A4a/3.5.2 FIGURE 6.Mw− Sag: Wave bending moment in sagging at the cross section under consideration, to be taken as the negative value ofMw as defined 5C-5-A4a/3.5.2 FIGURE 6.
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Load Case Bending Moment Shear ForceMs Mw Fs FwFwmax: Maximum value of the wave shear force at the cross section under consideration, to be taken as the positive value
of Fw as defined 5C-5-A4a/3.5.3 FIGURE 7.Fwmin: Minimum value of the wave shear force at the cross section under consideration, to be taken as the negative value
of Fw as defined 5C-5-A4a/3.5.3 FIGURE 7.

FIGURE 8 
Load Combination to Determine the Maximum Hogging and Sagging Load

Case 
as Given in 5C-5-A4a/Table 3 (2018)

3.9 Hull Girder Stress
The hull girder stresses in N/mm2 (kgf/mm2, psi) are to be determined at the load calculation point under
consideration, for the “hogging” and “sagging” load cases defined in 5C-5-A4a/3.7 as follows:

● Bending stress:σHG = c1γsMs+ γwMwInet y − yn     N/mm2(kgf/mm2, psi)
● Shear stress:τHG = c2γsFs+ γwFwtnet/qv     N/mm2(kgf/mm2, psi)  
wherec1 = 10 (10, 2240)γs, γw = partial safety factors, to be taken as 1.0Ms = vertical still water bending moment in seagoing condition, in kN-m (tf-m, Ltf-ft), at the

cross section under consideration, see 5C-5-A4a/3.3Mw = vertical wave induced bending moment, in kN-m (tf-m, Ltf-ft), at the cross section under
consideration, see 5C-5-A4a/3.5.2
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Inet = net vertical hull girder moment of inertia at the cross section under consideration, to be
determined using net scantlings as defined in 5C-5-A4a/1.3, in cm2-m2 (in2-ft2)y = vertical coordinate of a location under consideration, in m (ft)yn = distance from the baseline to the horizontal neutral axis, in m (ft)c2 = 1000 (1000, 2240)Fs = vertical still water shear force in seagoing condition, in kN (tf, Ltf), at the cross section
under consideration, see 5C-5-A4a/3.3Fw = vertical wave induced shear force, in kN (tf, Ltf), at the cross section under consideration,
see 5C-5-A4a/3.5.3tnet = net thickness, in mm (in.), see 5C-5-A4a/1.3qv = shear flow along the cross section under consideration, to be determined in accordance
with Appendix 5C-5-A4b, in units of 1/mm (1/ mm, 1/in.)

5 Strength Assessment

5.1 General
Continuity of structure is to be maintained throughout the length of the ship. Where significant changes in
structural arrangement occur adequate transitional structure is to be provided.

5.3 Stiffness Criterion
The two load cases “hogging” and “sagging” as listed in 5C-5-A4a/3.7 are to be checked. The net moment
of inertia, in cm2-m2 (in2-ft2),, is not to be less than:Inet ≥ cL Ms+Mw 10−3 cm2-m2(in2-ft2)

wherec = 1.55 (15.200, 2.3939)Ms and Mw are as defined in 5C-5-A4a/3.3 and 5C-5-A4a/3.5.2, respectively.

5.5 Yield Strength Assessment
5.5.1 General Acceptance Criteria

The yield strength assessment is to check, for each of the load cases “hogging” and “sagging” as
defined in 5C-5-A4a/3.7, that the equivalent hull girder stress σeq, in N/mm2 (kgf/mm2, psi), is less
than the permissible stress σperm, in N/mm2 (kgf/mm2, psi), as follows:σeq < σperm
whereσeq = σx2+ 3τ2σperm = σydγ1γ2γ1 = partial safety factor for material, to be taken as:

= Qσyd235 Qσyd24 ,Q σyd34000
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γ2 = partial safety factor for load combinations and permissible stress, to be taken as:

= 1.24 for bending strength assessment according to 5C-5-A4a/5.5.2

= 1.13 for shear strength assessment according to 5C-5-A4a/5.5.3

5.5.2 Bending Strength Assessment
The assessment of the bending stresses is to be carried out according to 5C-5-A4a/5.5.1 at the
following locations of the cross section:

● At bottom

● At deck

● At top of hatch coaming

● At any point where there is a change of steel yield

The following combination of hull girder stress as defined in 5C-5-A4a/3.9 is to be considered:σx = σHGτ = 0
5.5.3 Shear Strength Assessment

The assessment of shear stress is to be carried out according to 5C-5-A4a/5.5.1 for all structural
elements that contribute to the shear strength capability.

The following combination of hull girder stress as defined in 5C-5-A4a/3.9 is to be considered:σx = 0τ = τHG
7 Buckling Strength

7.1 Application
These requirements apply to plate panels and longitudinal stiffeners subject to hull girder bending and
shear stresses.

Definitions of symbols used in the present Subsection are given in Appendix 5C-5-A4c.

7.3 Buckling Criteria
The acceptance criterion for the buckling assessment is defined as follows:ηact ≤ 1
whereηact = maximum utilization factor as defined in 5C-5-A4a/7.5.

7.5 Buckling Utilization Factor
The utilization factor, ηact, is defined as the inverse of the stress multiplication factor at failure γc, see
5C-5-A4a/7.5 FIGURE 9.ηact = 1γc
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Failure limit states are defined in:

● 5C-5-A4c/1 for elementary plate panels,

● 5C-5-A4c/5 for overall stiffened panels,

● 5C-5-A4c/7 for longitudinal stiffeners.

Each failure limit state is defined by an equation, and γc is to be determined such that it satisfies the
equation.

5C-5-A4a/7.5 FIGURE 9 illustrates how the stress multiplication factor at failure, γc, of a structural
member is determined for any combination of longitudinal and shear stress, where:σx, τ = applied stress combination , in N/mm2 (kgf/mm2, psi), for buckling given in 5C-5-A4a/7.7.1σc, τc = critical buckling stresses to be obtained according to Appendix 5C-5-A4c for the stress

combination for buckling σx and τ, in N/mm2 (kgf/mm2, psi).

FIGURE 9
Example of Failure Limit State Curve and Stress

Multiplication Factor at Failure (2018)

7.7 Stress Determination
7.7.1 Stress Combinations for Buckling Assessment

The following two stress combinations are to be considered for each of the load cases “hogging”
and “sagging” as defined in 5C-5-A4a/3.7. The stresses, in N/mm2 (kgf/mm2, psi), are to be
derived at the load calculation points defined in 5C-5-A4a/7.7.2.

a) Longitudinal stiffening arrangement:

Stress combination 1 with:σx = σHGσy = 0τ = 0 . 7τHG
Stress combination 2 with:σx = 0 . 7σHG
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σy = 0τ = τHG
b) Transverse stiffeneing arrangement:

Stress combination 1 with:σx = 0σy = σHGτ = 0 . 7τHG
Stress combination 2 with:σx = 0σy = 0 . 7σHGτ = τHG

7.7.2 Load Calculation Points
The hull girder stresses for elementary plate panels (EPP) are to be calculated at the load
calculation points defined in 5C-5-A4a/7.7.2 TABLE 4.

TABLE 4
Load Calculation Points (LCP) Coordinates

for Plate Buckling Assessment (2018)

LCP
Coordinates

Hull Girder Bending Stress Hull Girder Shear Stress

Non Horizontal Plating Horizontal Plating

x coordinate Mid-length of the EPP

z coordinate Both upper and lower ends
of the EPP

(points A1 and A2 in
5C-5-A4a/7.7.2 FIGURE

10)

Outboard and inboard
ends of the EPP

(points A1 and A2 in
5C-5-A4a/7.7.2 FIGURE

10)

Mid-point of EPP
(point B in

5C-5-A4a/7.7.2 FIGURE 10)

y coordinate Corresponding to x and z values
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FIGURE 10 
Load Calculation Points for Plate Buckling Assessment (2018)

Note: PSM stands for primary supporting members.

The hull girder stresses for longitudinal stiffeners are to be calculated at the following load
calculation points:

● At the mid length of the considered stiffener.

● At the intersection point between the stiffener and its attached plate.

9 Hull Girder Ultimate Strength

9.1 General
The hull girder ultimate strength is to be assessed for ships with length L equal or greater than 130 m
(426.5 ft).

The acceptance criteria, given in 5C-5-A4a/9.7 are applicable to intact ship structures.

The hull girder ultimate bending capacity is to be checked for the load cases “hogging” and “sagging” as
defined in 5C-5-A4a/3.7.

9.3 Hull Girder Ultimate Bending Moments
The vertical hull girder bending moment, M, in hogging and sagging conditions, to be considered in the
ultimate strength check is to be taken as:M = γsMs+ γwMwu     kN−m(tf −m, Ltf − ft)
whereγs = partial safety factor for still water bending moment, to be taken as:

= 1.0γw = partial safety factor for vertical wave bending moment, to be taken as:

= 1.2Ms = permissible still water bending moment, in kN-m (tf-m, Ltf-ft), defined in 5C-5-A4a/3.7
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Mwu = vertical wave bending moment including whipping component, in kN-m (tf-m, Ltf-ft)

= kuMw kN-m (tf-m, Ltf-ft)ku = 5 . 52dkL + 0 . 873dk = nominal half deck width, in m (ft), as defined in 5C-5-3/11.3.3L = Rule length, in m (ft), as defined in 3-1-1/3.1Mw = vertical wave bending moment, in kN-m (tf-m, Ltf-ft), defined in 5C-5-A4a/3.7

9.5 Hull Girder Ultimate Bending Capacity
9.5.1 General

The hull girder ultimate bending moment capacity, MU, is defined as the maximum bending
moment capacity of the hull girder beyond which the hull structure collapses.

9.5.2 Determination of Hull Girder Ultimate Bending Moment Capacity
The ultimate bending moment capacities of a hull girder transverse section, in hogging and
sagging conditions, are defined as the maximum values of the curve of bending moment M versus
the curvature χ of the transverse section considered (MUH for hogging condition and MUS for
sagging condition, see 5C-5-A4a/9.5.2 FIGURE 11). The curvature χ is positive for hogging
condition and negative for sagging condition.

FIGURE 11
Bending Moment M versus Curvature χ (2018)

The hull girder ultimate bending moment capacity MU is to be calculated using the incremental-
iterative method as given in 5C-5-A4d/3 or using an alternative method as indicated in 5C-5-
A4d/5.

9.7 Acceptance Criteria
The hull girder ultimate bending capacity at any hull transverse section is to satisfy the following criteria:M ≤ MUγMγDB
where
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M = vertical bending moment, in kN-m (tf-m, Ltf-ft), to be obtained as specified in 5C-5-A4a/9.3.MU = hull girder ultimate bending moment capacity, in kN-m (tf-m, Ltf-ft), to be obtained as
specified in 5C-5-A4a/9.5.γM = partial safety factor for the hull girder ultimate bending capacity, covering material, geometric
and strength prediction uncertainties, to be taken as:

= 1.05γDB = partial safety factor for the hull girder ultimate bending moment capacity, covering the effect
of double bottom bending, to be taken as:

= 1.15 for hogging condition

= 1.0 for sagging condition

For cross sections where the double bottom breadth of the inner bottom is less than that at amidships or
where the double bottom structure differs from that at amidships (e.g., engine room sections), the factorγDB for hogging condition may be reduced, where specifically approved.
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C H A P T E R  5
Vessels Intended to Carry Containers (130 meters (427 feet) to 450

meters (1476 feet) in Length)

A P P E N D I X  4 B
Calculation of Shear Flow

1 General
This Appendix describes the procedures of direct calculation of shear flow around a ship’s cross section
due to hull girder vertical shear force. The shear flow, qv, at each location in the cross section, is calculated
by considering the cross section is subjected to a unit vertical shear force of 1 N (kgf, lbf).

The unit shear flow per mm, qv, in N/mm (kgf/mm, lbf/in), is to be taken as:qv = qD+ qI
whereqD = determinate shear flow, as defined in 5C-5-A4b/3qI = indeterminate shear flow which circulates around the closed cells, as defined in 5C-5-A4b/3

In the calculation of the unit shear flow, qv, the longitudinal stiffeners are to be taken into account.

3 Determinate Shear Flow
The determinate shear flow, qD, in N/mm (kgf/mm, lbf/in) at each location in the cross section is to be
obtained from the following line integration:qD(s) = − 1106Iy − net∫0s z − zn tnetds     N/mmqD(s) = − 1 . 0197107Iy − net∫0s z − zn tnetds     kgf/mmqD(s) = − 0 . 22481Iy − net ∫0s z − zn tnetds     lbf/in
where
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s = coordinate value of running coordinate along the cross section, in m (in.)Iy − net = net moment of inertia of the cross section, in m4 (in4)tnet = net thickness of plating, in mm (in.)zn = Z coordinate of horizontal neutral axis from baseline, in m (in.)

It is assumed that the cross section is composed of line segments as shown in 5C-5-A4b/3 FIGURE 1,
where each line segment has a constant plate net thickness. The determinate shear flow is obtained by the
following equation:qDk = − tnetℓ2 · 106Iy − net zk+ zi− 2zn + qDiqDk = − 5 . 0985tnetℓ108Iy − net zk+ zi− 2zn + qDiqDk = − 0 . 11241tnetℓIy − net zk+ zi− 2zn + qDi
whereqDk,qDi = determinate shear flow at node k and node i, respectively, in N/mm (kgf/mm, lbf/in.)ℓ = length of line segments, in m (in.)yk,  yi = Y coordinate of the end points k and i of line segment, in m (in.), as defined in 5C-5-A4b/3 FIGURE 1zk,  zi = Z coordinate of the end points k and i of line segment, in m (in.), as defined in 5C-5-A4b/3 FIGURE 1.

Where the cross section includes closed cells, the closed cells are to be cut with virtual slits, as shown in
5C-5-A4b/3 FIGURE 2, in order to obtain the determinate shear flow.

These virtual slits must not be located in walls which form part of another closed cell.

Determinate shear flow at bifurcation points is to be calculated by water flow calculations, or similar, as
shown in 5C-5-A4b/3 FIGURE 2.
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FIGURE 1 
Definition of Line Segment

FIGURE 2 
Placement of Virtual Slits and Calculation of Determinate

Shear Flow at Bifurcation Points

5 Indeterminate Shear Flow
The indeterminate shear flow around closed cells of a cross section is considered as a constant value within
the same closed cell. The following system of equation for determination of indeterminate shear flows can
be developed. In the equations, contour integrations of several parameters around all closed cells are
performed.qIc∮C 1tnetds − ∑m = 1Nw qIm∮c&m 1tnetds = − ∮c qDtnetds
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whereNw = number of common walls shared by cell c and all other cells.c&m = common wall shared by cells c and mqIc,qIm = indeterminate shear flow around the closed cell c and m, respectively, in N/mm (kgf/mm, lbf/in.)

Under the assumption of the assembly of line segments shown in 5C-5-A4b/3 FIGURE 1 and constant
plate thickness of each line segment, the above equation can be expressed as follows:qIc∑j = 1Nc ℓtnet j− ∑m = 1Nw qIm ∑j = 1Nm ℓtnet j m = − ∑j = 1Nc ϕjϕj = − ℓ26 . 103IY − net zk+ 2zi− 3zn + ℓtnetqDi j     kN/mmϕj = − 0 . 016995ℓ2IY − net zk+ 2zi− 3zn + 0 . 10197 ℓtnetqDi j     kgf/mmϕj = − 37 . 08ℓ2IY − net zk+ 2zi− 3zn + 5 . 7101 · 10−3 ℓtnetqDi j     lbf/in .
whereNc = number of line segments in cell cNm = number of line segments on the common wall shared by cells c and mqDi = determinate shear flow, in N/mm (kgf/mm, lbf/in), calculated according to 5C-5-A4b/3

The difference in the directions of running coordinates specified in 5C-5-A4b/3 and in this section has to
be considered.

FIGURE 3
Closed Cells and Common Wall

7 Computation of Sectional Properties
Properties of the cross section are to be obtained by the following formulae where the cross section is
assumed as the assembly of line segments:ℓ = yk− yi 2+ zk− zi 2
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anet = 10−3ℓtnet     m2
anet = ℓtnet     in2Anet = ∑anetsy − net = anet2 zk+ ziSy − net = ∑sy − netiy0− net = anet3 zk2+ zkzi+ zi2Iy0− net = ∑iy0− net
whereanet,Anet = area of the line segment and the cross section, respectively, in m2 (in2)sy − net, Sy − net = first moment of the line segment and the cross section about the baseline, in m3

(in3)iy0− net, Iy0− net = moment of inertia of the line segment and the cross section about the baseline,
in m4 (in4)

The height of horizontal neutral axis, zn, in m (in.), is to be obtained as follows:

zn = sy − netAnet
Inertia moment about the horizontal neutral axis, in m4 (in4), is to be obtained as follows:Iy − net = Iy0− net− zn2Anet
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C H A P T E R  5
Vessels Intended to Carry Containers (130 meters (427 feet) to 450

meters (1476 feet) in Length)

A P P E N D I X  4 C
Buckling Capacity

1 Elementary Plate Panel

1.1 Definition
An Elementary Plate Panel (EPP) is the unstiffened part of the plating between stiffeners and/or primary
supporting members.

All the edges of the elementary plate panel are forced to remain straight (but free to move in the in-plane
directions) due to the surrounding structure/neighboring plates (usually longitudinal stiffened panels in
deck, bottom and inner-bottom plating, shell and longitudinal bulkheads).

1.3 EPP with Different Thicknesses
1.3.1 Longitudinally Stiffened EPP with Different Thicknesses

In longitudinal stiffening arrangement, when the plate thickness varies over the width, b, in mm
(in.), of a plate panel, the buckling capacity is calculated on an equivalent plate panel width,
having a thickness equal to the smaller plate thickness, t1. The width of this equivalent plate
panel, beq, in mm (in.), is defined by the following formula:

beq = ℓ1+ ℓ2 t1t2 1 . 5
whereℓ1 = width of the part of the plate panel with the smaller plate thickness, t1, in mm (in.), as

defined in 5C-5-A4c/1.3.1 FIGURE 1ℓ2 = width of the part of the plate panel with the greater plate thickness, t2, in mm (in.), as
defined in 5C-5-A4c/1.3.1 FIGURE 1.
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FIGURE 1
Plate Thickness Change Over the Width

1.3.2 Transversally Stiffened EPP with Different Thicknesses
In transverse stiffening arrangement, when an EPP is made of different thicknesses, the buckling
check of the plate and stiffeners is to be made for each thickness considered constant on the EPP.

1.5 Symbolsx   axis = local axis of a rectangular buckling panel parallel to its long edgey   axis = local axis of a rectangular buckling panel perpendicular to its long edgeσx = membrane stress applied in x direction, in N/mm2 (kgf/mm2, lbf/in2)σy = membrane stress applied in y direction, in N/mm2 (kgf/mm2, lbf/in2)τ = membrane shear stress applied in xy plane, in N/mm2 (kgf/mm2, lbf/in2)σa = axial stress in the stiffener, in N/mm2 (kgf/mm2, lbf/in2)σb = bending stress in the stiffener, in N/mm2 (kgf/mm2, lbf/in2)σw = warping stress in the stiffener, in N/mm2 (kgf/mm2, lbf/in2)σcx, σcy, τc = critical stress, in N/mm2 (kgf/mm2, lbf/in2), defined in 5C-5-A4c/3.1.1 for platesσyd_S = specified minimum yield stress of the stiffener, in N/mm2 (kgf/mm2, lbf/in2)σyd_P = specified minimum yield stress of the plate, in N/mm2 (kgf/mm2, lbf/in2)a = length of the longer side of the plate panel as shown in 5C-5-A4c/3.1.4 TABLE 2, in mm (in.)b = length of the shorter side of the plate panel as shown in 5C-5-A4c/3.1.4 TABLE 2, in mm (in.)d = length of the side parallel to the axis of the cylinder corresponding to the curved plate panel as
shown in 5C-5-A4c/3.3 TABLE 3, in mm (in.)σE = elastic buckling reference stress, in N/mm2 (kgf/mm2, lbf/in2) to be taken as:

= π2E12 1− v2 tpb 2
for the application of plate limit state according to 5C-5-A4c/3.1.2

= π2E12 1− v2 tpd 2
for the application of curved plate panels according to 5C-5-A4c/3.3

v = Poisson’s ratio to be taken equal to 0.3tp = net thickness of plate panel, in mm (in.)
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tw = net stiffener web thickness, in mm (in.)tf = net flange thickness, in mm (in.)bf = breadth of the stiffener flange, in mm (in.)ℎw = stiffener web height, in mm (in.)ef = distance from attached plating to center of flange, in mm (in.), to be taken as:

= ℎw for flat bar profile

= ℎw− 0 . 5tf for bulb profile

= ℎw+ 0 . 5tf for angle and Tee profilesα = aspect ratio of the plate panel, to be taken as abβ = coefficient taken as 1− ψαϖ = coefficient taken as min 3,αψ = edge stress ratio to be taken as
σ2σ1σ1 = maximum stress, in N/mm2 (kgf/mm2, lbf/in2)σ2 = minimum stress, in N/mm2 (kgf/mm2, lbf/in2)R = radius of curved plate panel, in mm (in.)ℓ = span, in mm (in.), of stiffener equal to the spacing between primary supporting memberss = spacing of stiffener, in mm (in.), to be taken as the mean spacing between the stiffeners of the

considered stiffened panel

3 Buckling Capacity of Plates

3.1 Plate Panel
3.1.1 Plate Limit State

The plate limit state is based on the following interaction formulae:

3.1.1(a) Longitudinal Stiffening Arrangement:γCσxσcx 2/βp0 . 25+ γC ττc 2/βp0 . 25 = 1
3.1.1(b) Transverse Stiffening Arrangement:γCσyσcy 2/βp0 . 25+ γC ττc 2/βp0 . 25 = 1
where

σx,  σy = applied normal stress to the plate panel in N/mm2 (kgf/mm2, lbf/in2), as defined in
5C-5-A4a/7.7, at load calculation points of the considered elementary plate panelτ = applied shear stress to the plate panel, in N/mm2 (kgf/mm2, lbf/in2), as defined in
5C-5-A4a/7.7, at load calculation points of the considered elementary plate panel.
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σcx = ultimate buckling stress in N/mm2 (kgf/mm2, lbf/in2) in direction parallel to the
longer edge of the buckling panel as defined in 5C-5-A4c/3.1.3σcy = ultimate buckling stress in N/mm2 (kgf/mm2, lbf/in2) in direction parallel to the
shorter edge of the buckling panel as defined in 5C-5-A4c/3.1.3τc = ultimate buckling shear stress, in N/mm2 (kgf/mm2, lbf/in2) as defined in 5C-5-
A4c/3.1.3βp = plate slenderness parameter taken as:

= btp σyd_PE
3.1.2 Reference Degree of Slenderness

The reference degree of slenderness is to be taken as:λ = σyd_PKσE
whereK = buckling factor, as defined in 5C-5-A4c/3.1.4 TABLE 2 and 5C-5-A4c/3.3 TABLE 3.

3.1.3 Ultimate Buckling Stresses
The ultimate buckling stress of plate panels, in N/mm2 (kgf/mm2, lbf/in2), is to be taken as:σcx = Cxσyd_Pσcy = Cyσyd_P
The ultimate buckling stress of plate panels subject to shear, in N/mm2 (kgf/mm2, lbf/in2), is to be
taken as:τc = Cτσyd_P3
where Cx,Cy,Cτ are reduction factors, as defined in 5C-5-A4c/3.1.4 TABLE 2.

The boundary conditions for plates are to be considered as simply supported (see cases 1, 2 and 15
of 5C-5-A4c/3.1.4 TABLE 2). If the boundary conditions differ significantly from simple support,
a more appropriate boundary condition can be applied according to the different cases of 5C-5-
A4c/3.1.4 TABLE 2 subject to specific approval.

3.1.4 Correction Factor Flong
The correction factor Flong depending on the edge stiffener types on the longer side of the
buckling panel is defined in 5C-5-A4c/3.1.4 TABLE 1. An average value of Flong is to be used for
plate panels having different edge stiffeners. For stiffener types other than those mentioned in
5C-5-A4c/3.1.4 TABLE 1, the value of c is to be agreed by the Society. In such a case, value of c
higher than those mentioned in 5C-5-A4c/3.1.4 TABLE 1 can be used, provided it is verified by
buckling strength check of panel using non-linear FE analysis and deemed appropriate and
specifically approved.
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TABLE 1 
Correction Factor Flong

Structural Element Types Flong c

Unstiffened Panel 1.0 N/A

Stiffened
Panel

Stiffener not fixed at both ends 1.0 N/A

Stiffener
fixed at both
ends

Flat bar* Flong = c+ 1Flong = c twtp 3+ 1 for
for

twtp > 1twtp > 1
0.10

Bulb profile 0.30

Angle profile 0.40

T profile 0.30

Girder of high rigidity (e.g.
bottom transverse) 1.4 N/A

* Note: tw is the net web thickness, in mm (in.), without the correction defined in 5C-5-A4c/7.5.5.

TABLE 2 
Buckling Factor and Reduction Factor for Plane Plate Panels

Case
Stress

Ratio ψ Aspect
Ratio α Buckling Factor K Reduction Factor C

1
 

 

 

 

Kx = Flong 8 . 4ψ+ 1 . 1
Cx   =   1Cx = c 1λ − 0 . 22λ2
wherec = (1 . 25 – 0 . 12ψ) ≤ 1 . 25λc = c2 1 + 1− 0 . 88c

for λ ≤ λc
for λ > λc

 

 

Kx = Flong[7 . 63 – ψ(6 . 26 – 10ψ)]
 

 

Kx = Flong[5 . 975(1 – ψ)2]
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Case
Stress

Ratio ψ Aspect
Ratio α Buckling Factor K Reduction Factor C

2
 

 

 

 

Ky = 2 1 + 1α2 2
1 + ψ+ 1− ψ100 2 . 4α2 + 6 . 9f1

Cy = c 1λ − R+ F2 H − Rλ2
wherec = (1 . 25 – 0 . 12ψ) ≤ 1 . 25

α ≤ 6 f1 = (1 – ψ)(α – 1) R = λ 1− λcR = 0 . 22 for λ < λc
for λ ≥ λc

α > 6 f1 = 0 . 6 1− 6ψα α+ 14α
But not greater than14 . 5− 0 . 35α2

λc = 0 . 5c 1 + 1− 0 . 88cF = 1− K0 . 91 − 1 /λp2 c1 ≥ 0λp2 = λ2 – 0 . 5 for 1 ≤ λp2 ≤ 3
Ky = 200 1 + β2 21− f3 100 + 2 . 4β2 + 6 . 9f1 + 23f2 c1 = 1− 1α ≥ 0

 

 

 

 

f1 = 0 . 6 1β + 14β
but not greater than14 . 5 – 0 . 35β2f2 = f3 = 0

H = λ − 2λc T+ T2− 4 ≥ R
T = λ+ 1415λ + 13

 

 

f1 = 1β − 1f2 = f3 = 0
 

 

f1 = 1β − 2− ωβ 4− 9 ωβ − 123 − βf2 = f3 = 0
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Case
Stress

Ratio ψ Aspect
Ratio α Buckling Factor K Reduction Factor C

 

 

 

 

For α > 1 . 5:f1 = 2 1β − 16 1− ω3 4 1β − 1f2 = 3β – 2f3 = 0
For α ≤ 1 . 5:f1 = 2 1 . 51− ψ − 1 1β − 1
f2 = ψ 1− 16f421− αf3 = 0f4 = [1 . 5 – min(1 . 5;α)]2

 

 

f1 = 0f2 = 1 + 2 . 31(β – 1) – 4843 − β f42f3 = 3f4(β – 1) f41 . 81 − α − 11 . 31f4 = [1 . 5 – min(1 . 5;α)]2

 

 

Ky = 5 . 972 β21− f3
wheref3 = f5   f51 . 81 + 1 + 3ψ5 . 24f5 = 916 1 +max −1;ψ 2

3
 

 

 

 

Kx = 4 0 . 425 + 1/α23ψ+ 1
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Case
Stress

Ratio ψ Aspect
Ratio α Buckling Factor K Reduction Factor C

 

 

Kx = 4(0 . 425 + 1/α2)(1 + ψ) – 5ψ(1 – 3. 42ψ)

4
 

 

 

 

Kx = 0 . 425 + 1α2 3− ψ2 Cx = 1Cx = 1λ2 + 0 . 51
forλ ≤ 0 . 7
forλ ≤ 0 . 7

5
 

 

---

 

 

Kx = 1 . 28
---  

 

Kx = 1α2 + 0 . 56 + 0 . 13α2
6
 

 

 

 

Ky = 4 0 . 425 + α23ψ+ 1 α2

 

 

Ky = 4(0 . 425 + α2)(1 + ψ) 1α2 – 5ψ(1 – 3. 42ψ) 1α2
Cy = 1 forλ ≤ 0 . 7
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Case
Stress

Ratio ψ Aspect
Ratio α Buckling Factor K Reduction Factor C

7
 

 

 

 

Ky = (0 . 425 + α2) 3− ψ2α2
Cy = 1λ2 + 0 . 51 forλ ≤ 0 . 7

8
 

 

--- Ky = 1 + 0 . 56α2 + 0 . 13α2

9
 

 

--- Kx = 6 . 97
10
 

 

--- Ky = 4 + 2 . 07α2 + 0 . 67α2 Cx = 1Cx = 1 . 13 1λ − 0 . 22λ2
forλ ≤ 0 . 83
forλ > 0 . 83

11
 

 

--- α ≥ 4 Kx = 4
α < 4 Kx = 4 + 2 . 74 4− α3 4

12
 

 

--- Ky = Ky determined as per case 2

● For α < 2:Cy = Cy2
● For α ≥ 2:Cy = 1 . 06 + 110α Cy2
where:Cy2 = Cy determined as per case 2
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Case
Stress

Ratio ψ Aspect
Ratio α Buckling Factor K Reduction Factor C

13

---
α ≥ 4 Kx = 6 . 97 Cx = 1Cx = 1 . 13 1λ − 0 . 22λ2

forλ ≤ 0 . 83
forλ > 0 . 83α < 4 Kx = 6 . 97 + 3 . 1 4− α3 4

14
 

 

--- Ky = 6 . 97α2 + 3 . 1α2 4− 1/α3 4 Cx = 1Cx = 1 . 13 1λ − 0 . 22λ2
Forλ ≤ 0 . 83
Forλ > 0 . 83

15
 

 

--- Kτ = 3 5 . 34 + 4α2

Cx = 1Cx = 0 . 84λ
Forλ ≤ 0 . 84
Forλ > 0 . 84

16
 

 

--- Kτ = 3 5 . 34 + max 4α2 ; 7 . 15α2 . 5
17
 

 

---

K = K′rK′ = K according to case 15r = opening reduction factor taken asr = 1− daa 1− dbb
withdaa ≤ 0 . 7and dbb   ≤ 0 . 7
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Case
Stress

Ratio ψ Aspect
Ratio α Buckling Factor K Reduction Factor C

18
 

 

--- Kτ = 30 . 5(0 . 6 + 4/α2)
Cx = 1Cx = 0 . 84λ

Forλ ≤ 0 . 84
Forλ > 0 . 8419

 

 

--- Kτ = 8
Edge boundary conditions:

- - - - - - - --
_________
▬▬▬▬▬

Plate edge free.
Plate edge simply supported.
Plate edge clamped.

* Note: Cases listed are general cases. Each stress component (σx,σy) is to be understood in local coordinates.

3.3 Curved Plate Panels
This requirement for curved plate limit state is applicable when R/tp ≤ 2500. Otherwise, the requirement
for plate limit state given in 5C-5-A4c/3.1.1 is applicable.

The curved plate limit state is based on the following interaction formula:

γcσaxCaxσyd_P 1 . 25+ γcτ 3Cτσyd_P 2 = 1 . 0
whereσax = applied axial stress to the cylinder corresponding to the curved plate panel, in N/mm2

(kgf/mm2, lbf/in2). In case of tensile axial stresses, σax = 0Cax,Cτ = buckling reduction factor of the curved plate panel, as defined in 5C-5-A4c/3.3 TABLE 3

The stress multiplier factor γc of the curved plate panel needs not be taken less than the stress multiplier
factor γc for the expanded plane panel according to 5C-5-A4c/3.1.1.
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TABLE 3 
Buckling Factor and Reduction Factor for Curved Plate Panel

with R/tp ≤ 2500
Case Aspect Ratio Buckling Factor K Reduction Factor C

1
 

 

d  R ≤ 0 . 5 Rtp K = 1 + 23 d2Rtp For general application:Cax = 1forλ ≤ 0 . 25Cax = 1 . 233 – 0 . 933λ for 0 . 25 < λ ≤ 1Cax = 0 . 3/λ3 for1 < λ ≤ 1 . 5Cax = 0 . 2/λ2 forλ > 1 . 5
For curved single fields (e.g., bilge strake),
which are bounded by plane panels:Cax = 0 . 65/λ2 ≤ 1 . 0

d  R > 0 . 5 Rtp K = 0 . 267 d2Rtp 3− dR tpR≥ 0 . 4 d2Rtp
2
 

 

d  R ≤ 8 . 7 Rtp K = 3 28 . 3 + 0 . 67d3R1 . 5tp1 . 5 Cτ = 1forλ ≤ 0 . 4Cτ = 1 . 274 – 0 . 686λ
for 0 . 4 < λ ≤ 1 . 2Cτ = 0 . 65/λ2 forλ > 1 . 2d  R > 8 . 7 Rtp K = 30 . 28d2R Rtp

Explanations for boundary conditions:
──── Plate edge simply supported.

5 Buckling Capacity of Overall Stiffened Panel
The elastic stiffened panel limit state is based on the following interaction formula:Pzcf = 1
where Pz and cf are defined in 5C-5-A4c/7.7.3.

7 Buckling Capacity of Longitudinal Stiffeners

7.1 Stiffeners Limit States
The buckling capacity of longitudinal stiffeners is to be checked for the following limit states:

● Stiffener induced failure (SI).

● Associated plate induced failure (PI).

7.3 Lateral Pressure
The lateral pressure is to be considered as constant in the buckling strength assessment of longitudinal
stiffeners.

7.5 Stiffener Idealization
7.5.1 Effective Length of the Stiffener ℓeff

The effective length of the stiffener ℓeff, in mm (in.), is to be taken equal to:
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ℓeff = ℓ3 for stiffener fixed at both ends.ℓeff = 0 . 75ℓ for stiffener simply supported at one end and fixed at the other.ℓeff = ℓ for stiffener simply supported at both ends.

7.5.2 Effective Width of the Attached Plating beff1beff1 = Cx1b1 + Cx2b22
whereCx1,Cx2 = reduction factor defined in 5C-5-A4c/3.1.4 TABLE 2 calculated for the EPP1 and

EPP2 on each side of the considered stiffener according to case 1.b1, b2 = Width of plate panel on each side of the considered stiffener, in mm (in.).

7.5.3 Effective Width of Attached Plating beff
The effective width of attached plating of stiffeners, beff, in mm (in.), is to be taken as:Beff = min(beff1, χss)
whereχs = effective width coefficient to be taken as:

= min 1 . 121 + 1 . 75ℓeff/s 1 . 6 ; 1 for   ℓeffs ≥ 1
= 0 . 407ℓeffs for   ℓeffs < 1

7.5.4 Net Thickness of Attached Plating tp
The net thickness of plate tp, in mm (in.), is to be taken as the mean thickness of the two attached
plating panels.

7.5.5 Effective Web Thickness of Flat Bar
For accounting the decrease of stiffness due to local lateral deformation, the effective web
thickness of flat bar stiffener, in mm (in.), is to be used for the calculation of the net sectional area,As, the net section modulus, Z, and the moment of inertia, I, of the stiffener and is taken as:tw_net = tw 1− 2π23 ℎws 2 beff1s

7.5.6 Net Section Modulus Z of a Stiffener
The net section modulus Z of a stiffener, in cm3 (in3), including effective width of plating, beff, is
to be taken equal to:

● The section modulus calculated at the top of stiffener flange for stiffener induced failure (SI).

● The section modulus calculated at the attached plating for plate induced failure (PI).

7.5.7 Net Moment of Inertia I of a Stiffener
The net moment of inertia I, in cm4 (in4), of a stiffener including effective width of attached
plating, beff, is to comply with the following requirement:
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I ≥ stp312 · 104
7.5.8 Idealization of Bulb Profile

Bulb profiles may be considered as equivalent angle profiles. The net dimensions of the equivalent
built-up section are to be obtained, in mm (in.), from the following formulae.ℎw = ℎw′ −   ℎw′9 . 2 + 2mmℎw = ℎw′ −   ℎw′9 . 2 + 0 . 7874in .bf = α tw′ + ℎw′6 . 7 − 2 mmbf = α tw′ + ℎw′6 . 7 − 0 . 7874 in .tf = ℎw′9 . 2 − 2mmtf = ℎw′9 . 2 − 0 . 7874in .tw = tw′ mmtw = tw′ in .
whereℎw′ , tw′ = net height and thickness of a bulb section, in mm (in.), as shown in 5C-5-A4c/

7.5.8 FIGURE 2.α = coefficient equal to:

= 1 . 1 + 120− ℎw′ 23000 for ℎw′ ≤ 120, in units of mm

= 1.0 for ℎw′ > 120, in units of mm

= 1 . 1 + 120− 25 . 4ℎw′ 23000 for ℎw′ ≤ 4 . 7742, in units of in.

= 1.0 for ℎw′ > 4 . 7742, in units of in.
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FIGURE 2 
Idealization of Bulb Stiffener

7.7 Ultimate Buckling Capacity
7.7.1 Longitudinal Stiffener Limit State

When σa+ σb+ σw > 0, the ultimate buckling capacity for stiffeners is to be checked according
to the following interaction formula:γcσα+ σb+ σwσyd = 1
whereσa = effective axial stress, in N/mm2 (kgf/mm2, lbf/in2), at mid-span of the stiffener, defined in 5C-5-A4c/

7.7.2σb = bending stress in the stiffener, in N/mm2 (kgf/mm2, lbf/in2), defined in 5C-5-A4c/7.7.3.σw = stress due to torsional deformation, in N/mm2 (kgf/mm2, lbf/in2), defined in 5C-5-A4c/7.7.4σyd = specified minimum yield stress of the material, in N/mm2 (kgf/mm2, lbf/in2):

= σyd_S for stiffener induced failure (SI).

= σyd_P for plate induced failure (PI).

7.7.2 Effective Axial Stress, σa
The effective axial stress, σa, in N/mm2 (kgf/mm2, lbf/in2), at mid-span of the stiffener, acting on
the stiffener with its attached plating is to be taken equal to:σa = σx stp+ Asbeff1tp+ As
where
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σx = nominal axial stress, in N/mm2 (kgf/mm2, lbf/in2), acting on the stiffener with its
attached plating, calculated according to 5C-5-A4a/7.7 for a longitudinal stiffening
arrangement at load calculation point of the stiffener.As = net sectional area, in mm2 (in2), of the considered stiffener.

7.7.3 Bending Stress, σb(2018)
The bending stress in the stiffener, σb, in N/mm2 (kgf/mm2, lbf/in2), is to be taken equal to:σb = M0 +M1Z 10−3
whereM1 = bending moment, in N-mm (kgf-mm, lbf-in), due to the lateral load P:

= Ci P sℓ224 10−3 for continuous stiffener, N-mm and
kg-mm

= Ci P sℓ28 10−3 for sniped stiffener, N-mm and kg-
mm

= 15 . 556Ci P sℓ224 for continuous stiffener, lbf-in

= 15 . 556Ci P sℓ28 for sniped stiffener, lbf-inP = lateral load, in kN/m2 (tf/m2, Ltf/in2), to be taken equal to the static pressure at the
load calculation point of the stiffener, where the height of the liquid is to be taken
to the top of the tank.Ci = pressure coefficient:

= CSI for stiffener induced failure (SI)
= CPI for plate induced failure (PI)CPI = plate induced failure pressure coefficient:

= 1 if the lateral pressure is applied on the
side opposite to the stiffener

= –1 if the lateral pressure is applied on the
same side as the stiffenerCSI = stiffener induced failure pressure coefficient:

= –1 if the lateral pressure is applied on the
side opposite to the stiffener

= 1 if the lateral pressure is applied on the
same side as the stiffenerM0 = bending moment, in N-mm (kgf-mm, lbf-in), due to the lateral deformation w of

stiffener:

= FE Pzwcf − Pz with cf = Pz > 0FE = ideal elastic buckling force of the stiffener, in N (kgf, lbf)

= πℓ 2EI104 N and kgf
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= πℓ 2EI lbfPz = nominal lateral load, in N/mm2 (kgf/mm2, lbf/in2), acting on the stiffener due to
stresses σx and τ, in the attached plating in way of the stiffener mid span:

= tps σxℓ πsℓ 2+ 2τ1σxℓ = γcσx 1 + Asstp but not less than 0τ1 = γc τ − tp σyd_PE m1a2 + m2s2 ≥ 0 but not less than 0m1,m2 = coefficients taken equal to:m1 = 1 . 47,   m2 = 0 . 49 for α ≥ 2m1 = 1 . 96,   m2 = 0 . 37 for α < 2w = deformation of stiffener, in mm (in.), taken equal to:

= w0+ w1w0 = assumed imperfection, in mm (in.), taken equal to:

= ℓ10−3 in general

= – wna for stiffeners sniped at both ends, considering stiffener induced failure (SI)
= wna for stiffeners sniped at both ends, considering plate induced failure (PI)wna = distance, in mm (in.), from the mid-point of attached plating to the neutral axis of

the stiffener calculated with the effective width of the attached plating beffw1 = deformation of stiffener at midpoint of stiffener span due to lateral load , in mm
(in.). In case of uniformly distributed load, w1 is to be taken as:

= Ci P sℓ4384EI10−7 in general, mm

= Ci5 P sℓ4384EI 10−7 for stiffener sniped at both ends, mm

= 15 . 556Ci P sℓ4384EI in general, in.

= 15 . 556Ci5 P sℓ4384EI for stiffener sniped at both ends, in.cf = elastic support provided by the stiffener, in N/mm2 (kgf/mm2, lbf/in2), to be taken
equal to:

= FE πℓ 2 1 + cpcp = coefficient to be taken as:

=
11 + 0 . 91cxa 12I104stp3 − 1cxa = coefficient to be taken as:
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= ℓ2s + 2sℓ 2 for ℓ ≥ 2s
= 1 + ℓ2s 2 2

for ℓ < 2s
7.7.4 Stress due to Torsional Deformation, σw

The stress due to torsional deformation, σw, in N/mm2 (kgf/mm2, lbf/in2), is to be taken equal to:

σw   =   Eyw tf2 + ℎw Φ0 πℓ 2 11− 0 . 4σyd_sσET − 1 for stiffener induced failure (SI)
σw   =   0 for plate induced failure (PI)

whereyw = distance, in mm (in.), from centroid of stiffener cross-section to the free edge of
stiffener flange, to be taken as:

= tw2 for flat bar

= bf – ℎwtw2 + tfbf22As for angle and bulb profiles.

= bf2 for Tee profileΦ0 = ℓℎw10−3σET = reference stress for torsional buckling, in N/mm2 (kgf/mm2, lbf/in2):

= EIp επ2Iωℓ2 102+ 0 . 385ITIP = net polar moment of inertia of the stiffener about point C as shown in 5C-5-A4c/7.5.8
FIGURE 2, as defined in 5C-5-A4c/7.7.4 TABLE 4, in cm4 (in4)IT = net St. Venant’s moment of inertia of the stiffener, as defined in 5C-5-A4c/7.7.4
TABLE 4, in cm4 (in4)Iω = net sectional moment of inertia of the stiffener about point C as shown in 5C-5-A4c/
7.7.4 FIGURE 3, as defined in 5C-5-A4c/7.7.4 TABLE 4, in cm6 (in6)ε = degree of fixation

= 1 + ℓπ 210−3
Iω 0 . 75stp3 + ef − 0 . 5tftw3
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TABLE 4 
Moments of Inertia

Flat Bars Bulb, Angle, and Tee Profiles

IP ℎw3 tw3 · 104 Aw ef − 0 . 5tf 23 + Afef2 10−4
IT ℎwtw33 · 104 1− 0 . 63 twℎw ef − 0 . 5tf tw33 · 104 1− 0 . 63 twef − 0 . 5tf + bftf33 · 104 1− 0 . 63 twbf
Iω ℎw3 tw336 · 106

Afef3bf312 · 106 Af+ 2 . 6AwAf+ Aw for bulb and angle profiles.

bf3tfef312 · 106 for Tee profiles.

AwAf =
=

net web area, in mm2 (in2)
net flange area, in mm2 (in2)

FIGURE 3 
Stiffener Cross Sections
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C H A P T E R  5
Vessels Intended to Carry Containers (130 meters (427 feet) to 450

meters (1476 feet) in Length)

A P P E N D I X  4 D
Hull Girder Ultimate Bending Capacity of Container Carriers

1 General
The method for calculating the ultimate hull girder capacity is to identify the critical failure modes of all
main longitudinal structural elements.

Structures compressed beyond their buckling limit have reduced load carrying capacity. All relevant failure
modes for individual structural elements, such as plate buckling, torsional stiffener buckling, stiffener web
buckling, lateral or global stiffener buckling and their interactions, are to be considered in order to identify
the weakest inter-frame failure mode.

3 Incremental-Iterative Method

3.1 Assumptions
In applying the incremental-iterative method, the following assumptions are generally to be made:

● The ultimate strength is calculated at hull transverse sections between two adjacent transverse webs.

● The hull girder transverse section remains plane during each curvature increment.

● The hull material has an elasto-plastic behavior.

● The hull girder transverse section is divided into a set of elements, see 5C-5-A4d/3.3.2, which are
considered to act independently.

According to the iterative procedure, the bending moment Mi acting on the transverse section at each
curvature value χi is obtained by summing the contribution given by the stress σ acting on each element.
The stress σ corresponding to the element strain, ε is to be obtained for each curvature increment from the
non-linear load-end shortening curves σ − ε of the element.

These curves are to be calculated, for the failure mechanisms of the element, from the formulae specified
in 5C-5-A4d/3.5. The stress σ is selected as the lowest among the values obtained from each of the
considered load-end shortening curves σ − ε.
The procedure is to be repeated until the value of the imposed curvature reaches the value χF in m-1 (ft-1),
in hogging and sagging condition, obtained from the following formula:
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χF = ± 0 . 003 MyEIy − net     m−1
χF = ± 9677 MyEIy − net     ft−1
whereMy = lesser of the values MY1 and MY2, in kN-m (tf-m, Ltf-ft)MY1 = 103σydZB − netMY2 = 103σydZD − netE = Young’s modulus for steel, 2.06 × 107 N/cm2 (2.1 × 106 kgf/cm2, 30 × 106 lbf/in2)Iy − net = net moment of inertia, in m4 (in4), of the hull transverse section around its horizontal

neutral axis

If the value χF is not sufficient to evaluate the peaks of the curve M−χ, the procedure is to be repeated until
the value of the imposed curvature permits the calculation of the maximum bending moments of the curve.

3.3 Procedure
3.3.1 General

The curve M−χ is to be obtained by means of an incremental-iterative approach, summarized in
the flow chart in 5C-5-A4d/3.3.2 FIGURE 1.

In this procedure, the ultimate hull girder bending moment capacity, MU is defined as the peak
value of the curve with vertical bending moment M versus the curvature χ of the ship cross
section as shown in 5C-5-A4d/3.3.2 FIGURE 1. The curve is to be obtained through an
incremental-iterative approach.

Each step of the incremental procedure is represented by the calculation of the bending momentMi which acts on the hull transverse section as the effect of an imposed curvature χi.
For each step, the value χi is to be obtained by summing an increment of curvature, Δχ to the
value relevant to the previous step χi − 1. This increment of curvature corresponds to an increment
of the rotation angle of the hull girder transverse section around its horizontal neutral axis.

This rotation increment induces axial strains ε in each hull structural element, whose value
depends on the position of the element. In hogging condition, the structural elements above the
neutral axis are lengthened, while the elements below the neutral axis are shortened, and vice-
versa in sagging condition.

The stress σ induced in each structural element by the strain ε is to be obtained from the load-end
shortening curve σ − ε of the element, which takes into account the behavior of the element in the
non-linear elasto-plastic domain.

The distribution of the stresses induced in all the elements composing the hull transverse section
determines, for each step, a variation of the neutral axis position due to the nonlinear σ − ε,
relationship. The new position of the neutral axis relevant to the step considered is to be obtained
by means of an iterative process, imposing the equilibrium among the stresses acting in all the hull
elements on the transverse section.

Once the position of the neutral axis is known and the relevant element stress distribution in the
section is obtained, the bending moment of the section Mi around the new position of the neutral
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axis, which corresponds to the curvature χi imposed in the step considered, is to be obtained by
summing the contribution given by each element stress.

The main steps of the incremental-iterative approach described above are summarized as follows
(see also 5C-5-A4c/1.3.1 FIGURE 1):

Step 1 Divide the transverse section of hull into stiffened plate elements.

Step 2 Define stress-strain relationships for all elements as shown in 5C-5-A4c/3.1.4 TABLE
1.

Step 3 Initialize curvature χ1and neutral axis for the first incremental step with the value of
incremental curvature (i.e. curvature that induces a stress equal to 1% of yield strength
in strength deck) as:χi = ∆ χ = 0 . 01σydE 1zD − zn

whereσyd = specified minimum yield stress of the material, in N/mm2 (kgf/mm2, lbf/in2)

E = Young’s modulus for steel, 2.06 × 105 N/mm2 (21,000 kgf/mm2, 30 × 106 lbf/in2)zD = Z coordinate, in m (ft), of strength deck at sidezn = Z coordinate, in m (ft), of horizontal neutral axis of the hull transverse section with
respect to the baseline

Step 4 Calculate for each element the corresponding strain, εi = χ(zi – zn) and the
corresponding stress, σi.

Step 5 Determine the neutral axis zNA_cur at each incremental step by establishing force
equilibrium over the whole transverse section as:∑Ai − netσi = ∑Aj − netσj (i-th element is under compression, j-th element under
tension).

Step 6 Calculate the corresponding moment by summing the contributions of all elements as:MU   =   ∑σUiAi − net | (zi− zNA_cur)|
Step 7 Compare the moment in the current incremental step with the moment in the previous

incremental step. If the slope in M−χ relationship is less than a negative fixed value,
terminate the process and define the peak value MU. Otherwise, increase the curvature
by the amount of Δχ and go to Step 4.

3.3.2 Symbols
General symbols used in the calculation procedure are as follows.

Iy − net = net moment of inertia of the hull transverse section around its horizontal
neutral axis, in m4 (in4)ZB − net,ZD − net = section moduli at bottom and deck, respectively, in m3 (ft3)

σyd_S = minimum yield stress of the material of the considered stiffener, in N/mm2

(kgf/mm2, lbf/in2)
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σyd_P = minimum yield stress of the material of the considered plate, in N/mm2

(kgf/mm2, lbf/in2)As − net = net sectional area of stiffener, without attached plating, in cm2 (in2)Ap − net = net sectional area of attached plating, in cm2 (in2)
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FIGURE 1 
Flowchart of the Procedure for the Evaluation of the Curve M−χ

3.3.3 Modeling of the Hull Girder Cross Section
Hull girder transverse sections are to be considered as being constituted by the members
contributing to the hull girder ultimate strength.
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Sniped stiffeners are also to be modelled, taking account that they do not contribute to the hull
girder strength.

The structural members are categorized into a stiffener element, a stiffened plate element or a hard
corner element.

The plate panel including web plate of girder or side stringer is idealized into a stiffened plate
element, an attached plate of a stiffener element or a hard corner element.

The plate panel is categorized into the following two kinds:

● Longitudinally stiffened panel of which the longer side is in ship’s longitudinal direction, and

● Transversely stiffened panel of which the longer side is in the perpendicular direction to ship’s
longitudinal direction.

3.3.3(a) Hard Corner Element. Hard corner elements are sturdier elements composing the hull
girder transverse section, which collapse mainly according to an elasto-plastic mode of failure
(material yielding); they are generally constituted by two plates not lying in the same plane.

The extent of a hard corner element from the point of intersection of the plates is taken equal to20tnet on a transversely stiffened panel and to 0 . 5s on a longitudinally stiffened panel, see 5C-5-
A4d/3.3.3(c) FIGURE 2.

wheretnet = net thickness of the plate, in mm (in)

s = spacing of the adjacent longitudinal stiffener, in m (ft)

Bilge, sheer strake-deck stringer elements, girder-deck connections and face plate-web
connections on large girders are typical hard corners.

3.3.3(b) Stiffener Element. The stiffener constitutes a stiffener element together with the attached
plate.

The attached plate width is in principle:

● Equal to the mean spacing of the stiffener when the panels on both sides of the stiffener are
longitudinally stiffened, or

● Equal to the width of the longitudinally stiffened panel when the panel on one side of the
stiffener is longitudinally stiffened and the other panel is of the transversely stiffened, see
5C-5-A4d/3.3.3(c) FIGURE 2.

3.3.3(c) Stiffened Plate Element. The plate between stiffener elements, between a stiffener element
and a hard corner element or between hard corner elements is to be treated as a stiffened plate
element, see 5C-5-A4d/3.3.3(c) FIGURE 2.

The typical examples of modeling of hull girder section are illustrated in 5C-5-A4d/3.3.3(c)
FIGURE 3.

Notwithstanding the foregoing principle, these figures are to be applied to the modeling in the
vicinity of upper deck, sheer strake and hatch coaming.
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FIGURE 2 
Extension of the Breadth of the Attached Plating

and Hard Corner Element
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FIGURE 3 
Examples of the Configuration of Stiffened Plate Elements, Stiffener

Elements
and Hard Corner Elements on a Hull Section

● In case of the knuckle point as shown in 5C-5-A4d/3.3.3(c) FIGURE 4, the plating area
adjacent to knuckles in the plating with an angle greater than 30 degrees is defined as a hard
corner. The extent of one side of the corner is taken equal to 20tnet on transversely framed
panels and to 0 . 5s on longitudinally framed panels from the knuckle point.

● Where the plate members are stiffened by non-continuous longitudinal stiffeners, the non-
continuous stiffeners are considered only as dividing a plate into various elementary plate
panels.

● Where the opening is provided in the stiffened plate element, the effect of the openings are to
be considered in the calculations. In general, small openings as defined in 3-2-1/9.3 need not
be considered.
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● Where attached plating is made of steels having different thicknesses and/or yield stresses, an
average thickness and/or average yield stress obtained from the following formula are to be
used for the calculation.tnet = t1− nets1 + t2− nets2s σyd_P = σyd_P1t1− nets1 + σyd_P2t2− nets2tnets
where σyd_P1 and σyd_P2 are as defined in 5C-5-A4d/3.3.2 and as shown in 5C-5-A4d/3.3.3(c)
FIGURE 5; and t1− net, t2− net, s1, s2 and s are thickness in mm (in.) and span in mm (in.),
respectively, and are as shown in 5C-5-A4d/3.3.3(c) FIGURE 5.

FIGURE 4
Plating with Knuckle Point

FIGURE 5 
Element with Different Thickness and Yield Strength

3.5 Load-end Shortening Curves
3.5.1 Stiffened Plate Element and Stiffener Element

Stiffened plate element and stiffener element composing the hull girder transverse sections may
collapse following one of the modes of failure specified in 5C-5-A4d/3.5.1 TABLE 1.

● Where the plate members are stiffened by non-continuous longitudinal stiffeners, the stress of
the element is to be obtained in accordance with 5C-5-A4d/3.5.2 to 5C-5-A4d/3.5.7, taking
into account the non-continuous longitudinal stiffener.

Part 5C Specific Vessel Types
Chapter 5 Vessels Intended to Carry Containers (130 meters (427 feet) to 450 meters (1476 feet) in

Length)
Appendix 4d Hull Girder Ultimate Bending Capacity of Container Carriers 5C-5-A4d

ABS RULES FOR BUILDING AND CLASSING MARINE VESSELS • 2024 1085



In calculating the total forces for checking the hull girder ultimate strength, the area of non-
continuous longitudinal stiffener is to be assumed as zero.

● Where the opening is provided in the stiffened plate element, the considered area of the
stiffened plate element is to be obtained by deducting the opening area from the plating in
calculating the total forces for checking the hull girder ultimate strength.

● For stiffened plate element, the effective width of plate for the load shortening portion of the
stress-strain curve is to be taken as full plate width, i.e. to the intersection of other plate or
longitudinal stiffener – neither from the end of the hard corner element nor from the attached
plating of stiffener element, if any. In calculating the total forces for checking the hull girder
ultimate strength, the area of the stiffened plate element is to be taken between the hard corner
element and the stiffener element or between the hard corner elements, as applicable.

TABLE 1 
Modes of Failure of Stiffened Plate Element and Stiffener Element

Element Mode of Failure Curve σ − ε Defined In:

Lengthened stiffened plate element
or stiffener element

Elasto-plastic collapse 5C-5-A4d/3.5.2

Shortened stiffener element Beam column buckling
Torsional buckling
Web local buckling of flanged
profiles
Web local buckling of flat bars

5C-5-A4d/3.5.3
5C-5-A4d/3.5.4
5C-5-A4d/3.5.5
5C-5-A4d/3.5.6

Shortened stiffened plate element Plate buckling 5C-5-A4d/3.5.7

3.5.2 Elasto-plastic Collapse of Structural Elements (Hard Corner Element)
The equation describing the load-end shortening curve σ − ε for the elasto-plastic collapse of
structural elements composing the hull girder transverse section is to be obtained from the
following formula.σ = ΦσydA
where

σydA = equivalent minimum yield stress, in N/mm2 (kgf/mm2, lbf/in2), of the considered
element, obtained by the following formula:

=
σyd_PAp − net+ σyd_SAs − netAp − net+ As − netΦ = edge function, equal to:

= -1 for ε < – 1
= ε for – 1 ≤ ε ≤ 1
= 1 for ε < – 1ε = relative strain, equal to:

= εEεYεE = element strainεY = Strain at yield stress in the element, equal to:
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= σydAEE = Young’s modulus for steel, 2.06 × 107 N/cm2 (2.1 × 106 kgf/cm2, 30 × 106 lbf/in2)

3.5.3 Beam Column Buckling
The positive strain portion of the average stress-average strain curve σCR1− ε based on beam
column buckling of plate-stiffener combinations is described according to the following:σCR1   =   ΦσC1As − net+ ApE − netAs − net+ Ap − net
whereΦ = edge function, as defined in 5C-5-A4d/3.5.2σC1 = critical stress, in N/mm2 (kgf/mm2, lbf/in2), equal to:

= σE1ε for σE1 ≤ σydB2 ε
= σydB 1− σydBε4σE1 for σE1 > σydB2 εσydB = equivalent minimum yield stress, in N/mm2 (kgf/mm2, lbf/in2), of the

considered element, obtained by the following formula:

= σyd_PApEI − netℓpE+ σyd_SAs − netℓsEApEI − netℓpE+ As − netℓsEApEI − net = effective area, in cm2 (in2), equal to:

= 10bE1tnet cm2 (12bE1tnet in2)ℓpE = distance, in mm (in.), measured from the neutral axis of the stiffener with
attached plate of width bE1 to the bottom of the attached plateℓsE = distance, in mm (in.), measured from the neutral axis of the stiffener with
attached plate of width bE1 to the top of the stiffenerε = relative strain, as defined in 5C-5-A4d/3.5.2σE1 = Euler column buckling stress, in N/mm2 (kgf/mm2, lbf/in2), equal to:

= π2E IE − netAE − netℓ210−4IE − net = net moment of inertia of stiffeners, in cm4 (in4) with attached plate of widthbE1AE − net = net area, in cm2 (in2), of stiffeners with attached plating of width bEbE1 = effective width corrected for relative strain, in m (ft), of the attached plating,
equal to:

= sβE for βE > 1 . 0
= s for βE ≤ 1 . 0βE = 103 stnet εσyd_PE for width in m

= 12 stnet εσyd_PE for width in ft
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ApE − net = net area, in cm2 (in2), of attached plating of width bE, equal to:

= 10bEtnet     cm2   12bEtnet     in2)bE = effective width, in m (ft), of the attached plating, equal to:

= 2 . 25βE − 1 . 25βE2 s for βE > 1 . 25
= s for βE ≤ 1 . 25

3.5.4 Torsional Buckling
The load-end shortening curve σCR2− ε for the flexural-torsional buckling of stiffeners composing
the hull girder transverse section is to be obtained according to the following formula:σCR2 = ΦAs − netσC2 + Ap − netσCPAs − net+ Ap − net
whereΦ = edge function, as defined in 5C-5-A4d/3.5.2σC2 = critical stress, in N/mm2 (kgf/mm2, lbf/in2), equal to:

= σE2ε for σE2 ≤ σyd_S2 ε
= σyd_S 1− σyd_Sε4σE2 for σE2 > σyd_S2 εε = relative strain, as defined in 5C-5-A4d/3.5.2σE2 = Euler column buckling stress, in N/mm2 (kgf/mm2, lbf/in2), taken as σET defined in

5C-5-A4c/7.7.4σCP = buckling stress of the attached plating, in N/mm2 (kgf/mm2, lbf/in2), equal to:

= 2 . 25βE − 1 . 25βE2 σyd_P for βE > 1 . 25
= σyd_P for βE ≤ 1 . 25βE = coefficient, as defined in 5C-5-A4d/3.5.3

3.5.5 Web Local Buckling of Stiffeners Made of Flanged Profiles
The load-end shortening curve σCR3− ε for the web local buckling of flanged stiffeners composing
the hull girder transverse section is to be obtained from the following formula:

σCR3   =   Φ103bEtnetσyd_P+ ℎwetw − net+ bftf − net σyd_S103stnet+ ℎwtw − net+ bftf − net
whereΦ = edge function, as defined in 5C-5-A4d/3.5.2bE = effective width, in m (ft), of the attached plating, as defined in 5C-5-A4d/3.5.3ℎwe = effective height, in mm (in), of the web, equal to:
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= 2 . 25βw − 1 . 25βw2 ℎw for βw ≥ 1 . 25
= ℎw for βw < 1 . 25Bw = ℎwtw − net εσyd_SEε = relative strain, as defined in 5C-5-A4d/3.5.2

3.5.6 Web Local Buckling of Stiffeners Made of Flat Bars
The load-end shortening curve σCR4− ε for the web local buckling of flat bar stiffeners composing
the hull girder transverse section is to be obtained from the following formula:σCR4   =   ΦAp − netσCP+ As − netσC4Ap − net+ As − net
whereΦ = edge function, as defined in 5C-5-A4d/3.5.2σCP = buckling stress of the attached plating, in N/mm2 (kgf/mm2, lbf/in2), as defined in

5C-5-A4d/3.5.4σC4 = critical stress, in N/mm2 (kgf/mm2, lbf/in2), equal to:

= σE4ε for σE4 ≤ σyd_S2 ε
= σyd_S 1− σyd_Sε4σE4 for σE4 > σyd_S2 εσE4 = local Euler buckling stress, in N/mm2 (kgf/mm2, lbf/in2), equal to:

= 160000 tw − netℎw 2
ε = relative strain, as defined in 5C-5-A4d/3.5.2

3.5.7 Plate Buckling
The load-end shortening curve σCR5− εfor the buckling of transversely stiffened panels composing
the hull girder transverse section is to be obtained from the following formula:

σCR5 = min Φσyd_PΦσyd_P sℓ 2 . 25βE − 1 . 25βE2 + 0 . 1 1− sℓ 1 + 1βE2 2
whereΦ = edge function, as defined in 5C-5-A4d/3.5.2βE = coefficient, as defined in 5C-5-A4d/3.5.3S = plate breadth, in m (ft), taken as the spacing between the stiffenersℓ = longer side of the plate, in m (ft)
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5 Alternative Methods

5.1 General
5.1.1

Application of alternative methods may be accepted. Documentation of the analysis methodology
and detailed comparison of its results are to be submitted for review and acceptance. The use of
such methods may require the partial safety factors to be recalibrated.

5.1.2
The bending moment-curvature relationship, M−χ, may be established by alternative methods.
Such models are to consider all the relevant effects important to the non-linear response with due
considerations of:

i) Non-linear geometrical behavior

ii) Inelastic material behavior

iii) Geometrical imperfections and residual stresses (geometrical out-of-flatness of plate and
stiffeners)

iv) Simultaneously acting loads:

● Bi-axial compression

● Bi-axial tension

● Shear and lateral pressure

v) Boundary conditions

vi) Interactions between buckling modes

vii) Interactions between structural elements such as plates, stiffeners, girders, etc.

viii) Post-buckling capacity

ix) Overstressed elements on the compression side of hull girder cross section possibly
leading to local permanent sets/buckle damages in plating, stiffeners etc. (double bottom
effects or similar)

5.3 Non-linear Finite Element Analysis
5.3.1

Advanced non-linear finite element analyses models may be used for the assessment of the hull
girder ultimate capacity. Such models are to consider the relevant effects important to the non-
linear responses with due consideration of the items listed in 5C-5-A4d/5.1.2.

5.3.2
Particular attention is to be given to modeling the shape and size of geometrical imperfections. It
is to be ensured that the shape and size of geometrical imperfections trigger the most critical
failure modes.
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C H A P T E R  5
Vessels Intended to Carry Containers (130 meters (427 feet) to 450

meters (1476 feet) in Length)

A P P E N D I X  5
Additional Loading Patterns and Loading Cases for Structural Analysis

1 General

1.1 Applicability
This requirements of this Appendix apply to container carriers of 150 m (492 ft) or more in length,
contracted for construction on or after 1 July 2016.

1.3 General
The loading patterns in 5C-5-A5/1.3 FIGURE 1 and associated combined load cases described in this
5C-5-A5/1.3 TABLE 1 are to be applied in assessing the strength of the hull girder structures (yielding and
buckling) and in performing a structural analysis as described in Section 5C-5-5. In the analysis, the
vertical bending moments and vertical shear forces are to be as defined in Appendix 5C-5-A4a, the
horizontal bending moments, horizontal shear forces and torsional moment are to be as defined in
5C-5-3/5.1.

FIGURE 1
Additional Loading Patterns of Container Carrier (1 July 2021)

 

 

 

 

 

 

Load Case I-1 Load Case I-2 Load Case I-3a

Heading 0 Deg. Heading 0 Deg. Heading 0 Deg.

Heave Up Heave Up Heave Down
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Pitch Bow Up Pitch Bow Up Pitch Bow Down

Roll - Roll - Roll -

Draft Full Draft Full Draft 90%Full

Wave VBM Hog Wave VBM Hog Wave VBM Sag

Container Type 40’(1) Container Type 40’(2) Container Type 20’(1)

 

 

 

 

 

 

Load Case I-3b Load Case I-4

Heading 90 Deg. Heading 0 Deg.

Heave Down Heave Up

Pitch - Pitch Bow Up

Roll STBD Down Roll -

Draft 90%Full Draft Full

Wave VBM Sag Wave VBM Hog

Container Type 20’(1) Container Type 40’(1)

Notes:

1 Heavy cargo weight of a container unit is to be calculated as the permissible stacking weight divided by the
maximum number of tiers planned.

2 Light cargo weight corresponds to the expected cargo weight when light cargo is loaded in the considered holds.

● Light cargo weight of a container unit in hold is not to be taken more than 55% of its related heavy cargo
weight (see (1) above).

● Light cargo weight of a container unit on deck is not to be taken more than 90% of its related heavy cargo
weight (see (1) above) or 17 metric tons, whichever is the lesser.

3 Where structure is not symmetric, both STBD and PORT Roll are to be considered.

4 For one bay empty condition, if the cargo hold consists of two or more bays, then each bay is to be considered
entirely empty in hold and on deck (other bays full) in turn as separate load cases.

5 Ballast and fuel oil tanks are empty for all load cases.

TABLE 1
Additional Combined Load Cases for Structural Analysis (1 July 2021)

L.C. I-1 L.C. I-2 L.C. I-3a L.C. I-3b L.C. I-4

A. Hull Girder Loads (2)

Vertical B.M.(3)kc Hog (+)
1.0

Hog (+)
1.0

Sag (-)
1.0

Sag (-)
0.3

Hog (+)
1.0
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L.C. I-1 L.C. I-2 L.C. I-3a L.C. I-3b L.C. I-4

Vertical S.F.kc (-)
0.5

(-)
0.5

(+)
0.5

(+)
0.3

(-)
0.5

Horizontal B.Mkc 0.0 0.0 0.0 Stbd Tens
(-)
0.3

0.0

Horizontal S.F.kc 0.0 0.0 0.0 (+)
1.0

0.0

Torsional Mt.kc 0.0 0.0 0.0 0.0 0.0

B. External Pressurekc 0.4 0.4 0.4 0.4 0.4kfo 0.8 0.8 -0.8 0.8 0.8

C. Container Cargo Loadkc 0.4 0.4 0.4 0.4 0.4CV -0.8 -0.8 0.8 0.4 -0.8CL Fwd Bhd
0.0

Aft Bhd
-0.6

Fwd Bhd
0.0

Aft Bhd
-0.6

Fwd Bhd
0.6

Aft Bhd
0.0

--
--

Fwd Bhd
0.0

Aft Bhd
-0.6CT --

--
--
--

--
--

Port Wall
0.0

Stbd Wall
0.9

--
--

Cϕ , Pitch 0.35 0.35 -0.35 0.0 0.35Cθ , Roll 0.0 0.0 0.0 1.0 0.0

D. Reference Wave Heading and Position

Heading Angle 0 0 0 90 0

Heave Up Up Down Down Up

Pitch Bow Up Bow Up Bow Down -- Bow Up

Roll -- -- -- Stbd Down --

Draft 1 1 0.9 0.9 1

1 ku = 1.0 for all load components.

2 Boundary forces are to be applied to produce the above specified hull girder bending moment at the middle of the
structural model, and specified hull girder shear force at one end of the middle hold of the model. The sign
convention for the shear force corresponds to the forward end of middle hold.

Part 5C Specific Vessel Types
Chapter 5 Vessels Intended to Carry Containers (130 meters (427 feet) to 450 meters (1476 feet) in

Length)
Appendix 5 Additional Loading Patterns and Loading Cases for Structural Analysis 5C-5-A5

ABS RULES FOR BUILDING AND CLASSING MARINE VESSELS • 2024 1093



3 The following still water bending moment (SWBM) is to be used for structural analysis. L.C. I-3a and I-3b:
Minimum hogging SWBM amidships of the actual container cargo loading conditions. L.C. I-1, I-2 and I-4:
Maximum hogging SWBM.

4 Full width between longitudinals may be used as the effective width for verifying the ultimate strength of
longitudinals and stiffeners specified in 5C-5-5/5.5.
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C H A P T E R  6
Vessels Intended to Carry Containers (Under 130 Meters (427 feet) in

Length)
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C H A P T E R  6
Vessels Intended to Carry Containers (Under 130 Meters (427 feet) in

Length)

S E C T I O N  1
Introduction

1 General (2024)

1.1 Objective (2024)
The goals and functional requirements for the topics covered in this chapter are included in the respective
sections.

1.3 Classification (2024)
In accordance with 1A-1-3/3 of the ABS Rules for Conditions of Classification (Part 1A), the mandatory
classification notation ✠A1 Container Carrier is to be assigned to vessels built to the requirements of
this Chapter and other relevant Sections of the Rules.

1.5 Application (2024)
The requirements in this Chapter are applicable to vessels designed primarily for the carriage of containers
in holds or on deck, or both, with structures for that purpose, such as cell guides, pedestals, etc.

For clarification of the application of the requirements of Part 3 and this Chapter, see 5C-6-1/Figure 1.
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FIGURE 1 
Application Scope of Part 3 and 5C-6 (2024)

1.7 Submission of Plans (2024)
In addition to the plans listed elsewhere in the Rules, the following plans are to be submitted. See Section
1A-1-7 of the ABS Rules for Conditions of Classification (Part 1A):

R: Document to be Reviewed

i) Stowage arrangements of containers including stacking loads. Location of container supports and
their connection to hull (R).
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Stowage arrangement of containers including stacking loads. Location of container supports and their
connection to hull.

3 Definitions

3.1 Freeboard Deck
For the purpose of this Part, freeboard deck may be taken as the lowest actual deck from which the draft
can be obtained under the International Load Line Regulations.
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C H A P T E R  6
Vessels Intended to Carry Containers (Under 130 Meters (427 feet) in

Length)

S E C T I O N  2
Hull Structure

1 General (2024)

1.1 Objective
1.1.1 Goals

The vessels covered in this section are to be designed, constructed, operated and maintained to:

Goal No. Goals

STAB 2 Have adequate freeboard to provide survivability to damage or accidental conditions.

STAB 4 Detect accumulated liquids.

STAB 5 Be able to remove accumulated liquids to mitigate effect of flooding.

STRU 1 In the intact condition, have sufficient structural strength to withstand the environmental
conditions, loading conditions, and operational loads anticipated during the design life.

CARGO 1 Enable all cargoes to be stored and secured in such a way that the ship and persons onboard and
the environment are not put at risk.

FIR 3 Reduce the risk of damage caused by fire to the ship, its cargo and the environment.

The goals in the cross-referenced Rules are also to be met.

1.1.2 Functional Requirements
To achieve the above stated goals, the design, construction, installation, and maintenance are to be
in accordance with the following functional requirements:

Functional
Requirement No.

Functional Requirements

Stability (STAB)

STAB-FR1 Have adequate subdivision and stability in intact flooded conditions.

STAB-FR2 Have adequate capacity of the bilge/dewatering system.
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Functional
Requirement No.

Functional Requirements

STAB-FR3 Provide system/equipment redundancy such that a single failure will not disable the bilge/
dewatering system.

Structural (STRU)

STRU-FR1
(CARGO)

Adequate longitudinal strength is to be provided to resist bending moments and shear forces
associated with vessel loading and wave loads anticipated during the design life.

STRU-FR2 The structure is to be sufficient to resist hull girder torsional loads.

STRU-FR3
Scantlings are to have sufficient strength to resist failure and excessive deformation
associated with buckling and yielding when subjected to the loads anticipated throughout
the service life.

Fire Safety (FIR)

FIR-FR1 Containment and extinction of any fire in the space of origin.

FIR-FR2 Provide system/equipment redundancy such that a single failure will not disable the
firefighting system.

The functional requirements in the cross-referenced Rules are also to be met.

1.1.3 Compliance
A vessel is considered to comply with the goals and functional requirements within the scope of
classification when the applicable prescriptive requirements are complied with or when an
alternative arrangement has been approved. Refer to Part 1D, Chapter 2.

2 Hull Girder Strength

2.1 Normal-strength Standard
The longitudinal hull girder strength is to be not less than as required by the equations given in Section
3-2-1.

2.3 Hull Girder Shear and Bending Moment
For shear and bending-moment calculation requirements see Section 3-2-1.

2.5 Torsion and Horizontal Bending (2024)
Strength bulkheads or combined deep webs and substantial partial bulkheads are to be provided in
accordance with 3-2-9/1.7. Upper wing torsional boxes or double hull side construction are to be provided
in way of container holds having wide deck openings.

The hull girder strength calculations under combined vertical and horizontal bending moment and torsion
are to be submitted. Appendix 5C-6-A1, "Strength Assessment of Container Carriers - Vessels Under 130
meters (427 feet) in Length" provides guidance in performing this calculation.

2.7 Loading Guidance
Loading guidance is to be as required by 3-2-1/7.

2.9 Continuous Longitudinal Deck Structures Between Hatch Openings
The degree of effectiveness of continuous longitudinal deck structures between hatch openings is to be
determined in accordance with 3-2-1/9.15.
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2.11 Hull Girder Section Modulus Amidships (1 July 2021)
The required hull girder section modulus amidships is to be calculated in accordance with 3-2-1/3.7,
3-2-1/5, and 3-2-1/9.

2.13 Longitudinal Strength
The stiffness, yield strength, buckling strength and hull girder ultimate strength assessment are to be
carried out, as described in Appendix 5C-5-A4a, in way of 0.2L to 0.75L with due consideration given to
locations where there are significant changes in hull cross section (e.g., changing of framing system).

3 Local Strength

3.1 Double Bottom (2024)
Structures under base sockets are to be reinforced to withstand the anticipated load. An engineering
analysis for the double bottom structure is to be submitted.

Bottom floors and girders are to be arranged to support container loads. Where the container pads are not
in line with these members, brackets or headers are to be provided to transmit the container loads to these
members. Each bracket or header is to have a section modulus, SM, in cm3 (in3), and a sectional area, As, in
cm2 (in2), of the web portion not less than obtained from the following equations:SM = M/FAs = Fs/F
whereM = maximum bending moment due to static container loads, in kN-cm (Ltf-in.)Fs = shearing force at the location under consideration due to static container loads, in kN (Ltf)F = allowable bending or shear stress, in kN/cm2 (Ltf/in2), as defined in 3-2-20/9.1

In determining the scantlings of inner bottom longitudinals and bottom longitudinals with struts, reduced
length permitted for uniformly loaded inner bottom is not to be used.

Commentary:

This approach is based on simple beam theory considering the static container loads. Where a finite element analysis for the
strength of container supporting structures is used, the concerned brackets, headers, floors, girders and stiffeners are to be
properly represented in the finite element model. Guidance on the use of finite element analysis is provided in Section
3-2-20.

End of Commentary

3.3 Container Loading (2024)
Deck and hatch cover structures supporting containers are to have scantlings as required by 3-2-7/5,
3-2-8/1.3 and 3-2-15/9. See also 3-2-15/5.5, 3-2-15/9.21, and 3-2-15/9.23 for chocks and pads on hatch
coaming.

3.5 Securing Arrangement
When requested, the container securing system is to be certified in accordance with ABS Guide for
Certification of Container Securing Systems. Additional plans and calculations as required in that Guide
are to be submitted.
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3.7 Hatchway Closures (2024)
For gasketless hatch covers, see 3-2-15/11.1 and 3-2-15/9.19.2(b) Vessels without hatch covers will be
specially considered.

For vessels without hatch covers, design considerations, model tests and detailed calculations are to be
submitted, including but not limited to:

● Determination of minimum freeboard and evaluation of the maximum hourly rate of ingress of green
water into each cargo hold

● Details of bilge dewatering system and freeing ports

● Global and local strength is to be also assessed in intact flooded conditions

● Intact stability calculations are to consider flooding of the cargo holds

● Damage stability calculations

● Details of fixed fire protection system

● Dangerous goods arrangement

Refer to MSC/Circ.608/Rev. 01 “Interim Guidelines for Open-top Containerships”.

Flag Administration concurrence is to be collected.
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C H A P T E R  6
Vessels Intended to Carry Containers (Under 130 Meters (427 feet) in

Length)

S E C T I O N  3
Cargo Safety

See Section 5C-5-7.
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C H A P T E R  6
Vessels Intended to Carry Containers (Under 130 Meters (427 feet) in

Length)

A P P E N D I X  1
Strength Assessment of Container Carriers- Vessels Under 130 meters

(427 feet) in Length

1 Note
The requirements given herein contain an equation for warping stress developed from the theory of thin-
walled beams. Equations for horizontal bending stress are also included together with that for combined
stress which is being used as the parameter. The combined stresses, calculated for four designs, were used
in arriving at the acceptance criteria.

3  Application
These criteria are applicable to steel vessels of up to 130 m (427 ft) in length, designed for the carriage of
containers and intended for unrestricted ocean service. The basic structural arrangement consists of a
double bottom with a double skin side structure or a single skin side structure with upper torsion boxes.

In addition to complying with the ABS Marine Vessel Rules, the strength of the vessel is to be evaluated
using the criteria presented in this Appendix.

If the stresses, determined in accordance with this Appendix, exceed the permissible value given herein, a
direct calculation stress analysis is to be carried out to evaluate the adequacy of the vessel’s structural
design in a more sophisticated manner. On request this analysis may be carried out by ABS.

5 Hull Girder Longitudinal Strength

5.1 Check Points
The combined longitudinal hull girder stress σ is to be calculated at the inboard edge of the strength
(upper) deck plating at the transverse sections shown on 5C-6-A1/5.3.5 FIGURE 1:

1) The aft end of the hatch opening immediately forward of the machinery room, (Section No. 1).

2) The forward end of the foremost hatch where there is a change in the width of the hatch, (Section
No. 2).

3) The forward end of the next hatch aft of the section No. 2, (Section No. 3).
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5.3 Hull Girder Stress
5.3.1 Combined Longitudinal Hull Girder Stress

The combined longitudinal hull girder stress σ at the inboard edge of the strength deck plating is
to be obtained from the following equation:σ = σs+ σv+ σH+ σT
whereσs = still-water bending component, see 5C-6-A1/5.3.2σv = vertical wave-induced bending component, see 5C-6-A1/5.3.3σH = horizontal wave-induced bending component, see 5C-6-A1/5.3.4σT = warping component, see 5C-6-A1/5.3.5

The calculated longitudinal hull girder stress σ is not to exceed 60% of the minimum specified
yield point or yield strength of the material.

5.3.2 Still-water Bending Component
The still-water bending component is to be obtained from the following equation:σs = Ms/SM     kN/cm2(tf/cm2, Lft . /in2)
whereMs = still-water bending at the section under consideration for design loading conditions, in

kN-m (ft-m, Ltf-ft).SM = hull girder section modulus about the horizontal neutral axis at the section under
consideration, in cm2-m (in2-ft).

5.3.3 Vertical Wave-induced Bending Component
The vertical wave-induced bending component is to be obtained from the following equation:σv   =   0 . 47M ·Mwℎ/SM     kN/cm2(ft/cm2, Ltf/in2)
whereMwℎ= wave-induced bending moment amidships as given in 3-2-1/3.5.1, of the Rules, in kN-

m (tf-m, Ltf-ft)SM = hull girder section modulus, defined in 5C-6-A1/5.3.2, in cm2-m (in2-ft)M = distribution factor given by 3-2-1/3.5.3 FIGURE 2

5.3.4 Horizontal Wave-induced Bending Component
The horizontal wave-induced bending component is to be obtained from the following equation:σH = 0 . 175   Mwℎbo 1− 2x/LIz     kN/cm2(ft/cm2, Ltf/in2)
where
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Mwℎ= wave-induced bending moment amidships, as given by 3-2-1/3.5.1, of the Rules, in
kN-m (tf-m, Ltf-ft)L = length of the vessel, as defined in 3-1-1/3.1 of the Rules, in m (ft)x = distance from amidships to the section under consideration, in m (ft)bo = width of the strength deck’s hatch opening of the section under consideration measured
between the inboard edges of the strength deck, (5C-6-A1/5.3.5 FIGURE 3), in m (ft)Iz = hull girder moment of inertia of the section under consideration about the vertical axis
through the centerline of the vessel, in cm2-m2(in2-ft2)

5.3.5 Warping Component
The warping component is to be obtained from the following equation:

σT = KK13NαℎLo3Bo 1− 0 . 7bo/Bo 1− 0 . 062K1 CDt 0 . 45− 0 . 4b/B     kN/cm2(tf/cm2, Ltf/in2)
whereK = 9.81 if σT in kN/cm2

= 1.0 if σT in tf/cm2

= 21.58 × 10-4 if σT in Ltf/in2B = breadth of the vessel amidships, as defined in 3-1-1/5 of the Rules, in m (ft)Bo = breadth of the vessel at the section under consideration, (5C-6-A1/5.3.5 FIGURE 3), in
m (ft)D = depth of the vessel amidships, as defined in 3-1-1/7 of the Rules, in m (ft)ℎ = 0 . 0124Lo+ 4 . 37Lo/L SI/MKS units ( 0 . 124Lo+ 14 . 34Lo/L US units)Lo = length, as shown on 5C-6-A1/5.3.5 FIGURE 1, measured from the forward engine
room’s bulkhead and the first section of the forward part of the hatch opening that has
hatch width greater than the hatch forward, in m (ft)K1 = 1.0 for sections Nos. 1 and 2, as defined in 5C-6-A1/5.1

= ℓ/Lo for section No. 3, as defined in 5C-6-A1/5.1K1 is not to be less than 0.85.ℓ = distance from the forward engine room bulkhead to the section No. 3, in m (ft)N for section No. 1

=   2 . 8 × 10−7, (Cb ≤ 0 . 65)
= 8(1   –   Cb) × 10−7, (Cb > 0 . 65)

N for sections Nos. 2 and 3

= 5 . 6 × 10−7, (Cb ≤ 0 . 65)
= 16(1 – Cb) × 10−7, (Cb > 0 . 65)Cb = block coefficient at summer load waterlineb = width of the strength deck’s hatch opening amidships measured between the inboard

edges of the strength deck, (5C-6-A1/5.3.5 FIGURE 2), in m (ft)
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bo = width of the strength deck’s hatch opening of the section under consideration measured
between the inboard edges of the strength deck, (5C-6-A1/5.3.5 FIGURE 3), in m (ft)t = apparent thickness of the side and bottom structures amidships, in mm (in.)

The apparent thickness is the total area of the side and bottom structures (plating and
longitudinals), divided by the combined girth of the side and bottom.

where

C =
BdDB+ 2DdD 2L02B3D2t 1 . 67dD/tD+ 1 . 11D/ts+ 0 . 56B/tB 0 . 45− 0 . 4b/BdDB = depth of double bottom amidships, (5C-6-A1/5.3.5 FIGURE 2), in m (ft)dD = width of the strength deck plating amidships, (5C-6-A1/5.3.5 FIGURE 2), in m

(ft)tD, ts, tB = mean thickness of the strength deck, side shell, and bottom plating amidships
(inner bottom and longitudinal bulkhead plating are not to be included), (5C-6-
A1/5.3.5 FIGURE 2), in mm (in.)α = a   B1/Bo+ cB1 = width of the section under consideration at a height of D/2, as shown on 5C-6-
A1/5.3.5 FIGURE 3, in m (ft)a and c are coefficients, as given in the following table:

Section Number per 5C-6-A1/5.1
Coefficient

a
Coefficient

c

1 2 -1.45

2 0.53 -0.02

3 0.33 0.05

Part 5C Specific Vessel Types
Chapter 6 Vessels Intended to Carry Containers (Under 130 Meters (427 feet) in Length)
Appendix 1 Strength Assessment of Container Carriers- Vessels Under 130 meters (427 feet) in

Length
5C-6-A1

ABS RULES FOR BUILDING AND CLASSING MARINE VESSELS • 2024 1108



FIGURE 1 
Strength (Upper) Deck
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FIGURE 2
Midship Section

FIGURE 3 
Section Under Consideration
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A P P E N D I X  1

S E C T I O N  1
SafeHull Construction Monitoring Program

1 Introduction
The structural strength criteria specified in the ABS Rules are used by designers to establish acceptable
scantlings, in order that a ship constructed to such standards and properly maintained will have adequate
durability and capability to resist the failure modes of yielding, buckling and fatigue.

The application of SafeHull and other review techniques to assess a design for compliance with Rule
criteria also gives the designer and ABS the ability to identify areas that are considered critical to
satisfactory in-service performance.

Knowing that the actual structural performance is also a function of construction methods and standards, it
is prudent to identify ’critical’ areas, particularly those approaching design limits, and use appropriate
specified construction quality standards and associated construction monitoring and reporting methods, to
limit the risk of unsatisfactory in-service performance.

Accordingly, this Appendix defines what is meant by critical areas, describes how they are to be identified
and recorded, delineates what information the shipyard is to include in the construction monitoring plan,
and lays out the certification regime to be followed.

3 Application (1 July 2021)
Vessels designed and reviewed to Part 5C, Chapters 1, 3 and 5 of the ABS Rules are to comply with the
requirements of this Appendix and have the notation SH, SHCM. Other vessel types may be considered on
a case by case basis.

For longitudinal structural members in the upper deck region* of container carriers made of H36 or H40
strength steel with thickness greater than 50 mm (2 in.) and up to 100 mm (4 in.) or H47 strength steel with
thickness up to 100 mm (4 in.), the supplementary requirements for the construction monitoring program
specified in the ABS Guide for Application of Higher-Strength Hull Structural Thick Steel Plates in
Container Carriers are to be complied with.

Note: * The upper deck region is defined as the upper deck plating, hatch side coaming plating, hatch coaming top
plating, and their attached longitudinals.

5 Critical Area
The term critical area, as used in this Appendix, is defined as an area within the structure that may have a
higher probability of failure during the life of the vessel compared to the surrounding areas, even though
they may have been modified in the interest of reducing such probability. The higher probability of failure
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can be a result of stress concentrations, high stress levels and high stress ranges due to loading patterns,
structural discontinuities or a combination of these factors.

In order to provide an even greater probability of satisfactory in-service performance, the areas that are
approaching the acceptance criteria can be identified so that additional attention may be paid during
fabrication.

The objective of heightened scrutiny of building tolerance and monitoring in way of the critical areas is to
minimize the effect of stress increases incurred as a result of the construction process. Improper alignment
and fabrication tolerances may be potentially influential in creating construction-related stress.

7 Determination of Critical Areas (2020)
Critical areas can be determined in a number of ways, including but not limited to:

i) The results of engineering strength and fatigue analyses, such as specified in the ABS Rules
5C-1-5, 5C-3-5 or 5C-5-5 (SafeHull), Finite Element Analysis, or a Dynamic Loading Approach
analysis, particularly for areas approaching the allowable criteria

ii) The application of ABS Rules, such as 3-1-2/15.3

iii) Details where fabrication is difficult such as blind alignment, complexity of structural details and
shape, limited access, etc.

iv) Special Locations, such as rudder horns and major appendage attachments to the hull and critical
locations of primary supporting members with abrupt change in section (see 5C-A1-1/7 FIGURE
1) are subject to high local or global hull girder stresses. Special attention is to be paid to
structural continuity and weld improvement in order to reduce stress concentrations at these
critical locations. A verification from the outside of the rudder horn that the connection to the shell
plate is free of damages is to be performed by the ABS Surveyor. Inspection of alignment from
inside the rudder horn is not required.

v) Input from owners, designers and/or shipyards based on previous in-service experience from
similar vessels, such as corrosion, wear and tear, etc.

FIGURE 1
Connection of Rudder Horn to Aft-ship Structure (2020)
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9 Construction Monitoring Plan (1 July 2021)
A Construction Monitoring Plan for critical areas is to be prepared by the shipyard and submitted for
approval prior to the start of fabrication. The plan is to include:

i) Structural drawings indicating the location of critical areas as identified by the ABS review. (see
5C-A1-1/7).

ii) Construction standards and control procedures to be applied.

iii) Verification and recording procedures at each stage of construction.

iv) Procedures for defect correction.

v) Allowable zone of initial flaw size for surface flaw on hatch coaming top, if the engineering
critical assessment (ECA) in accordance with ABS Guide for Application of Higher-Strength Hull
Structural Thick Steel Plates in Container Carriers is submitted for review during construction.

An approved copy of the Construction Monitoring plan is to be placed on board the vessel.

11 Surveys After Construction
To monitor critical areas during service, an approved copy of the Construction Monitoring Plan is to be
available for all subsequent surveys.

13 Notation
Vessels having been found in compliance with the requirements of this Appendix may be distinguished in
the Record with the notation SH, SHCM.

Part 5C Specific Vessel Types
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A P P E N D I X  1

S E C T I O N  2
ABS Construction Monitoring Program (2013)

(This Appendix applies to Part 5A and Part 5B of the Rules for Building and Classing Marine Vessels
for the class notation, CSR , AB-CM . )

1 Introduction
The structural strength criteria specified in the ABS Rules are used by designers to establish acceptable
scantlings in order that a vessel constructed to such standards and properly maintained will have adequate
durability and capability to resist the failure modes of yielding, buckling and fatigue.

The application of Part 5A “General Hull Requirements (IACS CSR Part 1)”, Part 5B “Ship Types (IACS
CSR Part 2)” and other review techniques to assess a design for compliance with Rule criteria also gives
the designer and ABS the ability to identify areas that are considered critical to satisfactory in-service
performance.

Knowing that the actual structural performance is also a function of construction methods and standards, it
is prudent to identify ‘critical’ areas, particularly those approaching design limits, and use appropriate
specified construction quality standards and associated construction monitoring and reporting methods to
limit the risk of unsatisfactory in-service performance.

Accordingly, this Appendix defines what is meant by critical areas, describes how they are to be identified
and recorded, delineates what information the shipyard is to include in the construction monitoring plan
and lays out the certification regime to be followed.

3 Application
Vessels designed and reviewed to Part 5A and Part 5B of the ABS Rules are to comply with the
requirements of this Appendix and have the notation CSR, AB-CM, except as stipulated in 1A-1-4/7.6.

5 Critical Area
The term critical area, as used in this Appendix, is defined as an area within the structure that may have a
higher probability of failure during the life of the vessel compared to the surrounding areas, even though
they may have been modified in the interest of reducing such probability. The higher probability of failure
can be a result of stress concentrations, high stress levels and high stress ranges due to loading patterns,
structural discontinuities or a combination of these factors.

In order to provide an even greater probability of satisfactory in-service performance, the areas that are
approaching the acceptance criteria can be identified so that additional attention may be paid during
fabrication.
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The objective of heightened scrutiny of building tolerance and monitoring in way of the critical areas is to
minimize the effect of stress increases incurred as a result of the construction process. Improper alignment
and fabrication tolerances may be potentially influential in creating construction-related stress.

7 Determination of Critical Areas (2020)
Critical areas can be determined in a number of ways, including but not limited to:

i) The results of engineering strength and fatigue analyses, such as specified in the ABS Rules Part
5A, Part 1, Chapter 7 and Chapter 9, particularly for areas approaching the allowable criteria.

ii) The application of ABS Rules, such as 3-1-2/15.3 and 5A-3-6/3.

iii) Details where fabrication is difficult, such as blind alignment, complexity of structural details and
shape, limited access, etc.

iv) Special Locations, such as rudder horns and major appendage attachments to the hull and critical
locations of primary supporting members with abrupt change in section (see 5C-A1-2/10 FIGURE
3) are subject to high local or global hull girder stresses. Special attention is to be paid to
structural continuity and weld improvement in order to reduce stress concentrations at these
critical locations. A verification from the outside of the rudder horn that the connection to the shell
plate is free of damages is to be performed by the ABS Surveyor. Inspection of alignment from
inside the rudder horn (in line with 5C-A1-2/10) is not required.

v) Input from owners, designers and/or shipyards based on previous in-service experience from
similar vessels, such as corrosion, wear and tear, etc.

9 Construction Monitoring Plan
A Construction Monitoring Plan for critical areas is to be prepared by the shipyard and submitted for
approval prior to the start of fabrication. The plan is to include:

i) Structural drawings indicating the location of critical areas as identified by the ABS review (see
5C-A1-2/7).

ii) Construction standards and control procedures to be applied.

iii) Verification and recording procedures at each stage of construction.

iv) Procedures for defect correction.

An approved copy of the Construction Monitoring plan is to be placed onboard the vessel.

10 Construction Standards and Control
Standards for alignment in critical areas are to be indicated in the submitted drawings. In general, the
misalignment on the median, a in 5C-A2/Figures 1 and 5C-A1-2/10 FIGURE 2, is not to exceed t1/3 (t1
is the thinnest thickness in the joint) or 5 mm, whichever is lesser.

The heel line may be used to check the misalignment as an alternative to the median alignment shown in
5C-A2/Figures 1 and 2.

Part 5C Specific Vessel Types
Appendix 1
Section 2 ABS Construction Monitoring Program (2013) 5C-A1-2

ABS RULES FOR BUILDING AND CLASSING MARINE VESSELS • 2024 1116



FIGURE 1
Median Alignment of Critical Joint

FIGURE 2
Median Alignment of Critical Cruciform Joint
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FIGURE 3 
Connection of Rudder Horn to Aft-ship Structure (2020)

11 Surveys After Construction
To monitor critical areas during service, an approved copy of the Construction Monitoring Plan is to be
available for all subsequent surveys.

13 Notation
Vessels having been found in compliance with the requirements of this Appendix may be distinguished in
the Record with the notation CSR, AB-CM.
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