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RULES FOR THE SURVEY AND CONSTRUCTION OF STEEL SHIPS 

Part CSR-B&T COMMON STRUCTURAL RULES FOR BULK CARRIERS 
AND OIL TANKERS 

Part 1 GENERAL HULL REQUIREMENTS 

Chapter 1 RULE GENERAL PRINCIPLES 

Section 1 APPLICATION 

1. Scope of Application 

1.1 General
1.1.1
 These Rules apply to the following ships:

(a) Bulk carriers and double hull oil tankers and;
(b) Being self-propelled ships with unrestricted navigation, and;
(c) Contracted for construction on or after 1st July 2015.
Note 1: Unrestricted navigation means that the ship is not subject to any geographical restrictions (i.e. any oceans, any seasons) except 

that limited by the ship s capability for operation in ice. 

Note 2: The  contracted for construction  means the date on which the contract to build the ship is signed between the prospective owner 

and the builder. For further details regarding the date of  contracted for construction , refer to IACS Procedural Requirement (PR) 

No. 29. 

1.1.2
 These Rules apply to ships constructed of welded steel structures and composed of stiffened plate panels. The 
ship s structure is to be longitudinally or transversely framed with full transverse bulkheads and intermediate web 
frames.
 The typical arrangements of ships covered by the rules assume that the structural arrangements include:

・ Double bottom, the depth of which is to be in accordance with applicable statutory requirements.
・ Engine room located aft of the cargo tank/hold region.

1.1.3
 Ships for which these Rules are not applicable are to comply with the relevant Rules of the Society. 

1.2 Scope of Application for Bulk Carriers
1.2.1
 These Rules apply to the hull structures of single side skin and double side skin bulk carriers having a length
LCSR of 90 m or above.
 Bulk carriers are ships which are constructed generally with single deck, double bottom, hopper side tanks and 
topside tanks and with single or double side skin construction in cargo hold region and intended primarily to carry 
dry cargoes in bulk. Typical arrangements of bulk carriers are shown in Fig. 1.
 Hybrid bulk carriers, where at least one cargo hold is constructed with hopper tank and topside tank, see typical 
arrangements in Fig. 1, and other cargo holds are constructed without hopper tank and/or topside tanks, see examples 
of a transverse section in Fig. 2, are to comply with the strength criteria defined in these Rules.
 These Rules are not applicable to the following ship types: 
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・ Ore carriers.
・ Combination carrier.
・ Woodchip carrier.
・ Cement, fly ash and sugar carriers provided that loading and unloading is not carried out by grabs heavier 

than 10 tons, power shovels and other means which may damage cargo hold structure. 
・ Ships with inner bottom construction adapted for self-unloading. 

 
Fig. 1 Typical Arrangements of Bulk Carriers 

 
 

Fig. 2 Examples of Transverse Sections of Cargo Hold without Hopper Tank and/or Topside Tank 

 

1.3 Scope of Application for Oil Tankers
1.3.1 Length and structural arrangement application
 These Rules apply to the hull structures of double hull oil tankers having length LCSR of 150 m or above. Oil 
tanker is defined as a ship which has to comply with Annex I of MARPOL73/78.
 The typical arrangements of oil tankers covered by the rules are shown in Fig. 3 and assume that the structural 
arrangements include: 

・ Double side structure with breadth in accordance with statutory requirements.
・ Side longitudinal, centreline longitudinal or transverse bulkheads of plane, corrugated or double skin 

construction. 
・ Single deck structure.

 The cross sections shown in Fig. 3 are typical examples only and other variations of cross tie and web frame 
arrangements are also covered.
1.3.2 Cargo temperature application
 The Rules are based on the following design temperatures for the cargo: 
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(a) maximum temperature: 80 C
(b) minimum temperature: 0 C 

 
Fig. 3 Typical Arrangements of Double Hull Oil Tankers 

 
 

2. Rule Application 

2.1 Rule Description
2.1.1 Rule structure
 The rules contain 2 parts:

・ Part 1: General hull requirements.
・ Part 2: Ship types.

 The parts are structured in chapters giving instructions for detail application and requirements which are applied 
in order to satisfy the rule objectives.
2.1.2 Numbering
 The system of numbering is given in Table 1.
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Table 1 Rule Numbering and Abbreviations 

Order Levels Example Abbreviations 

1 Part Part 1   General Hull Requirements Pt 1 

2 Chapter Chapter 1   Rule General Principle Ch 1 

3 Section Section 1   Application Sec 1 

4 Article 1. Scope of Application 1 

5 Sub-article 1.1 General 1.1 

6 Requirements 1.1.1 These Rules apply to... 1.1.1 

 

2.2 Rule Requirements
2.2.1 Part 1
 Part 1 of the Rules provides requirements common to all ship types as follow:

・ Chapter 1: Rule General Principles.
・ Chapter 2: General Arrangement Design.
・ Chapter 3: Structural Design Principles.
・ Chapter 4: Loads.
・ Chapter 5: Hull Girder Strength.
・ Chapter 6: Hull Local Scantling.
・ Chapter 7: Direct Strength Analysis.
・ Chapter 8: Buckling.
・ Chapter 9: Fatigue.
・ Chapter 10: Other Structure.
・ Chapter 11: Superstructure, Deckhouses and Hull Outfitting.
・ Chapter 12: Construction.
・ Chapter 13: Ship in Operation - Renewal Criteria.

 The provisions of the Ch 1, 2, 3, 4, 5, 6, 8, 12, 13 and Ch 10, Sec 4 are applicable all over the ships length.
 The Ch 7, 9, 10 and 11 define their own scope of application.
2.2.2 Part 2
 Part 2 of the Rules provides requirements coming in addition to those of Part 1 specific for ship types and is 
divided as follow: 

・ Chapter 1: Bulk Carriers.
・ Chapter 2: Oil Tankers.

2.2.3 Application of the Rules
 The ship arrangement and scantlings are to comply with the relevant parts and chapters of the Rules as it is given 
in Fig. 4. 
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Fig. 4 Application of the Rules 

 

2.2.4 General criteria
 The ship arrangement, the proposed details and the offered scantling in net or gross, as the case may, are to 
comply with the requirements and the minimum scantling given in the Rules.
2.2.5 Corrigenda
 Corrigenda adopted by IACS are to be applicable from their effective dates.

2.3 Structural Requirements
2.3.1 Materials and welding
 The Rules applies to welded hull structures made of steel having characteristics complying with requirements in 
Ch 3, Sec 1. The Rules applies also to welded steel ships in which parts of the hull, such as superstructures or small 
hatch covers, are built in material other than steel, complying with requirements in Ch 3, Sec 1.
 Ships whose hull materials are different than those given in the first paragraph are to be individually considered 
by the Society, on the basis of the principles and criteria adopted in the present rules. 
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2.4 Ship Parts
2.4.1 General
 For the purpose of application of the present rules, the ship is considered as divided into the following five parts:

・ Fore part.
・ Cargo hold region.
・ Machinery space.
・ Aft part.
・ Superstructures and deckhouses.

2.4.2 Fore part
 The fore part is that part of the ship located forward of the collision bulkhead, i.e.:

・ The fore peak structures.
・ The stem.

2.4.3 Cargo hold region
 The cargo hold region is the part of the ship that contains cargo holds, cargo tanks, and slop tanks. It includes 
the full breadth and depth of the ship, the collision bulkhead and the transverse bulkhead at its aft end. The cargo hold 
region does not include the pump room, if any.
2.4.4 Machinery space
 The machinery space is the part of the ship between the aft peak bulkhead and the transverse bulkhead at the aft 
end of the cargo hold region and includes the pump room, if any.
2.4.5 Aft part
 The aft part includes the structures located aft of the aft peak bulkhead.
2.4.6 Superstructures and deckhouses
 A superstructure is a decked structure on the freeboard deck extending from side to side of the ship or with the 
side plating not being inboard of the shell plating more than 0.04B.
 A deckhouse is a decked structure on the freeboard or superstructure deck which does not comply with the 
definition of a superstructure. 

2.5 Limits of Application to Lifting Aappliances
2.5.1 Definition
 The fixed parts of lifting appliances, considered as an integral part of the hull, are the structures permanently 
connected by welding to the ship s hull (for instance, crane pedestals, masts, king posts, derrick heel seatings, etc, 
excluding cranes, derrick booms, ropes, rigging accessories, and, generally, any removable parts), only for that part 
directly interacting with the hull structure.
2.5.2 Rule application for lifting appliances
 The fixed parts of lifting appliances and their connections to the ship s structure are to be accordance with the 
relevant requirements of the Rules for Cargo Handling Appliances, irrespective of the registration of such cargo 
handling appliances.
2.5.3 Structures supporting fixed lifting appliances
 The design of the structure supporting fixed lifting appliances and the structure that might be called to support a 
mobile appliance is to be designed taking into account the additional loads that may be imposed on them by the 
operation of the appliance and environmental conditions as declared by the builder or its sub-contractors. 

2.6 Novel Designs
2.6.1
 Ships with novel features or unusual hull design are to comply with Ch 1, Sec 3, 6.2. 

3. Class Notations 

3.1 Class Notation CSR
3.1.1 Application
 In addition to the class notations granted by the Society in accordance with the provisions of 1.2, Part A and to 
the service features and additional class notations defined hereafter, ships fully complying with these Rules are 
assigned the notation CSR. 
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3.2 Class Notation for Bulk Carriers
3.2.1 Additional service features BC-A, BC-B and BC-C
 The following requirements apply to ships, as defined in 1.2.1, having length LCSR of 150 m or above.
 Bulk carriers are to be assigned one of the following additional service features:

(a) BC-A: For bulk carriers designed to carry dry bulk cargoes of cargo density 1.0 t/m3 and above with 
specified holds empty at maximum draught in addition to BC-B conditions. 

(b) BC-B: For bulk carriers designed to carry dry bulk cargoes of cargo density of 1.0 t/m3 and above with all 
cargo holds loaded in addition to BC-C conditions. 

(c) BC-C: For bulk carriers designed to carry dry bulk cargoes of cargo density less than 1.0 t/m3.
 The following additional service features are to be provided giving further detailed description of limitations to 
be observed during operation as a consequence of the design loading condition applied during the design in the 
following cases: 

・ {Maximum cargo density in t/m3} for additional service features BC-A and BC-B if the maximum cargo 
density is less than 3.0 t/m3, see also Ch 4, Sec 8, 4.1. 

・ {No MP} for all additional service features when the ship has not been designed for loading and unloading 
in multiple ports in accordance with the conditions specified in Ch 4, Sec 8, 4.2.2. 

・ {Holds a, b,   may be empty} for additional service feature BC-A, see also Ch 4, Sec 8, 4.1.
・ {Block loading} for additional service feature BC-A, when the ship is intended to operate in alternate block 

load condition, see also Ch 4, Sec 8, 4.2.3 (d). 
3.2.2 Additional class notation GRAB [X]
 The additional class notation GRAB[X] is mandatory for ships having one of the additional service features 
BC-A or BC-B, according to 3.2.1. For these ships, the requirements for the GRAB[X] notation given in Pt 2, Ch 1, 
Sec 6 are to comply with for an unladen grab weight X taken not less than: 

・ 35 t for ships with LCSR ³ 250 m,
・ 30 t for ships with 200 m £ LCSR < 250 m,
・ 20 t otherwise.

 For all other ships, the additional class notation GRAB[X] is voluntary. 

4. Application of the Rules of the Society 

4.1 Structural Parts Not Covered by these Rules
4.1.1
 Designer should take care that parts of the structure that these Rules do not cover comply with the relevant 
requirements of the Society s Rule. 
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Section 2 RULE PRINCIPLES 

1. General 

1.1 Rule Objectives
1.1.1
 The objectives of the Rules are to establish the classification minimum requirements to mitigate the risks of 
major hull structural failure in order to help improve the safety of life, environment and property and to contribute to 
the durability of the hull structure for the ship s design life.
1.1.2
 The sub-sections contain:

・ The general assumptions pertaining to the design, construction and operation of the ship and give 
information on the assumed roles of the Society, builders, designers and owners. 

・ The design basis which specifies the premises on which the Rules are based in terms of design parameters 
and assumptions about the ship operation. 

・ The design principles which define the fundamental principles used for the structural requirements in the 
Rules with respect to loads and structural capacity. 

・ The rule design methods which describe how the design principles are applied and the criteria are used in 
view of 1.1.1. 

2. General Assumptions 

2.1 International and National Regulations
2.1.1
 Ships are to be designed, constructed and operated in compliance with the regulatory framework prescribed by 
the International Maritime Organisation (IMO) and implemented by National Administrations or the Society on their 
behalf. The builder is to give due consideration to the influence on the structural design and arrangement from the 
relevant requirements of the International Labour Organization (ILO) implemented by National Administrations or 
the Society on their behalf.
2.1.2
 The Rules are based on the assumption that the applicable statutory requirements are complied with. 

2.2 Application and Implementation of the Rules
2.2.1
 The Society develops and publishes the rules for classification of ships, containing minimum requirements for 
the hull structure and essential engineering systems. The Society verifies compliance with the classification 
requirements and the applicable international regulations when authorised by a National Administration during 
design, construction and operation of the ship.
2.2.2
 These Rules address the hull structural aspects of classification and do not include requirements related to the 
verification of compliance with the Rules during construction and operation. In order to achieve the safety level 
targeted by the Rules, a number of aspects related to design, construction and operation of the ship are assumed to be 
adhered to by the parties involved in the application and implementation of the Rules. A summary of these 
assumptions are given in the following: 

(a) General aspects: 
・ Relevant information and documentation involved in the design, construction and operation is 

communicated between the builder, the designer, the Society and the owner as agreed between builder 
and owner. Design documentation according to Rule requirements is provided. 

・ Quality systems are applied to the design, construction, operation and maintenance activities by 
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owners and other relevant parties to ensure the compliance with the requirements of the Rules. 
(b) Design aspects: 

・ The owner specifies the intended use of the ship, and the ship is designed according to operational 
requirements as well as the structural requirements given in the Rules. 

・ The builder identifies and documents the operational limits for the ship so that the ship can be safely 
and efficiently operated within these limits. 

・ Verification of the design is performed by the builder to check compliance with provisions contained 
in the Rules in addition to national and international regulations. 

・ The design is performed by appropriately qualified, competent and experienced personnel.
・ The Society performs a technical appraisal of the design plans and related documents for a ship to 

verify compliance with the appropriate classification Rules. 
・ For spaces where lighting and ventilation are to be fitted, the builder is to give consideration to the 

influence on the structural design and arrangement from the relevant requirements of International 
Conventions such as SOLAS and MLC2006 Regulation 3.1 - Accommodation and recreational 
facilities, and Society's rules if any. For general guidance, human element factors may be considered 
based on IACS Recommendation No. 132 and/or an ergonomic standard accepted by the Society. 

・ For spaces normally occupied or manned by shipboard personnel where noise is to be minimised, the 
builder is to give consideration to the influence on the structural design and arrangement from the 
relevant requirements of SOLAS Ch II-1, Reg.3-12 and "The Code on Noise Levels Onboard Ships" 
adopted at MSC.337(91). 

・ For spaces normally occupied or manned by shipboard personnel where vibration is to be minimised, 
the builder is to give consideration to the influence on the structural design and arrangement from the 
relevant requirements of relevant statutory requirements such as MLC 2006 Regulation 3.1 -
Accommodation and recreational facilities. For general guidance, human element factors may be 
considered based on IACS Recommendation No. 132 or on an ergonomic standard accepted by the 
Society. 

(c) Construction aspects: 
・ The builder provides adequate supervision and quality control during the construction.
・ Construction is carried out by qualified and experienced personnel.
・ Workmanship, including alignment and tolerances, is in accordance with acceptable shipbuilding 

standards. 
・ The Society performs surveys to verify that the construction and quality control are in accordance with 

the classification features of approved plans and procedures. 
(d) Operational aspects: 

・ Personnel involved in operations are aware of, and comply with, the operational limitations of the 
ship. 

・ Operations personnel receive sufficient training such that the ship is properly handled so that the loads 
and resulting stresses imposed on the structure are minimized. 

・ The ship is maintained in adequate condition and in accordance with the Society survey scheme and 
international and national regulations and requirements. 

・ The Society performs surveys to verify that the ship is maintained in class in accordance with the 
Society survey scheme. 

3. Design Basis 

3.1 General
3.1.1
 This sub-section specifies the design parameters and the assumptions about the ship operation that are used as 
the basis of the design principles of the Rules.
3.1.2
 Ships are to be designed to withstand, in the intact condition, the environmental conditions as defined in 5.3.2
and 5.3.3 anticipated during the design life, for the appropriate loading conditions. Structural strength is to be 
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determined against buckling and yielding. Ultimate strength calculations have to include ultimate hull girder capacity 
and ultimate strength of plates and stiffeners.
3.1.3 Residual strength
 Ships having a length LCSR of 150 m or above are to be designed to have sufficient reserve strength to withstand 
the loads in damaged conditions, e.g. collision, grounding or flooded scenarios. Residual strength calculations are to 
take into account the ultimate reserve capacity of the hull girder, considering permanent deformation and 
post-buckling behaviour as specified in Ch 5, Sec 3.
3.1.4 Finite element analysis
 The scantling of the structural members within the cargo hold region of ships having a length LCSR of 150m or 
above is to be assessed according to the requirements specified in Pt 1, Ch 7.
3.1.5 Fatigue life
 Ships having a length LCSR of 150m or above are to be assessed according to the design fatigue life for structural 
details specified in Pt 1, Ch 9.
3.1.6
 The Rules are applicable for ships in compliance with the specified design basis. Special consideration is given 
to deviations from this design basis.
3.1.7
 The design basis used for the design of each ship, as communicated by the builder to the owner, is to be 
documented and submitted to the Society as part of the design review and approval. All changes of the design basis 
are to be formally advised to the Society and the owner for approval. 

3.2 Hull form Limit
3.2.1
 The Rules assume the following hull form with respect to environmental loading:

・ LCSR < 500 m
・ CB > 0.6
・ LCSR/B > 5
・ B/D < 2.5

 For ships over 350 m in length, special consideration is to be made for the wave loads by the Society. 

3.3 Design Life
3.3.1
 A design life of 25 years is assumed for selecting ship design parameters. The specified design life is the 
nominal period that the ship is assumed to be exposed to operating conditions. 

3.4 Environmental Conditions
3.4.1 North Atlantic wave environment
 The rule requirements are based on a ship trading in the North Atlantic wave environment for its entire design 
life.
3.4.2 Wind and current
 The effects of wind and current with regard to the strength of the structure are not considered.
3.4.3 Ice
 The effects of ice and ice accretion are not taken into account by the Rules.
3.4.4 Design temperatures
 The Rules assume that the structural assessment of hull strength members is valid for the following design 
temperatures: 

・ Lowest mean daily average temperature in air is -10 C.
・ Lowest mean daily average temperature in seawater is 0 C.

 Ships intended to operate in areas with lower mean daily average temperature, e.g. regular service during winter 
seasons to Arctic or Antarctic waters are subject to the requirements as specified by the Society.
 In the above, the following definitions apply:

Mean : Statistical mean over observation period (at least 20 years).
Daily Average : Average during one day and night. 
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Lowest : Lowest during year.
 For seasonally restricted service the lowest value within the period of operation applies.
3.4.5 Thermal loads
 The effects of thermal loads and residual stresses are not taken into account in the Rules. 

3.5 Operating Conditions
3.5.1
 The Rules specify minimum loading conditions that are to be assessed for compliance.
 Specification of loading conditions other than those required by the Rules is the responsibility of the owner. 
These other loading conditions are to be documented and also be assessed for compliance.
3.5.2
 The Rules assume the following:

・ The ballast cargo hold of bulk carriers is not to be partly filled in seagoing operations.
・ Ballasting and deballasting operations in the ballast cargo hold of bulk carriers are not to be performed 

when the weather is not fair. 

3.6 Operating Draughts
3.6.1
 The design operating draughts are to be specified by the builder/designer subject to acceptance by the owner and 
are to be used to derive the appropriate structural scantlings. All operational loading conditions in the loading manual 
are to comply with the specified design operating draughts. The following design operating draughts are as a 
minimum to be considered: 

・ Scantling draught for the assessment of structure.
・ Minimum ballast draught at midship for assessment of structure.
・ Minimum heavy ballast draught at midship for assessment of bulk carrier structure.
・ Minimum forward draughts for the assessment of bottom structure forward subjected to slamming loads, 

TF-e and TF-f, with and without ballast tanks in way filled.
TF-e and TF-f are defined in Ch 4, Sec 5, 3.2.1 

・ For oil tankers: maximum draughts amidships for both conditions: 
・ with all cargo tanks abreast empty.
・ with centre cargo tank empty and wing cargo tanks full.
・ with centre cargo tank full and wing cargo tanks empty. 

・ For bulk carriers carrying steel coils: maximum draught amidships for steel coil loading conditions. 

3.7 Internal Environment
3.7.1 Oil cargo density for strength assessment
 A density of 1.025 t/m3, or a higher value if specified by the designer, is to be used for oil cargoes for the 
strength assessment of all relevant tank structures.
3.7.2 Oil cargo density for fatigue assessment
 For the fatigue assessment of cargo tank structures, the mean density is to be taken as 0.9 t/m3, or a higher value 
if specified by the designer.
3.7.3 Dry cargo density
 The density for dry bulk cargo is to be taken according to the specifications in Ch 4, Sec 6, 2.3.
3.7.4 Water ballast density
 A density of 1.025 t/m3 is to be used for water ballast. 

3.8 Structural Construction and Inspection
3.8.1
 The structural requirements included in the Rules are developed with the assumption that construction and repair 
follow acceptable shipbuilding and repair standards and tolerances. The Society may require that additional attention 
is paid to critical areas of the structure by the builder during construction and by the owner for repair after the ship s 
delivery.
3.8.2
 As an objective, ships are to be built in accordance with controlled quality production standards using approved 
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materials as necessary.
3.8.3
 The Rules define the renewal criteria for the individual structural items. The structural requirements included are 
developed on the assumption that the structure is subject to appropriate monitoring by the owner once the ship is in 
operation and to periodical survey in accordance with Society rules and regulations.
3.8.4
 Tank strength and tightness testing are to be carried out as a part of the verification scheme according to the 
provisions of 2.1.5, Part B which incorporate IACS UR S14.
3.8.5
 Specifications for material manufacturing, assembling, joining and welding procedures, steel surface preparation 
and coating are to be included in the ship construction quality procedures. It is assumed that the owner has approved 
these builder specifications. 

3.9 Maximum Service Speed
3.9.1
 The maximum service speed is to be specified in the design specification. Although the hull structure 
verification criteria takes into account the service speed this does not relieve the responsibilities of the owner and 
personnel to properly handle the ship, see item in 2.2.2(d). 

3.10 Owner s Extras
3.10.1
 Owner s specification of requirements above the general classification or statutory requirements may affect the 
structural design. Owner s extras may include requirements for: 

・ Vibration analysis.
・ Maximum percentage of high strength steel.
・ Additional scantlings above that required by the Rules.
・ Additional design margin on the loads specified by the Rules, etc.
・ Improved fatigue resistance, in the form of a specified increase in design fatigue life or equivalent.

 Owner s extras are not specified by these Rules. Owner s extras, if any, that may affect the structural design are 
to be clearly specified in the design documentation. 

4. Design Principles 

4.1 Overall Principles
4.1.1 Introduction
 This sub-section defines the underlying design principles of the Rules in terms of loads, structural capacity 
models and assessment criteria and also construction and in-service aspects.
4.1.2 General
 The Rules are based on the following overall principles:

・ The safety of the structure can be assessed by addressing the potential structural failure mode(s) when the 
ship is subjected to operational loads and environmental loads/conditions. 

・ The design complies with the design basis, see Ch 1, Sec 3.
・ The structural requirements are based on consistent design load sets which cover the appropriate operating 

modes of a bulk carrier or oil tanker. 
 The ship s structure is designed such that:

・ It has a degree of redundancy. The ship s structure should work in a hierarchical manner and, in principle, 
failure of structural elements lower down in the hierarchy do not result in immediate consequential failure 
of elements higher up in the hierarchy. 

・ It has sufficient reserve strength to withstand the wave and internal loads in damaged conditions that are 
reasonably foreseeable e.g. collision, grounding or flooding scenarios. Residual strength calculations are to 
take into account the ultimate reserve capacity of the hull girder, considering permanent deformation and 
post-buckling behaviour. 

・ The incidence of in-service cracking is minimised, particularly in locations which affect the structural 
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integrity or containment integrity, affect the performance of structural or other systems or are difficult to 
inspect and repair. 

・ It has adequate structural redundancy to survive in the event that the structure is accidentally damaged by a 
minor impact leading to flooding of any compartment. 

4.1.3 Limit state design principles
 The rules are based on the principles of limit state design.
 Limit state design is a systematic approach where each structural element is evaluated with respect to possible 
failure modes related to the design scenarios identified. For each retained failure mode, one or more limit states may 
be relevant. By consideration of all relevant limit states, the limit load for the structural element is found as the 
minimum limit load resulting from all the relevant limit states.
 The limit states defined in Ch 3, Sec 5 are divided into the four categories: Serviceability Limit State (SLS), 
Ultimate Limit State (ULS), Fatigue Limit State (FLS) and Accidental Limit State (ALS).
 The Rules include requirements to cover the relevant limit states for the various parts of the structure. 

4.2 Loads
4.2.1 Design load scenarios
 The structural assessment of the structure is based on the design load scenarios encountered by the ship. Refer to 
Ch 4, Sec 7.
 The design load scenarios are based on static and dynamic loads as given below:

・ Static design load scenario (S): 
Covers application of relevant static loads and typically covers load scenarios in harbour, sheltered water, 
or tank testing. 

・ Static plus Dynamic design load scenario (S+D): 
Covers application of relevant static loads and simultaneously occurring dynamic load components and 
typically cover load scenarios for seagoing operations. 

・ Impact design load scenario (I): 
Covers application of impact loads such as bottom slamming and bow impact encountered during seagoing 
operations. 

・ Sloshing design load scenario (SL): 
Covers application of sloshing loads encountered during seagoing operations. 

・ Fatigue design load scenario (F): 
Covers application of relevant dynamic loads. 

・ Accidental design load scenario (A): 
Covers application of some loads not occurring during normal operations. 

4.3 Structural Capacity Assessment
4.3.1 General
 The basic principle in structural design is to apply the defined design loads, identify plausible failure modes and 
employ appropriate capacity models to verify the required structural scantlings.
4.3.2 Capacity models for ULS, SLS and ALS
 The strength assessment method is to be capable of analysing the failure mode in question to the required degree 
of accuracy.
 The structural capacity assessment methods are in either a prescriptive format or require the use of more 
advanced calculations such as finite element analysis methods.
 The formulae used to determine stresses, deformations and capacity are deemed appropriate for the selected 
capacity assessment method and the type and magnitude of the design load set.
4.3.3 Capacity models for FLS
 The fatigue assessment method provides Rule requirements to assess structural details against fatigue failure.
 The fatigue capacity model is based on a linear cumulative damage summation (Palmgren-Miner s rule) in 
combination with a design S-N curve, a reference stress range and an assumed long-term stress distribution curve.
 The fatigue capacity assessment models are in either a prescriptive format or require the use of more advanced 
calculations, such as finite element analysis methods. These methods account for the combined effects of global and 
local dynamic loads. 
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4.3.4 Net scantling approach
 The objective of the net scantling approach is to:

•  Provide a relationship between the thickness used for strength calculations during the newbuilding stage 
and the minimum thickness accepted during the operational phase. 

•  Enable the status of the structure with respect to corrosion to be clearly ascertained throughout the life of 
the ship. 

 The net scantling approach distinguishes between local and global corrosion. Local corrosion is defined as 
uniform corrosion of local structural elements, such as a single plate or stiffener. Global corrosion is defined as the 
overall average corrosion of larger areas, such as primary supporting members and the hull girder. Both the local and 
global corrosion are used as a basis for the newbuilding review and are to be assessed during operation of the ship.
 No credit is given in the assessment of structural capability for the presence of coatings or similar corrosion 
protection systems.
 The application of the net thickness approach to assess the structural capacity is specified in Ch 3, Sec 2.
4.3.5 Intact structure
 All strength calculations for ULS, SLS and FLS are based on the assumption that the structure is intact. The 
residual strength of the ship in a structurally damaged condition is assessed for ALS. 

5. Rule Design Methods 

5.1 General
5.1.1 Design methods
 Scantling requirements are specified to cover the relevant limit states (ULS, SLS, FLS and ALS) as necessary for 
various structural parts.
 The criteria for the assessment of the scantlings are based on one of the following design methods:

•  Working Stress Design (WSD) method, also known as the permissible or allowable stress method.
•  Partial Safety Factor (PSF) method, also known as Load and Resistance Factor Design (LRFD).

 For both WSD and PSF, two design assessment conditions and corresponding acceptance criteria are given. 
These conditions are associated with the probability level of the combined loads, A and B. 

•  The WSD method has the following composition: 
RWstat 1h£   for condition A. 

RWW dynstat 2h£+  for condition B. 

where:
Wstat: Simultaneously occurring static loads (or load effects in terms of stresses).
Wdyn: Simultaneously occurring dynamic loads. The dynamic loads are typically a combination of local 

and global load components. 
R: Characteristic structural capacity (e.g. specified minimum yield stress or buckling capacity).

ih : Permissible utilisation factor (resistance factor). The utilisation factor includes consideration of 
uncertainties in loads, structural capacity and the consequence of failure. 

•  The PSF method has the following composition: 

R
dyndynstatstat

RWW
g

gg £+ -- 11   for condition A. 

R
dyndynstatstat

RWW
g

gg £+ -- 22  for condition B. 

where: 
istat-g : Partial safety factor that accounts for the uncertainties related to static loads. 

idyn-g : Partial safety factor that accounts for the uncertainties related to dynamic loads. 

Rg : Partial safety factor that accounts for the uncertainties related to structural capacity. 
 The acceptance criteria for both the WSD method and PSF method are calibrated for the various requirements 
such that consistent and acceptable safety levels for all combinations of static and dynamic load effects are derived. 
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5.2 Minimum Requirements
5.2.1
 Minimum requirements specify the minimum scantling requirements which are to be applied irrespective of all 
other requirements, hence thickness below the minimum is not allowed.
 The minimum requirements are usually in one of the following forms:

•  Minimum thickness, which is independent of the specified minimum yield stress.
•  Minimum stiffness and proportion, which are based on buckling failure modes. 

5.3 Load-capacity Based Requirements
5.3.1 General
 In general, the Working Stress Design (WSD) method is applied in the requirements, except for the hull girder 
ultimate strength criteria where the Partial Safety Factor (PSF) method is applied. The partial safety factor format is 
applied for this highly critical failure mode to better account for uncertainties related to static loads, dynamic loads 
and capacity formulations.
 The identified load scenarios are addressed by the Rules in terms of design loads, design format and acceptance 
criteria set, as given in Table 2. The table is schematic and only intended to give an overview.
 Load based prescriptive requirements provide scantling requirements for all plating, local support members, 
most primary supporting members and the hull girder and cover all structural elements including deckhouses, 
foundations for deck equipment.
 In general, these requirements explicitly control one particular failure mode and hence several requirements may 
be applied to assess one particular structural member.
5.3.2 Design loads for SLS, ULS and ALS
 The structural assessment of compartment boundaries, e.g. bulkheads, is based on loading condition deemed 
relevant for the type of ship and the operation the ship is intended for.
 To provide consistency of approach, standardised Rule values for parameters, such as GM, Rroll, Tsc and CB are 
applied to calculate the Rule load values.
 The probability level of the dynamic global, local and impact loads (see Table 1) is 10-8 and is derived using the 
long-term statistical approach.
 The probability level of the sloshing loads (see Table 1) is 10-4.
 The design load scenarios for structural verification apply the applicable simultaneously acting local and global
load components. The relevant design load scenarios are given in Ch 4, Sec 7.
 The simultaneously occurring dynamic loads are specified by applying a dynamic load combination factor to the 
dynamic load values given in Ch 4. The dynamic load combination factors that define the dynamic load cases are 
given in Ch 4, Sec 2.
 Design load conditions for the hull girder ultimate strength are given in Ch 5, Sec 2.
5.3.3 Design loads for FLS
 For the fatigue requirements given in Ch 9, the load assessment is based on the expected load history and an 
average approach is applied. The expected load history for the design life is characterised by the 10-2 probability level 
of the dynamic load value, the load history for each structural member is represented by Weibull probability 
distributions of the corresponding stresses.
 The considered wave induced loads include:

•  Hull girder loads (i.e. vertical and horizontal bending moments).
•  Dynamic wave pressures.
•  Dynamic pressure from cargo.

 The load values are based on Rule parameters corresponding to the loading conditions, e.g. GM, CB, and the 
applicable draughts at amidships.
 The simultaneously occurring dynamic loads are accounted for by combining the stresses due to the various 
dynamic load components. The stress combination procedure is given in Ch 9.
5.3.4 Structural response analysis
 In general, the following approaches are applied for determination of the structural response to the applied 
design load combinations. 

(a) Beam theory: 
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•  Used for prescriptive requirements. 
(b) FE analysis: 

•  Coarse mesh for cargo hold model.
•  Fine mesh for local models.
•  Very fine mesh for fatigue assessment. 

 
Table 1 Load Scenarios and Corresponding Rule Requirements 

Operation Load type Design load scenario Acceptance criteria 

Seagoing operations 

Transit 

Static and dynamic loads in heavy weather  S + D AC-SD 

Impact loads in heavy weather  
Impact 

(I) 
AC-I 

Internal sloshing loads 
Sloshing 

(SL) 
AC-S 

Cyclic wave loads 
Fatigue 

(F) 
- 

BWE by flow 
through or 
sequential 
methods 

Static and dynamic loads in heavy weather S + D AC-SD 

Harbour and sheltered operations 

Loading, 
unloading and 
ballasting 

Typical maximum loads during loading, 
unloading and ballasting operations 

S AC-S 

Tank testing 
Typical maximum loads during tank testing
operations 

S AC-S 

Special 
conditions in 
harbour  

Typical maximum loads during special 
operations in harbour, e.g. propeller 
inspection afloat or dry-docking loading 
conditions 

S AC-S 

Accidental condition 

Flooded 
conditions 

Typically maximum loads on internal 
watertight subdivision structure in accidental 
flooded conditions 

A 
AC-SD
AC-S 

 

5.4 Acceptance Criteria
5.4.1 General
 The acceptance criteria are categorised into three acceptance criteria sets. These are explained below and shown 
in Table 2 and Table 3. The specific acceptance criteria set that is applied in the rule requirements is dependent on 
the probability level of the characteristic combined load.
 The acceptance criteria set AC-S is applied for the static design load combinations, and for the sloshing design 
loads. The allowable stress for such loads is lower than that for an extreme load to take into account effects of: 

•  Repeated yield.
•  Allowance for some dynamics. 
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•  Margins for some selected limited operational mistakes.
 The acceptance criteria set AC-SD is applied for the S+D design load combinations where considered loads are 
extreme loads with a low probability of occurrence.
 The acceptance criteria set AC-I is typically applied for impact loads, such as bottom slamming and bow impact 
loads.
5.4.2 Acceptance criteria
 The specific acceptance criteria applied in the working stress design requirements are given in the detailed Rule 
requirements in Pt 1, Ch 5 to Ch 8, Ch 10, Ch 11 and Pt 2, Ch 1 and Ch 2.
 To provide a general informational summary overview of the acceptance criteria, refer to Table 2 and Table 3
below for the different design load scenarios covered by these Rules for the yield and buckling failure modes. For the 
yield criteria the permissible stress is proportional to the specified minimum yield stress of the material. For the 
buckling failure mode, the acceptance criteria are based on the control of stiffness and proportions as well as on the 
buckling utilisation factor.

 
Table 2 Acceptance Criteria - Prescriptive Requirements 

Acceptance 
criteria 

Plate panels and local support 
members(1) 

Primary supporting members(1) Hull girder members 

Yield Buckling Yield Buckling Yield Buckling 

AC-S
AC-SD 

Permissible 
stress:
Ch 6, Sec 4
Ch 6, Sec 5 

Control of 
stiffness and 
proportions:
Ch 8, Sec 2 

Permissible 
stress:
Ch 6, Sec 6
Pt 2, Ch 1, Sec 4 
Pt 2, Ch 2, Sec 3 

Control of 
stiffness and 
proportions:
Ch 8, Sec 1
Ch 8, Sec 2
Pillar buckling 

Permissible 
stress:
Ch 5, Sec 1 

Allowable 
buckling 
utilisation 
factor:
Ch 8, Sec 1, 3 

AC-I 
Plastic criteria:
Ch 10, Sec 1, 3 

Control of 
stiffness and 
proportions:
Ch 8, Sec 2
Ch 10, Sec 1, 3 

Plastic criteria:
Ch 10, Sec 1, 3 

Control of 
stiffness and 
proportions:
Ch 8, Sec 2
Ch 10, Sec 1, 
3 

N/A N/A 

(1) Refer to Ch 10 for Other structures and to Ch 11 for Superstructure, deckhouses and hull outfitting 

 
Table 3 Acceptance Criteria - FE Analysis 

Acceptance 
criteria 

Cargo hold analysis Fine mesh analysis 

Yield Buckling Yield 

AC-S
AC-SD 

Permissible stress:
Ch 7, Sec 2, 5 

Allowable buckling 
utilisation factor:
Ch 8, Sec 1, 3 

Permissible Von Mises stress:
Ch 7, Sec 3, 6
Screening criteria: Ch 7, Sec 3, 3.3 

 

5.5 Design Verification
5.5.1 Design verification   hull girder ultimate strength
 The requirements for the ultimate strength of the hull girder are based on a Partial Safety Factor (PSF) method. 
A safety factor is assigned to each of the basic variables, the still water bending moment, wave bending moment and 
ultimate capacity. The safety factors were determined using a structural reliability assessment approach, the 
long-term load history distribution of the wave bending moment was derived using ship motion analysis techniques 
suitable for determining extreme wave bending moments. 
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 The purpose of the hull girder ultimate strength verification is to demonstrate that one of the most critical failure 
modes of a ship is controlled.
5.5.2 Design verification   global finite element analysis
 The global finite element analysis is used to verify the scantlings given by the load-capacity based prescriptive
requirements to better consider the complex interactions between the ship s structural components, complex local 
structural geometry, change in thicknesses and member section properties as well as the complex load regime with 
sufficient accuracy.
 A linear elastic three dimensional finite element analysis of the cargo region (a FE model length of three holds is 
required) is carried out to assess and verify the structural response of the proposed hull girder and primary supporting 
members and assist in specifying the scantling requirements for the primary supporting members. The purpose with 
the finite element analysis is to verify that the stresses and buckling capability of the primary supporting members are 
within acceptable limits for the applied design loads.
5.5.3 Design verification   fatigue assessment
 The fatigue assessment is required to verify that the fatigue life of critical structural details is adequate. A 
simplified fatigue requirement is applied to details such as end connections of longitudinal stiffeners using stress 
concentration factors (SCF) to account the actual detail geometry. A fatigue assessment procedure using finite 
element analysis for determining the actual hot spot stress of the geometric detail is applied to selected details. In 
both cases, the fatigue assessment method is based on the Palmgren-Miner linear damage model.
5.5.4 Relationship between prescriptive scantling requirements and FE analysis
 The scantlings defined by the prescriptive requirements are not to be reduced by any form of alternative 
calculations such as FE analysis, unless explicitly stated. 
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Section 3 VERIFICATION OF COMPLIANCE 

1. General 

1.1 Newbuilding
1.1.1
 For newbuildings, the plans and documents submitted for approval, as indicated in 2, are to comply with 
applicable requirements in these Rules, taking account of the relevant criteria, such as additional service features and 
classification notations assigned to the ship or the ship length.
1.1.2
 When a ship is surveyed by the Society during construction, the Society:

・ Approves the plans and documentation submitted as required by the Rules.
・ Proceeds with the appraisal of the design of materials and equipment used in the construction of the ship 

and their inspection at works. 
・ Carries out surveys or obtains appropriate evidence to satisfy itself that the scantlings and construction 

meet the Rule requirements in relation to the approved drawings. 
・ Attends tests and trials provided for in the Rules.
・ Assigns the classification character of the Society s notation. 

1.1.3
 The Society defines in Part K and Part L which materials and equipment used for the construction of ships 
built under survey are, as a rule, subject to appraisal of their design and to inspection at works, and according to 
which particulars.
1.1.4
 As part of his/her interventions during ship s construction, the surveyor:

・ Conducts an overall examination of the parts of the ship covered by the Rules.
・ Examines the construction methods and procedures when required by the Rules.
・ Checks selected items covered by the Rule requirements.
・ Attends tests and trials where applicable and deemed necessary.

1.1.5
 Through all stages of ship construction, it is the builder s responsibility to inform promptly the Society of the 
modifications or departures from approved arrangements and to deal with as necessary. The builder is to ensure that 
deviations from the requirements of the Rules or approved plans, other than those of a minor nature not affecting the 
structural strength of the vessel, are, in any case, accepted by the Society's approval office. 

1.2 Ships in Service
1.2.1
 For ships in service, the requirements in Ch 13 are to be complied with. 

2. Documents to be Submitted 

2.1 Documentation and Data Requirements
2.1.1 Loading information
 Loading information containing sufficient information to enable the master of the ship to maintain the ship 
within the stipulated operational limitations is to be provided on board the ship. The loading information is to include 
an approved loading manual and loading instrument complying with the requirements given in Ch 1, Sec 5.
2.1.2 Calculation data and results
 Where calculations have been carried out in accordance with the procedures given in the Rules, one copy of the 
following is to be submitted for information as applicable: 

(a) Reference to the calculation procedure and technical program used. 
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(b) A description of the structural modelling.
(c) A summary of the analysed parameter including properties and boundary conditions for direct analysis, 

when applicable. 
(d) Details of the loading conditions and the means of applying loads for direct analysis, when applicable.
(e) A comprehensive summary of calculation results.
(f) Sample calculations where appropriate.

 The responsibility for error free specification and input of program data and the subsequent correct transposal of 
output resides with the designer.
 Reference is made to Ch 7, Sec 1, 4.1 for required reporting of finite element analysis. 

2.2 Submission of Plans and Supporting Calculations
2.2.1 Plans and supporting calculations are to be submitted for approval
 For the application of these Rules, the plans and supporting calculations to be submitted to the Society for 
approval are listed in Table 1.
 Plans are to be submitted electronically or physically. When physically submitted plans are to be submitted in 
triplicate, with one copy necessary for supporting documents and calculations. In addition, the Society may request 
the submission of information, other plans and documents deemed necessary for the review of the design.
 Structural plans are to show scantling, details of connection of the various parts and are to specify the design 
materials including, in general, their grades, manufacturing processes, welding procedures and heat treatments, and 
are to include information related to the renewal thickness as specified in Ch 13.
 For welding requirements, see Ch 12, Sec 2 and Ch 12, Sec 3.
 In case there are deviations from the design basis, then these are to be documented and submitted to the Society.

 
Table 1 Plans and Supporting Calculation to be Submitted for Approval 

Plan or supporting calculation Containing also information on 

Midship section
Transverse sections
Shell expansion
Decks and profiles
Double bottom
Pillar arrangements
Framing plan
Deep tank and ballast tank bulkheads, Wash 
bulkheads
Standard construction details 

Class characteristics
Ship s main dimensions
Minimum ballast draught
Frame spacing
Maximum service speed
Density of cargoes
Design loads on decks and double bottom
Steel grades
Corrosion protection
Openings in decks and shell and relevant compensations
Boundaries of flat areas in bottom and sides
Details of structural reinforcements and/or discontinuities
Bilge keel with details of connections to hull structures
Welding 

Watertight subdivision bulkheads
Watertight tunnels 

Openings and their closing appliances, if any 

Fore part structure - 

Aft part structure - 

Machinery space structures
Foundations of propulsion machinery and boilers 

Type, power and RPM of propulsion machinery
Mass and centre of gravity of machinery and boilers 

Superstructures and deckhouses
Machinery space casing 

Extension and mechanical properties of the aluminium alloy used 
(where applicable) 
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Table 1 Plans and Supporting Calculation to be Submitted for Approval (Continued) 

Plan or supporting calculation Containing also information on 

Hatch covers and hatch coamings Design loads on hatch covers
Sealing and securing arrangements, type and position of locking bolts 
Distance of hatch covers from the summer load waterline and from the 
fore end 

Transverse thruster, if any, general arrangement,
tunnel structure, connections of thruster with 
tunnel and hull structures 

- 

Bulwarks and freeing ports Arrangement and dimensions of bulwarks and freeing ports on the 
freeboard deck and superstructure deck 

Windows and side scuttles, arrangements and 
details 

- 

Scuppers and sanitary discharges - 

Mooring and towing arrangement - 

Supporting structure and foundations for 
shipboard fittings associated with mooring and 
towing operations 

Design loads and directions of load actions, rated pull and holding 
load for mooring winches
Reaction forces
Details of connection of the foundations to the deck, including 
specifications for holding down bolts for mooring winches
Material specifications and welding 

Supporting structure and foundations for 
windlasses and chain stoppers 

Design loads and directions of load actions
Reaction forces
Details of connection of the foundations to the deck, including 
specifications for holding down bolts for windlasses
Material specifications and welding 

Stern frame or sternpost, sterntube
Propeller shaft boss and brackets (1) 

- 

Plan of watertight doors and scheme of relevant 
closing devices 

Closing devices
Electrical diagrams of power control and position indication circuits 

Plan of weathertight or outer doors and 
hatchways 

- 

Supporting structure for lifting appliances Design loads (forces and moments)
SWL and self weight of lifting appliances
Maximum sea state in offshore operation, if any
Connections to the hull structures 

Supporting structure for life saving appliances Design loads (forces and moments)
SWL and self weight of lifting appliances
Connections to the hull structure 

Sea chests, stabiliser recesses, etc - 

Plan of manholes - 

Plan of access to and escape from spaces - 
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Table 1 Plans and Supporting Calculation to be Submitted for Approval (Continued) 

Plan or supporting calculation Containing also information on 

Plan of ventilation including ventilators and tank 
vents 

Use of spaces and location and height of air vent outlets of various 
compartments 

Plan of tank testing Testing procedures for the various compartments
Height of pipes for testing 

Equipment number calculation Geometrical elements for calculation
List of equipment
Construction and breaking load of steel wires
Material, construction, breaking load and relevant elongation of 
synthetic ropes 

Anchoring arrangement - 

Hawse pipes - 

Loading manual and/or trim and stability booklet - 

(1) Where other steering or propulsion systems are adopted (e.g. steering nozzles or azimuth propulsion systems), the 
plans showing the relevant arrangement and structural scantlings are to be submitted. 

2.2.2 Plans to be submitted for information
 In addition to those in 2.2.1, the following plans are to be submitted to the Society for information:

(a) General arrangement.
(b) Capacity plan, indicating the volume and position of the centre of gravity of all compartments and tanks.
(c) Lines plan, when deemed necessary by the Society.
(d) Hydrostatic curves.
(e) Lightweight distribution.
(f) Docking plan.
(g) Arrangement of lifting appliances

2.2.3 Plans and instruments to be supplied onboard the ship
 As a minimum, the following plans and instrument are to be supplied onboard:

(a) One copy of the following plans indicating the newbuilding and renewal thickness for each structural item 
is to be supplied onboard the ship: plans of midship sections, construction profiles, shell expansion, 
transverse bulkheads, aft and fore part structures, machinery space structures.

 One copy of the following plans indicating the newbuilding thickness for each structural item is to be 
supplied onboard the ship: plans of superstructures, deckhouses and casing. 

(b) One copy of the final approved loading manual, see 2.1.1.
(c) One copy of the final approved loading instrument, see 2.1.1.
(d) Welding.
(e) Details of the extent and location of higher tensile steel together with details of the specification and 

mechanical properties, and any recommendations for welding, working and treatment of these steels. 
(f) Details and information on use of special materials, such as an aluminium alloy, used in the hull 

construction. 
(g) Towing and mooring arrangements plan, see Ch 11, Sec 3.
(h) Structural access manual.
(i) Structural details for which post weld treatment methods are applied, showing the description of the details 

and their locations. 
 Other plans or instrument may be required by the Society. 
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3. Scope of Approval 

3.1 General
3.1.1
 The attention of owners, designers and builders is directed to the regulations of international, national, canal, and 
other authorities dealing with those requirements which may affect structural aspects, in addition to or in excess of 
the classification requirements.
3.1.2
 The documentation, plans and data requirements specified in 2 are to be submitted. The Society is to review 
such documentation to verify compliance with the requirements.
3.1.3
 An appropriate term to indicate that the plans, reports or documents have been reviewed for compliance with 
these Rules is to be used according to the procedures of the Society. 

3.2 Requirements of International and National Regulations
3.2.1 Responsibility
 It is the responsibility of the designer to ensure that the design complies with the national and international 
regulations applicable to the ship.
 The Society is not responsible for assessing compliance with international and national regulations as part of the 
general classification process. However, the Society may enter into an agreement with the flag administration of the 
ship under which they are explicitly instructed to review and approve a ship design for compliance with specified 
regulations. 

4. Workmanship 

4.1 Requirements to be Complied with by the Manufacturer
4.1.1
 The manufacturing plant is to be provided with suitable equipment and facilities to enable proper handling of the 
materials, manufacturing processes and structural components. The manufacturing plant is to have at its disposal 
sufficiently qualified personnel. The Society is to be advised of the names and areas of responsibility of the 
supervisory and control personnel in charge of the project. 

4.2 Quality Control
4.2.1
 As far as required and expedient, the manufacturer s personnel has to examine all structural components both 
during manufacture and on completion, to verify that they are complete, that the dimensions are correct and that 
workmanship is satisfactory and meets the standard of good shipbuilding practice.
 Upon inspection and corrections by the manufacturing plant, the structural components are to be shown to the 
surveyor of the Society for inspection, in suitable sections, normally unpainted condition and enabling proper access 
for inspection.
 The Surveyor may reject components that have not been adequately checked by the plant and may demand their 
re-submission upon successful completion of such checks and corrections by the plant. 

5. Structural Details 

5.1 Details in Manufacturing Documents
5.1.1
 Significant details concerning quality and functional ability of the component concerned are to be entered in the 
manufacturing documents (e.g. workshop drawing). This includes not only scantlings but, where relevant, such items 
as surface conditions (e.g. finishing of flame cut edges and weld seams), and special methods of manufacture 
involved as well as inspection and acceptance requirements and where relevant permissible tolerances. When a 
standard is used (works or national standard), it is to be submitted to the Society. For weld joint details, see Ch 12, 
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Sec 2.
 If, due to missing or insufficient details in the manufacturing documents, the quality or functional ability of the 
component is doubtful, the Society may require appropriate improvements to be submitted by the manufacturer. This 
includes the provision of supplementary or additional parts (for example, reinforcements) even if these were not 
required at the time of plan approval. 

6. Equivalence Procedures 

6.1 Rule Applications
6.1.1
 These Rules apply to ships of normal form, proportions, speed and structural arrangements. Relevant design 
parameters defining the assumptions made are given in Ch 1, Sec 2, 3.
6.1.2
 Special consideration is to be given to the application of the Rules incorporating design parameters which are 
outside the design basis as specified in Ch 1, Sec 2, 3, for example, increased fatigue life. 

6.2 Novel Designs
6.2.1
 Ships of novel design, i.e. those of unusual form, proportions, speed and structural arrangements outside those 
specified in Ch 1, Sec 2, 3.2, are specially considered according to the contents of 6.2.2 to 6.2.4.
6.2.2
 Information is to be submitted to the Society to demonstrate that the structural safety of the novel design is at 
least equivalent to that intended by the Rules.
6.2.3
 In such cases, the Society is to be contacted at an early stage in the design process to establish the applicability 
of the Rules and additional information required for submission.
6.2.4
 Dependent on the nature of the deviation, a systematic review may be required to document equivalence with the 
Rules. 

6.3 Alternative Calculation Methods
6.3.1
 Where indicated in specific sections of the Rules, alternative calculation methods to those shown in the Rules 
may be accepted provided it is demonstrated that the scantling and arrangements are of at least equivalent strength to 
those derived using the Rules. 
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Section 4 SYMBOLS AND DEFINITIONS 

1. Primary Symbols and Units 

1.1 General
1.1.1
 Unless otherwise specified, the general symbols and their units used in these Rules are those defined in Table 1.
 

Table 1 Primary Symbols 

Symbol Meaning Units 

A 
Area m2 

Sectional area of stiffeners and primary members cm2 

C Coefficient - 

F Force and concentrated loads kN 

I 
Hull girder inertia m4 

Inertia of stiffeners and primary members cm4 

M Bending moment kNm 

M Mass t 

P Pressure kN/m2 

Q Shear force kN 

T Draught of ship, see 3.1.5 m 

Z 
Hull girder section modulus m3 

Section modulus of stiffeners and primary supporting members cm3 

ai Acceleration for the effect  i  m/s2 

b 
Width of attached plating mm 

Width of face plate of stiffeners and primary supporting members mm 

g Gravity acceleration, taken equal to 9.81 m/s2 m/s2 

h 
Height m 

Web height of stiffeners and primary supporting members mm 

l  Length/span of stiffeners and primary supporting members m 

n Number of items - 

r 
Radius mm 

Radius of curvature of plating or bilge radius mm 

t Thickness mm 

x X coordinate along longitudinal axis, see 3.6 m 
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Table 1 Primary Symbols (Continued) 

Symbol Meaning Units 

y Y coordinate along transverse axis, see 3.6 m 

z Z coordinate along vertical axis, see 3.6 m 

h  Permissible utilisation factor (usage factor) - 

g  Safety factor - 

d  Deflection/displacement mm 

q  Angle deg 

r  Density of seawater, taken equal to 1.025 t/m3 t/m3 

s  Normal stress N/mm2 

t  Shear stress N/mm2 

 

2. Symbols 

2.1 Ship s Main Data
2.1.1
 Unless otherwise specified, symbols regarding ship s main data and their units used in these Rules are those 
defined in Table 2.

 
Table 2 Ship s Main Data 

Symbol Meaning Units 

LCSR Rule length m 

LLL Freeboard length m 

LPP Length between perpendiculars m 

L0 Rule length, LCSR, but not to be taken less than 110 m m 

L1 Rule length, LCSR, but need not be taken greater than 250 m m 

L2 Rule length, LCSR, but need not be taken greater than 300 m m 

B Moulded breadth of ship m 

D Moulded depth of ship m 

T Moulded draught m 

TSC Scantling draught m 

TBAL Ballast draught (minimum midship) m 

TBAL-H Heavy ballast draught m 

TBAL-E Emergency ballast draught or gale ballast draught m 

TLC Midship draught at considered loading condition m 
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Table 2 Ship s Main Data (Continued) 

Symbol Meaning Units 

TF-f, TF-e 
Minimum draught at forward perpendicular for bottom slamming, with respectively 
all ballast tanks full or with any tank empty in bottom slamming area 

m 

D  Moulded displacement at draught TSC t 

CB Block coefficient at draught TSC - 

V Maximum service speed knot 

x, y, z 
X,Y, Z coordinates of the calculation point with respect to the reference coordinate 
system 

m 

 

2.2 Materials
2.2.1
 Unless otherwise specified, symbols regarding materials and their units used in these Rules are those defined in 
Table 3.
 

Table 3 Materials 

Symbol Meaning Units 

E Young s modulus, see Ch 3, Sec 1, 2 N/mm2 

G 
Shear modulus, 

( )n+
=

12
EG  N/mm2 

ReH Specified minimum yield stress, see Ch 3, Sec 1, 2 N/mm2 

eHt  
Specified shear yield stress, 

3
eH

eH
R

=t
 

N/mm2 

n  Poisson s ratio, see Ch 3, Sec 1, 2 - 

k Material factor, see Ch 3, Sec 1, 2 - 

Rm Specified minimum tensile strength, see Ch 3, Sec 1, 2 N/mm2 

RY Nominal yield stress, taken equal to 235/k N/mm2 

 

2.3 Loads
2.3.1
 Unless otherwise specified, symbols regarding loads and their units used in these Rules are those defined in 
Table 4.

 
Table 4 Loads 

Symbol Meaning Units 

Cw Wave coefficient - 

qT  Roll period s 

q  Roll angle deg 
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Table 4 Loads (Continued) 

Symbol Meaning Units 

jT  Pitch period s 

j  Pitch angle deg 

ao Common acceleration parameter - 

az Vertical acceleration  m/s2 

ay Transverse acceleration  m/s2 

ax Longitudinal acceleration  m/s2 

fp Probability factor  - 

kr Roll amplitude of gyration m 

GM Metacentric height m 

l  Wave length m 

S Static load case  - 

S+D Dynamic load case - 

Pex Total sea pressure, see Ch 4, Sec 5, 1.1 kN/m2 

Pin 
Total internal pressure due to liquid, see Ch 4, Sec 6, 1, or due to dry bulk cargo, 
see Ch 4, Sec 6, 2.4.1 

kN/m2 

Ps Static sea pressure kN/m2 

Pls Static tank pressure kN/m2 

Pw Dynamic wave pressure kN/m2 

Pld Dynamic tank pressure kN/m2 

PD Green sea deck pressure kN/m2 

Pslh-j Sloshing pressure, j=direction kN/m2 

Pdl 
Total pressure due to distributed load on deck or platform, see Ch 4, Sec 5, 2.3 or 
Ch 4, Sec 6, 5.2 

kN/m2 

PSL Bottom slamming pressure kN/m2 

PFB Bow impact pressure kN/m2 

Pfs Static pressure in flooded conditions kN/m2 

Pfd Dynamic pressure in flooded conditions kN/m2 

PST Tank testing pressure (static) kN/m2 

FU 
Total force due to concentrated load on deck or platform, see Ch 4, Sec 5, 2.3 or 
Ch 4, Sec 6, 5.3 

kN 

Msw-j Vertical still water bending moment, j = h, s, p (hog, sag, harbour) kNm 

Qsw Vertical still water shear force kN 
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Table 4 Loads (Continued) 

Symbol Meaning Units 

Mwv-j Vertical wave bending moment, j = h, s (hog, sag) kNm 

Qwv Vertical wave shear force kN 

Mwt Torsional wave moment kNm 

Mwh Horizontal wave bending moment kNm 

 

2.4 Scantlings
2.4.1
 Unless otherwise specified, symbols regarding scantlings and their units used in these Rules are those defined in 
Table 5.
 

Table 5 Scantlings 

Symbol Meaning Units 

Iy-n50 Net vertical moment of inertia of hull girder m4 

Iz-n50 Net horizontal moment of inertia of hull girder m4 

ZD-n50, ZB-n50 Net vertical hull girder section moduli, at deck and bottom respectively m3 

zn Vertical distance from BL to horizontal neutral axis m 

a Length of EPP, as defined in Ch 3, Sec 7, 2.1.1 mm 

b Breadth of EPP, as defined in Ch 3, Sec 7, 2.1.1 mm 

s Stiffener spacing (see Ch 3, Sec 7, 1.2.1) mm 

S Primary supporting member spacing (see Ch 3, Sec 7, 1.2.2) m 

l  Span of stiffeners or primary supporting member (see Ch 3, Sec 7, 1) m 

bl  Bracket arm length m 

t Net thickness with full corrosion reduction mm 

tn50 Net thickness with half corrosion reduction mm 

tc Corrosion addition mm 

tgr Gross thickness mm 

tas_built As built thickness mm 

tgr_off Gross thickness offered mm 

tgr_req Gross thickness required mm 

toff Net thickness offered mm 

treq Net thickness required mm 

tvol_add Thickness for voluntary addition mm 

tres Reserve thickness mm 
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Table 5 Scantlings (Continued) 

Symbol Meaning Units 

tc1, tc2 Corrosion addition on each side of structural member mm 

hw Web height of stiffener or primary supporting member mm 

tw Web thickness of stiffener or primary supporting member mm 

bf Face plate width stiffener or primary supporting member mm 

hstf Height of stiffener  mm 

tf Face plate/flange thickness of stiffener or primary supporting member mm 

tp Thickness of the plating attached to a stiffener or a primary supporting member mm 

de Distance from the upper edge of the web to the top of the flange for L3 profiles mm 

beff Effective breadth of attached plating, in bending, for yield and fatigue mm 

Aeff or Aeff-n50 
Net sectional area of stiffeners or primary supporting members, with attached 
plating (of width s) 

cm2 

Ashr or Ashr-n50 Net shear sectional area of stiffeners or primary supporting members cm2 

Ip Net polar moment of inertia of stiffener about its connection to plating cm4 

I 
Net moment of inertia of the stiffener, with attached shell plating, about its neutral 
axis parallel to the plating 

cm4 

Z or Zn50 
Net section modulus of a stiffener or primary supporting member with attached 
plating (of breadth beff) 

cm3 

 

3. Definitions 

3.1 Principal Particulars
3.1.1 LCSR, Rule length
 The Rule length LCSR is the distance, in m, measured on the waterline at the scantling draught TSC from the 
forward side of the stem to the centre of the rudder stock. LCSR is to be not less than 96% and need not exceed 97% of 
the extreme length on the waterline at the scantling draught TSC.
 In ships without rudder stock (e.g. ships fitted with azimuth thrusters), the Rule length LCSR is to be taken equal 
to 97% of the extreme length on the waterline at the scantling draught TSC.
 In ships with unusual stem or stern arrangements, the Rule length is considered on a case-by-case basis.
3.1.2 LLL, freeboard length
 The freeboard length LLL, in m, is to be taken as 96% of the total length on a waterline at 85% of the least 
moulded depth measured from the top of the keel, or as the length from the fore side of the stem to the axis of the 
rudder stock on that waterline, if that be greater. 
 For ships without a rudder stock, the length LLL is to be taken as 96% of the waterline at 85% of the least 
moulded depth.
 Where the stem contour is concave above the waterline at 85% of the least moulded depth, both the forward end 
of the extreme length and the forward side of the stem are to be taken at the vertical projection to that waterline of the 
aftermost point of the stem contour (above that waterline), see Fig. 1. 
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Fig. 1 Concave Stem Contour 

 
3.1.3 Moulded breadth
 The moulded breadth B is the greatest moulded breadth, in m, measured amidships at the scantling draught, TSC.
3.1.4 Moulded breadth
 D, the moulded depth, is the vertical distance, in m, amidships, from the moulded baseline to the moulded deck 
line of the uppermost continuous deck measured at deck at side. On ships with a rounded gunwale, D is to be 
measured to the continuation of the moulded deck line.
3.1.5 Draughts
 T, the draught in m, is the summer load line draught for the ship in operation, measured from the moulded 
baseline at midship. Note this may be less than the maximum permissible summer load waterline draught.
 TSC is the scantling draught, in m, at which the strength requirements for the scantlings of the ship are met and 
represents the full load condition. The scantling draught TSC is to be not less than that corresponding to the assigned 
freeboard. The draught of ships to which timber freeboards are assigned corresponds to the loading condition of 
timber, and the requirements of the Society are to be applied to this draught.
 TBAL is the minimum design normal ballast draught amidships, in m, at which the strength requirements for the 
scantlings of the ship are met. This normal ballast draught is the minimum draught of ballast conditions including 
ballast water exchange operation, if any, for any ballast conditions in the loading manual including both departure 
and arrival conditions.
 TBAL-H is the minimum design heavy ballast draught, in m, at which the strength requirements for the scantlings 
of the ship are met. This heavy ballast draught is to be considered for ships having heavy ballast condition.
3.1.6 Moulded displacement
 Moulded displacement, in t, corresponds to the underwater volume of the ship, at a draught, in seawater with a 
density of 1.025 t/m3.
3.1.7 Maximum service speed
 V, the maximum ahead service speed, in knots, means the greatest speed which the ship is designed to maintain 
in service at her deepest seagoing draught at the maximum propeller RPM and corresponding engine MCR (Maximum 
Continuous Rating).
3.1.8 Block coefficient
 CB, the block coefficient at the draught, TSC is defined in the following equation: 

SCCSR
B BTL

C
025.1

D
=  

where: 
D : Moulded displacement of the ship at draught TSC. 

3.1.9 Lightweight
 The lightweight is the ship displacement, in t, complete in all respects, but without cargo, consumable, stores, 
passengers and crew and their effects, and without any liquids on board except that machinery and piping fluids, such 
as lubricants and hydraulics, are at operating levels. 

① 

① 
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3.1.10 Deadweight
 The deadweight DWT is the difference, in t, between the displacement, at the summer draught in seawater of 
density 3/025.1 mt=r , and the lightweight. 
3.1.11 Fore end
 The fore end (FE) of the rule length LCSR, see Fig. 2, is the perpendicular to the scantling draught waterline at the 
forward side of the stem.

 
Fig. 2 Ends and Midship 

 
 

3.1.12 Aft end
 The aft end (AE) of the rule length LCSR, see Fig. 2, is the perpendicular to the scantling draught waterline at a 
distance LCSR aft of the fore end.
3.1.13 Midship
 The midship is the perpendicular to the scantling draught waterline at a distance 0.5LCSR aft of the fore end.
3.1.14 Midship part
 The midship part of a ship is the part extending 0.4LCSR amidships, unless otherwise specified.
3.1.15 Forward freeboard perpendicular
 The forward freeboard perpendicular, FPLL, is to be taken at the forward end of the length LLL and is to coincide 
with the foreside of the stem on the waterline on which the length LLL is measured.
3.1.16 After freeboard perpendicular
The after freeboard perpendicular, APLL, is to be taken at the aft end of the length LLL. 

3.2 Position 1 and Position 2
3.2.1 Position 1
 Position 1 includes:

・ Exposed freeboard and raised quarter decks.
・ Exposed superstructure decks situated forward of 0.25LLL from FPLL. 

3.2.2 Position 2
 Position 2 includes:

・ Exposed superstructure decks situated aft of 0.25LLL from FPLL and located at least one standard height of 
superstructure above the freeboard deck. 

・ Exposed superstructure decks situated forward of 0.25LLL from FPLL and located at least two standard 
heights of superstructure above the freeboard deck. 

3.3 Standard Height of Superstructure
3.3.1
 The standard height of superstructure is defined in Table 6.
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Table 6 Standard Height of Superstructure 

Freeboard length LLL, in m 
Standard height hS, in m 

Raised quarter deck All other superstructures 

90 < LLL £ 125 0.3 + 0.012 LLL 1.05 + 0.01 LLL 

LLL > 125 1.80 2.30 

3.3.2
 A tier is defined as a measure of the extent of a deckhouse. A deckhouse tier consists of a deck and external 
bulkheads. In general, the first tier is the tier situated on the freeboard deck. 

3.4 Type A and Type B Freeboard Ships
3.4.1 Type A ship
 Type A ship is one which:

・ Is designed to carry only liquid cargoes in bulk.
・ Has a high integrity of the exposed deck with only small access openings to cargo compartments, closed by 

watertight gasketed covers of steel or equivalent material. 
・ Has low permeability of loaded cargo compartments.

 Type A ship is to be assigned a freeboard following the requirements specified in the ICLL.
3.4.2 Type B ship
 All ships which do not come within the provisions regarding Type A ships stated in 3.4.1 are to be considered as 
Type B ships.
 Type B ship is to be assigned a freeboard following the requirements specified in ICLL.
3.4.3 Type B-60 ship
 Type B-60 ship is any Type B ship of over 100 m in length which, according to applicable requirements of ICLL
is assigned with a value of tabular freeboard which can be reduced up to 60% of the difference between the  B  and 
 A  tabular values for the appropriate ship lengths.
3.4.4 Type B-100 ship
 Type B-100 ship is any Type B ship of over 100 m in length which, according to applicable requirements of 
ICLL is assigned with a value of tabular freeboard which can be reduced up to 100% of the difference between the 
 B  and  A  tabular values for the appropriate ship lengths. 

3.5 Operation Definition
3.5.1 Multiport
 Multiport corresponds to short voyage with loading and unloading in multiple ports.
3.5.2 Sheltered water
 Sheltered waters are generally calm stretches of water when the wind force does not exceed 6 Beaufort scale, i.e. 
harbours, estuaries, roadsteads, bays, lagoons. 

3.6 Reference Coordinate System
3.6.1
 The ship s geometry, motions, accelerations and loads are defined with respect to the following right-hand 
coordinate system, see Fig. 3: 

Origin: At the intersection among the longitudinal plane of symmetry of ship, the aft end of LCSR and the 
baseline. 

X axis: Longitudinal axis, positive forwards.
Y axis: Transverse axis, positive towards portside.
Z axis: Vertical axis, positive upwards. 
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Fig. 3 Reference Coordinate System 

 
 

3.7 Naming Convention
3.7.1
 Fig. 4 to Fig. 8 show the common structural nomenclature used within these Rules.
 

Fig. 4 Corrugated Transverse Bulkhead of Double Hull Tanker 

 
 



－35－

2019 Rules for the Survey and Construction of Steel Ships (Part CSR-B&T Part 1 Chapter 1 Section 4)

Fig. 5 Transverse Bulkhead of Double Hull Tanker 
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Fig. 6 Mid Cargo Hold Transverse Section of Double Hull Tanker 
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Fig. 7 Mid Cargo Hold Transverse Section of Single Side Bulk Carrier 
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Fig. 8 Transverse Bulkhead of Bulk Carrier 

 
 

3.8 Glossary 

3.8.1 Definitions of Terms 
 

Table 7 Definition of Terms 

Terms Definition 

Accommodation deck A deck used primarily for the accommodation of the crew. 

Accommodation ladder A portable set of steps on a ship s side for people boarding from small boats or from a pier. 

Aft peak The area aft of the aft peak bulkhead. 

Aft peak bulkhead The first main transverse watertight bulkhead forward of the stern. 
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Table 7 Definition of Terms (Continued) 

Terms Definition 

Aft peak tank The compartment in the narrow part of the stern aft of the aft peak bulkhead. 

Anchor 
A device which is attached to anchor chain at one end and lowered into the sea bed to hold a 
ship in position; it is designed to grip the bottom when it is dragged by the ship trying to float
away under the influence of wind and current, usually made of heavy casting or casting. 

Ballast tank A compartment used for the storage of water ballast. 

Bay The area between adjacent transverse frames or transverse bulkheads. 

Bilge hopper tank The tank used for ballast or for stability when carrying certain cargoes in bulk carriers. 

Bilge keel 
A piece of plate set perpendicular to a ship s shell along the bilges to reduce the rolling 
motion. 

Bilge plating 

The bilge plating is the curved plating between the bottom shell and side shell. It is to be 
taken as follows:
Within the cylindrical part of the ship: From the start of the curvature at the lower turn of 
bilge on the bottom to the end of the curvature at the upper turn of the bilge,
Outside the cylindrical part of the ship: From the start of the curvature at the lower turn of the 
bilge on the bottom to the lesser of:
・ A point on the side shell located 0.2D above the baseline/local centreline elevation.
・ The end of the curvature at the upper turn of the bilge. 

Bilge strake The lower strake of bilge plating. 

Boss 
The boss of the propeller is the central part to which propeller blades are attached and through 
which the shaft end passes. 

Bottom shell 
The shell envelope plating forming the predominantly flat bottom portion of the shell 
envelope including the keel plate. 

Bow The structural arrangement and form of the forward end of the ship. 

Bower anchor An anchor carried at the bow of the ship. 

Bracket 
An extra structural component used to increase the strength of a joint between two structural 
members. 

Bracket toe The narrow end of a tapered bracket. 

Breakwater 
Inclined and stiffened plate structure on a weather deck to break and deflect the flow of water 
coming over the bow. 

Breast hook A triangular plate bracket joining port and starboard side structural members at the stem. 

Bridge 
An elevated superstructure having a clear view forward and at each side, and from which a 
ship is steered. 

Buckling panel Elementary plate panel considered for the buckling analysis. 

Builder 
The party contracted by the owner to build a ship in compliance with the specifications 
including Rules. 

Bulb profile 
A stiffener utilising an increase in steel mass on the outer end of the web instead of a separate 
flange. 

Bulkhead A structural partition wall sub-dividing the interior of the ship into compartments. 
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Table 7 Definition of Terms (Continued) 

Terms Definition 

Bulkhead deck 
The uppermost continuous deck to which transverse watertight bulkheads and shell are 
carried. 

Bulkhead stool The lower or upper base of a corrugated bulkhead. 

Bulkhead structure The transverse or longitudinal bulkhead plating with stiffeners and girders. 

Bulwark 
The vertical plating immediately above the upper edge of the ship s side surrounding the 
exposed deck(s). 

Bunker A compartment for the storage of fuel oil used by the ship's machinery. 

Cable A rope or chain attached to the anchor. 

Camber The upward rise of the weather deck from both sides towards the centreline of the ship. 

Cargo hold region See Ch 1, Sec 1, 2.4.3. 

Cargo hold Generic term for spaces intended to carry cargo, liquid or dry bulk. 

Cargo tank Tank carrying cargoes 

Cargo tank bulkhead A boundary bulkhead separating cargo tanks. 

Carlings A stiffening member used to supplement the regular stiffening arrangement. 

Casing The covering or bulkhead around or about any space for protection. 

Cellular construction 
A structural arrangement where there are two closely spaced boundaries and internal 
diaphragm plates arranged in such a manner to create small compartments. 

Centreline girder A longitudinal member located on the centreline of the ship. 

Chain Connected metal rings or links used for holding anchor, fastening timber cargoes, etc. 

Chain locker A compartment usually at the forward end of a ship which is used to store the anchor chain. 

Chain pipe A section of pipe through which the anchor chain enters or leaves the chain locker. 

Chain stopper 
A device for securing the chain cable when riding at anchor as well as securing the anchor in 
the housed position in the hawse pipe, thereby relieving the strain on the windlass. 

Coaming The vertical boundary structure of a hatch or skylight. 

Cofferdams See Ch 2, Sec 3, 1. 

Collar plate 
A patch used to, partly or completely, close a hole cut for a longitudinal stiffener passing 
through a transverse web. 

Collision bulkhead The foremost main transverse watertight bulkhead. 

Companionway A weathertight entrance leading from a ship s deck to spaces below. 

Compartment An internal space bounded by bulkheads or plating. 

Confined space 
A space identified by one of the following characteristics: limited openings for entry and exit, 
unfavourable natural ventilation or not designed for continuous worker occupancy. 

Corrugated bulkhead A bulkhead including corrugations and usually fitted with lower and upper stools. 

Corrugation Plating arranged in a corrugated fashion. 
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Table 7 Definition of Terms (Continued) 

Terms Definition 

Cross deck The area between cargo hatches. 

Cross ties 
Large transverse structural members joining longitudinal bulkheads or joining a longitudinal 
bulkhead with double side structures and used to support them against hydrostatic and 
hydrodynamic loads. 

Deck A horizontal structure element that defines the upper or lower boundary of a compartment. 

Deckhouse See Ch 1, Sec 1, 2.4.6. 

Deck structure The deck plating with stiffeners, girders and supporting pillars. 

Deck transverse Transverse PSM at the deck. 

Deep tank 
Any tank which extends between two decks or the shell/inner bottom and the deck above or 
higher. 

Designer 
A party who creates documentation submitted to the Society necessary for approval or for 
information. The designer can be the builder or a party contracted by the builder or owner to 
create this documentation. 

Discharges 
Any piping leading through the ship s sides for conveying bilge water, circulating water, 
drains etc. 

Docking bracket 
A bracket located in the double bottom to locally strengthen the bottom structure for the 
purposes of docking. 

Double bottom structure 
The shell plating with stiffeners below the top of the inner bottom and other elements below 
and including the inner bottom plating. 

Doubler 
Small piece of plate which is attached to a larger area of plate that requires strengthening in 
that location. Usually at the attachment point of a stiffener. 

Double skin member 
Double skin member is defined as a structural member where the idealised beam comprises 
webs, with top and bottom flanges formed by attached plating. 

Duct keel 
A keel built of plates in box form. It is used to house ballast and other piping leading forward 
which otherwise would have to run through the cargo tanks and/or ballast tanks. 

Enclosed superstructure 
The superstructure with bulkheads forward and/or aft fitted with weather tight doors and 
closing appliances. 

Engine room bulkhead A transverse bulkhead either directly forward or aft of the engine room. 

EPP 
Elementary plate panel, the smallest plate element surrounded by structural members, such as 
stiffeners, PSM, bulkheads, etc. 

Face plate 
The section of a stiffening member attached to the plate via a web and is usually parallel to 
the plated surface. 

Flange 
The section of a stiffening member, typically attached to the web, but is sometimes formed by 
bending the web over. It is usually parallel to the plated surface. 

Flat bar A stiffener comprised only of a web. 

Floor A bottom transverse member. 

 

 

① 
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Table 7 Definition of Terms (Continued) 

Terms Definition 

Forecastle A short superstructure situated at the bow. 

Fore peak The area of the ship forward of the collision bulkhead. 

Fore peak deck A short raised deck extending aft from the bow of the ship. 

Freeboard deck 
Generally the uppermost complete deck exposed to weather and sea, which has permanent 
means of closing all exposed openings. 

Freeing port An opening in the bulwarks to allow water shipped on deck to run freely overboard. 

Gangway 
The raised walkway between superstructure, such as between the forecastle and bridge, or 
between the bridge and poop. 

Girder A collective term for primary supporting structural members. 

Gudgeon 
A block with a hole in the centre to receive the pintle of a rudder; located on the stern post, it 
supports and allows the rudder to swing. 

Gunwale The upper edge of the ship s sides. 

Gusset 
A plate, usually fitted to distribute forces at a strength connection between two structural 
members. 

Hatch cover A cover fitted over a hatchway to prevent the ingress of water into the ship s hold. 

Hatchways 
Openings, generally rectangular, in a ship s deck affording access into the compartment 
below. 

Hawse pipe 
Steel pipe through which the hawser or cable of anchor passes, located in the ship's bow on 
either side of the stem, also known as spurling pipe. 

Hawser Large steel wire or fibre rope used for towing or mooring. 

Hopper plating 
Plating running the length of a compartment sloping between the inner bottom and vertical 
portion of inner hull longitudinal bulkhead. 

HP Bulb profile in accordance with the Holland profile standard. 

IACS International Association of Classification Societies 

ICLL IMO International Convention on Load Lines, 1966, as amended. 

IMO International Maritime Organisation 

Independent tank A self supporting tank. 

Inner hull The innermost plating forming a second layer to the hull of the ship. 

Intercostal Non-continuous member between stiffeners or PSM. 

JIS Japanese industrial standard. 

Keel  
The main structural member or backbone of a ship running longitudinally along the centreline 
of the bottom. Usually a flat plate stiffened by a vertical plate on its centreline inside the 
shell. 

Keel line 
Keel line is the line parallel to the slope of the keel intersecting the top of the keel at 
amidships. 
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Table 7 Definition of Terms (Continued) 

Terms Definition 

Knuckle A discontinuity in a structural member. 

Lightening hole A hole cut in a structural member to reduce its weight. 

Limber hole A small drain hole cut in a frame or plate to prevent water or oil from collecting. 

Local support members 
Local stiffening members which only influence the structural integrity of a single panel, e.g. 
deck beams. 

Longitudinal centreline 
bulkhead 

A longitudinal bulkhead located on the centreline of the ship. 

Longitudinal hull girder 
structural members 

Structural members that contribute to the longitudinal strength of the hull girder, including: 
deck, side, bottom, inner bottom, inner hull longitudinal bulkheads including upper sloped 
plating where fitted, hopper, bilge plate, longitudinal bulkheads, double bottom girders and 
horizontal girders in wing ballast tanks. 

Longitudinal hull girder shear 
structural members 

Structural members that contribute to strength against hull girder vertical shear loads, 
including: side, inner hull longitudinal bulkheads, hopper, longitudinal bulkheads and double 
bottom girders. 

Manhole A round or oval hole cut in decks, tanks, etc, for the purpose of providing access. 

Margin plate 
The outboard strake of the inner bottom and when turned down at the bilge the margin plate 
(or girder) forms the outer boundary of the double bottom. 

MARPOL 
IMO International Convention for the Prevention of Pollution from Ships, 1973 and Protocol 
of 1978, as amended. 

Mid-hold Middle hold(s) of the three cargo hold length FE model as defined in Pt 1, Ch 7, Sec 2, 1.2.2 

Notch A discontinuity in a structural member caused by welding. 

Oil fuel tank A tank used for the storage of fuel oil. 

Outer shell Same as shell envelope. 

Owner 

The party that has assumed all duties and responsibilities for registration and operation of the 
ship and who on assuming such responsibilities has agreed to take over all the duties and 
responsibilities on delivery of the ship from the builder with valid certificates prepared for the 
owner. 

Pillar 
A vertical support placed between decks where the deck is unsupported by the shell or 
bulkhead. 

Pipe tunnel 
The void space running in the midships fore and aft lines between the inner bottom and shell 
plating forming a protective space for bilge, ballast and other lines extending from the engine 
room to the tanks. 

Plate panel 
Unstiffened plate surrounded and supported by structural members, such as stiffeners, PSM, 
bulkheads, etc. See also EPP. 

Plating Sheet of steel supported by stiffeners, primary supporting members or bulkheads. 

Poop The space below an enclosed superstructure at the extreme aft end of a ship. 

Poop deck The first deck above the shelter deck at the aft end of a ship. 
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Table 7 Definition of Terms (Continued) 

Terms Definition 

Primary supporting members
PSM 

Members of the beam, girder or stringer type which provide the overall structural integrity of 
the hull envelope and tank boundaries, e.g. double bottom floors and girders, transverse side 
structure, deck transverses, bulkhead stringers and vertical webs on longitudinal bulkheads. 

Propeller post The forward post of stern frame, which is bored for propeller shaft. 

Rudder post After post of stern frame to which the rudder is hung (also called stern post). 

Scallop A hole cut into a stiffening member to allow continuous welding of a plate seam. 

Scarfing bracket A bracket used between two offset structural items. 

Scantlings The physical dimensions of a structural item. 

Scupper Any opening for carrying off water from a deck, either directly or through piping. 

Scuttle 
A small opening in a deck or elsewhere, usually fitted with a cover or lid or a door for access 
to a compartment. 

Shedder plates 
Slanted plates that are fitted to minimise pocketing of residual cargo in way of corrugated 
bulkheads. 

Sheer strake The top strake of a ship s side shell plating. 

Shelf plate A horizontal plate located on the top of a bulkhead stool. 

Shell envelope plating The shell plating forming the effective hull girder exclusive of the strength deck plating. 

Side frame A vertical member attached to the side shell in bulk carriers. 

Side shell 
The shell envelope plating forming the side portion of the shell envelope above the bilge 
plating. 

Single skin member 
A structural member where the idealised beam comprises a web, with a top flange formed by 
attached plating and a bottom flange formed by a face plate. 

Skylight 
A deck opening fitted with or without a glass port light and serving as a ventilator for engine 
room, quarters, etc. 

Slop tank 
A tank in an oil tanker which is used to collect the oil and water mixtures from cargo tanks 
after tank washing. 

SOLAS IMO International Convention for the Safety of Life at Sea, 1974 as amended. 

Spaces Separate compartments including tanks. 

Stay Bulwark and hatch coaming brackets. 

Stem The piece of bar or plating at which a ship's outside plating terminates at forward end. 

Stern The after end of the vessel. 

Stern frame 
The heavy strength members attached to the after end of a hull to form the ship s stern. It 
includes rudder post, propeller post, and aperture for the propeller. 

Stern tube 
A tube through which the shaft passes to the propeller; and acts as an after bearing for the 
shafting. It may be water or oil lubricated. 

Stiffener A collective term for secondary supporting structural members. 

 

① 

① 
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Table 7 Definition of Terms (Continued) 

Terms Definition 

Stool A structure supporting tank bulkheads. 

Strake A course, or row, of shell, deck, bulkhead, or other plating. 

Strength deck The uppermost continuous deck. 

Stringer Horizontal girders linking vertical web frames. 

Stringer plate The outside strake of deck plating. 

Superstructure See Ch 1, Sec 1, 2.4.6. 

SWL Safe working load 

Tank 
Generic term for spaces intended to carry liquid, such as, seawater, fresh water, oil, liquid 
cargoes, FO, DO, etc. 

Tank top The horizontal plating forming the bottom of a cargo tank. 

Towing pennant A long rope which is used to effect the tow of a ship. 

Topside tank 
The tank that normally stretches along the length of the ship s side and occupies the upper 
corners of the cargo hold in bulk carriers. 

Transom The structural arrangement and form of the aft end of the ship. 

Transverse ring 
All transverse material appearing in a cross section of the ship's hull, in way of a double 
bottom floor, vertical web and deck transverse girder. 

Transverse web frame The primary transverse girders which join the ships longitudinal structure. 

Tripping bracket A bracket used to strengthen a structural member under compression against torsional forces. 

Trunk A decked structure similar to a deckhouse, but not provided with a lower deck. 

 Tween deck 
An abbreviation of between decks, placed between the upper deck and the tank top in the 
cargo tanks. 

Ullage The quantity represented by the unoccupied space in a tank. 

Void An enclosed empty space in a ship. 

Wash bulkhead A perforated or partial bulkhead in a tank. 

Watertight 
Watertight means capable of preventing the passage of water through the structure under a 
head of water for which the surrounding structure is designed. 

Weather deck 
A deck or section of deck exposed to the elements which has means of closing weathertight, 
all hatches and openings. 

Weathertight Weathertight means that in any sea conditions water will not penetrate into the ship. 

Web The section of a stiffening member attached perpendicular to the plated surface. 

Web frame Transverse PSM including deck transverse. 

Wind and water strakes The strakes of a ship's side shell plating between the ballast and the deepest load waterline. 

Windlass A winch for lifting and lowering the anchor chain. 

Wing tank The space bounded by the inner hull longitudinal bulkhead and side shell.  
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Section 5 LOADING MANUAL AND LOADING INSTRUMENTS 

1. General Requirements 

1.1 Application
1.1.1
 This Section contains minimum requirements for loading guidance information.
1.1.2
 An approved loading manual and an approved loading instrument are to be supplied onboard.
1.1.3
 A ship may in actual operation be loaded differently from the loading conditions specified in the loading manual, 
provided limitations for longitudinal and local strength as defined in the loading manual and loading instrument 
onboard and applicable stability requirements are not exceeded.
1.1.4
 The requirements concerning the loading manual are given in 2 and those concerning the loading instruments in 
3. 

1.2 Annual and Class Renewal Survey
1.2.1
 At each annual and class renewal survey, it is to be checked that the approved loading manual is available 
onboard.
1.2.2
 The loading instrument is to be checked for accuracy at regular intervals by the ship's master by applying test 
loading conditions.
1.2.3
 At each class renewal survey this checking is to be done in the presence of the surveyor. 

2. Loading Manuals 

2.1 General Requirements
2.1.1 Definition
 The approved loading manual is to be based on the final data of the ship.
 A loading manual is a document which describes:

・ The loading conditions on which the design of the ship has been based for seagoing and harbour/sheltered 
water, including permissible limits of still water bending moment and shear force. The conditions specified 
in the ballast water exchanging procedure and dry docking procedure are to be included in the loading 
manual, 

・ The results of the calculations of still water bending moments, shear forces and where applicable 
limitations due to lateral loads, 

・ The allowable local loading for the structure (e.g. hatch covers, decks, double bottom, etc), where 
applicable, 

・ The relevant operational limitations.
2.1.2 Condition of approval
 The approved loading manual is to be based on the final data of the ship.
 Modifications resulting in changes to the main data of the ship (e.g. lightship weight, buoyancy distribution, 
tank volumes or usage, etc), require the loading manual to be updated and re-approved, and subsequently the loading 
computer system to be updated and re-approved. However, new loading guidance and an updated loading manual 
need not be resubmitted provided that the resulting draughts, still water bending moments and shear forces do not 
differ from the originally approved data by more than 2%. 
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 The loading manual is to be prepared in a language understood by the users. If this language is not English, a 
translation into English is to be included.
2.1.3 Loading conditions
 The loading manual is to include the design (cargo and ballast) loading conditions, subdivided into departure 
and arrival conditions as appropriate, upon which the approval of the hull scantlings is based, as defined in Ch 4, Sec 
8.
 The loading conditions common to both oil tankers and bulk carriers are listed in Ch 4, Sec 8, 2.
2.1.4 Operational limitations
 The loading manual is to describe relevant operational limitations:

・ Scantling draught,
・ Design minimum ballast draught at midships,
・ Design slamming ballast draught forward with forward double bottom ballast tanks filled,
・ Design slamming ballast draught forward with any of the forward double bottom ballast tanks empty,
・ Maximum allowable cargo density,
・ Maximum cargo density in any loading condition in the Loading Manual,
・ Maximum service speed,
・ Envelope results and permissible limits of still water bending moments and shear forces.

 The loading manual must indicate that bulk carriers cannot be operated in seagoing conditions with ballast cargo 
holds partially filled. 

2.2 Requirements Specific to Oil Tankers
2.2.1
 The loading manual is to contain the loading conditions described in Ch 4, Sec 8, 3.
 This requirement applies in addition to 2.1. 

2.3 Requirements Specific to Bulk Carriers
2.3.1
 The loading manual is to contain the loading conditions described in Ch 4, Sec 8, 4.
 This requirement applies in addition to 2.1.
2.3.2
 The loading manual is to describe:

・ Envelope results and permissible limits of still water bending moments and shear forces in the flooded 
condition according to Ch 4, Sec 4, 

・ The cargo hold(s) or combination of cargo holds that might be empty at full draught. If no cargo hold is 
allowed to be empty at full draught, this is to be clearly stated in the loading manual, 

・ Maximum allowable and minimum required mass of cargo and double bottom contents of each hold as a 
function of the draught at mid-hold position as defined in Ch 4, Sec 8, 4.3, 

・ Maximum allowable and minimum required mass of cargo and double bottom contents of any two adjacent 
holds as a function of the mean draught in way of these holds. This mean draught may be calculated by 
averaging the draught of the two mid-hold positions as defined in Ch 4, Sec 8, 4.3, 

・ Maximum allowable tank top loading together with specification of the nature of the cargo for cargoes 
other than bulk cargoes, 

・ Maximum allowable load on deck and hatch covers. If the ship is not approved to carry load on deck or 
hatch covers, this is to be clearly stated in the loading manual, 

・ Maximum rate of ballast change together with the advice that a load plan is to be agreed with the terminal 
on the basis of the achievable rates of change of ballast. 

2.3.3
 The additional following loading conditions, subdivided into departure and arrival conditions as appropriate, are 
to be included in the loading manual: 

・ Homogeneous light and heavy cargo loading conditions at maximum draught,
・ Alternate light and heavy cargo loading conditions at maximum draught, where applicable,
・ Ballast conditions. For ships having ballast holds adjacent to topside wing, hopper and double bottom tanks, 

it shall be strengthwise acceptable that the ballast holds are filled when the topside wing, hopper and double 
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bottom tanks are empty, 
・ Short voyage conditions, i.e. the ship is loaded to maximum draught but with a limited amount of bunkers, 

where appropriate, 
・ Multiple port loading/unloading conditions,
・ Deck cargo conditions, where applicable,
・ Typical sequences for change of ballast at sea, where applicable,
・ Typical loading sequences where the ship is loaded from commencement of cargo loading to reaching full 

deadweight capacity, for homogeneous conditions, relevant part load conditions and alternate conditions 
where applicable. Typical unloading sequences for these conditions are also to be included. The typical 
loading/unloading sequences are also to be developed to not exceed applicable strength limitations. The 
typical loading sequences are also to be developed paying due attention to loading rate and the deballasting 
capability. Fig. 1 contains, as guidance only, an example of a Loading Sequence Summary Form. 

3. Loading Instrument 

3.1 General Requirements
3.1.1 Definition
 A loading computer system is a system, which is either analog or digital, by means of which it can be easily and 
quickly ascertained that, at specified read-out points, relevant operational limitations, such as the still water bending 
moments, shear forces, and lateral loads, where applicable, in any load or ballast condition do not exceed the 
specified permissible values.
 The loading instrument is ship specific onboard equipment and the results of the calculations are only applicable 
to the ship for which it has been approved.
 An approved loading instrument can not replace an approved loading manual.
3.1.2 Conditions of approval of loading instruments
 The loading instrument is subject to approval based on the provisions of 34.1.3, Part C. The approval is to 
include: 

・ Verification of type approval, if any,
・ Verification that the final data of the ship has been used,
・ Acceptance of number and position of read-out points,
・ Acceptance of relevant limits for all read-out points,
・ Checking of proper installation and operation of the instrument onboard, in accordance with agreed test 

conditions, and that a copy of the operation manual is available. 
 Modifications resulting in changes to the main data of the ship (e.g. lightship weight, buoyancy distribution, 
tank volumes or usage, etc), require the loading manual to be updated and re-approved, and subsequently the loading 
instrument to be updated and re-approved. However, new loading guidance and an updated loading instrument need 
not be resubmitted provided that the resulting draughts, still water bending moments and shear forces do not differ 
from the originally approved data by more than 2%.
 An operational manual is always to be provided for the loading instrument. The operation manual and the 
instrument output are to be prepared in a language understood by the users. If this language is not English, a 
translation into English is to be included.
 The operation of the loading instrument is to be verified upon installation. It is to be checked that the agreed test 
conditions and the operation manual for the instrument is available onboard. 

3.2 Requirements Specific to Bulk Carriers
3.2.1 General
 For BC-A, BC-B and BC-C ships, the loading instrument is to ascertain as applicable:

・ The mass of cargo and double bottom contents in way of each hold as a function of the draught at mid-hold 
position, 

・ The mass of cargo and double bottom contents of any two adjacent holds as a function of the mean draught 
in way of these holds, 

・ That the still water bending moment and shear forces in the hold flooded conditions do not exceed the 
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specified permissible values. 
3.2.2 Condition of approval
 For BC-A, BC-B and BC-C ships, the approval is to include, as applicable:

・ Acceptance of hull girder bending moment limits for all read-out points,
・ Acceptance of hull girder shear force limits for all read-out points,
・ Acceptance of limits for the mass of cargo and double bottom contents of each hold as a function of 

draught, 
・ Acceptance of limits for the mass of cargo and double bottom contents in any two adjacent holds as a 

function of draught. 

4. Loading Specific to Bulk Carriers 

4.1 Guidance for Loading/Unloading Sequences
4.1.1 Scope of application
 The requirements given in 4 are applicable to bulk carriers of 150m in length and above.
4.1.2
 The typical loading/unloading sequences are to be developed paying due attention to the loading/unloading rate, 
the ballasting/deballasting capacity and the applicable strength limitations.
4.1.3
 Typical loading and unloading sequences are to be prepared and submitted for approval by the builder.
4.1.4
 The typical loading sequences as relevant are to include:

・ Alternate light and heavy cargo load condition,
・ Homogeneous light and heavy cargo load condition,
・ Short voyage condition where the ship is loaded to maximum draught but with limited bunkers,
・ Multiple port loading/unloading condition,
・ Deck cargo condition,
・ Block loading.

4.1.5
 The loading/unloading sequences may be port specific or typical.
4.1.6
 The sequence is to be built up step by step from commencement of cargo loading to reach full deadweight 
capacity. Each time the loading equipment changes position to a new hold defines a step. Each step is to be 
documented and submitted to the Society. In addition to longitudinal strength, the local strength of each hold is to be 
considered.
4.1.7
 For each loading condition, a summary of all steps is to be included. This summary is to highlight the essential 
information for each step, such as: 

・ How much cargo is filled in each hold during the different steps,
・ How much ballast is discharged from each ballast tank during the different steps,
・ The maximum still water bending moment and shear force at the end of each step,
・ The ship s trim and draught at the end of each step.
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Chapter 2 GENERAL ARRANGEMENT DESIGN 

Section 1 GENERAL 

1. General 

1.1 General
1.1.1
 This chapter covers the general structural arrangement requirements for the ship. 



－52－

2019 Rules for the Survey and Construction of Steel Ships (Part CSR-B&T Part 1 Chapter 2 Section 2)

Section 2 SUBDIVISION ARRANGEMENT 

1. Watertight Bulkhead Arrangement 

1.1 Number and Disposition of Watertight Bulkheads
1.1.1
 All ships are to have at least the following transverse watertight bulkheads:

(a) One collision bulkhead.
(b) One aft peak bulkhead.
(c) One bulkhead forward of the machinery space, and one bulkhead at the aft end of the machinery space 

which may be the aft peak bulkhead. 
1.1.2
 In the case of ships with an electrical propulsion plant, both the generator room and the engine room are to be 
enclosed by watertight bulkheads.
1.1.3
 In addition to the requirements of 1.1.1 and 1.1.2, the number and disposition of bulkheads are to be arranged to 
suit the requirements for subdivision, floodability and damage stability, and are to be in accordance with the 
requirements of national regulations.
1.1.4
 For bulk carriers less than 150 m in length not required to comply with subdivision requirements, bulkheads not 
less in number than indicated in Table 1 are to be fitted.

 
Table 1 Number of Bulkheads for Bulk Carriers less than 150 m in Length 

Length in m Number of bulkheads for ships with aft machinery (1) 

90 £ LCSR < 105 4 

105 £ LCSR < 120 5 

120 £ LCSR < 145 6 

145 £ LCSR < 150 7 

(1) Aft peak bulkhead and aft machinery bulkhead are the same. 
 

1.1.5
 The bulkheads in the cargo hold region are to be spaced at uniform intervals as far as practicable. 

1.2 Openings in Watertight Bulkheads
1.2.1
 The number of openings in watertight bulkheads is to be kept a minimum, where penetrations of watertight 
bulkheads and internal decks are necessary for access, piping, ventilation, electrical cables. Arrangements are to be 
made to maintain the watertight integrity.
1.2.2
 The tightness, operability and indication of the doors in watertight bulkheads are to be in accordance with 
Ch II-1, Reg 13-1 of SOLAS Convention, as amended. 

① 
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2. Collision Bulkhead 

2.1 Extent and Position of Collision Bulkhead
2.1.1
 A collision bulkhead is to be fitted on all ships and is to extend to the freeboard deck. It is to be located between 
0.05LLL or 10 m, whichever is less, and except as may be permitted by the Administration, 0.08LLL or 0.05LLL + 3 m, 
whichever is the greater, aft of the reference point, where the reference point is as defined in 2.1.2.
2.1.2
 For ships without bulbous bows the reference point is to be taken where the forward end of LLL coincides with 
the forward side of stem, on the waterline which LLL is measured. For ships with bulbous bows, it is to be measured 
from the forward end of LLL a distance x forward; where x is to be taken as the lesser of the following: 

(a) Half the distance, from FPLL to the extreme forward end of the bulb extension.
(b) 0.015LLL.
(c) 3.0 m. 

2.2 Arrangement of Collision Bulkhead
2.2.1
 In general, the collision bulkhead is to be in one plane; however, the bulkhead may have steps or recesses 
provided that they are within the limits prescribed in 2.1.1 and 2.1.2.
2.2.2
 Doors, manholes, permanent access openings or ventilation ducts are not to be cut in the collision bulkhead 
below the freeboard deck. Where the collision bulkhead is extended above the freeboard deck, the number of 
openings in the extension is to be kept to a minimum compatible with the design and proper working of the ship. 
Reference is made to Ch 1, Sec 2, 2.1. 

3. Aft Peak Bulkhead 

3.1 General
3.1.1
 An aft peak bulkhead, enclosing the stern tube and rudder trunk in a watertight compartment, is to be provided. 
Where the shafting arrangements make enclosure of the stern tube in a watertight compartment impractical, 
alternative arrangements are specially considered.
3.1.2
 The aft peak bulkhead may be stepped below the bulkhead deck, provided that the degree of safety of the ship as 
regards subdivision is not thereby diminished.
3.1.3
 The aft peak bulkhead location on ships powered and/or controlled by equipment that do not require the fitting 
of a stern tube and/or rudder trunk are also subject to special consideration.
3.1.4
 The aft peak bulkhead may terminate at the first deck above the deepest draught at the aft perpendicular, 
provided that this deck is made watertight to the stern or to the transom.
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Section 3 COMPARTMENT ARRANGEMENT 

1. Cofferdams 

1.1 Definition
1.1.1
 A cofferdam means an empty space arranged so that compartments on each side have no common boundary; a 
cofferdam may be located vertically or horizontally. As a rule, a cofferdam is to be kept gas-tight and is to be 
properly ventilated, provided with drainage arrangement, and of sufficient size to allow proper inspection, 
maintenance and safe evacuation. 

1.2 Arrangement of Cofferdams
1.2.1
 Cofferdams are to be provided between compartments intended for liquid hydrocarbons (including fuel oil, 
lubricating oil) and those intended for fresh water (water for propelling machinery and boilers) as well as tanks 
intended for the carriage of liquid foam for fire extinguishing.
1.2.2
 Furthermore, tanks carrying fresh water for human consumption are to be separated from other tanks containing 
substances hazardous to human health by cofferdams or other means as approved by the Society. 

Note 1: Normally, tanks for fresh water and water ballast are considered non-hazardous. 

1.2.3
 Where a corner to corner situation occurs, tanks are not considered to be adjacent.
1.2.4
 The cofferdams specified in 1.2.1 may be waived when deemed impracticable or unreasonable by the Society in 
relation to the characteristics and dimensions of the spaces containing such tanks, provided that: 

・ the thickness of common boundary plates of adjacent tanks is increased, with respect to the thickness 
obtained according to Ch 6, Sec 4, by 2 mm in the case of tanks carrying fresh water or boiler feed water, 
and by 1 mm in all other cases, 

・ the sum of the throats of the weld fillets at the edges of these plates is not less than the thickness of the 
plates themselves, 

・ the structural test is carried out with a test pressure increased by 1 m with respect to Ch 1, Sec 2, 3.8.4. 

2. Double Bottom 

2.1 General
2.1.1
 A double bottom need not be fitted in way of watertight tanks, including dry tanks of moderate size provided the 
safety of the ship is not impaired in the event of bottom or side damage as regulated in SOLAS Ch II-1, Reg 9. 

2.2 Extent of Double Bottom
2.2.1
 For bulk carriers, a double bottom is to be fitted extending from the collision bulkhead to the aft peak bulkhead, 
as far as this is practicable and compatible with the design and proper working of the ship.
 For oil tankers, a double bottom is to be fitted to protect the cargo hold region and pump rooms. However the 
double bottom below pump rooms may be omitted provided that it is in compliance with MARPOL, Annex I, Ch 4, 
Reg 22.
2.2.2
 Where double bottom is required to be fitted, the inner bottom is to be continued out to the ship side in such a 
manner as to protect the bottom to the turn of the bilge in areas where hopper or double side spaces are not provided. 
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2.3 Height of Double Bottom
2.3.1
 Unless otherwise specified, the height of the double bottom is not to be less than the lesser of:

・ For oil tankers: B/15 or 2 m, however not less than 1.0 m.
・ For bulk carriers: B/20 or 2 m, however not less than 0.76 m measured vertically from the plane parallel 

with keel line to inner bottom. 

2.4 Small Wells in Double Bottom Tank
2.4.1
 Small wells constructed in the double bottom are not to extend in depth more than necessary. A well extending 
to the outer bottom, may, however, be permitted at the after end of the shaft tunnel of the ship. Other wells may be 
permitted by the Society if it is satisfied that the arrangements give protection equivalent to that afforded by a double 
bottom that complies with 2.1. 

3. Double Side 

3.1 Double Side Width
3.1.1 Oil tankers
 The minimum double side width, Wds, in m, is to be taken as the lesser of: 

000,20
5.0 DWTWds +=  but not less than 1.0 

0.2=dsW  
3.1.2 Bulk carriers
 Double side skin means a configuration where each ship side is constructed by the side shell and a longitudinal 
bulkhead connecting the double bottom and the deck. Hopper side tanks and topside tanks may, where fitted, be 
integral parts of the double side skin configuration.
 The minimum double side width, Wds, is not to be less than 1 m measured perpendicular to the side shell. 

3.2 Minimum Clearance Inside the Double Side
3.2.1 Definition
 The minimum clearance is defined as the shortest distance measured between assumed lines connecting the 
inner surfaces of the stiffeners on the inner and outer hulls.
3.2.2 Minimum clearance dimensions
 The minimum clearance between the inner surfaces of the stiffeners inside the double side is not to be less than:

・ 600 mm when the inner and/or the outer hulls are transversely framed,
・ 800 mm when the inner and the outer hulls are longitudinally framed.

 Outside the parallel part of the cargo hold, the clearance may be reduced but is not to be less than 600 mm. 

4. Fore End Compartments 

4.1 General
4.1.1
 The fore peak and other compartments located forward of the collision bulkhead may not be arranged for the 
carriage of fuel oil or other flammable products. 

5. Fuel Oil Tanks 

5.1 Arrangement of Fuel Oil Tanks
5.1.1
 Fuel oil tanks are to be arranged in accordance with the requirements in SOLAS Ch II-2, Reg 4.2 and MARPOL, 
Annex I, Ch 3, Reg 12A. 
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6. Aft End Compartments 

6.1 Sterntube
6.1.1
 Sterntubes are to be enclosed in a watertight space (or spaces) of moderate volume. Other measures to minimise 
the danger of water penetrating into the ship in case of damage to the sterntube arrangement may be taken at the 
discretion of the Society. 

7. Ballast Tanks 

7.1 Capacity and Disposition of Ballast Tanks
7.1.1
 All ships are to have ballast tanks of sufficient capacity that the ship may operate safely on ballast voyage. The 
capacity of ballast is to be at least such that, in any ballast condition at any part of the voyage, including the 
conditions consisting of lightweight plus ballast only, the ship s draught and trim can meet the requirements defined 
in: 

・ For oil tankers, Ch 4, Sec 8, 3.1.
・ In addition, for oil tankers, the moulded draught amidships, Tmid (m), excluding any hogging or sagging 

correction, is not to be less than: 
CSRmid LT  0.02 + 2.0 =  

・ For bulk carriers, Ch 4, Sec 8, 4.1. 
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Section 4 ACCESS ARRANGEMENT 

1. Closed Spaces 

1.1 General
1.1.1
 All closed spaces are to be accessible for easy inspection. Special measures for inspection and maintenance are 
to be put in place for small closed spaces for which the design causes impracticality for the access.
1.1.2
 For areas which are not explicitly covered by SOLAS, Ch II-1, Reg 3-6, the builder is to provide accesses in 
accordance with industry standards accepted by the Society. For general guidance, human element factors may be 
considered based on IACS Recommendation No. 132 or with an ergonomic standard accepted by the Society. 

2. Cargo Area and Forward Spaces 

2.1 General
2.1.1 Means of access
 Each space is to be provided with means of access as regulated in SOLAS, Ch II-1, Reg 3-6. This requirement 
applies to: 

・ Oil tankers
・ Bulk carriers having a length of 150 m or above, irrespective of their gross tonnage.

2.1.2
 All tanks are to be accessible for easy inspection. 

① 
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Chapter 3 STRUCTURAL DESIGN PRINCIPLES 

Section 1 MATERIALS 

1. General 

1.1 Standard of Material
1.1.1
 Materials used during construction are to comply with Part C and Part K.
1.1.2
 Other materials than those covered under 1.1.1 may be accepted, provided their specification (e.g. manufacture, 
chemical composition, mechanical properties, welding) is submitted to the Society for approval. 

1.2 Testing of Materials
1.2.1
 Materials are to be tested in compliance with the applicable requirements of Part K. 

1.3 Manufacturing Process
1.3.1
 The requirements of this section presume that welding and other cold or hot manufacturing processes are carried 
out in compliance with current sound working practice defined in the Rules and/or documents of the individual 
Society which incorporate IACS UR W and the applicable requirements of Part M.
 In particular:

・ Parent material and welding processes are to be within the limits stated for the specified type of material for 
which they are intended. 

・ Specific preheating may be required before welding.
・ Welding or other cold or hot manufacturing processes may need to be followed by an adequate heat 

treatment. 

2. Hull Structural Steel 

2.1 General
2.1.1 Young s modulus and Poisson s ratio
 The Young s modulus for Carbon steel materials is equal to 206,000 N/mm2 and the Poisson s ratio equal to 0.3.
2.1.2 Steel material grades and mechanical properties
 Steel having a specified minimum yield stress of 235 N/mm2 is regarded as normal strength hull structural steel 
and is denoted by  MS  for mild steel. Steel having a higher specified minimum yield stress is regarded as higher 
strength hull structural steel and is denoted  HT  for high tensile steel.
Material grades of hull structural steels are referred to as follows: 

(a) A, B, D and E denote normal strength steel grades.
(b) AH, DH and EH denote higher strength steel grades.

 Table 1 gives the mechanical characteristics of steels generally used in the construction of ships. 
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Table 1 Mechanical Properties of Hull Steels 

Steel grades for plates
with tas_built £ 100 mm 

ReH, specified minimum yield 
stress, in N/mm2 

Rm, specified tensile strength, 
in N/mm2 

A-B-D-E 235 400   520 

AH32-DH32-EH32-FH32 315 440   570 

AH36-DH36-EH36-FH36 355 490   630 

AH40-DH40-EH40-FH40 390 510   660 

2.1.3
 Higher strength steels other than those indicated in Table 1 are considered by the Society on a case-by-case 
basis.
2.1.4 High tensile steel
 When steels with a specified minimum yield stress ReH other than 235 N/mm2 are used, hull girder strength and 
hull scantlings are to be determined by taking into account the material factor, k defined in 2.2.
2.1.5 Onboard documents
 It is required to keep onboard a plan indicating the steel types and grades adopted for the hull structures. Where 
steels other than those indicated in Table 1 are used, their mechanical and chemical properties, as well as any 
workmanship requirements or recommendations, are to be available onboard together with the above plan. 

2.2 Material Factor, k
2.2.1
 Unless otherwise specified, the material factor, k of normal and higher strength steel for hull girder strength and 
scantling purposes is to be taken as defined in Table 2, as a function of the specified minimum yield stress ReH.
 For intermediate values of ReH, k is obtained by linear interpolation.
 Steels with a specified minimum yield stress ReH, greater than 390 N/mm2 are considered by the Society on a 
case-by-case basis.
 

Table 2 Material Factor, k 

ReH, specified minimum yield stress, in N/mm2 k 

235 1.00 

315 0.78 

355 0.72 

390 0.68 

 

2.3 Steel Grades
2.3.1
 Materials in the various strength members are not to be of lower grade than those corresponding to the material 
classes and grades specified in Table 3 to Table 8. General requirements are given in Table 3, while additional 
minimum requirements for ships with length exceeding 150 m and 250 m, single side bulk carriers with length 
exceeding 150 m are given in Table 4 to Table 6. The material grade requirements for hull members of each class 
depending on the thickness are defined in Table 8. 
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Table 3 Material Classes and Grades 

Structural member category Material class/grade 
Se

co
nd

ar
y 

A1. Longitudinal bulkhead strakes, other than those belonging to the 
Primary category 

A2. Deck plating exposed to weather, other than that belonging to the 
Primary or Special category 

A3. Side plating 

- Class I within 0.4LCSR amidships
- Grade A/AH outside 0.4LCSR amidships 

Pr
im

ar
y 

B1. Bottom plating, including keel plate
B2. Strength deck plating, excluding that belonging to the Special 

category 
B3. Continuous longitudinal plating of strength members above strength 

deck, excluding hatch coamings 
B4. Uppermost strake in longitudinal bulkhead
B5. Vertical strake (hatch side girder) and uppermost sloped strake in 

topside tank 

- Class II within 0.4LCSR amidships
- Grade A/AH outside 0.4LCSR amidships 

Sp
ec

ia
l 

C1. Sheer strake at strength deck (1)

C2. Stringer plate in strength deck (1)

C3. Deck strake at longitudinal bulkhead, excluding deck plating in way 
of inner-skin bulkhead of double-hull ships (1) 

- Class III within 0.4LCSR amidships
- Class II outside 0.4LCSR amidships
- Class I outside 0.6LCSR amidships 

C4. Strength deck plating at outboard corners of cargo hatch openings 
for ships with hatch opening configurations similar to those of 
container carriers 

- Class III within 0.4LCSR amidships
- Class II outside 0.4LCSR amidships
- Class I outside 0.6LCSR amidships
- Min. Class III within cargo hold region 

C5. Strength deck plating at corners of cargo hatch openings 
- Class III within 0.6LCSR amidships
- Class II within rest of cargo hold region 

C6. Bilge strake of ships with double bottom over the full breadth and 
with length less than 150 m 

- Class II within 0.6LCSR amidships
- Class I outside 0.6LCSR amidships 

C7. Bilge strake in other ships (1) 
- Class III within 0.4LCSR amidships
- Class II outside 0.4LCSR amidships
- Class I outside 0.6LCSR amidships 

C8. Longitudinal hatch coamings of length greater than 0.15LCSR 
including coaming top plate and flange 

C9. End brackets and deckhouse transition of longitudinal cargo hatch 
coamings 

- Class III within 0.4LCSR amidships
- Class II outside 0.4LCSR amidships
- Class I outside 0.6LCSR amidships
- Not to be less than Grade D/DH 

(1) Single strakes required to be of class III within 0.4LCSR amidships are to have breadths not less than 800+5LCSR, in mm, 
need not be greater than 1,800 mm, unless limited by the geometry of the ship s design. 

 
Table 4 Minimum Material Grades for Ships with Length Exceeding 150 m 

Structural member category Material grade 

Longitudinal plating of strength deck where contributing to the longitudinal 
strength 

Grade B/AH within 0.4LCSR amidships 

Continuous longitudinal plating of strength members above strength deck Grade B/AH within 0.4LCSR amidships 

Single side strakes for ships without inner continuous longitudinal 
bulkhead(s) between bottom and the strength deck 

Grade B/AH within cargo hold region 
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Table 5 Minimum Material Grades for Ships with Length Exceeding 250 m 

Structural member category (1) Material grade 

Shear strake at strength deck Grade E/EH within 0.4LCSR amidships 

Stringer plate in strength deck Grade E/EH within 0.4LCSR amidships 

Bilge strake Grade D/DH within 0.4LCSR amidships 

(1) Single strakes required to be of Grade E/EH and within 0.4LCSR amidships are to have breadths not less than 800+5 
LCSR (mm), need not be greater than 1,800 (mm), unless limited by the geometry of the ship s design. 

 
Table 6 Minimum Material Grades for Single Side Skin Bulk Carriers with Length Exceeding 150 m 

Structural member category Material grade 

Lower bracket of ordinary side frame (1), (2) Grade D/DH 

Side shell strakes included totally or partially between the two points located 
to 0.125 l  above and below the intersection of side shell and bilge hopper 

sloping plate or inner bottom plate (2) 
Grade D/DH 

(1) The term  lower bracket  means webs of lower brackets and webs of the lower part of side frames up to the point of 
0.125 l  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 (see Pt 2, Ch 1, Sec 2, 
Fig.2). 

 
Table 7 (Deleted) 

 
Table 8 Material Grade Requirements for Classes I, II and III 

Class I II III 

As-built 
thickness, in mm 

MS HT MS HT MS HT 

t £ 15 A AH A AH A AH 

15 < t £ 20 A AH A AH B AH 

20 < t £ 25 A AH B AH D DH 

25 < t £ 30 A AH D DH D DH 

30 < t £ 35 B AH D DH E EH 

35 < t £ 40 B AH D DH E EH 

40 < t £ 50 D DH E EH E EH 

2.3.2
 For strength members not mentioned in Table 3 to Table 7, Grade A/AH may be used upon agreement of the 
Society.
2.3.3
 Plating materials for stern frames and shaft brackets are in general not to be of lower grades than corresponding 
to Class II. 
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2.4 Structures Exposed to Low Air Temperature
2.4.1
 For ships intended to operate in areas with low air temperatures refer to Ch 1, Sec 2, 3.4.4. 

2.5 Through Thickness Property
2.5.1
 Where tee or cruciform connections employ partial or full penetration welds, and the plate material is subject to 
significant tensile strain in a direction perpendicular to the rolled surfaces, consideration is to be given to the use of 
special material with specified through thickness properties, in accordance with the provisions of 3.11, Part K. These 
steels are to be designated on the approved plan by the required steel strength grade followed by the letter Z (e.g. 
EH36Z). 

2.6 Stainless Steel
2.6.1
 The reduction of strength of stainless steel with increasing temperature is to be taken into account in the 
calculation of the material factor, k and in the material Young s modulus, E.
 Stainless steels are considered by the Society on a case-by-case basis. 

3. Steels for Forging and Casting 

3.1 General
3.1.1
 Mechanical and chemical properties of steels for forging and casting to be used for structural members are to 
comply with the applicable requirements of Part K.
3.1.2
 Steels of structural members intended to be welded are to have mechanical and chemical properties deemed 
appropriate for this purpose by the Society on a case-by-case basis.
3.1.3
 The steels used are to be tested in accordance with the applicable requirements of Part K. 

3.2 Steels for Forging
3.2.1
 Rolled bars may be accepted in lieu of forged products, after consideration by the Society on a case-by-case 
basis. In such case, compliance with the applicable requirements of Part K, relevant to the quality and testing of 
rolled parts accepted in lieu of forged parts, may be required. 

3.3 Steels for Casting
3.3.1
 Cast parts intended for stems and stern frames in general may be made of C and C-Mn weldable steels, having 
specified minimum tensile strength, Rm = 400 N/mm2, in accordance with the applicable requirements of Part K.
3.3.2
 The welding of cast parts to main plating contributing to hull strength members is considered by the Society on a 
case-by-case basis.
 The Society may require additional properties and tests for such casting, in particular impact properties which 
are appropriate to those of the steel plating on which the cast parts are to be welded and non-destructive 
examinations. 

4. Aluminium Alloys 

4.1 General
4.1.1
 The use of aluminium alloys in superstructures, deckhouses, hatch covers, helicopter platforms, or other local 
components is to be specially considered. A specification of the proposed alloys and their proposed method of 
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fabrication is to be submitted for approval.
 Material requirements and scantlings are to comply with Part K. Series 5000 aluminium-magnesium alloys or 
series 6000 aluminium-magnesium-silicon alloys are to be used.
4.1.2
 In the case of structures subjected to low service temperatures or intended for other specific applications, the 
alloys to be employed are to be agreed by the Society.
4.1.3
 Unless otherwise agreed, the Young s modulus for aluminium alloys is equal to 70,000 N/mm2 and the Poisson s 
ratio equal to 0.33.
4.1.4
 Details of the proposed method of joining any aluminium and steel structures are to be submitted for approval. 

4.2 Extruded Plating
4.2.1
 Extrusions with built-in plating and stiffeners, referred to as extruded plating, may be used.
4.2.2
 In general, the application of extruded plating is limited to decks, bulkheads, superstructures and deckhouses. 
Other uses may be permitted by the Society on a case-by-case basis.
4.2.3
 Extruded plating is to be oriented so that the stiffeners are parallel to the direction of main stresses.
4.2.4
 Connections between extruded plating and primary members are to be given special attention. 

4.3 Mechanical Properties of Weld Joints
4.3.1
 Welding heat input lowers locally the mechanical strength of aluminium alloys hardened by work hardening 
(series 5000 other than condition O or H111) or by heat treatment (series 6000).
4.3.2
 The as-welded properties of aluminium alloys of series 5000 are in general those of condition O or H111. 
Higher mechanical characteristics may be considered, provided they are duly justified.
4.3.3
 The as-welded properties of aluminium alloys of series 6000 are to be agreed by the Society. 

4.4 Material Factor, k
4.4.1
 The material factor, k for aluminium alloys is to be obtained from the following formula: 

lim'
235
R

k =  

where:
R lim : Minimum guaranteed yield stress of the parent metal in welded condition R p0.2, in N/mm2, but not 

to be taken greater than 70% of the minimum guaranteed tensile strength of the parent metal in 
welded condition R m, in N/mm2. 

R p0.2 : Minimum guaranteed yield stress, in N/mm2, of material in welded condition. 
2.012.0' pp RR h=  

R m : Minimum guaranteed tensile strength, in N/mm2, of material in welded condition. 
mm RR 2' h=  

Rp0.2 : Minimum guaranteed yield stress, in N/mm2, of the parent metal in delivery condition.
Rm : Minimum guaranteed tensile strength, in N/mm2, of the parent metal in delivery condition.

1h , 2h : Specified in Table 9. 
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Table 9 Aluminium Alloys - Coefficients for Welded Construction 

Aluminium alloy 1h  2h  

Alloys without work-hardening treatment (series 5000 in annealed 
condition O or annealed flattened condition H111) 

1 1 

Alloys hardened by work hardening (series 5000 other than 
condition O or H111) 

R p0.2 / Rp0.2 R m / Rm 

Alloys hardened by heat treatment (series 6000) (1) R p0.2 / Rp0.2 0.6 

(1) When no information is available, coefficient 1h  is to be taken equal to the metallurgical efficiency 

coefficient b  as defined in Table 10. 

 
Table 10 Aluminium Alloys - Metallurgical Efficiency Coefficient b  

Aluminium alloy Temper condition As-built thickness, in mm b  

6005A (Open sections) T5 or T6 
t   6 0.45 

t > 6 0.40 

6005A (Closed sections) T5 or T6 All 0.50 

6061 (Sections) T6 All 0.53 

6082 (Sections) T6 All 0.45 

4.4.2
 In the case of welding of two different aluminium alloys, the material factor, k to be considered for the 
scantlings is the greater material factor of the aluminium alloys of the assembly. 

4.5 Others
4.5.1
 Aluminium fittings in tanks used for the carriage of oil, and in cofferdams and pump rooms are to be avoided. 
Where fitted, aluminium fittings, units and supports, in tanks used for the carriage of oil, cofferdams and pump rooms 
are to satisfy the requirements of Pt 2, Ch 2, Sec 2, 1.2 for aluminium anodes.
4.5.2
 The underside of heavy portable aluminium structures such as gangways, is to be protected by means of a hard 
plastic or wood cover, or other approved means, in order to avoid the creation of smears. Such protection is to be 
permanently and securely attached to the structures. 

5. Other Materials and Products 

5.1 General
5.1.1
 Other materials and products such as parts made of iron castings, where allowed, products made of copper and 
copper alloys, rivets, anchors, chain cables, cranes, masts, derrick posts, derricks, accessories and wire ropes are to 
comply with the applicable requirements of Part K and Part L.
5.1.2
 The use of plastics or other special materials not covered by these Rules is to be considered by the Society on a 
case-by-case basis. In such cases, the requirements for the acceptance of the materials concerned are to be agreed by 
the Society. 
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5.2 Iron Cast Parts
5.2.1
 As a rule, the use of grey iron, malleable iron or spheroidal graphite iron cast parts with combined 
ferritic/perlitic structure is allowed only to manufacture low stressed elements of secondary importance.
5.2.2
 Ordinary iron cast parts may not be used for windows or sidescuttles; the use of high grade iron cast parts of a 
suitable type is to be considered by the Society on a case-by-case basis. 
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Section 2 NET SCANTLING APPROACH 

Symbols 

For symbols not defined in this section, refer to Ch 1, Sec 4
t : Net thickness in mm.
tc : Corrosion addition in mm.
tgr : Gross thickness in mm.
hstf : Height of stiffener or primary supporting member in mm.
hw : Web height of stiffener or primary supporting member in mm.
tw : Web thickness of stiffener or primary supporting member in mm.
bf : Face plate width of stiffener or primary supporting member in mm.
tf : Face plate thickness of stiffener or primary supporting member in mm.
tp : Thickness of the plating attached to a stiffener or to a primary supporting member in mm.
de : Distance in mm, from the upper edge of the web to the top of the flange for L3 profiles, see Fig. 3.
df : Distance in mm, for the extension of flange for L2 profiles, see Fig. 3.
tas_built : As-built thickness, in mm, taken as the actual thickness provided at the newbuilding stage.
tgr_off : Gross offered thickness, in mm, as defined in 1.2.2.
tgr_req : Gross required thickness, in mm, as defined in 1.2.1.
toff : Net offered thickness, in mm, as defined in 1.2.3.
tdm : Design production margin, in mm, taken as the thickness difference between offered gross thickness and 

required gross thickness (equal also to the difference between offered net and required net thickness) as a 
result of scantlings applied by the designer or builder to suit design or production situation. This difference 
in thickness is not to be considered as an additional corrosion margin. 

treq : Net required thickness, in mm, as required in 1.3.1.
tvol_add : Thickness for voluntary addition, in mm, taken as the thickness voluntarily added as the owner s extra 

margin or builder s extra margin for corrosion wastage in addition to tc. 
tres : Reserve thickness, in mm, taken equal to 0.5mm.
tc1, tc2 : Corrosion addition on one side of the considered structural member, in mm, as defined in Ch 3, Sec 3, 

Table 1. 

1. General 

1.1 Application
1.1.1 Net thickness approach
 The net thickness, t, of a structural element is required for structural strength in compliance with the design basis. 
The corrosion addition, tc, for a structural element is derived independently from the net scantling requirements as 
shown in Fig. 1. This approach clearly separates the net thickness from the thickness added to address the corrosion 
that is likely to occur during the ship-in-operation phase. This approach enables the status of the structure with 
respect to corrosion to be clearly ascertained throughout the life of the ship.
1.1.2 Local and global corrosion
 The net thickness approach distinguishes between local and global corrosion. Local corrosion is defined as 
uniform corrosion of local structural elements, such as a single plate or stiffener. Global corrosion is defined as the 
average corrosion of larger areas, such as primary supporting members and the hull girder.
1.1.3 Exceptions in gross scantling
 Items that are directly determined in terms of gross scantlings do not follow the net scantling approach, i.e. they 
already include additions for corrosion but without any owner s extra margin. Gross scantling requirements are 
identified with the suffix "gr" and examples are: 

・ Scantlings of superstructures and deckhouses as given in Ch 11, Sec 1. 

① 
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・ Scantlings of massive pieces made of steel forgings and steel castings. 

 
Fig. 1 Net Scantling Approach Scheme 

 
 

1.2 Gross and Net Scantling Definitions
1.2.1 Gross required thickness
 The gross required thickness, tgr_req, is the thickness obtained by adding the corrosion addition as defined in Ch 3, 
Sec 3 to the net required thickness, as follows: 

creqreqgr ttt +=_  

1.2.2 Gross offered thickness
 The gross offered thickness, tgr_off, is the gross thickness provided at the newbuilding stage, which is obtained by 
deducting any thickness for voluntary addition from the as-built thickness, as follows: 

addvolbuiltasoffgr ttt ___ -=  

1.2.3 Net offered thickness
 The net offered thickness, toff, is obtained by subtracting the corrosion addition from the gross offered thickness, 
as follows: 

caddvolbuiltascoffgroff tttttt --=-= ___  

1.3 Scantling Compliance
1.3.1
 The net required thickness, treq, is obtained by rounding the net thickness calculated according to the Rules to the 
nearest half millimetre. For example: 

・ For 10.75 £ t < 11.25 mm, the Rule required net thickness is 11.0 mm.
・ For 11.25 £ t < 11.75 mm, the Rule required net thickness is 11.5 mm.

1.3.2
 Scantling compliance in relation to the Rules is as follow:

・ The net offered thickness of plating is to be equal to or greater than the net required thickness of plating.
・ The required net section modulus, moment of inertia and shear area properties of local supporting members 

are to be calculated using the net thickness of the attached plate, web and flange. The net sectional 
dimensions of local supporting members are defined in Fig. 2. The required section modulus and web net 
thickness apply to areas clear of the end brackets. 

・ The offered net sectional properties of primary supporting members and the hull girder are to be equal to or 
greater than the required net sectional properties which are to be based on the gross offered scantling with a 
reduction of the applicable corrosion addition, as specified in Table 1, applied to all component structural 
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members. 
・ The strength assessment methods prescribed are to be assessed by applying the corrosion reduction 

specified in Table 1 to the offered gross scantlings. Half of the applied corrosion addition specified in 
Table 1 is to be deducted from both sides of the structural members being considered. 

・ Corrosion additions are not to be taken less than those given in Ch 3, Sec 3, 1.2.
 Any additional thickness specified by the owner or the builder is not to be included when considering the 
compliance with the Rules.

 
Table 1 Assessment for Corrosion Applied to the Gross Scantlings 

Structural requirement Property/analysis type Applied corrosion addition 

Minimum thickness (all members including PSM) Thickness tc 

Local strength (plates, stiffeners, and hold frames) 

Thickness/sectional properties tc 

Stiffness / proportions / Buckling 
capacity 

tc 

Primary supporting members (prescriptive) 

Sectional properties 0.5 tc 

Stiffness/proportions of web and 
flange
Buckling capacity 

tc 

Strength assessment by FEM 

Cargo tank/cargo hold 0.5 tc 

Buckling capacity tc 

Local fine mesh 0.5 tc 

Specified fine mesh areas 0.5 tc 

Hull girder strength 
Sectional properties 0.5 tc 

Buckling capacity tc 

Hull girder ultimate strength
Hull girder residual strength 

Sectional properties 0.5 tc 

Buckling/collapse capacity 0.5 tc 

Fatigue assessment (simplified stress analysis) 
Hull girder section properties
Local support member 

0.5 tc 

Fatigue assessment (FE Stress analysis) 
Coarse mesh FE model
Very fine mesh portion 

0.5 tc 
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Fig. 2 Net Sectional Properties of Local Supporting Members 
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Fig. 3 Net Sectional Properties of Local Supporting Members (Continued) 

 

 

 The net cross-sectional area, the moment of inertia about the y-axis and the assosiated neutral axis position are to 
be determined applying a corrosion magnitude of 0.5 tc deducted from the surface of the profile cross-section. 

① 
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Section 3 CORROSION ADDITIONS 

Symbols 

tc : Corrosion addition, in mm.
tc1, tc2 : Corrosion addition, in mm, on one side of the considered structural member, as defined in Table 1.
tres : Reserve thickness, taken as 0.5 mm. 

1. General 

1.1 Applicability
1.1.1
 The corrosion additions given in these Rules are applicable to carbon-manganese steels, stainless steels, stainless 
clad steels and aluminium alloys. Corrosion addition for the exposed carbon steel side of stainless clad structure is to 
be as required in Table 1 for the corresponding compartment.
 The corrosion additions for other materials are to be in accordance with the requirements of the Society. 

1.2 Corrosion Addition Determination
1.2.1
 The corrosion addition for each of the two sides of a structural member, tc1 or tc2, is specified in Table 1.
 The total corrosion addition, tc, in mm, for both sides of the structural member is obtained by the following 
formula: 

resccc tttRoundupt ++= )( 215.0　  
 For an internal member within a given compartment, the total corrosion addition, tc is obtained from the 
following formula: 

rescc ttRoundupt += )2( 15.0　  
 where tc1 is the value specified in Table 1 for one side exposure to that compartment.
 Roundup0.5（t） means that t is rounded to the upper half millimetre.
 The total corrosion addition, tc, in mm, for compartment boundaries and internal members made from stainless 
steel, or aluminium is to be taken as: 

5.0== resc tt  
 In case of stainless clad steel, the corrosion additions, tc1, for the carbon steel side and tc2, for the stainless steel 
side are respectively to be taken as: 

・ tc1 as specified for the corresponding compartment in Table 1
・ tc2 = 0 
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Table 1 Corrosion Addition for One Side of a Structural Member 

Compartment 
type 

Structural member 

tc1 or tc2 

Oil tankers 

BC-A or 
BC-B 

ships with  
LCSR  150m 

Other BC 
ships 

Ballast water 
tank, bilge tank, 
drain storage 
tank, chain 
locker (1) 

Face plate of PSM 
Within 3 m below top of tank (4) 2.0 

Elsewhere 1.5 

Other members (2) (3) 
Within 3 m below top of tank (4) 1.7 

Elsewhere 1.2 

Cargo oil tank 

Face plate of PSM 
Within 3 m below top of tank (4) 1.7 

N/A 

Elsewhere 1.4 

Inner-bottom plating/bottom of tank 2.1 

Other members 
Within 3 m below top of tank (4) 1.7 

Elsewhere 1.0 

Dry bulk cargo 
hold (5) 

Transverse bulkhead 

Upper part (6) 

N/A 

2.4 1.0 

Lower stool: sloping plate, vertical 
plate and top plate (7) 

5.2 2.6 

Other parts 3.0 1.5 

Sloped plating of hopper tank, inner bottom plating 3.7 2.4 

Other members 

Upper part (6) 

1.8 1.0 Webs and flanges of the upper end 
brackets of side frames of single 
side bulk carriers 

Webs and flanges of lower brackets 
of side frames of single side bulk 
carriers 

2.2 1.2 

Other parts 2.0 1.2 

Exposed to 
atmosphere 

Weather deck plating 1.7 

Other members 1.0 

Exposed to 
seawater 

Shell plating between the minimum design ballast draught 
waterline and the scantling draught waterline 

1.5 

Shell plating elsewhere 1.0 

Fuel and lube oil tank  0.7 

Fresh water tank 0.7 
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Table 1 Corrosion Addition for One Side of a Structural Member (Continued) 

Compartment 
type 

Structural member tc1 or tc2 

Void spaces (8) 

Spaces not normally accessed, e.g. access only via bolted 
manhole openings, pipe tunnels, inner surface of stool space 
not common with a dry bulk cargo hold or ballast cargo hold, 
etc. 

0.7 

Dry spaces 
Internals of machinery spaces, pump room, store rooms, 
steering gear space, etc. 

0.5 

(1) 1.0 mm is to be added to the plate surface within 3 m above the upper surface of the chain locker bottom.

(2) 0.5 mm is to be added to the plate surface exposed to ballast for the plate boundary between water ballast and heated 

cargo oil tanks. 0.3 mm is to be added to each surface of the web and face plate of a stiffener in a ballast tank and 

attached to the boundary between water ballast and heated cargo oil tanks or heated fuel/lube oil tanks. Heated oil tanks 

are defined as tanks arranged with any form of heating capability (the most common type is heating coils). 

(3) 0.7 mm is to be added to the plate surface exposed to ballast for the plate boundary between water ballast and heated 

fuel oil or lube oil tanks.  

(4) Only applicable to cargo tanks and ballast tanks with weather deck as the tank top. The 3 m distance is measured 

vertically from and parallel to the top of the tank. 

(5) Dry bulk cargo hold includes holds intended for the carriage of dry bulk cargoes, which may carry water ballast.

(6) Upper part of the cargo holds correspond to an area above the connection between the topside and the inner hull or side 

shell. If there is no topside, the upper part corresponds to the upper one third of the cargo hold height (where a plane 

bulkhead is fitted in way of a dry bulk cargo hold, the upper part of the bulkhead is defined in the same manner). 

(7) If there is no lower stool fitted (i.e. engine room bulkhead or fore peak bulkhead) or if a plane bulkhead is fitted, then 

this corrosion addition should be applied up to a height level with the opposing bulkhead stool in that hold. In the case 

where a stool is not fitted on the opposing bulkhead, the vertical extent of this zone is to be from the inner bottom to a 

height level with the top of the adjacent hopper sloping plate, but need not be taken as more than 3 m. 

(8) For the determination of the corrosion addition of the outer shell plating, the pipe tunnel is considered as for a water 

ballast tank. 

1.2.2 Minimum value of total corrosion addition
 The total corrosion addition is not to be taken less than 2 mm except for web and face plate of stiffeners or in 
way of internals of dry spaces where 1.5 mm is applicable.
 These minimum values of corrosion addition are not applicable to structural members made of stainless steels, 
stainless clad steels or aluminium alloys.
1.2.3 Stiffener
 The corrosion addition of a stiffener is determined according to the location of its connection to the attached 
plating.
1.2.4
 When a local structural member/plate is affected by more than one value of corrosion addition, the most onerous 
value is to be applied to the entire strake. 
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Section 4 CORROSION PROTECTION 

1. General 

1.1 Structures to be Protected
1.1.1 Dedicated seawater ballast tanks
 All dedicated seawater ballast tanks are to have an efficient corrosion prevention system.
1.1.2 Cargo oil tanks
 Cargo oil tanks are to be protected in compliance with the requirements specified in Pt 2, Ch 2, Sec 2, 1.
1.1.3 Bulk carriers
 Void double side skin spaces and cargo holds of bulk carriers are to be protected in compliance with the 
requirements specified respectively in Pt 2, Ch 1, Sec 2, 2.2 and Pt 2, Ch 1, Sec 2, 2.3.
1.1.4 Narrow spaces
 Narrow spaces are generally to be filled by an efficient protective product, particularly at the ends of the ship 
where inspections and maintenance are not easily practicable due to their inaccessibility. 

2. Sacrificial Anodes 

2.1 Attachment of Anodes to the Hull
2.1.1
 All anodes are to be attached to the structure in such a way that they remain securely fastened both initially and 
during service even when it is wasted. The following methods are acceptable: 

(a) Steel core connected to the structure by continuous fillet welds.
(b) Attachment to separate supports by bolting, provided a minimum of two bolts with lock nuts are used. 

However, other mechanical means of clamping may be accepted. 
2.1.2
 Anodes are to be attached to stiffeners or aligned in way of stiffeners on plane bulkhead plating, but they are not 
to be attached to the shell. The two ends are not to be attached to separate members which are capable of relative 
movement.
2.1.3
 Where cores or supports are welded to local support members or primary supporting members, they are to be 
kept clear of end supports, toes of brackets and similar stress raisers. Where they are welded to asymmetrical 
members, the welding is to be at least 25 mm away from the edge of the web. In the case of stiffeners or girders with 
symmetrical face plates, the connection may be made to the web or to the centreline of the face plate, but well clear 
of the free edges. Generally, anodes are not to be fitted to a face plate of higher strength steel.
2.1.4 Cargo oil tanks
 Cathodic protection systems, if fitted in cargo oil tanks, are to comply the requirements specified Pt 2, Ch 2, Sec 
2, 1. 
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Section 5 LIMIT STATES 

1. General 

1.1 Limit states
1.1.1 Definition
 A limit state is defined as a state beyond which the structure no longer satisfies the requirements. The following 
categories of limit states are relevant for structures: 

・ Serviceability limit state (SLS), which corresponds to conditions beyond which specified requirements are 
no longer met. 

・ Ultimate limit state (ULS), which corresponds to the maximum load carrying-capacity or, in some cases, to 
the maximum applicable strain or deformation, under intact (undamaged) conditions. 

・ Fatigue limit state (FLS), which corresponds to degradation due to effect of time varying (cyclic) loading.
・ Accidental limit state (ALS), which concerns the ability of the structure to resist accident situations.

1.1.2 Serviceability limit state
 Serviceability limit state, which concerns the normal use, includes:

・ Local damage which may reduce the working life of the structure or affect the efficiency or appearance of 
structural members or non-structural elements. 

・ Unacceptable deformations which affect the efficient use and appearance of structural or non-structural 
elements or the functioning of safety equipment. 

 In the context of serviceability limit state, the term  appearance  is concerned with such criteria as high 
deflection and extensive cracking, rather than aesthetics.
1.1.3 Ultimate limit state
 Ultimate limit state, which corresponds to the maximum load-carrying capacity, or in some cases, the maximum 
applicable strain or deformation, includes: 

・ Attainment of the maximum resistance capacity of sections, members or connections by rupture or 
excessive deformations or instability (buckling). 

・ Excessive yielding, transforming the structure or part of it into a plastic mechanism.
1.1.4 Fatigue limit state
 Fatigue limit states assess that the fatigue capacity of structural members due to cyclic loads is greater than the 
design fatigue life.
1.1.5 Accidental limit state
 Accidental limit states are concerned with the ability of the structure to resist accident situations or abnormal 
events. Flooded conditions of any compartment without progression of the flooding to another compartment are 
considered. The limit states are concerned with the following in intact (undamaged) conditions with accidental or 
abnormal loads, or in damaged conditions with environmental loads the ship meets during a limited time frame: 

・ The safety of life.
・ Environment.
・ Property (ship and cargo).

 Accidental limit state includes:
・ Loss of structural strength without loss of containment.
・ Loss of structural strength and loss of containment. 

1.2 Failure Modes
1.2.1
 A number of possible failure modes may be relevant for the various parts of the ship structure. For each failure 
mode, one or more limit states may be relevant. The failure modes to be considered for the assessment of ship 
structural safety with relation to the limit states are shown in Table 1.
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Table 1 Failure Modes in Relation to the Limit States to be Considered 

Possible failure modes to be 
considered 

Limit states (1) 

SLS ULS FLS ALS 

Yielding Y Y - Y 

Plastic collapse - Y - Y 

Buckling Y Y - Y 

Rupture - Y - Y 

Fatigue cracking - - Y - 

Brittle fracture (2) - - - - 

(1)  Y  indicates that the structural assessment is to be carried out.
(2) Controlled by the material rule requirement of steel grade. 

1.2.2 Yielding
 The yielding failure mode is the mode in which plastic strain locally occurs in the structural members to be 
considered under combined in-plane and normal stresses. Local plastic strain is controlled in SLS, ULS and ALS by 
checking that the stresses caused in the structural members remains below a permissible value.
1.2.3 Plastic collapse
 The plastic collapse failure mode usually appears in the local structural members under large lateral impact 
pressure. In this failure mode, permanent lateral deflection in the local structural members occurs, but does not 
influence the global strength. This mode is controlled in ULS and ALS by using conventional plastic design method.
1.2.4 Buckling
 The buckling failure mode is the instability phenomena of structural members under compressive loads. When 
the stress in structural members just attains the elastic buckling stress, elastic (reversible) buckling occurs during the 
compressive load. This buckling failure mode is controlled in SLS. By further increasing the compressive load, stress 
redistribution occurs due to buckling of the weakest structural member and the stress in some structural members 
reaches the yield stress. This buckling failure mode with large elastic deflection is controlled in ULS or ALS. When 
compression is unloaded, no consequence of failure due to buckling is seen.
 On the other hand, plastic (irreversible) buckling occurs when the stress in structural members exceeds the yield 
stress. As a result, the substantial permanent deflections due to plastic buckling appear. This irreversible buckling 
failure mode is controlled only in ULS or ALS for global hull girder strength.
1.2.5 Rupture
 The rupture failure mode is the mode in which breaking occurs in the structural members to be considered under 
large tensile stress beyond the yield stress of the material. This failure mode is controlled in ULS or ALS, but the 
assessment of this failure mode is covered by controlling the yielding failure.
1.2.6 Brittle fracture
 Brittle fracture is dependent upon the material, temperature and thickness. Therefore, this mode is controlled by 
the material rule requirement of steel grade.
1.2.7 Fatigue cracking
 This failure mode is different from the failure modes mentioned above and is controlled in FLS. 

2. Criteria 

2.1 General
2.1.1
 Criteria are prescribed in the Rules to check the relevant limit states for the various structural elements. The 
strength assessments included in the Rules are defined in terms of yield check, buckling check, ultimate strength 
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check, and fatigue check as indicated in Table 2.

 
Table 2 Structural Assessment 

Structural Elements (1) 
Yielding 

check 
Buckling 

check 
Ultimate 

strength check 
Fatigue check 

Local 
Structures 

Stiffeners Y Y Y (2) Y 

Plating Y Y Y (3) - 

Primary supporting members Y Y Y (2) Y 

Hull girder Y Y (4) Y - 

(1)  Y  indicates that the structural assessment is to be carried out.
(2) The ultimate strength check is included in the buckling check.
(3) The ultimate strength check of plating is included in the yielding check formula of plating.
(4) The buckling check of stiffeners and plating taking part in hull girder strength is performed against stress due to 

hull girder bending moment and hull girder shear force. 

 

2.2 Serviceability Limit States
2.2.1 Hull girder
 For the yielding check of the hull girder, the stress corresponds to a load at 10-8 probability level.
2.2.2 Plating
 For the yielding check and buckling check of platings constituting a primary supporting member, the stress 
corresponds to a load at 10-8 probability level.
2.2.3 Stiffeners
 For the yielding check of stiffeners, the stress corresponds to a load at 10-8 probability level. 

2.3 Ultimate Limit States
2.3.1 Hull girder
 The ultimate strength of the hull girder is to be checked against the hull girder loads at 10-8 probability level, 
amplified with the partial safety factor.
2.3.2 Plating
 The ultimate strength of the plating between stiffeners and primary supporting members is to be checked against 
the loads at 10-8 probability level.
2.3.3 Stiffeners
 The ultimate strength of stiffeners is to be checked against the loads at 10-8 probability level. 

2.4 Fatigue Limit State
2.4.1 Structural details
 The fatigue life of representative welded structural details such as connections of stiffeners and primary 
supporting members and free edge of bulk carrier deck plating in way of hatch corner is to be assessed from long 
term distribution loads based on loads at 10-2 probability level including the whipping-springing effects. 

2.5 Accidental Limit State
2.5.1 Hull girder
 For bulk carriers, the yielding and ultimate strength of the hull girder in cargo hold flooded condition and in the 
damaged condition is to be assessed in accordance with Ch 5, Sec 1 and Ch 5, Sec 2.
 The residual strength of oil tankers and bulk carriers is to be assessed according to Ch 5, Sec 3, for damages 
resulting from collision or grounding.
2.5.2 Double bottom structure
 For bulk carriers, the double bottom structure in cargo hold flooded condition is to be assessed in accordance 
with Pt 2, Ch 1, Sec 3. 
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2.5.3 Bulkhead structure
 For bulk carriers, the bulkhead structure in cargo hold flooded condition is to be assessed in accordance with Pt 
2, Ch 1, Sec 3 and Pt 2, Ch 1, Sec 4.
2.5.4 Plating, stiffeners and PSM
 The plating, stiffeners and PSM are to be assessed in flooded conditions in accordance with Ch 6 for yielding 
criteria and with Ch 8, Sec 3 for buckling criteria. 

3. Strength Check against Impact Loads 

3.1 General
3.1.1
 Structural response against impact loads such as forward bottom slamming, bow impact and grab chocks 
depends on the loaded area, magnitude of loads and structural grillage.
3.1.2
 The ultimate strength of structural members that constitute the grillage, i.e. platings between stiffeners and 
primary supporting members and stiffeners with attached plating, is to be checked against the maximum impact loads 
acting on them. 
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Section 6 STRUCTURAL DETAIL PRINCIPLES 

Symbols 

For symbols not defined in this section, refer to Ch 1, Sec 4. 

1. Application 

1.1 General
1.1.1
 If not specified otherwise, the requirements of this section apply to the hull structure except superstructures and 
deckhouses. 

2. General Principles 

2.1 Structural Continuity
2.1.1 General
 Attention is to be paid to the structural continuity, in particular in the following areas:

・ In way of changes in the framing system.
・ At end connections of primary supporting members or ordinary stiffeners.
・ In way of the transition zones between cargo hold region and fore part, aft part and machinery space.
・ In way of side and end bulkheads of superstructures.

 At the termination of a structural member, structural continuity is to be maintained by the fitting of suitable 
supporting structure.
 Abrupt changes in transverse section properties of longitudinal members are to be avoided. Smooth transitions 
are to be provided.
2.1.2 Longitudinal members
 Longitudinal members are to be arranged in such a way that continuity of strength is maintained.
 Longitudinal members contributing to the hull girder longitudinal strength are to extend continuously as far as 
practicable towards the ends of the ship.
 In particular, the structural continuity in way of longitudinal bulkheads within the cargo hold region, is to be 
maintained outside the cargo hold region. Large transition brackets (e.g. scarfing brackets) fitted in line with the 
longitudinal bulkhead are a possible means to achieve such structural continuity.
2.1.3 Primary supporting members
 Primary supporting members are to be arranged in such a way that continuity of strength is maintained.
 Abrupt changes of web height or cross section are to be avoided.
2.1.4 Stiffeners
 Stiffeners are to be arranged in such a way that continuity of strength is maintained.
 Stiffeners contributing to the hull girder longitudinal strength are to be continuous when crossing primary 
supporting members within the 0.4LCSR amidships and as far as practicable outside 0.4LCSR amidships.
 Where stiffeners are terminated in way of large openings, foundations and partial girders, compensation is to be 
arranged to provide structural continuity in way of the end connection.
2.1.5 Plating
 Where plates with different thicknesses are joined, the change in the as-built plate thickness is not to exceed 
50% of larger plate thickness in the load carrying direction. This also applies to the strengthening by local inserts, e.g. 
insert plates in double bottom girders, floors and inner bottom.
2.1.6 Weld joints
 Weld joints are to be avoided in areas with high stress concentration. 
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2.2 Local Reinforcements
2.2.1 Reinforcements at knuckles

(a) Knuckles are in general to be stiffened to achieve out-of-plane stiffness by fitting ordinary stiffeners or 
equivalent means in line with the knuckle. 

(b) Whenever a knuckle in a main member (shell, longitudinal bulkhead etc) is arranged, stiffening in the form 
of webs, brackets or profiles is to be connected to the members to which they are to transfer the load (in 
shear). See example of reinforcement at upper hopper knuckle in Fig. 1. 

(c) For longitudinal shallow knuckles, closely spaced carlings are to be fitted across the knuckle, between 
longitudinal members above and below the knuckle. Carlings or other types of reinforcement need not be 
fitted in way of shallow knuckles that are not subject to high lateral loads and/or high in-plane loads across 
the knuckle, such as deck camber knuckles. 

(d) Generally, the distance between the knuckle and the support stiffening in line with the knuckle is not to be 
greater than 50 mm. Otherwise, fatigue analysis according to Ch 9 is to be submitted by the designer. 

 
Fig. 1 Example of Reinforcement at Knuckles 

  

2.2.2 Reinforcement in way of attachments for permanent means of access
 Local reinforcement, considering location and strength, is to be provided in way of attachments to the hull 
structure for permanent means of access.
2.2.3 Reinforcement of deck structure in way of concentrated loads
 The deck structure is to be reinforced in way of concentrated loads, such as anchor windlass, deck machinery, 
cranes, masts and derrick posts.
2.2.4 Reinforcement by insert plates
 Insert plates are to be made of materials with, at least, the same specified minimum yield stress and the same 
grade as the plates to which they are welded. See also 2.1.5. 

2.3 Connection of Longitudinal Members Not Contributing to the Hull Girder Longitudinal Strength
2.3.1
 Where the hull girder stress at the strength deck or at the bottom as defined in Ch 5, Sec 1, 2.2.2 is higher than 
the permissible stress as defined in Ch 5, Sec 1, 2.2.1 for normal strength steel, longitudinal members not 
contributing to the hull girder longitudinal strength and welded to the strength deck or bottom plating and bilge strake, 
such as longitudinal hatch coamings, gutter bars, strengthening of deck openings, bilge keel, are to be made of steel 
with the same specified minimum yield stress as the strength deck or bottom structure steel.
2.3.2
 The requirement in 2.3.1 is also applicable to non-continuous longitudinal stiffeners welded on the web of a 
primary structural member contributing to the hull girder longitudinal strength such as hatch coamings, stringers and 
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girders or on the inner bottom when the hull girder stress on those members is higher than the permissible stress as 
defined in Ch 5, Sec 1, 2.2.1 for normal strength steel. 

3. Stiffeners 

3.1 General
3.1.1
 All types of stiffeners (excluding web stiffeners) are to be connected at their ends. However, in special cases 
such as isolated areas of the ship where end connections cannot be applied, sniped ends may be permitted. 
Requirements for the various types of connections (bracketed, bracketless or sniped ends) are given in 3.2 to 3.4.
3.1.2
 Where the angle between the web plate of the stiffener and the attached plating is less than 50 deg as shown on 
Fig. 2, a tripping bracket is to be fitted. If the angle between the web plate of an unsymmetrical stiffener and the 
attached plating is less than 50 deg, the face plate of the stiffener is to be fitted on the side of open angle.
 

Fig. 2 Stiffener on Attached Plating with an Angle less than 50 deg 

 
 

3.2 Bracketed End Connections of Non-continuous Stiffeners
3.2.1
 Where continuity of strength of longitudinal members is provided by brackets, the alignment of the brackets on 
each side of the primary supporting member is to be ensured, and the scantlings of the brackets are to be such that the 
combined stiffener/bracket section modulus and effective cross sectional area are not less than those of the member.
3.2.2
 At bracketed end connections, continuity of strength is to be maintained at the stiffener connection to the bracket 
and at the connection of the bracket to the supporting member.
3.2.3
 The arrangement of the connection between the stiffener and the bracket is to be such that at no point in the 
connection, is the section modulus to be less than that required for the stiffener.
3.2.4 Net web thickness
 The net bracket web thickness, tb, in mm, is to comply with the following: 

( )
bkteH

stfeH
bktb R

R
Zft

-

-+³ 2  and need not be greater than 13.5 mm. 

where:
fbkt : Coefficient taken as: 

fbkt = 0.2 for brackets with flange or edge stiffener.
fbkt = 0.3 for brackets without flange or edge stiffener. 

Z : Net required section modulus, of the stiffener, in cm3. In the case of two stiffeners connected, Z is the 
smallest net required section modulus of the two connected stiffeners.
stfeHR - : Specified minimum yield stress of the stiffener material, in N/mm2. 

bkteHR - : Specified minimum yield stress of the bracket material, in N/mm2. 
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3.2.5 Brackets at the ends of non-continuous stiffeners
 Brackets are to be fitted at the ends of non-continuous stiffeners, with arm lengths, bktl , in mm, taken as: 

b
bktbkt t

Zc=l  

bktl is not to be taken less than: 
・ stfbkt h8.1=l  for connections where the end of the stiffener web is supported and the bracket is welded 

in line with the stiffener web or with offset necessary to enable welding, see item (c) in Fig.3. 
・ stfbkt h0.2=l  for other cases, see items (a), (b) and (d) in Fig. 3. 

where:
bktc  : Coefficient taken as: 

65=bktc  for brackets with flange or edge stiffener. 
70=bktc  for brackets without flange or edge stiffener. 

Z : Net required section modulus, for the stiffener, in cm3, as defined in 3.2.4.
tb : Minimum net bracket thickness, in mm, as defined in 3.2.4. 

 For connections similar to item (b) in Fig. 3, but not lapped, the bracket arm length is to comply with  
stfbkt h³l  

 For connections similar to items (c) and (d) in Fig. 3 where the smaller stiffener is connected to a primary 
supporting member or bulkhead, the bracket arm length is not to be less than two times of hstf.

 
Fig. 3 Bracket Arm Length of Non-continuous Stiffeners 

 

3.2.6 Brackets with different arm lengths
 The lengths of the arms, measured from the plating to the toe of the bracket, are to be such that the sum of them 
is greater than 2 bktl and each arm not to be less than 0.8 bktl , where bktl is as defined in 3.2.5. 
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3.2.7 Edge stiffening of bracket
 Where an edge stiffener is required, the web height of the edge stiffener, wh , in mm, is not to be less than: 

 
ø
ö

ç
è
æ +=

2000
145 Zhw  but not less than 50 mm. 

where:
Z : Net section modulus, of the stiffener, in cm3, as defined in 3.2.4. 

3.3 Bracketless Connections
3.3.1
 The design of bracketless connections is to be such as to provide adequate resistance to rotation and 
displacement of the connection. 

3.4 Sniped Ends
3.4.1
 Sniped ends may be used where dynamic loads are small, provided the net thickness of plating supported by the 
stiffener, tp, is not less than: 

61 102
1000 kPssctp  

ø
ö

ç
è
æ -= l  

where:
P : Design pressure for the stiffener for the design load set being considered, in kN/m2. 

1c  : Coefficient for the design load set being considered, to be taken as: 
2.11 =c   for acceptance criteria set AC-S. 
1.11 =c   for acceptance criteria set AC-SD. 

 Sniped stiffeners are not to be used on structures in the vicinity of engines or generators or propeller impulse 
zone nor on the shell envelope. 
3.4.2
 Bracket toes and sniped stiffeners ends are to be terminated close to the adjacent member. The distance is not to 
exceed 40 mm unless the bracket or member is supported by another member on the opposite side of the plating. 
Tapering of the sniped end is not to be more than 30 deg. The depth of toe or sniped end is, generally, not to exceed 
the thickness of the bracket toe or sniped end member, but need not be less than 15 mm. 

4. Primary Supporting Members (PSM) 

4.1 General
4.1.1
 Primary supporting members web stiffeners, tripping brackets and end brackets are to comply with 4.2 to 4.4. 
Where the structural arrangement is such that these requirements cannot be complied with, adequate alternative 
arrangement has to be demonstrated by the designer. 

4.2 Web Stiffening Arrangement
4.2.1
 Web stiffeners arranged on primary supporting members are to comply with the requirements to scantlings of 
such stiffeners are given in Ch 8, Sec 2, 4.2. 

4.3 Tripping Bracket Arrangement
4.3.1
 Tripping brackets (see Fig. 4) are generally to be fitted:

・ At positions along the member span such that it satisfies the criteria of Ch 8, Sec 2, 5.1 for tripping bracket 
spacing and flange slenderness. 

・ At the toe of end brackets.
・ At ends of continuous curved face plates.
・ In way of concentrated loads.
・ Near the change of section. 
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4.3.2
 Where the width of the symmetrical face plate is greater than 400 mm, backing brackets are to be fitted in way of 
the tripping brackets.
4.3.3
 Where the face plate of the primary supporting member exceeds 180 mm on either side of the web, a tripping 
bracket is to support the face plate.

 
Fig. 4 Primary Supporting Member: Tripping Bracket Arrangement 

 

4.3.4 Arm length
 The arm length of tripping brackets is not to be less than the greater of the following values, in m: 

bd 38.0=  

t
sbd t85.0=  

where:
b : Height, in m, of tripping brackets, shown in Fig. 4.
st : Spacing, in m, of tripping brackets.
t  : Net thickness, in mm, of tripping brackets. 

4.4 End Connections
4.4.1 General
 Brackets or equivalent structure are to be provided at ends of primary supporting members.
 End brackets are generally to be soft-toed.
 Bracketless connections may be applied provided that there is adequate support of adjoining face plates.
4.4.2 Scantling of end brackets 
 In general, the arm lengths of brackets connecting PSMs, as shown in Fig. 5 are not to be less than the web 
depth of the member, and need not be taken greater than 1.5 times the web depth. 
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 Within the cargo hold region the thickness of the bracket is, in general, not to be less than that of the adjoining 
PSM web plate. Outside of the cargo hold region the thickness of the bracket is not to be less than that of the PSM 
web plate.
 Scantlings of the end brackets are to be such that the section modulus of the PSM with end bracket, excluding 
face plate where it is sniped, is not to be less than that of the primary supporting member at mid-span.
 The net cross sectional area, Af, in cm2, of face plates of brackets is not to be less than: 

bbf tA l=  

where:
bl : Length of bracket edge, in m, see Fig. 5. For brackets that are curved, the length of the bracket edge may 

be taken as the length of the tangent at the midpoint of the edge. 
tb : Minimum net bracket thickness, in mm, as defined in 3.2.4. 

 Moreover, the net thickness of the face plate is to be not less than that of the bracket web.
4.4.3 Arrangement of end brackets 
 Where the length of free edge of bracket, bl , is greater than 1.5m, the web of the bracket is to be stiffened as 
follows: 

・ The net sectional area, in cm2, of web stiffeners is to be not less than 16.5 l , where l  is the span, in m, of 
the stiffener. 

・ Tripping flat bars are to be fitted. Where the width of the symmetrical face plate is greater than 400 mm, 
additional backing brackets are to be fitted. 

 
Fig. 5 Dimension of Brackets 

 

 For a ring system where the end bracket is integral with the webs of the members and the face plate is carried 
continuously along the edges of the members and the bracket, the full area of the largest face plate is to be maintained 
close to the mid-point of the bracket and gradually tapered to the smaller face plates. Butts in face plates are to be 
kept well clear of the bracket toes.
 Where a wide face plate abuts a narrower one, the taper is not to be greater than 1 to 4.
 The toes of brackets are not to land on unstiffened plating. The toe height is not to be greater than the thickness 
of the bracket toe, but need not be less than 15 mm. In general, the end brackets of primary supporting members are 
to be soft-toed. Where primary supporting members are constructed of higher strength steel, particular attention is to 
be paid to the design of the end bracket toes in order to minimise stress concentrations.
 Where a face plate is welded onto the edge or welded adjacent to the edge of the end bracket (see Fig. 6), the 
face plate is to be sniped and tapered at an angle not greater than 30 degrees. 
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Fig. 6 Bracket Face Plate adjacent to the Edge 

 
The details shown in this figure are only used to illustrate items described in the text and are not intended to represent design 
guidance or recommendations. 

 

5. Intersection of Stiffeners and Primary Supporting Members 

5.1 Cut-outs
5.1.1
 Cut-outs for the passage of stiffeners through the web of primary supporting members, and the related collaring 
arrangements, are to be designed to minimise stress concentrations around the perimeter of the opening and on the 
attached web stiffeners.
5.1.2
 The total depth of cut-outs without collar plate is to be not greater than 50% of the depth of the primary 
supporting member.
5.1.3
 Cut-outs in way of cross tie ends and floors under bulkhead stools or in high stress areas are to be fitted with full 
collar plates, see Fig. 7.

 
Fig. 7 Full Collar Plates 

 
bR 2.0³  but not less than 25 mm. 
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Fig. 8 Symmetric and Asymmetric Cut-outs 

 
The details shown in this figure are only used to illustrate symbols and definitions and are not intended to represent design 
guidance. 
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Fig. 9 Primary Supporting Member Web Stiffener Details 

 
tws,tws1,tws2 : Net thickness of the primary supporting member web stiffener/backing bracket, in mm.
dw,dw1,dw2 : Minimum depth of the primary supporting member web stiffener/backing bracket, in mm.
dwc,dwc1,dwc2 : Length of connection between the primary supporting member web stiffener/backing bracket and the stiffener, 

in mm.  

tf : Net thickness of the flange in mm. For bulb profile, tf is to be obtained as defined in Pt 1, Ch 3, Sec7, 1.4.1. 
Note 1: Except where specific dimensions are noted for the details of the keyhole in way of the soft heel, the details shown in this 

figure are only used to illustrate symbols and definitions and are not intended to represent design guidance or 

recommendations. 

Awc=twsdwc10-2 

Aw=twsdwc10-2 

Awc=twsdwc10-2 

Aw=twsdwc10-2 

tws2 

tws2 

tws 

tws 

tws 
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5.1.4
 Lug type collar plates are to be fitted in cut-outs where required for compliance with the requirements of 5.2, 
and in areas of high stress concentrations, e.g. in way of primary supporting member toes. See Fig. 8 for typical lug 
arrangements.
5.1.5
 At connection to shell envelope longitudinals below the scantling draught, Tsc and at connection to inner bottom 
longitudinals, a soft heel is to be provided in way of the heel of the primary supporting member web stiffeners when 
the calculated direct stress, ws , in the primary supporting member web stiffener according to 5.2 exceeds 80% of 

the permissible values. The soft heel is to have a keyhole, similar to that shown in item (c) in Fig. 9.
 A soft heel is not required at the intersection with watertight bulkheads and primary supporting members, where 
a back bracket is fitted or where the primary supporting member web is welded to the stiffener face plate.
5.1.6
 Cut-outs are to have rounded corners and the corner radii, R, are to be as large as practicable, with a minimum of 
20% of the breadth, b, of the cut-out or 25 mm, whichever is greater. The corner radii, R, does not need to be greater 
than 50 mm, see Fig. 7. Consideration is to be given to other shapes on the basis of maintaining equivalent strength 
and minimising stress concentration. 

5.2 Connection of Stiffeners to PSM
5.2.1 General
 For connection of stiffeners to PSM in case of lateral pressure other than bottom slamming and bow impact 
loads, 5.2.2 and 5.2.3 are to be applied. In case of bottom slamming or bow impact loads, 5.2.4 is to be applied.
 The cross sectional areas of the connections are to be determined from the proportion of load transmitted 
through each component in association with its appropriate permissible stress.
5.2.2
 The load, W1, in kN, transmitted through the shear connection is to be taken as follows.

・ If the web stiffener is connected to the intersecting stiffener: 
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・ If the web stiffener is not connected to the intersecting stiffener: 
WW =1  

where: 
W :  Total load, in kN, transmitted through the stiffener connection to the PSM taken equal to: 
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2,1 PP : Design pressure applied on the stiffener for the design load set being considered, in kN/m2, on each 

side of the considered connection. 
2,1 SS : Spacing between the considered and the adjacent PSM on each side of the considered connection, in 

m. 
2,1 ss : Spacing of the stiffener, in mm, on each side of the considered connection. 

aa :  Panel aspect ratio, not to be taken greater than 0.25. 

S
s

a 1000
=a  

2
21 SSS +

=  

2
21 sss +

=  

1A : Effective net shear area, in cm2, of the connection, to be taken equal to: 

cd AAA 111 +=  

In case of a slit type slot connections area, A1, is given by: 
dAA 11 2=  
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In case of a typical double lug or collar plate connection area, A1, is given by: 
cAA 11 2=  

dA1 : Net shear connection area, in cm2, excluding lug or collar plate, as given by: 
2

1 10-= wdd tA l  

dl : Length of direct connection between stiffener and PSM web, in mm. 

wt :  Net web thickness of the primary supporting member, in mm. 

cA1 : Net shear connection area, in cm2, with lug or collar plate, given by: 
2

11 10-= ccc tfA l  

cl : Length of connection between lug or collar plate and PSM, in mm. 

ct :  Net thickness of lug or collar plate, not to be taken greater than the net thickness of the adjacent PSM 
web, in mm. 

1f : Shear stiffness coefficient, taken as: 
0.11 =f , for stiffeners of symmetrical cross section. 

wf /1401 = , not to be taken greater than 1.0, for stiffeners of asymmetrical cross section. 
w :  Width of the cut-out for an asymmetrical stiffener, measured from the cut-out side of the stiffener web, 

in mm, as indicated in Fig. 8. 
wA : Effective net cross sectional area, in cm2, of the PSM web stiffener in way of the connection including 

backing bracket where fitted, as shown in Fig. 9. If the PSM web stiffener incorporates a soft heel 
ending or soft heel and soft toe ending, wA  is to be measured at the throat of the connection, as 
shown in Fig. 9. 

cf : Collar load factor taken equal to: 
For intersecting stiffeners of symmetrical cross section: 

85.1=cf     for 14£wA  
)14(0441.085.1 --= wc Af   for 3114 £< wA  

)31(013.01.1 --= wc Af   for 5831 £< wA  
75.0=cf     for 58>wA  

For intersecting stiffeners of asymmetrical cross section: 

w

s
c A

f l0172.068.0 +=  

sl : Connection length equal to: 
For a single lug or collar plate connection to the PSM: 

cs ll =  

For a single sided direct connection to the PSM: 
ds ll =  

In the case of a lug or collar plus a direct connection: 
)(5.0 dcs lll +=  

5.2.3
 The load, W2, in kN, transmitted through the PSM web stiffener is to be taken as:

・ If the web stiffener is connected to the intersecting stiffener: 

 
ø

ö
çç
è

æ
+

--=
1

1
2 4

1
AAf

AWW
wc

aa  

・ If the web stiffener is not connected to the intersecting stiffener: 
02 =W  

 The values of wcw AA ,  and 1A  are to be such that the calculated stresses satisfy the following criteria: 
・ For the connection to the PSM web stiffener not in way of the weld: permw ss £  
・ For the connection to the PSM web stiffener in way of the weld: permwc ss £  
・ For the shear connection to the PSM web: permw st £  

where:
W  : Load, in kN, as defined in 5.2.2. 
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cf  : Collar load factor as defined in 5.2.2. 

aa  : Panel aspect ratio, as defined in 5.2.2. 

1A  : Effective net shear area, in cm2, as defined in 5.2.2. 

wA  : Effective net cross sectional area, in cm2, as defined in 5.2.2. 

ws  : Direct stress, in N/mm2, in the PSM web stiffener at the minimum bracket area away from the weld 
connection: 

w
w A

W210
=s  

wcs  : Direct stress, in N/mm2, in the PSM web stiffener in way of the weld connection: 

wc
wc A

W210
=s

 
wt  : Shear stress, in N/mm2, in the shear connection to the PSM web:  

1

110
A
W

w =t  

wcA  : Effective net area, in cm2, of the PSM web stiffener in way of the weld as shown in Fig. 9. 

perms  : Permissible direct stress given in Table 1 for AC-S and AC-SD, in N/mm2. 

permt  : Permissible shear stress given in Table 1 for AC-S and AC-SD, in N/mm2. 

5.2.4 Bottom slamming and bow impact loads
 For bottom slamming or bow impact loads, the load W, in kN, transmitted through the PSM web stiffener is to 
comply with the following criteria instead of those defined in 5.2.2 and 5.2.3: 

( )
10

9.0 1 permwperm AA
W

st +
£  

where: 
W  : Load, in kN, as defined in 5.2.2. 

1A  : Effective net shear area, in cm2, as defined in 5.2.2. 

wA  : Effective net cross sectional area, in cm2, as defined in 5.2.2. 

perms : Permissible direct stress given in Table 1 for AC-I, in N/mm2. 

permt : Permissible shear stress given in Table 1 for AC-I, in N/mm2. 

5.2.5
 Where a backing bracket is fitted in addition to the PSM web stiffener, it is to be aligned with the web stiffener. 
The arm length of the backing bracket is not to be less than the depth of the web stiffener. The net cross sectional 
area through the throat of the bracket is to be included in the calculation of wA  as shown in Fig.9. 
5.2.6
 Lapped connections of PSM web stiffeners or tripping brackets to stiffeners are not permitted in the cargo hold 
region.
5.2.7
 Where built-up stiffeners have their face plate welded to the side of the web, a symmetrical arrangement of 
connection to the PSM is to be fitted. This may be achieved by fitting backing brackets on the opposite side of the 
PSM or bulkhead. In way of the cargo hold region, the PSM web stiffener and backing brackets are to be butt welded 
to the intersecting stiffener web.
5.2.8
 Where the web stiffener of the PSM is parallel to the web of the intersecting stiffener, but not connected to it, 
the offset PSM web stiffener is to be located in close proximity to the slot edge as shown in Fig. 10. The ends of the 
offset web stiffeners are to be suitably tapered and softened.
 Locations where the web stiffener of the PSM are not connected to the intersecting stiffeners as well as the detail 
arrangements are to be specially considered on the basis of their ability to transmit load with equivalent effectiveness 
to that of 5.2.2 through 5.2.7. Details of calculations made and/or testing procedures and results are to be submitted.
5.2.9
 The size of the fillet welds is to be calculated according to Ch 12, Sec 3, 2.5 based on the weld factors given in 
Table 2. For the welding in way of the shear connection the size is not to be less than that required for the PSM web 
plate for the location under consideration. 
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Table 1 Permissible Stresses for Connection between Stiffeners and PSMs 

Item 

Direct stress, perms , in N/mm2 Shear stress, permt , in N/mm2 

Acceptance criteria set Acceptance criteria set 

AC-S AC-SD AC-I AC-S AC-SD AC-I 

PSM web stiffener 0.83 eHR (2) eHR  eHR  - - - 

PSM web stiffener to intersecting 
stiffener in way of weld connection: 

      

・Double continuous fillet 0.58 eHR (2) 0.70 eHR (2) eHR  - - - 

・Partial penetration weld 0.83 eHR (1) (2) eHR (1) eHR  - - - 

PSM stiffener to intersecting 
stiffener in way of lapped welding 

0.50 eHR  0.60 eHR  eHR  - - - 

Shear connection including lugs or 
collar plates: 

      

・Single sided connection - - - 0.71 eHt  0.85 eHt  eHt  

・Double sided connection - - - 0.83 eHt  eHt  eHt  

(1) The root face is not to be greater than one third of the gross thickness of the PSM stiffener.

(2) Permissible stresses may be increased by 5 percent where a soft heel is provided in way of the heel of the PSM web 

stiffener. 

 
Table 2 Weld factors for Connection between Stiffeners and PSMs 

Item 
Acceptance 

criteria 
Weld factor 

PSM stiffener to intersecting stiffener 
AC-S 

AC-SD 
permwc ss /6.0  

not to be less than 0.38 

Shear connection inclusive of lug or collar plate  
AC-S

AC-SD 
0.38 

Shear connection inclusive of lug or collar plate, where the 
web stiffener of the PSM is not connected to the intersection 
stiffener 

AC-S 
AC-SD 

permwc tt /6.0  

not to be less than 0.44 

PSM stiffener to intersecting stiffener
Shear connection inclusive of lug or collar plate 

AC-I 
permWperm AA

W
st +1

96.0  

Note 1: 
wt : Shear stress, in N/mm2, as defined in 5.2.3.
wcs : Stress, in N/mm2, as defined in 5.2.3. 
permt

: Permissible shear stress, in N/mm2, see Table 1.
perms

: Permissible direct stress, in N/mm2, see Table 1. 
W : Load, in kN, as defined in 5.2.2. 

1A : Effective net shear area, in cm2, as defined in 5.2.2.
wA : Effective net cross sectional area, in cm2, as defined in 5.2.2. 
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Fig. 10 Offset PSM Web Stiffeners 

 

6. Openings 

6.1 Openings and Scallops in Stiffeners
6.1.1
 Fig. 11 shows examples of air holes, drain holes and scallops. In general, the ratio of a/b, as defined in Fig.11, is 
to be between 0.5 and 1.0. In fatigue sensitive areas further consideration may be required with respect to the details 
and arrangements of openings and scallops.
6.1.2
 Openings and scallops are to be kept at least 200 mm clear of the toes of end brackets, end connections and other 
areas of high stress concentration, measured along the length of the stiffener toward the mid-span and 50 mm
measured along the length in the opposite direction, see Fig. 12. In areas where the shear stress is less than 60 percent 
of the permissible stress, alternative arrangements may be accepted.

 
Fig. 11 Examples of Air Holes, Drain Holes and Scallops 

 
The details shown in this figure are for guidance and illustration only. 

 
Fig. 12 Location of Air and Drain Holes 
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6.1.3
 Closely spaced scallops or drain holes, i.e. where the distance between scallops/drain holes is less than twice the 
width b as shown in Fig. 11, are not permitted in stiffeners contributing to the longitudinal strength. For other 
stiffeners, closely spaced scallops/drain holes are not permitted within 20% of the stiffener span measured from the 
end of the stiffener. Widely spaced air or drain holes may be permitted provided that they are of elliptical shape or 
equivalent to minimise stress concentration and are cut clear of the welds. 

6.2 Openings in Primary Supporting Members
6.2.1 General
 Manholes, lightening holes and other similar openings are to be avoided in way of concentrated loads and areas 
of high shear. In particular, manholes and similar openings are to be avoided in high stress areas unless the stresses in 
the plating and the panel buckling characteristics have been calculated and found satisfactory.
Examples of high stress areas include: 

・ Vertical or horizontal diaphragm plates in narrow cofferdams/double plate bulkheads within one-sixth of 
their length from either end. 

・ Floors or double bottom girders close to their span ends.
・ Primary supporting member webs in way of end bracket toes.
・ Above the heads and below the heels of pillars.

 Where openings are arranged, the shape of openings is to be such that the stress concentration remains within 
acceptable limits.
 Openings are to be well rounded with smooth edges.
6.2.2 Manholes and lightening holes 
 Web openings as indicated below do not require reinforcement

・ In single skin sections, having depth not exceeding 25% of the web depth and located so that the edges are 
not less than 40% of the web depth from the faceplate. 

・ In double skin sections, having depth not exceeding 50% of the web depth and located so that the edges are 
well clear of cut outs for the passage of stiffeners. 

 The length of openings is not to be greater than:
・ At the mid-span of primary supporting members: the distance between adjacent openings.
・ At the ends of the span: 25% of the distance between adjacent openings.

 For openings cut in single skin sections, the length of opening is not to be greater than the web depth or 60% of 
the stiffener spacing, whichever is greater.
 The ends of the openings are to be equidistant from the cut outs for stiffeners.
 Where lightening holes are cut in the brackets, the distance from the circumference of the hole to the free flange 
of brackets is not to be less than the diameter of the lightening hole.
 Openings not complying with this requirement are to be reinforced according to 6.2.3.
6.2.3 Reinforcements around openings
 Manholes and lightening holes are to be stiffened according to this requirement, except where alternative 
arrangements are demonstrated as satisfactory, in accordance with the analysis methods described in Ch 7.
 On members contributing to longitudinal strength, stiffeners are to be fitted along the free edges of the openings 
parallel to the vertical and horizontal axis of the opening. Stiffeners may be omitted in one direction if the shortest 
axis is less than 400 mm and in both directions if length of both axes is less than 300 mm. Edge reinforcement may be 
used as an alternative to stiffeners, see Fig. 13.
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Fig. 13 Web Plate with Openings 

 

 In the case of large openings in the web of PSMs (e.g. where a pipe tunnel is fitted in the double bottom), the 
secondary stresses in PSMs are to be considered for the reinforcement of these openings.
 Where no FE analysis is performed, this may be carried out by assigning an equivalent net shear sectional area 
to the PSM obtained, in cm2, according from the following formula: 
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where: 
502,501 nn II -- : Net moments of inertia, in cm4, of deep webs (1) and (2), respectively, with attached plating 

around their neutral axes parallel to the plating. 
502,501 nn AA -- : Net shear sectional areas, in cm2, of deep webs (1) and (2), respectively, taking account of the 

web height reduction by the depth of the cut out for the passage of the ordinary stiffeners, if 
any. 

shrl : Shear span, in m, of deep webs (1) and (2) as defined in Ch 3, Sec 7, 1.1.2. 
 Deep web (1) and (2) are defined in Fig. 14.

 
Fig. 14 Large Openings in the Web of Primary Supporting Members 
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6.3 Openings in the Strength Deck
6.3.1 General
 Openings in the strength deck are to be kept to a minimum and spaced as far as practicable from one another and 
from the ends of superstructures. Openings are to be located as far as practicable from high stress regions such as side 
shell platings, hatchway corners, or hatch side coamings.
6.3.2 Small opening location
 Openings are generally to be located outside the limits as shown in Fig. 15 in dashed area, defined by:

・ The bent area of a rounded sheer strake, if any, or the side shell.
・ )(25.0 bBe -=  from the edge of opening. 
・ bc 1.007.0 += l  or b25.0 , whichever is greater. 

where: 
b : Width, in m, of the hatchway considered, measured in the transverse direction, see Fig. 15. 
l : Width, in m, in way of the corner considered, of the cross deck strip between two consecutive 

hatchways, measured in the longitudinal direction, see Fig. 15. 
 Transverse distance between the above limits and openings or between hatchways and openings as shown in Fig.
15 is not to be less than: 

・ 22 2ag =  for circular openings. 
・ 11 ag =  for elliptical openings. 

 Transverse distance between openings as shown in Fig. 16 is not to be less than:
・ )(2 21 aa +  for circular openings. 
・ )(5.1 21 aa +  for elliptical openings. 

where:
1a  : Transverse dimension of elliptical openings, or diameter of circular openings. 

2a  : Transverse dimension of elliptical openings, or diameter of circular openings. 

3a  : Longitudinal dimension of elliptical openings, or diameter of circular openings. 
 Longitudinal distance between openings is not to be less than:

・ 31 aa +   for circular openings. 
・ )(75.0 31 aa +   for elliptical openings and for an elliptical opening in line with a circular one. 

 If the opening arrangements do not comply with these requirements, the hull girder longitudinal strength 
assessment is to be carried out by subtracting such opening areas, see Ch 5, Sec 1, 1.2.11. 

 
Fig. 15 Position of Openings in Strength Deck 
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Fig. 16 Elliptical and Circular Openings in Strength Deck 

 
 

7. Double Bottom Structure 

7.1 General
7.1.1 Framing system
 For ships greater than 120 m in length, the bottom shell, the inner bottom and the sloped bulkheads of hopper 
tanks, if any, are to be longitudinally framed within the cargo hold region. Where it is not practicable to apply the 
longitudinal framing system to fore and aft parts of the cargo hold region due to the hull form, transverse framing 
may be accepted on a case-by-case basis subject to appropriate brackets and other arrangements being incorporated to 
provide structural continuity in way of changes to the framing system.
7.1.2 Variation in height of double bottom
 Any variation in the height of the double bottom is to be made gradually and over an adequate length; the 
knuckles of inner bottom plating are to be located in way of plate floors. Where such arrangement is not possible, 
suitable longitudinal structures such as partial girders, longitudinal brackets, fitted across the knuckle are to be 
arranged.
7.1.3 Breadth of inner bottom
 Breadth of inner bottom, in m, is to be measured at mid-length of the cargo hold as shown in Fig. 17.

 

Fig. 17 Breadth of Inner Bottom 

 

7.1.4 Drainage of tank top
 For ships designed to carry solid cargoes, effective arrangements are to be provided for draining water from the 
tank top. Where wells are provided for the drainage, such wells are not to extend for more than one-half height of the 
double bottom.
7.1.5 Striking plate
 Striking plates of adequate thickness or other equivalent arrangements are to be provided under sounding pipes 
to prevent the sounding rod from damaging the plating. 
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7.1.6 Duct keel
 Where a duct keel is arranged, the centre girder may be replaced by two girders spaced, no more than 3m apart. 
Otherwise, for a spacing wider than 3 m, the two girders are to be provided with support of adjacent structure and 
subject to the Society s approval.
 The structures in way of the floors are to provide sufficient continuity of the latter. 

7.2 Keel Plate
7.2.1
 Keel plating is to extend over the flat of bottom for the full length of the ship.
 The width of the keel, in m, is not to be less than 0.8 + LCSR /200, without being taken greater than 2.3 m. 

7.3 Girders
7.3.1 Centre girder
 When fitted, the centre girder is to extend within the cargo hold region and is to extend forward and aft as far as 
practicable. Structural continuity of the centre girder is to be maintained within the full length of the ship.
 Where double bottom compartments are used for the carriage of fuel oil, fresh water or ballast water, the centre 
girder is to be watertight, except for the case such as narrow tanks at the end parts or when other watertight girders 
are provided within 0.25B from the centreline.
7.3.2 Side girders
 The side girders are to extend within the parallel part of the cargo hold region and are to extend forward and aft 
of the cargo hold region as far as practicable. 

7.4 Floors
7.4.1 Web stiffeners
 Floors are to be provided with web stiffeners in way of longitudinal ordinary stiffeners. Where the web stiffeners 
are not welded to the longitudinal stiffeners, design standard as given in Ch 9, Sec 6, 2 applies unless fatigue strength 
assessment for the cut out and connection of longitudinal stiffener is carried out. 

7.5 Bilge Keel
7.5.1 Material
 The material of the bilge keel and ground bar is to be of the same yield stress as the material to which they are 
attached.
 In addition, when the bilge keel extends over a length more than 0.15LCSR, the material of the bilge keel and 
ground bar is to be of the same grade as the material to which they are attached. 

 
Fig. 18 Bilge Keel Construction 
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Fig. 19 Bilge Keel End Design 
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Fig. 20 Bilge Keel End Design (Continued)  

 

7.5.2 Design
 The design of single web bilge keels is to be such that failure to the web occurs before failure of the ground bar. 
This may be achieved by ensuring the web thickness of the bilge keel does not exceed that of the ground bar.
 Bilge keels of a different design, from that shown in Fig. 18, are to be specially considered by the Society.
7.5.3 Ground bars
 Bilge keels are not to be welded directly to the shell plating. A ground bar, or doubler, is to be fitted on the shell 
plating as shown in Fig. 18 and Fig. 19. In general, the ground bar is to be continuous.
 The gross thickness of the ground bar is not to be less than the gross thickness of the bilge strake or 14 mm, 
whichever is the lesser.
7.5.4 End details
 The ground bar and bilge keel ends are to be tapered or rounded. Tapering is to be gradual with a minimum ratio 
of 3:1, see items (a), (b), (d) and (e) in Fig. 19/Fig. 20. Rounded ends are to be as shown in item (c) of Fig.19. 
Cut-outs on the bilge keel web, within zone  A  (see items (b) and (e) of Fig. 19/Fig. 20) are not permitted.
 The end of the bilge keel web is to be not less than 50 mm and not greater than 100 mm from the end of the 
ground bar, see items (a) and (d) of Fig. 19/Fig. 20. 
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 Ends of the bilge keel and ground bar are to be supported by either transverse or longitudinal members inside the 
hull, as indicated as follows: 

・ Transverse support member is to be fitted at mid length between the end of the bilge keel web and the end 
of the ground bar, see items (a), (b) and (c) of Fig. 19.  

・ Longitudinal stiffener is to be fitted in line with the bilge keel web, it is to extend to at least the nearest 
transverse member forward and aft of zone  A  (see items (b) and (e) of Fig. 19/Fig. 20). 

 Alternative end arrangements may be accepted, provided that they are considered equivalent. 

7.6 Docking
7.6.1 General
 The drydocking arrangement itself is not covered in these Rules.
 The bottom structure is to withstand the forces imposed by drydocking the ship.
7.6.2 Docking brackets
 Docking brackets connecting the centreline girder to the bottom plating, are to be connected to the adjacent 
bottom longitudinals. 

8. Double Side Structure 

8.1 General
8.1.1 
 Side shell and inner hull bulkheads are generally to be longitudinally framed. Where the side shell is 
longitudinally framed, the inner hull bulkheads are to be longitudinally framed. Alternative framing arrangements are 
to be specially considered by the Society.
8.1.2 
 Where the double side space of bulk carriers is void, the structural members bounding this space are to be 
structurally designed as a water ballast tank. In such a case the corresponding air pipe is considered as extending 
0.76 m above the freeboard deck at side. For corrosion addition, the space is to be considered as a void space. 

8.2 Structural Arrangement
8.2.1 Primary supporting members
 Double side web frames are to be fitted in line with web frames in hopper tanks. In addition, double side web 
frames are to be aligned with web frames or large brackets in topside tanks.
 Vertical primary supporting members are to be fitted in way of hatch end beams of bulk carriers or similar large 
deck opening supporting transverse structure.
 In general, horizontal side stringers are to be fitted aft of the collision bulkhead, up to 0.2LCSR aft of the fore end, 
in line with fore peak stringers.
8.2.2 Transverse stiffeners
 Transverse stiffeners on side shell and inner side, where fitted, are to be continuous or fitted with bracket end 
connections within the height of the double side. The transverse stiffeners are to be effectively connected to stringers. 
At their upper and lower ends, shell and inner side transverse stiffeners are to be connected by brackets to supporting 
stringer plates.
8.2.3 Longitudinal stiffeners
 Longitudinal stiffeners on side shell and inner side, where fitted, are to be continuous within the length of the 
parallel part of the cargo hold region. They are to be fitted with soft toe brackets in way of transverse bulkheads 
aligned with cargo hold bulkheads and are to be effectively connected to transverse web frames of the double side 
structure.
 Longitudinal framing of the side shell is to extend outside the cargo hold region as far forward as practicable.
8.2.4 Sheer strake
 Sheer strakes are to have breadths not less than 0.8 + LCSR/200 m, measured vertically, but need not be greater 
than 1.8 m.
 The sheer strake may be either welded to the stringer plate or rounded.
 If the sheer strake is rounded, its radius, in mm, is to be not less than 17ts, where ts is the net thickness, in mm, of 
the sheer strake. 
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 The upper edge of the welded sheer strake is to be rounded smooth and free of notches. Fixtures such as 
bulwarks, eye plates are not to be directly welded on the upper edge of sheer strake, except in fore and aft parts. 
Drainage openings with a smooth transition in the longitudinal direction may be permitted.
 Longitudinal seam welds of rounded sheer strake are to be located outside the bent area at a distance not less 
than 5 times the maximum net thicknesses of the sheer strake.
 The welding of deck fittings to rounded sheer strakes is to be avoided within 0.6LCSR amidships.
 The transition from a rounded sheer strake to an angled sheer strake associated with the arrangement of 
superstructures is to be designed to avoid any discontinuities.
8.2.5 Plating connection
 Connection between the inner hull plating and the inner bottom plating is to be designed such that stress 
concentration is avoided.
 The connections of hopper tanks plating with inner hull and with inner bottom are to be supported by a primary 
supporting member. 

9. Deck Structure 

9.1 Structural Arrangement
9.1.1 Framing system
 Deck areas contributing to the longitudinal strength are to be longitudinally framed.
9.1.2 Stringer plate
 Stringer plates are to have breadths not less than 0.8 + LCSR /200 m, measured parallel to the deck, but need not 
be greater than 1.8 m.
 Rounded stringer plates, where adopted, are to comply with the requirements in 8.2.4.
9.1.3 Connection of deckhouses and superstructures
 Connection of deckhouses and superstructures to the strength deck are to be designed such that loads are
transmitted into the under deck supporting structure. 

9.2 Deck Scantlings
9.2.1 
 The web depth of deck stiffeners is not to be less than 60 mm.
 The web depth of PSMs is not to be less than 10% and 7% of the unsupported span in bending in tanks and in 
dry spaces, respectively, and is not to be less than 2.5 times the depth of the slots if the slots are not closed. 
Unsupported span in bending is the bending span as defined in Ch 3, Sec 7 or in case of a grillage structure, the 
distance between connections to other PSMs. 

10. Bulkhead Structure 

10.1 Application
10.1.1 
 The requirements of this article apply to longitudinal and transverse bulkheads, which may be plane or 
corrugated. 

10.2 General
10.2.1 
 The web height of vertical PSMs on bulkheads may be gradually tapered from bottom to deck.
10.2.2 
 Bulkheads are to be stiffened in way of deck girders.
10.2.3 
 Bulkheads that support girders, or pillars and longitudinal bulkheads which are fitted in lieu of girders, are to be 
stiffened to provide supports not less effective than required for stanchions or pillars that would be located at the 
same position.
10.2.4 
 Where bulkheads are penetrated by cargo or ballast piping, the structural arrangements in way of the connection 
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are to be adequate for the loads imparted to the bulkheads by the hydraulic forces in the pipes. 

10.3 Plane Bulkheads
10.3.1 General
 Plane bulkheads may be horizontally or vertically stiffened.
 Horizontally framed bulkheads are made of horizontal stiffeners supported by vertical primary supporting 
members.
 Vertically framed bulkheads are made of vertical stiffeners supported by horizontal stringers, if needed.
 The bulkhead stiffener webs of hopper and topside tank watertight bulkheads are to be aligned with the webs of 
longitudinal stiffeners of sloping plates of inner hull.
 Floors are to be fitted in the double bottom in line with the plane transverse bulkhead.
10.3.2 End connection of stiffeners
 The crossing of stiffeners through a watertight bulkhead is to be watertight.
 End connections of stiffeners are to be bracketed. For isolated areas of the ship where bracketed end connections 
cannot be applied due to hull lines, other arrangements including sniped ends are acceptable.
10.3.3 Sniped end of stiffener
 Sniped ends may be used on bulkheads subject to hydrostatic pressure provided they comply with 3.4. 

10.4 Corrugated Bulkheads
10.4.1 General
 For ships of 18 m moulded depth and above, the transverse vertically corrugated watertight bulkheads are to be 
fitted with a lower stool, and generally with an upper stool below deck. For ship of 16 m moulded depth and above, 
the transverse vertically corrugated watertight bulkheads subject to liquid pressure, e.g. tank bulkheads and ballast 
hold bulkheads, are to be fitted with a lower stool, and generally with an upper stool below deck. Otherwise 
corrugations may extend from inner bottom to deck.
10.4.2 Construction
 The main dimensions bf-cg, R, bw-cg, dcg, tf, tw, scg of corrugated bulkheads are defined in Fig. 21.
 The corrugation angle f  is not to be less than 55 degrees. 

 When welds in a direction parallel to the bend axis are provided in the zone of the bend, the welding procedures 
are to be submitted to the Society for approval.
 

Fig. 21 Dimensions of a Corrugated Bulkhead 

 
 

10.4.3 Corrugated bulkhead depth
 The depth of the corrugation, dcg, in mm, is not to be less than: 

C
d c

cg
l1000

=  

where:
cl ：Mean span of considered corrugation, in m, as defined in 10.4.5.  

C： Coefficient to be taken as: 
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C = 15 for tank and water ballast cargo hold bulkheads.
C = 18 for dry cargo hold bulkheads. 

10.4.4 Actual section modulus of corrugations
 The net section modulus of a corrugation may be obtained, in cm3, from the following formula: 

( ) 310
6

3 ---
ú
û

ù
ê
ë

é +
= wcgwfcgfcg tbtbd

Z  

where:
tf, tw： Net thickness of the plating of the corrugation, in mm, shown in Fig. 21.
dcg, bf-cg, bw-cg： Dimensions of the corrugation, in mm, shown in Fig. 21. 

 Where the web continuity is not ensured at ends of the bulkhead, the net section modulus of a corrugation is to 
be obtained, in cm3, from the following formula: 

3105.0 -
-= cgfcgf dtbZ  

10.4.5 Span of corrugations
 The span cl  of the corrugations is to be taken as the distance shown in Fig. 22. 
 For the definition of cl , the bottom of the upper stool is not to be taken more than a distance from the deck at 
the centre line equal to: 

・ 3 times the depth of corrugation, for non rectangular stool.
・ 2 times the depth of corrugation, for rectangular stool. 

 
Fig. 22 Span of the Corrugations 

 

10.4.6 Structural arrangements
 Where corrugated bulkheads are cut in way of primary supporting members, corrugations on each side of the 
primary member are to be aligned with each other.
10.4.7 Bulkhead end supports
 The strength continuity of corrugated bulkheads is to be maintained at the ends of corrugations.
 Where a bulkhead is provided with a lower stool, floors or girders are to be fitted in line with both sides of the 
lower stool. Where a bulkhead is not provided with a lower stool, floors or girders are to be fitted in line with both 
flanges of the vertically corrugated transverse bulkhead. 
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 The supporting floors or girders are to be connected to each other by suitably designed shear plates.
 At deck, if no upper stool is fitted, transverse or longitudinal stiffeners are to be fitted in line with the 
corrugation flanges.
 When the corrugation flange connected to the adjoining boundary structures (i.e. inner hull, side shell, 
longitudinal bulkhead, trunk, etc) is smaller than 50% of the width of the typical corrugation flange, an advanced 
analysis of the connection is required.
10.4.8 Bulkhead stools
 Stool side plating is to be aligned with the corrugation flanges.
10.4.9 Lower stool
 The lower stool, when fitted, is to have a height in general not less than:

・ 3 corrugation depths, for bulk carriers.
・ One corrugation depth, for oil tankers.

 The ends of stool side ordinary stiffeners, when fitted in a vertical plane, are to be attached to brackets at the 
upper and lower ends of the stool. Lower stool side vertical stiffeners and their brackets in the stool are to be aligned 
with the inner bottom structures such as longitudinals or similar. Lower stool side plating is not to be knuckled 
anywhere between the inner bottom plating and the stool top plate.
 The distance d from the edge of the stool top plate to the surface of the corrugation flange is to be in accordance 
with Fig. 23.
 The lower part of the stool side plates is to be in line with double bottom floors or girders as the case may be, 
and the stool bottom is to have a width not less than: 

・ 2.5 corrugation depths, for bulk carriers.
・ One corrugation depth, for oil tankers.

 The stool is to be fitted with diaphragms in line with the longitudinal double bottom girders or floors. Scallops 
in the brackets and diaphragms in way of the connections to the stool top plate are to be avoided.

Fig. 23 Permitted Distance, d, from the Edge of the Stool Top Plate to the Surface of the Corrugation Flange 

 

 The stool side plating is to be connected to the stool top plate and the inner bottom plating by either full 
penetration or partial penetration welds. The supporting floors are to be connected to the inner bottom by either full 
penetration or partial penetration welds.
10.4.10 Upper stool
 The upper stool, when fitted, is to have a height:

・ Not less than two times the corrugation depth, for bulk carriers.
・ At least one corrugation depth, for oil tankers.

 Rectangular stools are to have a height in general equal to twice the depth of corrugations, measured from the 
deck level and at the hatch side girder or at the inner hull as applicable. Brackets or deep webs are to be fitted to 

① 

① 
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connect the upper stool to the deck transverse or hatch end beams.
 The upper stool of a transverse bulkhead is to be properly supported by deck girders or deep brackets between 
the adjacent hatch end beams. The width of the upper stool bottom plate is generally to be the same as that of the 
lower stool top plate. The stool top of non-rectangular stools of bulk carriers is to have a width not less than twice the 
depth of corrugations. The ends of stool side ordinary stiffeners when fitted in a vertical plane, are to be attached to 
brackets at the upper and lower end of the stool.
 The stool is to be fitted with diaphragms in line with and effectively attached to longitudinal deck girders 
extending to the hatch end coaming girders or transverse deck primary supporting members. Scallops in the brackets 
and diaphragms in way of the connection to the stool bottom plate are to be avoided. 

10.5 Non-tight Bulkheads
10.5.1 General
 In general, openings in wash bulkheads are to have generous radii and their aggregate area is not to be less than 
10% of the area of the bulkhead. The area of non-tight bulkhead is the whole cross sectional area in one plane that 
covers the tank boundaries.
10.5.2 Non-tight bulkheads not acting as pillars
 In general, the maximum spacing of stiffeners fitted on non-tight bulkheads not acting as pillars is to be:

・ 0.9 m, for transverse bulkheads.
・ Two frame spacings, with a maximum of 1.5 m, for longitudinal bulkheads.

 The net thickness of bulkhead stiffener, in mm, is not to be less than: 
2015.03 Lt +=  

 The depth of bulkhead stiffener of flat bar type is in general not to be less than 1/12 of stiffener length.
 A smaller depth of stiffener may be accepted based on calculations showing compliance with Ch 6, Sec 5 and 
Ch 8.
10.5.3 Non-tight bulkheads acting as pillars
 Non-tight bulkheads acting as pillars are to be provided with bulkhead stiffeners with a maximum spacing equal 
to: 

・ Two frame spacings, when the frame spacing does not exceed 0.75 m.
・ One frame spacing, when the frame spacing is greater than 0.75 m.

 Where non-tight bulkheads are corrugated, the depth of the corrugation is not to be less than 100 mm.
 Each vertical stiffener, in association with a width of plating equal to 35 times the plating net thickness, 1/12 of 
stiffener length or the stiffener spacing, whichever is the smaller, is to comply with the applicable requirements in Ch 
6, for the load being supported. 

10.6 Watertight Bulkheads of Trunks and Tunnels
10.6.1 
 Watertight trunks, tunnels, duct keels and ventilators are to be of the same strength as watertight bulkheads at 
corresponding levels. The means used for making them watertight, and the arrangements adopted for closing 
openings in them, are to be to the satisfaction of the Society. 

11. Pillars 

11.1 General
11.1.1 
 Pillars are to be fitted in the same vertical line wherever possible. If not possible, effective means are to be 
provided for transmitting their loads to the supports below. Effective arrangements are to be made to distribute the 
load at the heads and heels of all pillars. Where pillars support eccentric loads, they are to be strengthened for the 
additional bending moment imposed upon them.
11.1.2 
 Pillars are to be provided in line with the double bottom girder or as close thereto as practicable, and the 
structure above and below the pillars is to be of sufficient strength to provide effective distribution of the load. Where 
pillars connected to the inner bottom are not located in way of the intersection of floors and girders, partial floors or 

① 
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girders or equivalent structures are to be fitted as necessary to support the pillars.
11.1.3 
 Pillars provided in tanks are to be of solid or open section type.
 Where the hydrostatic pressure may result in tensile stresses in the pillar, the tensile stress in the pillar and its 
end connections is not to exceed 45% of the specified minimum yield stress of the material. 

11.2 Connections
11.2.1 
 Heads and heels of pillars are to be secured by thick doubling plates and brackets as necessary. Alternative 
arrangements for doubling plates may be accepted, provided that they are considered equivalent as deemed 
appropriate by the Society. Where the pillars are likely to be subjected to tensile loads, the head and heel of pillars are 
to be efficiently secured to withstand the tensile loads and the doubling plates replaced by insert plate.
 The net thickness of doubling plates, when fitted, is to be not less than 1.5 times the net thickness of the pillar. 
Pillars are to be attached at their heads and heels by continuous welding. 
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Section 7 STRUCTURAL IDEALISATION 

Symbols 

For symbols not defined in this section, refer to Ch 1, Sec 4. 

wj  : Angle, in deg, between the stiffener or primary supporting member web and the attached plating, see Fig. 14. 

wj  is to be taken equal to 90 deg if the angle is greater than or equal to 75 deg. 

bdgl  : Effective bending span, in m, as defined in 1.1.2 for stiffeners and 1.1.6 for primary supporting members. 

shrl  : Effective shear span, in m, as defined in 1.1.3 for stiffeners and 1.1.7 for primary supporting members. 

l   : Full length of stiffener or of primary supporting member, in m, between their supports. 
s  : Stiffener spacing, in mm, as defined in 1.2.
S  : Primary supporting member spacing, in m, as defined in 1.2.
a  : Length, in mm, of EPP as defined in 2.1.1.
b  : Breadth, in mm, of EPP as defined in 2.1.1.
hstf : Stiffener height, including the face plate, in mm.
tp : Net thickness of attached plate, in mm.
tw : Net web thickness, in mm. For bulb profiles, see 1.4.1.
bf : Breadth of flange, in mm, see Ch 3, Sec 2, Fig. 2. For bulb profiles, see 1.4.1.
tf : Net thickness of flange, in mm.
PSM  : Primary Supporting Member.
EPP  : Elementary Plate Panel.
LCP  : Load Calculation Point. 

1. Structural Idealisation of Stiffeners and Primary Supporting Members 

1.1 Effective Spans
1.1.1 General
 Where arrangements differ from those defined in this article, span definition may be specially considered.
1.1.2 Effective bending span of stiffeners
 The effective bending span 

bdgl  of stiffeners is to be measured as shown in Fig. 1 for single skin structures and 

Fig. 2 for double skin structures.
 If the web stiffener is sniped at the end or not attached to the stiffener under consideration, the effective bending 
span is to be taken as the full length between PSMs unless a backing bracket is fitted, see Fig. 1.
 The effective bending span may be reduced where brackets are fitted to the flange or free edge of the stiffener. 
Brackets fitted on the side opposite to that of the stiffener with respect to attached plating are not to be considered as 
effective in reducing the effective bending span.
 In single skin structures, the effective bending span of a stiffener supported by a bracket or by a web stiffener on 
one side only of the primary supporting member web, is to be taken as the total span between primary supporting 
members as shown in item (a) of Fig. 1. If brackets are fitted on both sides of the primary supporting member, the 
effective bending span is to be taken as in items (b), (c) and (d) of Fig. 1. 

① 
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Fig. 1 Effective Bending Span of Stiffeners Supported by Web Stiffeners (Single Skin Construction) 
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Fig. 2 Effective Bending Span of Stiffeners Supported by Web Stiffeners (Double Skin Construction) 

 

 Where the face plate of the stiffener is continuous along the edge of the bracket, the effective bending span is to 
be taken to the position where the depth of the bracket is equal to one quarter of the depth of the stiffener, see Fig. 3.
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Fig. 3 Effective Bending Span for Local Support Members with Continuous Face Plate along Bracket Edge 

 

1.1.3 Effective shear span of stiffeners
 The effective shear span, shrl  in m, of stiffeners is to be measured as shown in Fig. 4 for single skin structures 
and Fig. 5 for double skin structures.

 
Fig. 4 Effective Shear Span of Stiffeners Supported by Web Stiffeners (Single Skin Construction) 

 



－112－

2019 Rules for the Survey and Construction of Steel Ships (Part CSR-B&T Part 1 Chapter 3 Section 7)

 The effective shear span may be reduced for brackets fitted on either the flange or the free edge of the stiffener, 
or for brackets fitted to the attached plating on the side opposite to that of the stiffener.
 If brackets are fitted at both the flange or free edge of the stiffener, and to the attached plating on the side 
opposite to the stiffener the effective shear span may be reduced using the longer effective bracket arm.
 Regardless of support detail, the full length of the stiffener may be reduced by a minimum of s/4000 m at each 
end of the member, hence the effective shear span shrl , is not to be taken greater than: 

2000
s

shr -£ ll  

 
Fig. 5 Effective Shear Span of Stiffeners Supported by Web Stiffeners (Double Skin Construction) 
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 For curved and/or long brackets (high length/height ratio), the effective bracket length is to be taken as the 
maximum inscribed 1:1.5 right angled triangle as shown in item (c) of both Fig. 4 and Fig. 5.
 Where the face plate of the stiffener is continuous along the curved edge of the bracket, the bracket length to be 
considered for determination of the span point location is not to be taken greater than 1.5 times the length of the 
bracket arm as shown in Fig. 6.
 

Fig. 6 Effective Shear Span for Local Support Members with Continuous Face Plate along Bracket Edge 

 

1.1.4 Effect of hull form shape on span of stiffeners
 For curved stiffeners, the span is defined as the chord length between span points to be measured at the flange 
for stiffeners with a flange, and at the free edge for flat bar stiffeners. The calculation of the effective span is to be in
accordance with requirements given in 1.1.2 and 1.1.3.
1.1.5 Effective span of stiffeners supported by struts
 The arrangement of stiffeners supported by struts is not allowed for ships over 120 m in length.
 The span, l  of stiffeners supported by one strut fitted at mid distance of the primary supporting members is to 
be taken as 

27.0 l . 
 In case where two struts are fitted at 1/3 and 2/3 length between primary supporting members, the span, l  of 
stiffeners is to be taken as 

27.0 l . 
 

1l  and 
2l  are the spans defined in Fig. 7 and Fig. 8. 

 
Fig. 7 Span of Stiffeners with One Strut 

 
 

Fig. 8 Span of Stiffeners with Two Struts 

 



－114－

2019 Rules for the Survey and Construction of Steel Ships (Part CSR-B&T Part 1 Chapter 3 Section 7)

Fig.9 Effective Bending Span of Primary Supporting Member 
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Fig. 10 Effective Shear Span of Primary Supporting Member 
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1.1.6 Effective bending span of primary supporting members
 The effective bending span, 

bdgl , in m, of a primary supporting member without end bracket is to be taken as 

the length of the member between supports.
 The effective bending span, 

bdgl , of a primary supporting member may be taken as less than the full length of 

the member between supports provided that suitable end brackets are fitted.
 The effective bending span 

bdgl , in m, of a primary supporting member with end brackets is taken between 

points where the depth of the bracket is equal to half the web height of the primary supporting member as shown in 
item (b) of Fig. 9. The effective bracket used to define these span points is to be taken as given in 1.1.8.
 In case of brackets where the face plate of the member is continuous along the face of the bracket, as shown in 
items (a), (c) and (d) of Fig. 9, the effective bending span 

bdgl , in m, is taken between points where the depth of the 

bracket is equal to one quarter the web height of the primary supporting member. The effective bracket used to define 
these span points is to be taken as given in 1.1.8.
 For straight brackets with a length to height ratio greater than 1.5, the span point is to be taken to the effective 
bracket; otherwise the span point is to be taken to the fitted bracket.
 For curved brackets, for span positions above the tangent point between fitted bracket and effective bracket, the 
span point is to be taken to the fitted bracket; otherwise, the span point is to be taken to the effective bracket.
 For arrangements where the primary supporting member face plate is carried on to the bracket and backing 
brackets are fitted; the span point need not be taken greater than to the position where the total depth reaches twice 
the depth of the primary supporting member. Arrangements with small and large backing brackets are shown in items 
(e) and (f) of Fig. 9.
 For arrangements where the height of the primary supporting member is maintained and the face plate width is 
increased towards the support; the effective bending span may be taken to a position where the face plate breadth 
reaches twice the nominal breadth.
1.1.7 Effective shear span of primary supporting members
 The effective shear span of the primary supporting member may be reduced compared to effective bending span, 
and taken between the toes of the effective brackets supporting the member, where the toes of effective brackets are 
as shown in Fig. 10. The effective bracket used to define the toe point is given in 1.1.8.
 For arrangements where the effective backing bracket is larger than the effective bracket in way of face plate, 
the shear span is to be taken as the mean distance between toes of the effective brackets as shown in item (f) of 
Fig.10.
1.1.8 Effective bracket definition
 The effective bracket is defined as the maximum size of right angled triangular bracket with a length to height 
ratio of 1.5 that fits inside the fitted bracket. See Fig. 9 for examples. 

1.2 Spacing and Load Supporting Breadth
1.2.1 Stiffeners
 Stiffeners spacing, s, in mm, for the calculation of the effective attached plating of stiffeners is to be taken as the 
mean spacing between stiffeners and taken equal to, see Fig. 11. 

4
4321 bbbbs +++

=  

where:
b1, b2, b3, b4 : Spacings between stiffeners at ends, in mm. 

 In general, the loading breadth supported by stiffener is to be taken equal to s.
1.2.2 Primary supporting member
 Primary supporting member spacing, S, for the calculation of the effective attached plating of primary 
supporting members is to be taken as the mean spacing between adjacent primary supporting members, and taken 
equal to, see Fig. 11. 

4
4321 bbbbS +++

=  

where:
b1, b2, b3, b4 : Spacings between primary supporting members at ends. 

 In general, the loading breadth supported by a primary supporting member is to be taken equal to S. 
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1.2.3 Spacing of curved plating
 For curved plating, the stiffener spacing, s or the primary supporting member spacing, S is to be measured on the 
mean chord between members. 

 
Fig. 11 Spacing of Plating 

 
 

1.3 Effective Breadth
1.3.1 Stiffeners
 The effective breadth, beff, in mm, of the attached plating to be considered in the actual net section modulus for 
the yielding check of stiffeners is to be obtained from the following formulae: 

・ Where the plating extends on both sides of the stiffener: 
l200=effb , or 

sbeff =  

 whichever is lesser.
・ Where the plating extends on one side of the stiffener (i.e. stiffeners bounding openings): 

l100=effb , or 
sbeff 5.0=   

 whichever is lesser.
 However, where the attached plate net thickness is less than 8 mm, the effective breadth is not to be taken greater 
than 600 mm.
 The effective breadth, beff, in mm, of the attached plating to be considered for the buckling check of stiffeners is 
given in Ch 8, Sec 5, 2.3.5.
1.3.2 Primary supporting members
 The effective breadth of attached plating, beff, in m, for calculating the section modulus and/or moment of inertia 
of a primary supporting member is to be taken as: 
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1.3.3 Effective area of curved face plate and attached plating of primary supporting members
 The effective net area given in (a) and (b) is only applicable to curved face plates and curved attached plating of 
primary supporting members. This is not applicable for the area of web stiffeners parallel to the face plate.
 The effective net area is applicable to primary supporting members for the following calculations:

・ Actual net section modulus used for comparison with the scantling requirements in Ch 6.
・ Actual effective net area of curved face plates, modelled by beam elements, used in Ch 7.
(a) The effective net area, Aeff-n50, in mm2, is to be taken as: 

Aeff-n50 = Cf tf-n50 bf

where:
Cf : Flange efficiency coefficient taken equal to: 

1

50
1 b

tr
CC nff

ff
-=  but not to be taken greater than 1.0. 

Cf1 : Coefficient taken equal to: 
・ For symmetrical and unsymmetrical face plates, 

( )
( ) bb

bbbb
221 sinsinh

cossincoshsinh643.0
+

+
=fC  

・ For attached plating of box girders with two webs,  
( )( )

( ) bb
bbbb

221 sinsinh
coscoshsinsinh78.0

+
-+

=fC  

・ For attached plating of box girders with multiple webs, 
( )

bb
bb

sinsinh
coscosh56.1

1 +
-

=fC  

b : Coefficient calculated as: 

50

1285.1

nff tr
b

-

=b , in rad. 

b1 : Breadth, in mm, to be taken equal to: 
・ For symmetrical face plates, b1 = 0.5 (bf   tw-n50)
・ For unsymmetrical face plates, b1 = bf

・ For attached plating of box girders, b1 = sw   tw-n50 
sw : Spacing of supporting webs for box girders, in mm.
tf-n50 : Net flange thickness, in mm. For calculation of Cf and b  of unsymmetrical face plates, tf-n50 is 

not to be taken greater than tw-n50. 
tw-n50 : Net web plate thickness, in mm.
rf : Radius of curved face plate or attached plating, in mm, see Fig. 12 at mid thickness.
bf : Breadth of face plate or attached plating, in mm, see Fig. 12. 

(b) The effective net area, in mm2, of curved face plates supported by radial brackets, or attached plating 
supported by cylindrical stiffeners, is given by: 

fnf
rnff

rfnff
neff bt
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where:
sr : Spacing of tripping brackets or web stiffeners or stiffeners normal to the web plating, in mm, see 

Fig. 12. 
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Fig. 12 Curved Shell Panel and Face Plate 

 
 

1.4 Geometrical Properties of Stiffeners and Primary Supporting Members
1.4.1 Stiffener profile with a bulb section
 The properties of bulb profile sections are to be determined by direct calculations.
 Where direct calculation of properties is not possible, a bulb section may be taken equivalent to a built-up
section. The net dimensions of the equivalent built-up section are to be obtained, in mm, from the following formulae. 

2
2.9
'' +-= w
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hhh  

 
ø
ö
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è
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7.6
'' w

wf
htb a  

2
2.9
'

-= w
f

ht  

ww tt '=  
where: 

ww th ','  : Net height and thickness of a bulb section, in mm, as shown in Fig. 13. 

a   : Coefficient equal to: 
( )

3000
'1201.1

2
wh-

+=a  for 120' £wh  

0.1=a   for 120' >wh  
 

Fig. 13 Dimensions of Stiffeners 

 



－120－

2019 Rules for the Survey and Construction of Steel Ships (Part CSR-B&T Part 1 Chapter 3 Section 7)

1.4.2 Net elastic shear area of stiffeners
 The net elastic shear area, Ashr, in cm2, of stiffeners is to be taken as: 

210-= wshrshr tdA  
dshr : Effective shear depth of stiffener, in mm, as defined in 1.4.3.
tw : Net web thickness of the stiffener, in mm, as defined in Ch 3, Sec 2, Fig. 2. 

1.4.3 Effective shear depth of stiffeners
 The effective shear depth of stiffeners, dshr, in mm, is to be taken as: 

( ) wplcpstfcstfshr ttthd jsin5.05.0 -- ++-=  

where:
hstf : Height of stiffener, in mm, as defined in Ch 3, Sec 2, Fig.2.
tp : Net thickness of the stiffener attached plating, in mm, as defined in Ch 3, Sec 2, Fig. 2.
tc-stf : Corrosion addition, in mm, of considered stiffener as given in Ch 3, Sec 3.
tc-pl : Corrosion addition, in mm, of attached plate of the stiffener considered as given in Ch 3, Sec 3. 

wj  : Angle, in deg, as defined in Fig. 14. wj  is to be taken as 90 degrees if the angle is greater than or 
equal to 75 degrees. 

1.4.4 Elastic net section modulus and net moment of inertia of stiffeners
 The elastic net section modulus, Z, in cm3 and the net moment of inertia, I, in cm4 of stiffeners, is to be taken as: 

wstfZZ jsin=  

wstII j2sin=  
where:
Zstf : Net section modulus of the stiffener, in cm3, considered perpendicular to its attached plate, i.e. with 

wj  = 90 deg. 
Ist : Net moment of inertia of the stiffener, in cm4, considered perpendicular to its attached plate, i.e. with 

wj  = 90 deg. 

wj  : Angle, in deg, as defined in Fig. 14. wj  is to be taken as 90 degrees if the angle is greater than or 
equal to 75 degrees. 

 
Fig. 14 Angle between Stiffener Web and Attached Plating 

 

1.4.5 Effective net plastic shear area of stiffeners
 The net plastic shear area, Ashr-pl, of stiffeners, in cm2, which is used for assessment against impact loads is to be 
taken as: 

Ashr-pl = Ashr

where:
Ashr : Net elastic shear area, in cm2, as defined in 1.4.2. 

1.4.6 Effective net plastic section modulus of stiffeners
 The effective net plastic section modulus, Zpl, of stiffeners, in cm3, which is used for assessment against impact 
loads, is to be taken as: 

( )
1000
12

2000

2
ctrffwww

pl

hAthfZ --
+=

g
 for  ££ 9075 wj  

( ) ( )
1000

cossin12
2000

sin2
wctrfwctrffwwww

pl

bhAthfZ
jjgj -- --

+=  for  < 75wj  
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where:
fw : Web shear stress factor, taken equal to: 

・ For flanged profile cross sections with n = 1 or 2, fw = 0.75.
・ For flanged profile cross sections with n = 0, fw = 1.0.
・ For flat bar stiffeners, fw = 1.0. 

n : Number of plastic hinges at end supports of each member, taken equal to: 0, 1 or 2.
  A plastic hinge at end support may be considered where: 

・ The stiffener is continuous at the support.
・ The stiffener passes through the support plate while it is connected at its termination point by a 

carling (or equivalent) to adjacent stiffeners. 
・ The stiffener is attached to an abutting stiffener effective in bending (not a buckling stiffener).
・ The stiffener is attached to a bracket effective in bending. The bracket is assumed to be effective in 

bending when it is attached to another stiffener (not a buckling stiffener). 
hw : Depth of stiffener web, in mm, taken equal to: 

・ For T, L (rolled and built-up) profiles and flat bar, as defined in Ch 3, Sec 2, Fig. 2.
・ For L2 and L3 profiles as defined in Ch 3, Sec 2, Fig. 3.
・ For bulb profiles, to be taken as defined in 1.4.1. 

g  : Coefficient equal to: 

4
1231 b

g
++

=  

b  : Coefficient equal to: 

・ 
f

w

ctrfff

shrbw

b
t

htb
ft

2
10

80
6

2

22

+=
-

l
b  for L profiles without a mid-span tripping bracket, but not to be 

taken greater than 0.5. 
・ 5.0=b  for other cases. 

Af : Net cross sectional area of flange, in mm2: 
・ Af = 0  for flat bar stiffeners.
・ Af = bf tf  for other stiffeners. 

bf-ctr : Distance from mid thickness of stiffener web to the centre of the flange area: 
・ bf-ctr = 0.5 (bf - tw)  for rolled angle profiles and bulb profiles.
・ bf-ctr = 0   for T profiles. 

hf-ctr : Height of stiffener measured to the mid thickness of the flange: 
・ hf-ctr = hw + 0.5 tf  for profiles with flange of rectangular shape except for L3 profiles and for 

bulb profiles. 
・ hf-ctr = hw   de   0.5 tf  for L3 profiles as defined in Ch 3, Sec 2, Fig. 3. 

de : Distance from upper edge of web to the top of the flange, in mm, for L3 profiles, see Ch 3, Sec 2, Fig. 
3. 

fb : Coefficient taken equal to: 
・ fb = 0.8 for flanges continuous through the primary supporting member, with end bracket(s).
・ fb = 0.7 for flanges sniped at the primary supporting member or terminated at the support without 

aligned structure on the other side of the support, and with end bracket(s). 
・ fb = 1.0 for other stiffeners. 

tf : Net flange thickness, in mm. 
・ tf = 0 for flat bar stiffeners.
・ For bulb profiles tf is defined in 1.4.1. 

1.4.7 Primary supporting member web not perpendicular to attached plating
 Where the primary supporting member web is not perpendicular to the attached plating, the actual net shear area, 
in cm2, and the actual net section modulus, in cm2, can be obtained from the following formulae: 

・ Actual net shear area: 
wnshnsh AA jsin50050 --- =   for  < 75wj  

50050 nshnsh AA --- =   for  ££ 9075 wj  

① 

① 

① 

① 
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・ Actual net section modulus: 
wnperpn ZZ jsin5050 -=   for  < 75wj  

5050 nperpn ZZ -=    for  ££ 9075 wj  

where:
Ash 0 n50: Actual net shear area, in cm2, of the primary supporting member assumed to be perpendicular to the 

attached plating, to be taken equal to: 
( ) 2

505050500 10-
----- ++= nwnpnfwnsh ttthA  

Zperp n50: Actual section modulus, in cm3, with its attached plating of the primary supporting member assumed 
to be perpendicular to the attached plating. 

1.4.8 Shear area of primary supporting members with web openings
 The effective web height, heff, in mm, to be considered for calculating the effective net shear area, Ash-n50 is to be 
taken as the lesser of the following, where the third formula is only taken into account for an opening located at a 
distance less than hw /3 from the cross-section considered. 

heff = hw

heff = hw3 + hw4

heff = hw1 + hw2 + hw4

where:
hw: Web height of primary supporting member, in mm.
hw1, hw2, hw3, hw4 : Dimensions as shown in Fig. 15. 

 
Fig. 15 Effective Shear Area in way of Web Openings 

 
 

2. Plates 

2.1 Idealisation of EPP
2.1.1 EPP
 An elementary plate panel (EPP) is the unstiffened part of the plating between stiffeners and/or primary 
supporting members. The plate panel length, a, and breadth, b, of the EPP are defined respectively as the longest and 
shortest plate edges, as shown in Fig. 16. 
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Fig. 16 Elementary Plate Panel (EPP) Definition  

 

2.1.2 Strake required thickness
 The required thickness of a plate strake is to be taken as the greatest value required for each EPP within that 
strake. The requirements given in Table 1 are to be applied for the selection of strakes to be considered as shown in 
Fig. 17.
 The maximum corrosion addition within a strake is to be applied according to Ch 3, Sec 3, 1.2.4. 

 
Table 1 Strake Considered in a Given EPP 

 a/b > 2 a/b £ 2 

a1 > b/2 All strakes (St1, St2, St3, St4) All strakes (St1, St2, St3, St4) 

a1 £ b/2 Strakes St2 and St4 All strakes (St1, St2, St3, St4) 
 

 
Fig. 17 Strake Considered in a Given EPP 

 
 

where:
a1: Distance, in mm, measured inside the considered strake in the direction of the long edge of the EPP, 

between the strake boundary weld seam and the EPP edge. 

2.1.3 
 For direct strength assessment, the EPP is idealised with the mesh arrangement in the finite element model. 

2.2 Load Calculation Point
2.2.1 Yielding
 For the yielding check, the local pressure and hull girder stress, used for the calculation of the local scantling 
requirements are to be taken at the Load Calculation Point (LCP) having coordinates x, y and z as defined in Table 2. 
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Table 2 LCP Coordinates for Yielding 

LCP 
coordinates 

General(1) Horizontal plating 
Vertical transverse structure and 

transverse stool plating 

Longitudinal 
framing 
(Fig. 18) 

Transverse 
framing 
(Fig. 19) 

Longitudinal 
framing 

Transverse 
framing 

Horizontal 
framing 
(Fig. 20) 

Vertical 
framing 
(Fig. 21) 

x coordinate Mid-length of the EPP Mid-length of the EPP Corresponding to y and z values 

y coordinate Corresponding to x and z coordinates Outboard y value of the EPP 
Outboard y value of the EPP, 

taken at z level(2) 

z coordinate 
Lower edge of 

the EPP 

The greater of 
lower edge of the 

EPP or lower edge 
of the strake 

Corresponding to x and y values 
Lower edge of 

the EPP 

The greater of 
lower edge of 

the EPP or 
lower edge of 

the strake 

(1) All structures other than horizontal platings or vertical transverse structures.

(2) For transom plate, the y coordinate of the load calculation point is to be taken corresponding to y value at side shell at z 

level of the load calculation point, for the external dynamic pressure calculation. 
 

 
Fig. 18 Load Calculation Point (LCP) for Longitudinal Framing 

 
 

① 
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Fig. 19 Load Calculation Point for Transverse Framing 

 
 

Fig. 20 Load Calculation Point for Horizontal Framing on Transverse Vertical Structure 

 
 

Fig. 21 Load Calculation Point for Vertical Framing on Transverse Vertical Structure 
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2.2.2 Buckling
 For the prescriptive buckling check of the EPP according to Ch 8, Sec 3, the LCP for the pressure and for the 
hull girder stresses are defined in Table 3.
 For the FE buckling check, Ch 8, Sec 4 is applicable.

 
Table 3 LCP Coordinates for Plate Buckling 

LCP 
coordinates 

LCP for pressure 

LCP for hull girder stresses (Fig. 22) 

Bending stresses(1) 
Shear stresses 

Non horizontal plate Horizontal plate 

x coordinate 

Same coordinates as 
LCP for yielding  

See Table 2 

Mid-length of the EPP 

y coordinate 
Corresponding to x and 

z values 

Outboard and inboard ends 
of the EPP 

(points A1 and A2) 

Mid-point of EPP 
(point B) 

z coordinate 
Both upper and lower 

ends of the EPP 
(points A1 and A2) 

Corresponding to x and y values 

(1) The bending stress for curved plate panel is the mean value of the stresses calculated at points A1 and A2. 
 

 
Fig. 22 LCP for Plate Buckling   Hull Girder Stresses 

 
 

3. Stiffeners 

3.1 Reference Point
3.1.1
 The requirements of section modulus for stiffeners relate to the reference point giving the minimum section 
modulus. This reference point is generally located as shown in Fig. 23 for typical profiles. 

3.2 Load Calculation Points
3.2.1 LCP for Pressure
 The load calculation point for the pressure is located at:

・ Middle of the full length, l , of the considered stiffener. 
・ The intersection point between the stiffener and its attached plate.

 For stiffeners located on transom plate, the y coordinate of the load calculation point is to be taken
corresponding to y value at side shell at z level of the load calculation point, for the external dynamic pressure 
calculation. 

① 
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Fig. 23 Reference Point for Calculation of Section Modulus and Hull Girder Stress for Local Scantling 
Assessment 

 

3.2.2 LCP for hull girder bending stress
 The load calculation point for the hull girder bending stresses is defined as follows:

・ For yielding verification according Ch 6: 
・ At the middle of the full length, l , of the considered stiffener. 
・ At the reference point given in Fig. 23.  

・ For prescriptive buckling requirements according to Ch 8:  
・ At the middle of the full length, l , of the considered stiffener. 
・ At the intersection point between the stiffener and its attached plate. 

3.2.3 Non-horizontal stiffeners
 The lateral pressure, P is to be calculated as the maximum between the value obtained at middle of the full 
length, l , and the value obtained from the following formulae: 

2
LU pp

P
+

=  when the upper end of the vertical stiffener is below the lowest zero pressure level. 

2
1 LpP
l

l
=  when the upper end of the vertical stiffener is at or above the lowest zero pressure level, see 

Fig. 24. 
where:

1l  : Distance, in m, between the lower end of vertical stiffener and the lowest zero pressure level. 
PU, PL : Lateral pressures at the upper and lower end of the vertical stiffener span l , respectively. 
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Fig. 24 Definition of Pressure for Vertical Stiffeners 

 

4. Primary Supporting Members 

4.1 Load Calculation Point
4.1.1 
 The load calculation point is located at the middle of the full length, l , at the attachment point of the primary 
supporting member with its attached plate. However, for primary supporting members in the cargo hold region the 
requirements in Pt 2, Ch 1, Sec 4, 4, as applicable, for bulk carriers and Pt 2, Ch 2, Sec 3, 1 for oil tankers are to be 
followed.
 For primary supporting members located on transom plate, the y coordinate of the load calculation point is to be 
taken corresponding to y value at side shell at z level of load calculation point for the external dynamic pressure 
calculation.

 

 

① 
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Chapter 4 LOADS 

Section 1 INTRODUCTION 

Symbols 

For symbols not defined in this section, refer to Ch 1, Sec 4.
S: Static load case.
S+D: Static plus dynamic load case. 

1. General 

1.1 Application
1.1.1 Scope
 This chapter provides the design load for strength and fatigue assessments.
 The load combinations are to be derived for the design load scenarios specified in Ch 4, Sec 7. This section uses 
the concept of design load scenarios to specify consistent design load sets which cover the appropriate operating 
modes of a bulk carrier or oil tanker.
1.1.2 Equivalent Design Wave EDW
 The dynamic loads associated with each dynamic load case are based on the Equivalent Design Wave (EDW) 
concept. The EDW concept applies a consistent set of dynamic loads to the ship such that specified dominant load 
response is equivalent to the required long term response value.
1.1.3 Probability level for strength and fatigue assessments
 In this chapter, the assessments are to be understood as follows:

・ Strength assessment means the assessment for the strength criteria excluding fatigue, for the loads 
corresponding to the probability level of 10-8, for the ballast water exchange, for harbour conditions and for 
flooded conditions. 

・ Fatigue assessment means the assessment for the fatigue criteria for the loads corresponding to the 
probability level of 10-2. 

1.1.4 Dynamic load components
 All dynamic load components are to be concurrent values calculated for each dynamic load case.
1.1.5 Loads for strength assessment
 The strength assessment is to be undertaken for all design load scenarios and the final assessment is to be made 
on the most onerous strength requirement.
 Each design load scenario for strength assessment is composed of a Static (S) load case or a Static + Dynamic 
(S+D) load case, where the static and dynamic loads are dependent on the loading condition being considered.
 The static loads are defined in the following sections:

・ Still water hull girder loads in Ch 4, Sec 4.
・ External loads in Ch 4, Sec 5.
・ Internal loads in Ch 4, Sec 6.

 The EDWs for the strength assessment and the dynamic load combination factors for global loads are listed in 
Ch 4, Sec 2, 2.
 The dynamic load components are defined in the following sections:

・ Dynamic hull girder load components in Ch 4, Sec 4.
・ External loads in Ch 4, Sec 5.
・ Internal loads in Ch 4, Sec 6.

1.1.6 Loads for fatigue assessment
 Each design load scenario for fatigue assessment is composed of a Static + Dynamic (S+D) load case, where the 
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static and dynamic loads are dependent on the loading condition being considered.
 The static loads are defined in the following sections:

・ Still water hull girder loads in Ch 4, Sec 4.
・ External loads in Ch 4, Sec 5.
・ Internal loads in Ch 4, Sec 6.

 The EDWs for the fatigue assessment are listed in Ch 4, Sec 2, 3.
 The dynamic load components are defined in the following sections:

・ Dynamic hull girder load components in Ch 4, Sec 4.
・ External loads in Ch 4, Sec 5.
・ Internal loads in Ch 4, Sec 6. 

1.2 Definitions
1.2.1 Coordinate system
 The coordinate system is defined in Ch 1, Sec 4, 3.6.1.
1.2.2 Sign convention for ship motions
 The ship motions are defined with respect to the ship s centre of gravity (COG) as shown in Fig. 1, where:

・ Positive surge is translation in the X-axis direction (positive forward).
・ Positive sway is translation in the Y-axis direction (positive towards port side of ship).
・ Positive heave is translation in the Z-axis direction (positive upwards).
・ Positive roll motion is positive rotation about a longitudinal axis through the COG (starboard down and 

port up). 
・ Positive pitch motion is positive rotation about a transverse axis through the COG (bow down and stern 

up). 
・ Positive yaw motion is positive rotation about a vertical axis through the COG (bow moving to port and 

stern to starboard). 
 

Fig. 1 Definition of Positive Motions 

 

1.2.3 Sign convention for hull girder loads
 The sign conventions of vertical bending moments, vertical shear forces, horizontal bending moments and 
torsional moments at any ship transverse section are as shown in Fig. 2, namely: 

・ The vertical bending moments Msw and Mwv 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 Qsw, Qwv 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 horizontal bending moment Mwh is positive when it induces tensile stresses in the starboard side and 
negative when it induces tensile stresses in the port side. 

・ The torsional moment Mwt is positive in the case of resulting moment acting aft of the transverse section 
following negative rotation around the X-axis, and of resulting moment acting forward of the transverse 
section following positive rotation around the X-axis. 
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Fig. 2 Sign Conventions for Shear Forces Qsw, Qwv and Bending Moments Msw, Mwv, Mwh and Mwt 
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Section 2 DYNAMIC LOAD CASES 

Symbols 

For symbols not defined in this section, refer to Ch 1, Sec 4.
asurge，apitch-x，asway，aroll-y，aheave，aroll-z，apitch-z : Acceleration components, as defined in Ch 4, Sec 3.
fxL : Ratio between x-coordinate of the load point and LCSR, to be taken as: 

CSR
xL L

xf = , but not to be taken less than 0.0 or greater than 1.0. 

fT : Ratio between draught at a loading condition and scantling draught, as defined in Ch 4, Sec 3.
flp : Factor depending on longitudinal position along the ship, to be taken as: 

0.1=lpf  for 5.0£CSRLx  
0.1-=lpf  for CSRLx<5.0  

flp-OST : Factor for the longitudinal distribution of the torsional moment for the OST load case, to be taken as: 
xLOSTlp ff 5=-  for 2.0<CSRLx  

0.1=-OSTlpf  for 4.02.0 <£ CSRLx  
04.46.7 +-=- xLOSTlp ff  for 65.04.0 <£ CSRLx  

9.0-=-OSTlpf   for 85.065.0 <£ CSRLx  
66 -=- xLOSTlp ff  for CSRLx£85.0  

flp-OSA : Factor for the longitudinal distribution of the torsional moment for the OSA load case, to be taken as: 
( )TOSAlp ff 3.02.0 +-=-  for 4.0<CSRLx  
( )( )xLTOSAlp fff 5.116.53.02.0 -+-=-  for 6.04.0 <£ CSRLx  

( )TOSAlp ff 3.02.03.1 +=-  for CSRLx£6.0  

WS : Weather side, side of the ship exposed to the incoming waves.
LS : Lee side, sheltered side of the ship away from the incoming waves.
MWV : Vertical wave bending moment, in kNm, defined in Ch 4, Sec 4.
QWV : Vertical wave shear force, in kN, defined in Ch 4, Sec 4.
MWH : Horizontal wave bending moment, in kNm, defined in Ch 4, Sec 4.
MWT : Torsional wave bending moment, in kNm, defined in Ch 4, Sec 4.
CWV : Load combination factor to be applied to the vertical wave bending moment.
CQW : Load combination factor to be applied to the vertical wave shear force.
CWH : Load combination factor to be applied to the horizontal wave bending moment.
CWT : Load combination factor to be applied to the wave torsional moment.
CXS  : Load combination factor to be applied to the surge acceleration.
CXP  : Load combination factor to be applied to the longitudinal acceleration due to pitch.
CXG : Load combination factor to be applied to the longitudinal acceleration due to pitch motion.
CYS  : Load combination factor to be applied to the sway acceleration.
CYR  : Load combination factor to be applied to the transverse acceleration due to roll.
CYG  : Load combination factor to be applied to the transverse acceleration due to roll motion.
CZH  : Load combination factor to be applied to the heave acceleration.
CZR  : Load combination factor to be applied to the vertical acceleration due to roll.
CZP  : Load combination factor to be applied to the vertical acceleration due to pitch. 
q   : Roll angle, in deg, as defined in Ch 4, Sec 3, 2.1.1. 
j   : Pitch angle, in deg, as defined in Ch 4, Sec 3, 2.1.2. 
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1. General 

1.1 Definition of Dynamic Load Cases
1.1.1
 The following Equivalent Design Waves (EDW) are to be used to generate the dynamic load cases for structural 
assessment: 

・ HSM load cases: 
HSM-1 and HSM-2: Head sea EDWs that minimise and maximise the vertical wave bending moment 
amidships respectively. 

・ HSA load cases: 
HSA-1 and HSA-2: Head sea EDWs that maximise and minimise the head sea vertical acceleration at FP
respectively. 

・ FSM load cases: 
FSM-1 and FSM-2: Following sea EDWs that minimise and maximise the vertical wave bending moment 
amidships respectively. 

・ BSR load cases: 
BSR-1P and BSR-2P: Beam sea EDWs that minimise and maximise the roll motion downward and upward 
on the port side respectively with waves from the port side.
BSR-1S and BSR-2S: Beam sea EDWs that maximise and minimise the roll motion downward and upward 
on the starboard side respectively with waves from the starboard side. 

・ BSP load cases: 
BSP-1P and BSP-2P: Beam sea EDWs that maximise and minimise the hydrodynamic pressure at the 
waterline amidships on the port side respectively.
BSP-1S and BSP-2S: Beam sea EDWs that maximise and minimise the hydrodynamic pressure at the 
waterline amidships on the starboard side respectively. 

・ OST load cases: 
OST-1P and OST-2P: Oblique sea EDWs that minimise and maximise the torsional moment at 0.25LCSR

from the AE with waves from the port side respectively.
OST-1S and OST-2S: Oblique sea EDWs that maximise and minimise the torsional moment at 0.25 LCSR

from the AE with waves from the starboard side respectively. 
・ OSA load cases: 

OSA-1P and OSA-2P: Oblique sea EDWs that maximise and minimise the pitch acceleration with waves 
from the port side respectively.
OSA-1S and OSA-2S: Oblique sea EDWs that maximise and minimise the pitch acceleration with waves 
from the starboard side respectively. 

Note1: 1 and 2 denote the maximum or the minimum dominate load component for each EDW.

Note2: P and S denote that the weather side is on port side and on starboard side respectively.

 HSA and OSA load cases are not to be used for fatigue assessment. 

1.2 Application
1.2.1 
 The dynamic load cases described in this section are to be used for determining the dynamic loads required by 
the design load scenarios described in Ch 4, Sec 7. These dynamic load cases are to be applied to the following 
structural assessments: 

(a) Strength assessment: 
・ For plating, ordinary stiffeners and primary supporting members by prescriptive methods.
・ For the direct strength method (FE analysis) assessment of structural members. 

(b) Fatigue assessment: 
・ For structural details covered by simplified stress analysis.
・ For structural details covered by FE stress analysis. 
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2. Dynamic Load Cases for Strength Assessment 

2.1 Description of Dynamic Load Cases
2.1.1
 Table 1 to Table 3 describe the ship motions responses and the global loads corresponding to each dynamic 
load case to be considered for the strength assessment.

 
Table 1 Ship Responses for HSM, HSA and FSM Load Cases - Strength Assessment 

Load case HSM-1 HSM-2 HSA-1 HSA-2 FSM-1 FSM-2 

EDW HSM HSA FSM 

Heading Head Head Following 

Effect Max. bending moment Max. vertical acceleration Max. bending moment 

VWBM Sagging Hogging Sagging Hogging Sagging Hogging 

VWSF 
Negative aft
Positive fore 

Positive aft
Negative fore 

Negative aft 
Positive fore 

Positive aft
Negative fore 

Negative aft 
Positive fore 

Positive aft
Negative fore 

HWBM - - - - - - 

TM - - - - - - 

Surge To stern To bow To stern To bow To bow To stern 

asurge       

Sway - - - - - - 

asway - - - - - - 

Heave Down Up Down Up - - 

aheave 
    

- - 

Roll - - - - - - 

aroll - - - - - - 

Pitch Bow down Bow up Bow down Bow up Bow up Bow down 

apitch       
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2.2 Load Combination Factors
2.2.1 
 The load combinations factors, LCFs for the global loads and inertia load components for strength assessment 
are defined in: 

Table 4 : LCFs for HSM, HSA and FSM load cases.
Table 5 : LCFs for BSR and BSP load cases.
Table 6 : LCFs for OST and OSA load cases. 

 
Table 4 Load Combination Factors, LCFs for HSM, HSA and FSM Load Cases - Strength Assessment 

 

 

Load component LCF HSM-1 HSM-2 HSA-1 HSA-2 FSM-1 FSM-2 

Hull girder 
Loads 

MWV CWV -1 1 -0.7 0.7 -0.4fT - 0.6 0.4fT + 0.6 

QWV CQW -1.0flp 1.0flp -0.6flp 0.6flp -1.0flp 1.0flp 

MWH CWH 0 0 0 0 0 0 

MWT CWT 0 0 0 0 0 0 

Longitudinal 
accelerations 

asurge CXS 0.3 - 0.2fT 0.2fT - 0.3 0.2 -0.2 0.2 - 0.4fT 0.4fT - 0.2 

apitch-x CXP -0.7 0.7 -0.4fT - 0.4 0.4fT + 0.4 0.15 -0.15 

jsing  CXG 0.6 -0.6 0.4fT +0.4 -0.4fT - 0.4 -0.2 0.2 

Transverse 
accelerations 

asway CYS 0 0 0 0 0 0 

aroll-y CYR 0 0 0 0 0 0 

qsing  CYG 0 0 0 0 0 0 

Vertical 
accelerations 

aheave CZH 0.5fT - 0.15 0.15 - 0.5fT 0.4fT - 0.1 0.1 - 0.4fT 0 0 

aroll-z CZR 0 0 0 0 0 0 

apitch-z CZP -0.7 0.7 -0.4fT - 0.4 0.4fT + 0.4 0.15 -0.15 
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Table 5 Load Combination Factors, LCFs for BSR and BSP Load Cases - Strength Assessment  

 

 

Load component LCF BSR-1P BSR-2P BSR-1S BSR-2S 

Hull girder 
Loads 

MWV CWV 0.1 - 0.2fT 0.2fT - 0.1 0.1   0.2fT 0.2fT - 0.1 

QWV CQW (0.1 - 0.2fT) flp (0.2fT - 0.1) flp (0.1 - 0.2fT) flp (0.2fT - 0.1) flp 

MWH CWH 1.2 - 1.1fT 1.1fT - 1.2 1.1fT - 1.2 1.2 - 1.1fT 

MWT CWT 0 0 0 0 

Longitudinal 
accelerations 

asurge CXS 0 0 0 0 

apitch-x CXP 0 0 0 0 

jsing  CXG 0 0 0 0 

Transverse 
accelerations 

asway CYS 0.2 - 0.2fT 0.2fT - 0.2 0.2fT - 0.2 0.2 - 0.2fT 

aroll-y CYR 1 -1 -1 1 

qsing  CYG -1 1 1 -1 

Vertical 
accelerations 

aheave CZH 0.7 - 0.4fT 0.4fT - 0.7 0.7 - 0.4fT 0.4fT - 0.7 

aroll-z CZR 1 -1 -1 1 

apitch-z CZP 0 0 0 0 

Load component LCF BSP-1P BSP-2P BSP-1S BSP-2S 

Hull girder 
Loads 

MWV CWV 0.3 - 0.8fT 0.8fT - 0.3 0.3 - 0.8fT 0.8fT - 0.3 

QWV CQW (0.3 - 0.8fT) flp (0.8fT - 0.3) flp (0.3 - 0.8fT) flp (0.8fT - 0.3) flp 

MWH CWH 0.7 - 0.7fT 0.7fT - 0.7 0.7fT - 0.7 0.7 - 0.7fT 

MWT CWT 0 0 0 0 

Longitudinal 
accelerations 

asurge CXS 0 0 0 0 

apitch-x CXP 0.1 - 0.3fT 0.3fT - 0.1 0.1 - 0.3fT 0.3fT - 0.1 

jsing  CXG 0.3fT - 0.1 0.1 - 0.3fT 0.3fT - 0.1 0.1 - 0.3fT 

Transverse 
accelerations 

asway CYS -0.9 0.9 0.9 -0.9 

aroll-y CYR 0.3 -0.3 -0.3 0.3 

qsing  CYG -0.2 0.2 0.2 -0.2 

Vertical 
accelerations 

aheave CZH 1 -1 1 -1 

aroll-z CZR 0.3 -0.3 -0.3 0.3 

apitch-z CZP 0.1 - 0.3fT 0.3fT - 0.1 0.1 - 0.3fT 0.3fT - 0.1 



－139－

2019 Rules for the Survey and Construction of Steel Ships (Part CSR-B&T Part 1 Chapter 4 Section 2)

Table 6 Load Combination Factors, LCFs for OST and OSA Load Cases - Strength Assessment 

Load component LCF OST-1P OST-2P OST-1S OST-2S 

Hull girder 
Loads 

MWV CWV - 0.3 - 0.2fT 0.3 + 0.2fT - 0.3 - 0.2fT 0.3 + 0.2fT 

QWV CQW (-0.35-0.2fT) flp (0.35+0.2fT) flp (-0.35-0.2fT) flp (0.35+0.2fT) flp 

MWH CWH - 0.9 0.9 0.9 - 0.9 

MWT CWT - flp-OST flp-OST flp-OST - flp-OST 

Longitudinal 
accelerations 

asurge CXS 0.1fT - 0.15 0.15 - 0.1fT 0.1fT - 0.15 0.15 - 0.1fT 

apitch-x CXP 0.7 - 0.3fT 0.3fT - 0.7 0.7 - 0.3fT 0.3fT - 0.7 

jsing  CXG 0.2fT - 0.45 0.45 - 0.2fT 0.2fT - 0.45 0.45 - 0.2fT 

Transverse 
accelerations 

asway CYS 0 0 0 0 

aroll-y CYR 0.4fT - 0.25 0.25 - 0.4fT 0.25 - 0.4fT 0.4fT - 0.25 

qsing  CYG 0.1 - 0.2fT 0.2fT - 0.1 0.2fT - 0.1 0.1 - 0.2fT 

Vertical 
accelerations 

aheave CZH 0.2fT - 0.05 0.05 - 0.2fT 0.2fT - 0.05 0.05 - 0.2fT 

aroll-z CZR 0.4fT - 0.25 0.25 - 0.4fT 0.25 - 0.4fT 0.4fT - 0.25 

apitch-z CZP 0.7 - 0.3fT 0.3fT - 0.7 0.7 - 0.3fT 0.3fT - 0.7 

 

Load component LCF OSA-1P OSA-2P OSA-1S OSA-2S 

Hull girder 
Loads 

MWV CWV 0.75 - 0.5fT - 0.75 + 0.5fT 0.75 - 0.5fT - 0.75 + 0.5fT 

QWV CQW (0.6 - 0.4fT) flp (- 0.6+0.4fT) flp (0.6-0.4fT) flp (-0.6+0.4fT) flp 

MWH CWH 0.55 + 0.2fT - 0.55 - 0.2fT - 0.55 - 0.2fT 0.55 + 0.2fT 

MWT CWT - flp-OSA flp-OSA flp-OSA - flp-OSA 

Longitudinal 
accelerations 

asurge CXS 0.1fT - 0.45 0.45 - 0.1fT - 0.45 + 0.1fT 0.45 - 0.1fT 

apitch-x CXP 1.0 - 1.0 1.0 - 1.0 

jsing  CXG - 1.0 1.0 - 1.0 1.0 

Transverse 
accelerations 

asway CYS - 0.2 - 0.1fT 0.2 + 0.1fT 0.2 + 0.1fT - 0.2 - 0.1fT 

aroll-y CYR 0.3 - 0.2fT 0.2fT - 0.3 0.2fT - 0.3 0.3 - 0.2fT 

qsing  CYG 0.1fT - 0.2 0.2 - 0.1fT 0.2 - 0.1fT 0.1fT - 0.2 

Vertical 
accelerations 

aheave CZH - 0.2fT 0.2fT - 0.2fT 0.2fT 

aroll-z CZR 0.3 - 0.2fT 0.2fT - 0.3 0.2fT - 0.3 0.3 - 0.2fT 

apitch-z CZP 1.0 - 1.0 1.0 - 1.0 
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3. Dynamic Load Cases for Fatigue Assessment 

3.1 Description of Dynamic Load Cases
3.1.1
 Table 7 to Table 9 define the ship motions responses and the global loads corresponding to each dynamic load 
case to be considered for fatigue assessment.

 
Table 7 Ship Responses for HSM and FSM Load Cases - Fatigue Assessment 

Load case HSM-1 HSM-2 FSM-1 FSM-2 

EDW HSM FSM 

Heading Head Following 

Effect Max. bending moment Max. bending moment 

VWBM Sagging Hogging Sagging Hogging 

VWSF 
Negative aft
Positive fore 

Positive aft
Negative fore 

Negative aft
Positive fore 

Positive aft
Negative fore 

HWBM - - - - 

TM - - - - 

Surge To stern To bow To bow To stern 

asurge     

Sway - - - - 

asway - - - - 

Heave Down Up - - 

aheave 
  

- - 

Roll - - - - 

aroll - - - - 

Pitch Bow down Bow up Bow up Bow down 

apitch     
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Table 9 Ship Responses for OST Load Cases - Fatigue Assessment 

Load case OST-1P OST-2P OST-1S OST-2S 

EDW OST 

Heading Oblique 

Effect Max. torsional moment 

VWBM Sagging Hogging Sagging Hogging 

VWSF 
Negative aft
Positive fore 

Positive aft
Negative fore 

Negative aft
Positive fore 

Positive aft
Negative fore 

HWBM Port tensile Stbd tensile Stbd tensile Port tensile 

TM 
    

Surge To bow To stern To bow To stern 

asurge     

Sway - - - - 

asway - - - - 

Heave Up Down Up Down 

aheave 
    

Roll Portside down Portside up Starboard down Starboard up 

aroll 
    

Pitch Bow up Bow down Bow up Bow down 

apitch     
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3.2 Load Combination Factors
3.2.1 
 The load combinations factors, LCFs for the global loads and inertial load components for fatigue assessment 
are defined in: 

Table 10: LCFs for HSM and FSM load cases.
Table 11: LCFs for BSR and BSP load cases.
Table 12: LCFs for OST load case. 

 
Table 10 Load Combination Factors, LCFs for HSM and FSM Load Cases - Fatigue Assessment 

Load component LCF HSM-1 HSM-2 FSM-1 FSM-2 

Hull girder 
loads 

MWV CWV -1 1 -0.75 - 0.2fT 0.75 + 0.2fT 

QWV CQW -1.0 flp 1.0 flp (-0.75-0.2fT) flp (0.75+0.2fT) flp 

MWH CWH 0 0 0 0 

MWT CWT 0 0 0 0 

Longitudinal 
accelerations 

asurge CXS 0.3 - 0.2fT 0.2fT - 0.3 -0.4fT + 0.2 0.4fT - 0.2 

apitch-x CXP -0.9 0.9 0.1 -0.1 

jsing  CXG 0.4fT + 0.4 -0.4fT - 0.4 -0.15 0.15 

Transverse 
accelerations 

asway CYS 0 0 0 0 

aroll-y CYR 0 0 0 0 

qsing  CYG 0 0 0 0 

Vertical 
accelerations 

aheave CZH 0.8fT - 0.15 0.15 - 0.8fT 0 0 

aroll-z CZR 0 0 0 0 

apitch-z CZP -0.9 0.9 0.1 -0.1 
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Table 11 Load Combination Factors, LCFs for BSR and BSP Load Cases - Fatigue Assessment 

Load component LCF BSR-1P BSR-2P BSR-1S BSR-2S 

Hull girder 
Loads 

MWV CWV 0.1 - 0.2fT 0.2fT - 0.1 0.1 - 0.2fT 0.2fT - 0.1 

QWV CQW (0.1-0.2fT) flp (0.2fT - 0.1) flp (0.1-0.2fT) flp (0.2fT - 0.1) flp 

MWH CWH 1.1 - fT fT - 1.1 fT - 1.1 1.1 - fT 

MWT CWT 0 0 0 0 

Longitudinal 
accelerations 

asurge CXS 0 0 0 0 

apitch-x CXP 0 0 0 0 

jsing  CXG 0 0 0 0 

Transverse 
accelerations 

asway CYS 0.2 - 0.2fT 0.2fT - 0.2 0.2fT - 0.2 0.2 - 0.2fT 

aroll-y CYR 1 -1 -1 1 

qsing  CYG -1 1 1 -1 

Vertical 
accelerations 

aheave CZH 0.7 - 0.4fT 0.4fT - 0.7 0.7 - 0.4fT 0.4fT - 0.7 

aroll-z CZR 1 -1 -1 1 

apitch-z CZP 0 0 0 0 

 

Load component LCF BSP-1P BSP-2P BSP-1S BSP-2S 

Hull girder 
loads 

MWV CWV 0.3 - 0.8fT 0.8fT - 0.3 0.3 - 0.8fT 0.8fT - 0.3 

QWV CQW (0.3-0.8fT) flp (0.8fT - 0.3) flp (0.3-0.8fT) flp (0.8fT - 0.3) flp 

MWH CWH 0.6 - 0.6fT 0.6fT - 0.6 0.6fT - 0.6 0.6 - 0.6fT 

MWT CWT 0 0 0 0 

Longitudinal 
accelerations 

asurge CXS 0 0 0 0 

apitch-x CXP 0 0 0 0 

jsing  CXG 0 0 0 0 

Transverse 
accelerations 

asway CYS -0.95 0.95 0.95 -0.95 

aroll-y CYR 0.3 -0.3 -0.3 0.3 

qsing  CYG -0.2 0.2 0.2 -0.2 

Vertical 
accelerations 

aheave CZH 1 -1 1 -1 

aroll-z CZR 0.3 -0.3 -0.3 0.3 

apitch-z CZP 0 0 0 0 
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Table 12 Load Combination Factors, LCFs for OST Load Cases - Fatigue Assessment 

Load component LCF OST-1P OST-2P OST-1S OST-2S 

Hull girder 
loads 

MWV CWV -0.4 0.4 -0.4 0.4 

QWV CQW -0.4 flp 0.4 flp -0.4 flp 0.4 flp 

MWH CWH -0.9 0.9 0.9 -0.9 

MWT CWT - flp-OST flp-OST flp-OST - flp-OST 

Longitudinal 
accelerations 

asurge CXS -0.25 + 0.2fT 0.25 - 0.2fT -0.25 + 0.2fT 0.25 - 0.2fT 

apitch-x CXP 0.4 - 0.2fT -0.4 + 0.2fT 0.4 - 0.2fT -0.4 + 0.2fT 

jsing  CXG -0.4 + 0.2fT 0.4 - 0.2fT -0.4 + 0.2fT 0.4 - 0.2fT 

Transverse 
accelerations 

asway CYS 0 0 0 0 

aroll-y CYR -0.4 + 0.6fT 0.4 - 0.6fT 0.4 - 0.6fT -0.4 + 0.6fT 

qsing  CYG 0.2 - 0.3fT -0.2 + 0.3fT -0.2 + 0.3fT 0.2 - 0.3fT 

Vertical 
accelerations 

aheave CZH -0.05 0.05 -0.05 0.05 

aroll-z CZR -0.4 + 0.6fT 0.4 - 0.6fT 0.4 - 0.6fT -0.4 + 0.6fT 

apitch-z CZP 0.4 - 0.2fT -0.4 + 0.2fT 0.4 - 0.2fT -0.4 + 0.2fT 
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Section 3 SHIP MOTIONS AND ACCELERATIONS 

Symbols 

For symbols not defined in this section, refer to Ch 1, Sec 4.
a0 : Acceleration parameter, to be taken as: 

( )
 
ø

ö

ç
ç

è

æ
-+-= 20

600344.247.058.1
CSRCSRCSR

B LLL
Ca  

qT  : Roll period, in s, as defined in 2.1.1. 
q  : Roll angle, in deg, as defined in 2.1.1. 

jT  : Pitch period, in s, as defined in 2.1.2. 
j  : Pitch angle, in deg, as defined in 2.1.2. 
R : Vertical coordinate, in m, of the ship rotation centre, to be taken as: 

 
ø
ö

ç
è
æ +=

2
,

24
min DTDR LC  

CXG, CXS, CXP, CYG, CYS, CYR, CZH, CZR, and CZP : Load combination factors, as defined in Ch 4, Sec 2.
aroll-y : Transverse acceleration due to roll, in m/s2, as defined in 3.3.2.
apitch-x : Longitudinal acceleration due to pitch, in m/s2, as defined in 3.3.1.
aroll-z : Vertical acceleration due to roll, in m/s2, as defined in 3.3.3.
apitch-z : Vertical acceleration due to pitch, in m/s2, as defined in 3.3.3.
fT : Ratio between draught at a loading condition and scantling draught, to be taken as: 

SC

LC
T T

Tf =  but is not to be taken less than 0.5. 

TLC : Draught, in m, amidships for the considered load case.
x, y, z : X, Y and Z coordinates, in m, of the considered point with respect to the coordinate system, as defined in Ch 

4, Sec 1, 1.2.1. 
fps : Coefficient for strength assessments which is dependent on the applicable design load scenario specified in 

Ch 4, Sec 7, and to be taken as:
fps = 1.0 for extreme sea loads design load scenario.
fps = 0.8  for the ballast water exchange design load scenario.
fps = 0.8 for the accidental flooded design load scenario at sea.
fps = 0.4  for the harbour/sheltered water design load scenario. 

ffa : Fatigue coefficient to be taken as: 
ffa = 0.9 

1. General 

1.1 Definition
1.1.1
 The ship motions and accelerations are assumed to be sinusoidal. The motion values defined by the formulae in 
this section are single amplitudes, i.e. half of the  crest to trough  height. 

2. Ship Motions and Accelerations 

2.1 Ship Motions
2.1.1 Roll motion
 The roll period qT , in s, to be taken as: 
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GMg
kT rp

q
3.2

=  

 The roll angle q , in deg, to be taken as: 
( )

( )p
q q

75
025.025.19000

+

-
=

B
ffT BKp  

where:
fp : Coefficient to be taken as: 

fp = fps for strength assessment.
fp = ffa (0.23   4 fT B×10-4) for fatigue assessment. 

fBK : To be taken as: 
fBK = 1.2 for ships without bilge keel.
fBK = 1.0 for ships with bilge keel. 

kr : Roll radius of gyration, in m, in the considered loading condition. The values in Table 1 or Table 2 
are to be adopted. 

GM : Metacentric height, in m, in the considered loading condition. The values in Table 1 or Table 2 are to 
be adopted. 

 
Table 1 kr and GM Values for Oil Tankers 

Loading condition(1)(2) TLC kr GM 

Full load condition TSC 0.35B 0.12B 

Optional conditions that have a draught greater than 
0.9TSC 

Actual draught but   0.9TSC 0.35B 0.12B 

Partial load condition   0.6TSC 0.40B 0.24B 

Ballast condition TBAL 0.45B 0.33B 

(1) For optional loading conditions or gale/emergency ballast conditions with draught between 0.6TSC and 
0.9TSC, the values of kr and GM, unless provided in the loading manual, are to be obtained by linear 
interpolation between the optional condition at 0.9TSC and the partial load condition at 0.6TSC based on 
the actual draught. 

(2) For flooded loading conditions, the values of kr and GM, unless provided in the loading manual, are to be 
taken as those for the full load condition. 
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Table 2 kr and GM Values for Bulk Carriers 

Loading condition(1)(2)(4) Application TLC kr GM 

Full load condition 

Homogeneous loading All bulk carriers 

TSC 

0.35B 0.12B 

Alternate heavy cargo BC-A 0.40B 0.20B 

Alternate light cargo BC-A 0.35B 0.12B 

Homogeneous heavy cargo BC-B, BC-A 0.42B 0.25B 

Steel coil loading(3) 

All bulk carriers  
designated for the 
carriage of steel 

products 

0.42B 0.25B 

Heavy ballast condition All bulk carriers TBAL-H 0.40B 0.25B 

Normal ballast condition All bulk carriers TBAL 0.45B 0.33B 

(1) For Multi-port (MP) loading conditions with draught greater than or equal to 0.9TSC, the values of kr and GM, 
unless provided in the loading manual, are to be taken as those from the most appropriate full load condition.
For Multi-port (MP) loading conditions with draught between TBAL-H and 0.9TSC, the values of kr and GM, unless 
provided in the loading manual, are to be obtained by linear interpolation, based on the draught, between the 
heavy ballast condition and the most appropriate full load condition.
For Multi-port (MP) loading conditions with a draught below TBAL-H, the values of kr and GM for the heavy 
ballast condition are to be used. 

(2) For flooded loading conditions, the values of kr and GM, unless provided in the loading manual, are to be taken 
as those for the full load condition. 

(3) When steel coil loading condition is provided by the designer according to Ch 1, Sec 2, 3.6 in the loading 
manual, this condition is to be assessed with draught, kr and GM values given in this table.  

(4) Block Loading conditions are to be assessed with draught, kr and GM values given in this table for 
Homogeneous heavy cargo loading condition. 

2.1.2 Pitch motion
 The pitch period jT , in s, is to be taken as: 

g
T j

j

lp2
=  

where: 
( ) CSRT Lf+= 16.0jl  

 The pitch angle j , in deg, is to be taken as: 
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where:
fp : Coefficient to be taken as: 

psp ff =    for strength assessment. 

( ) ( )[ ]51051302.027.0 - ---= CSRTTfap Lffff  for fatigue assessment. 

2.2 Ship Accelerations at the Centre of Gravity
2.2.1 Surge acceleration
 The longitudinal acceleration due to surge, in m/s2, is to be taken as: 

gafa psurge 02.0=  

where: 
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fp : Coefficient to be taken as: 
psp ff =  for strength assessment. 

( )[ ]51041527.0 - +-= CSRTfap Lfff  for fatigue assessment. 

2.2.2 Sway acceleration
 The transverse acceleration due to sway, in m/s2, is to be taken as: 

gafa psway 03.0=  

where:
fp : Coefficient to be taken as: 

psp ff =  for strength assessment. 

( )[ ]4102624.0 - --= Bfff Tfap  for fatigue assessment. 

2.2.3 Heave acceleration
 The vertical acceleration due to heave, in m/s2, is to be taken as: 

gafa pheave 0=  

where:
fp : Coefficient to be taken as: 

psp ff =  for strength assessment. 

( )[ ]5101702.027.0 - -+= CSRTfap Lfff  for fatigue assessment. 

2.2.4 Roll acceleration
 The roll acceleration, aroll, in rad/s2, is to be taken as: 

2
2

180  
ø

ö
çç
è

æ
=

q

ppq
T

fa proll  

where: 
q  : Roll angle using fp equal to 1.0. 
fp : Coefficient to be taken as: 

psp ff =  for strength assessment. 

[ ]410423.0 - -= Bfff Tfap  for fatigue assessment. 

2.2.5 Pitch acceleration
 The pitch acceleration, apitch, in rad/s2, is to be taken as: 

2
2

180
0.11.3
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where: 
j  : Pitch angle using fp equal to 1.0. 

fp : Coefficient to be taken as: 
psp ff =  for strength assessment. 

( )[ ]5106528.0 - +-= CSRTfap Lfff  for fatigue assessment. 

3. Accelerations at Any Position 

3.1 General
3.1.1
 The accelerations used to derive the inertial loads at any position are defined with respect to the ship fixed 
coordinate system. Hence the acceleration values defined in 3.2 and 3.3 include the gravitational acceleration 
components due to the instantaneous roll and pitch angles.
3.1.2
 The accelerations to be applied for the dynamic load cases defined in Ch 4, Sec 2 are given in 3.2.
3.1.3
 The envelope accelerations as defined in 3.3 are provided for advisory purposes and may be used for other 
design purpose when the maximum design acceleration values are required, for example, crane foundations, 
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machinery foundations, etc. 

3.2 Accelerations for Dynamic Load Cases
3.2.1 General
 The accelerations to be applied for the dynamic load cases defined in Ch 4, Sec 2 are given in 3.2.2 to 3.2.4.
3.2.2 Longitudinal acceleration
 The longitudinal acceleration at any position for each dynamic load case, in m/s2, is to be taken as: 

( )RzaCaCgCa pitchXPsurgeXSXGX -++-= jsin  

3.2.3 Transverse acceleration
 The transverse acceleration at any position for each dynamic load case, in m/s2, is to be taken as: 

( )RzaCaCgCa rollYRswayYSYGY --+= qsin  

3.2.4 Vertical acceleration
 The vertical acceleration at any position for each dynamic load case, in m/s2, is to be taken as: 

( )CSRpitchZProllZRheaveZHZ LxaCyaCaCa 45.0--+=  

3.3 Envelope Accelerations
3.3.1 Longitudinal acceleration
 The envelope longitudinal acceleration, ax-env, in m/s2, at any position, is to be taken as: 

( )
2

2 sin
325

7.0 úû
ù

êë
é ++= -- xpitch

CSR
surgeenvx agLaa j  

where:
apitch-x : Longitudinal acceleration due to pitch, in m/s2 

( )Rzaa pitchxpitch -=-  

3.3.2 Transverse acceleration
 The envelope transverse acceleration, ay-env, in m/s2, at any position, is to be taken as: 

( )22 sin yrollswayenvy agaa -- ++= q  

where:
aroll-y : Transverse acceleration due to roll, in m/s2. 

( )Rzaa rollyroll -=-  

3.3.3 Vertical acceleration
 The envelope vertical acceleration, az-env, in m/s2, at any position, is to be taken as: 

( )2
2

2 2.1
325

3.0 zrollzpitch
CSR

heaveenvz aaLaa --- + 
ø

ö
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è

æ
 
ø
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è
æ+= ＋  

where:
apitch-z : Vertical acceleration due to pitch, in m/s2. 

( )CSRpitchzpitch Lxaa 45.0-=-  

aroll-z : Vertical acceleration due to roll, in m/s2. 
yaa rollzroll =-  
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Section 4 HULL GIRDER LOADS 

Symbols 

For symbols not defined in this section, refer to Ch 1, Sec 4.
x : X coordinate, in m, of the calculation point with respect to the reference coordinate system defined in Ch 4, 

Sec 1, 1.2.1. 
Cw : Wave coefficient, to be taken as: 

5.1

100
30075.10  
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LC  for mLm CSR 30090 ££  

75.10=wC  for mLm CSR 350300 £<  
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LC  for mLm CSR 500350 £<  

bf  : Heading correction factor, to be taken as: 

・ For strength assessment: 
bf  = 1.05 for HSM and FSM load cases for the extreme sea loads design load scenario. 

bf  = 0.8 for BSR and BSP load cases for the extreme sea loads design load scenario. 

bf  = 1.0 for HSA, OST and OSA load cases for the extreme sea loads design load scenario.  

bf  = 1.0 for ballast water exchange at sea, harbour/sheltered water and accidental flooded design load 
scenarios.  

・ For fatigue assessment: 
bf  = 1.0. 

fps : Coefficient, as defined in Ch 4, Sec 3.
BSR, BSP, HSM, HSA, FSM, OST, OSA : Dynamic load cases, as defined in Ch 4, Sec 2. 

1. Application 

1.1 General
1.1.1
 The hull girder loads for the static (S) design load scenarios is to be taken as the still water loads defined in 2.
1.1.2
 The total hull girder loads for the static plus dynamic (S+D) design load scenarios are to be derived for each 
dynamic load case and are to be taken as the sum of the still water loads defined in 2 and the dynamic loads defined 
in 3.5. 

2. Vertical Still Water Hull Girder Loads 

2.1 General
2.1.1 Seagoing and harbour/sheltered water conditions
 The designer is to provide the permissible still water bending moment and shear force for seagoing and 
harbour/sheltered water operations.
 The permissible still water hull girder loads are to be given at each transverse bulkhead in the cargo hold region, 
at the middle of cargo compartments, at the collision bulkhead, at the engine room forward bulkhead and at the 
mid-point between the forward and aft engine room bulkheads. The permissible hull girder bending moments and 
shear forces at any other position may be obtained by linear interpolation. 

Note 1: It is recommended that, for initial design, the permissible hull girder hogging and sagging still water bending moments are at least 

5% above the maximum still water bending moment from loading conditions in the loading manual, and the permissible hull 
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girder shear forces are at least 10% above the maximum still water shear force from loading condition in the loading manual, to 

account for growth and design margins during the design and construction phase of the ship. 

2.1.2 Flooded condition
 The designer is to provide the envelope of permissible still water bending moment and shear force in flooded 
condition.
2.1.3 Still water loads for the fatigue assessment
 The still water bending moment and shear force values and distribution to be used for the fatigue assessment are 
to be taken as the most typical values applicable for the loading conditions that the ship will operate in for most of its 
life. Typically, these conditions will be the normal ballast condition and full homogeneously loaded condition for 
double hull oil tankers. For bulk carriers, these will be the normal ballast condition, heavy ballast condition, full 
homogeneously loaded condition and full alternate loaded condition; note the latter is only applicable to BC-A bulk 
carriers. The definition of loading conditions to use is specified in Ch 9. 

2.2 Vertical Still Water Bending Moment
2.2.1 Minimum still water bending moment
 The minimum still water bending moment, Msw-h-min and Msw-s-min, in kNm, in hogging and sagging condition, 
respectively is to be taken as: 

Hogging conditions: 
( )( )midhwvBCSRwswhsw MCBLCfM --

-
-- -+= 32

min 107.0171  
Sagging conditions: 

( )( )midswvBCSRwswssw MCBLCfM --
-

-- ++-= 32
min 107.017185.0  

where:
Mwv-h-mid : Vertical wave bending moment for strength assessment in hogging condition, as defined in 

3.1.1 using fp and fm equal to 1.0. 
Mwv-s-mid : Vertical wave bending moment for strength assessment in sagging condition, as defined in 

3.1.1 using fp and fm equal to 1.0. 
fsw : Distribution factor along the ship length. To be taken as, see Fig. 1: 

fsw = 0.0 for x   0
fsw = 0.15 at x = 0.1LCSR

fsw = 1.0 for 0.3LCSR   x   0.7LCSR

fsw = 0.15 at x = 0.9LCSR

fsw = 0.0 for x   LCSR

Intermediate values of fsw are to be obtained by linear interpolation. 
 

Fig. 1 Distribution Factor fsw 

 

2.2.2 Permissible vertical still water bending moment in seagoing condition
 The permissible vertical still water bending moments, Msw-h and Msw-s in seagoing condition at any longitudinal 
position are to envelop: 

・ The most severe still water bending moments calculated, in hogging and sagging conditions, respectively, 
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for the seagoing loading conditions defined in Ch 4, Sec 8. 
・ The most severe still water bending moments for the seagoing loading conditions defined in the loading 

manual. 
・ The minimum still water bending moment defined in 2.2.1

2.2.3 Permissible vertical still water bending moment in harbour/sheltered water and tank testing condition
 The permissible vertical still water bending moments in the harbour/sheltered water and tank testing condition 
Msw-p-h and Msw-p-s at any longitudinal position are to envelop: 

・ The most severe still water bending moments, in hogging and sagging conditions, respectively, for the 
harbour/sheltered water loading conditions defined in Ch 4, Sec 8. 

・ The most severe still water bending moments for the harbour/sheltered water loading conditions defined in 
the loading manual. 

・ The permissible still water bending moment defined in 2.2.2.
・ The minimum still water bending moment defined in 2.2.1 increased by 25%.

2.2.4 Permissible vertical still water bending moment in flooded condition at sea
 The permissible vertical still water bending moments in flooded condition Msw-f at any longitudinal position are 
to envelop: 

・ The most severe still water bending moments, in hogging and sagging conditions, respectively, for the 
intact and flooded seagoing loading conditions defined in Ch 4, Sec 8. Loading conditions encountered 
during ballast water exchange need not to be considered for the flooded condition. 

・ The most severe still water bending moments for the intact and flooded seagoing loading conditions 
defined in the loading manual. 

・ The permissible still water bending moment defined in 2.2.2 increased by 10%. 

2.3 Vertical Still Water Shear Force
2.3.1 Minimum still water shear force in seagoing conditions for oil tankers
 The minimum hull girder positive and negative vertical still water shear force, Qsw-min in kN, in way of transverse 
bulkheads between cargo tanks in the seagoing condition is to be taken as: 

(a) For oil tankers with three cargo tanks across the breadth of the ship: 

( )[ ]î
í
ì

-+
 =-

SCtklocalSTCT
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and is to be taken as the maximum value of Qsw-min calculated for cargo/ballast tanks forward and aft of the 
transverse bulkhead. 

(b) For oil tankers with two cargo tanks across the breadth of the ship: 
SCtklocalsw TBgQ lr4.0min  =-  

and is to be taken as maximum value of Qsw-min calculated for cargo/ballast tanks forward and aft of the 
transverse bulkhead. 

where:
Blocal : Local breadth, in m, at TSC at the middle length of the tank under consideration.

tkl  : Length of cargo tank under consideration, in m, taken at the forward or aft side of the transverse 
bulkhead under consideration, in m. 

VCT : Volume of centre cargo tank, in m3, taken for the cargo tank on the forward or aft side of the transverse 
bulkhead under consideration. 

VST : Volume of side cargo tank, in m3, taken for the cargo tank on the forward or aft side of the transverse 
bulkhead under consideration. 

2.3.2 Minimum still water shear force in harbour/sheltered water conditions for oil tankers
 The minimum hull girder positive and negative vertical still water shear force, Qsw-p-min in kN in the 
harbour/sheltered water condition in way of transverse bulkheads between cargo tanks are to be taken as: 

(a) For oil tankers with three cargo tanks across the breadth of the ship: 

( )[ ]î
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ì
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and is to be taken as the maximum value of Qsw-p-min calculated for cargo/ballast tanks forward and aft of the 

① 
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transverse bulkhead. 
(b) For oil tankers with two cargo tanks across the breadth of the ship: 

SCtklocalpsw TBgQ lr45.0min  =--  

and is to be taken as maximum value of Qsw-p-min calculated for cargo/ballast tanks forward and aft of the 
transverse bulkhead. 

2.3.3 Permissible still water shear force in seagoing condition
 The permissible vertical still water shear forces, Qsw for oil tankers and bulk carriers, in seagoing condition at 
any longitudinal position are to envelop: 

・ The most severe still water shear forces, positive or negative, for the seagoing loading conditions defined in 
Ch 4, Sec 8 after shear force correction in case of bulk carrier. 

・ The most severe still water shear forces for the seagoing loading conditions defined in the loading manual 
after shear force correction in case of bulk carrier. 

・ For oil tankers, the minimum still water shear forces for seagoing conditions defined in 2.3.1.
2.3.4 Permissible still water shear force in harbour/sheltered water and tank testing condition
 The permissible vertical still water shear forces, Qsw-p for oil tankers and bulk carriers, in the harbour/sheltered 
water and tank testing condition at any longitudinal position are to envelop: 

・ The most severe still water shear forces, positive or negative, for the harbour/sheltered water loading 
conditions defined in Ch 4, Sec 8 after shear force correction in case of bulk carrier. 

・ The most severe still water shear forces for the harbour/sheltered water loading conditions defined in the 
loading manual after shear force correction in case of bulk carrier. 

・ For oil tankers, the minimum still water shear forced for harbour/sheltered water conditions defined in 
2.3.2. 

 The following value may be used as guidance at preliminary design stage: 
wvswpsw QQQ 6.0+=-  

where:
Qsw : Permissible still water shear force Qsw, as defined in 2.3.3.
Qwv : Vertical wave shear force for strength assessment Qwv-pos and Qwv-neg, as defined in 3.2.1 using fp equal 

to 1.0. 
2.3.5 Permissible still water shear force in flooded condition at sea
 The permissible vertical still water shear forces, Qsw-f for oil tankers and bulk carriers, in flooded condition at 
any longitudinal position are to envelop: 

・ The most severe still water shear forces, positive or negative, for the flooded seagoing loading conditions 
defined in Ch 4, Sec 8 after shear force correction in case of bulk carrier. Loading conditions encountered 
during ballast water exchange need not be considered for the flooded condition. 

・ The most severe still water shear forces for the flooded seagoing loading conditions defined in the loading 
manual after shear force correction in case of bulk carrier. 

・ The permissible still water shear force is defined in 2.3.3. 

3. Dynamic Hull Girder Loads 

3.1 Vertical Wave Bending Moment
3.1.1
 The vertical wave bending moments at any longitudinal position, in kNm, are to be taken as: 

Hogging condition: 

BCSRwpmvhnlhwv BCLCfffM 219.0 -- =  

Sagging condition: 

BCSRwpmvsnlswv BCLCfffM 219.0 -- -=  

where:
fnl-vh : Coefficient considering nonlinear effects applied to hogging, to be taken as: 

fnl-vh = 1.0 for strength and fatigue assessment. 
fnl-vs : Coefficient considering nonlinear effects applied to sagging, to be taken as: 

① 
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Cf 7.058.0  for strength assessment. 

0.1=-vsnlf  for fatigue assessment. 
fp : Coefficient to be taken as: 

psp ff =  for strength assessment. 

( )[ ]5104627.09.0 - +-= CSRTp Lff  for fatigue assessment. 

fm : Distribution factor for vertical wave bending moment along the ship s length, to be taken as:  
fm = 0.0 for x   0
fm = 1.0 for 0.4LCSR   x   0.65LCSR

fm = 0.0 for x   LCSR

Intermediate values of fm are to be obtained by linear interpolation (see Fig. 2). 
 

Fig. 2 Distribution factor fm 

 

3.2 Vertical wave shear force
3.2.1
 The vertical wave shear forces at any longitudinal position, in kN, are to be taken as: 

BCSRwpposqposwv BCLCffQ -- = 52.0  

BCSRwpnegqnegwv BCLCffQ -- -= 52.0  

where:
fp : Coefficient to be taken as: 

psp ff =  for strength assessment. 

( )[ ]51081727.09.0 - --= CSRTp Lff  for fatigue assessment. 

fq-pos : Distribution factor along the ship length for positive wave shear force, to be taken as: 
fq-pos = 0.0 for x   0
fq-pos = 0.92 fnl-vh for 0.2LCSR   x   0.3LCSR

fq-pos = 0.7 for 0.4LCSR   x   0.6LCSR

fq-pos = 1.0 fnl-vs for 0.7LCSR   x   0.85LCSR

fq-pos = 0.0 for x   LCSR

Intermediate values of fq-pos are to be obtained by linear interpolation (see Fig. 3). 
fq-neg : Distribution factor along the ship length for negative wave shear force, to be taken as: 

fq-neg = 0.0 for x   0
fq-neg = 0.92 fnl-vs for 0.2LCSR   x   0.3LCSR

fq-neg = 0.7 for 0.4LCSR   x   0.6LCSR

fq-neg = 1.0 fnl-vh for 0.7LCSR   x   0.85LCSR

fq-neg = 0.0 for x   LCSR

Intermediate values of fq-neg are to be obtained by linear interpolation, see Fig. 4. 
fnl-vh, fnl-vs : Coefficient considering nonlinear effects defined in 3.1.1. 
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Fig. 3 Distribution Factor of Positive Vertical Shear Force fq-pos 

 
 

Fig. 4 Distribution Factor of Negative Vertical Shear Force fq-neg 

 
 

3.3 Horizontal Wave Bending Moment
3.3.1 
 The horizontal wave bending moment at any longitudinal position, in kNm, is to be taken as: 

BLCCSRwm
CSR

pnlhwh CTLCfLffM 2

2800
31.0  

ø
ö

ç
è
æ +=  

where:
fnlh : Coefficient considering nonlinear effect to be taken as: 

fnlh = 0.9 for strength assessment.
fnlh = 1.0 for fatigue assessment. 

fp : Coefficient to be taken as: 
psp ff =  for strength assessment. 

( ) ( )[ ]51081104.02.09.0 - -++= CSRTTp Lfff  for fatigue assessment. 

fm : Distribution factor defined in 3.1.1. 

3.4 Wave Torsional Moment
3.4.1 
 The wave torsional moment at any longitudinal position with respect to the ship baseline, in kNm, is to be taken 
as: 

( )21 wtwtpwt MMfM +=  

where: 

B
LC

CSR
wtwt DCB

T
LCfM 2

11 4.0=  

BCSRwtwt CBLCfM 2
22 22.0=  

ft1, ft2 : Distribution factors, taken as: 
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01 =tf  for x < 0 

 
ø

ö
çç
è

æ
=

CSR
t L

xf p2sin1  for 0   x   LCSR 

01 =tf  for x > LCSR 
02 =tf  for x < 0 

 
ø

ö
çç
è

æ
=

CSR
t L

xf p2
2 sin  for 0   x   LCSR 

02 =tf  for x > LCSR 
fp : Coefficient to be taken as: 

psp ff =  for strength assessment. 
( )[ ]41025.452.09.0 - -+= Bff Tp  for fatigue assessment. 

3.5 Hull Girder Loads for Dynamic Load Cases
3.5.1 General
 The dynamic hull girder loads to be applied for the dynamic load cases defined in Ch 4, Sec 2, are given in 3.5.2
to 3.5.5.
3.5.2 Vertical wave bending moment
 The vertical wave bending moment, Mwv-LC, in kNm, to be used for each dynamic load case in Ch 4, Sec 2, is 
defined in Table 1.
 

Table 1 Vertical Wave Bending Moment for Dynamic Load Cases 

Load combination factor Mwv-LC 

CWV   0 hwvWV MCf -b  

CWV < 0 swvWV MCf -b  

 
where:
CWV : Load combination factor for vertical wave bending moment, to be taken as specified in Ch 4, Sec 2.
Mwv-h, Mwv-s : Hogging and sagging vertical wave bending moment taking account of the considered design 

load scenario, as defined in 3.1.1. 

3.5.3 Vertical wave shear force
 The vertical wave shear force, Qwv-LC, in kN, to be used for each dynamic load case in Ch 4, Sec 2, is defined in 
Table 2.
 

Table 2 Vertical Wave Shear Force for Dynamic Load Cases 

Load combination factor Qwv-LC 

CQW   0 poswvQW QCf -b  

CQW < 0 negwvQW QCf -b  

 
where:
CQW : Load combination factor for vertical wave shear force, to be taken as specified in Ch 4, Sec 2.
Qwv-pos, Qwv-neg : Positive and negative vertical wave shear force taking account of the considered design 

load scenario, as defined in 3.2.1. 

3.5.4 Horizontal wave bending moment
 The horizontal wave bending moment, Mwh-LC, in kNm, to be used for each dynamic load case defined in Ch 4, 
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Sec 2, is to be taken as: 
whWHLCwh MCfM b=-  

where:
CWH : Load combination factor for horizontal wave bending moment, to be taken as specified in Ch 4, Sec 

2. 
Mwh : Horizontal wave bending moment taking account of the appropriate design load scenario, as defined 

in 3.3.1. 
3.5.5 Wave torsional moment
 The wave torsional moment, Mwt-LC, in kNm, to be used for each dynamic load case defined in Ch 4, Sec 2, is to 
be taken as: 

wtWTLCwt MCfM b=-  

where:
CWT : Load combination factor for wave torsional moment, to be taken as specified in Ch 4, Sec 2.
Mwt : Wave torsional moment taking account of the appropriate design load scenario, as defined in 3.4.1. 
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Section 5 EXTERNAL LOADS 

Symbols 

For symbols not defined in this section, refer to Ch 1, Sec 4. 
l  : Wave length, in m. 
Bx : Moulded breadth at the waterline, in m, at the considered cross section.
x, y, z : X, Y and Z coordinates, in m, of the load point with respect to the reference coordinate system defined in 

Ch 4, Sec 1, 1.2.1. 
fxL : Ratio as defined in Ch 4, Sec 2.
fyB : Ratio between Y-coordinate of the load point and Bx, to be taken as: 

x
yB B

y
f

2
= , but not greater than 1.0. 

fyB = 0 when Bx = 0. 
fyB1 : Ratio between Y-coordinate of the load point and B, to be taken as: 

B
y

f yB
2

1 = , but not greater than 1.0. 

Cw : Wave coefficient defined in Ch 4, Sec 4.
fT : Ratio as defined in Ch 4, Sec 3.
PW,WL : Wave pressure at the waterline, kN/m2, for the considered dynamic load case. 

WWLW PP =,  for 2/yBy =  and LCTz =  

hW : Water head equivalent to the pressure at waterline, in m, to be taken as: 

g
P

h WLW
W r

,=  

fps : Coefficient for strength assessment, as defined in Ch 4, Sec 3. 
q  : Roll angle, in deg, as defined in Ch 4, Sec 3, 2.1.1.

qT  : Roll period, in s, as defined in Ch 4, Sec 3, 2.1.1. 
ffa : Coefficient defined in Ch 4, Sec 3.

bf  : Coefficient defined in Ch 4, Sec 4. 

ZSD : Z coordinate, in m, of the midpoint of stiffener span, or of the middle of the plate field. 

1. Sea Pressure 

1.1 Total Pressure
1.1.1
 The external pressure Pex at any load point of the hull, in kN/m2, for the static (S) design load scenarios, is to be 
taken as: 

Sex PP =  but not less than 0. 

 The total pressure Pex at any load point of the hull for the static plus dynamic (S+D) design load scenarios, is to 
be derived from each dynamic load case and is to be taken as: 

WSex PPP +=  but not less than 0. 

where:
PS : Hydrostatic pressure, in kN/m2, defined in 1.2.
PW : Wave pressure, in kN/m2, is defined in 1.3. 

1.2 Hydrostatic Pressure
1.2.1
 The hydrostatic pressure, PS at any load point, in kN/m2, is obtained from Table 1. See also Fig. 1. 

① 

① 
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Table 1 Hydrostatic Pressure, PS 

Location Hydrostatic Pressure, PS, in kN/m2 

LCTz £  )( zTg LC -r  

LCTz >  0 

 
Fig. 1 Hydrostatic Pressure, PS 

 

1.3 External dynamic pressures for strength assessment
1.3.1 General
 The hydrodynamic pressures for each dynamic load case defined in Ch 4, Sec 2, 2 are defined in 1.3.2 to 1.3.8.
1.3.2 Hydrodynamic pressures for HSM load cases
 The hydrodynamic pressures, PW, for HSM-1 and HSM-2 load cases, at any load point, in kN/m2, are to be 
obtained from Table 2. See also Fig. 2 and Fig. 3.

 
Table 2 Hydrodynamic Pressures for HSM Load Cases 

 Wave pressure, in kN/m2 

Load case LCTz £  LCWLC ThzT +£<  LCW Thz +>  

HSM-1 ( )( )LCHSW TzgPP --= r,max  
( )LCWLWW TzgPP --= r,  0.0=WP  

HSM-2 ( )( )LCHSW TzgPP -= r,max  

 
where: 

CSR
wyzpahnlpsHS L

L
CfkkffffP

1250 -+
=

l
b  

fnl : Coefficient considering non-linear effects, to be taken as: 
・ For extreme sea loads design load scenario: 

fnl = 0.7 at fxL = 0
fnl = 0.9 at fxL = 0.3
fnl = 0.9 at fxL = 0.7
fnl = 0.6 at fxL = 1 

・ For ballast water exchange design load scenario: 
fnl = 0.85 at fxL = 0
fnl = 0.95 at fxL = 0.3
fnl = 0.95 at fxL = 0.7
fnl = 0.80 at fxL = 1 

Intermediate values are obtained by linear interpolation. 
fyz : Girth distribution coefficient, to be taken as: 
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1++= yB
LC

yz f
T

zf  

fh : Coefficient to be taken as: 
( )Th ff 66.021.10.3 -=  

ka : Amplitude coefficient in the longitudinal direction of the ship, to be taken as: 

( ) ( ) ( ) ( )TyBxLyBTa fffffk -+
þ
ý
ü

î
í
ì ---+= 1

3
267

9
20235.0  for 15.0<xLf  

0.1=ak  for 7.015.0 <£ xLf  

( ) ( ) ( ) ( )
ïþ

ï
ý
ü

ïî

ï
í
ì

ú
û

ù
ê
ë

é
----+ 

ø
ö

ç
è
æ --+= TxLT

B
yBTxLa fff

C
fffk 225.07.018125

3
407.01  for 7.0³xLf  

l  : Wave length of the dynamic load case, in m, to be taken as: 
( ) CSRT Lf+= 16.0l  

kp : Phase coefficient to be obtained from Table 3. Intermediate values are to be interpolated. 

 
Table 3 kp Values for HSM Load Cases 

fxL 0 0.3-0.1fT 0.35-0.1fT 0.8-0.2fT 0.9-0.2fT 1.0 

kp -0.25fT(1+fyB) -1 1 1 -1 -1 

 
Fig. 2 Transverse Distribution Amidships of Dynamic Pressure for HSM-1, HSA-1 and FSM-1 Load Cases 

 
 

Fig. 3 Transverse Distribution Amidships of Dynamic Pressure for HSM-2, HSA-2 and FSM-2 Load Cases 
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1.3.3 Hydrodynamic pressures for HSA load cases
 The hydrodynamic pressures, PW, for HSA-1 and HSA-2 load cases at any load point, in kN/m2, are to be 
obtained from Table 4. See also Fig. 2 and Fig. 3.
 

Table 4 Hydrodynamic Pressures for HSA Load Cases 

 Wave pressure, in kN/m2 

Load case LCTz £  LCWLC ThzT +£<  LCW Thz +>  

HSA-1 ( )( )LCHSW TzgPP --= r,max  
( )LCWLWW TzgPP --= r,  0.0=WP  

HSA-2 ( )( )LCHSW TzgPP -= r,max  

 
where: 

CSR
wyzpahnlpsHS L

LCfkkfffP 1250 -+
=

l  

fnl : Coefficient considering non-linear effects, to be taken as defined in 1.3.2.
fyz : Girth distribution coefficient, to be taken as: 

1++= yB
LC

yz f
T

zf  

fh : Coefficient to be taken as: 
( )Th ff 66.021.14.2 -=  

ka : Amplitude coefficient in the longitudinal direction of the ship, to be taken as defined in 1.3.2. 
l  : Wave length of the dynamic load case, in m, to be taken as: 

( ) CSRT Lf+= 16.0l  
kp : Phase coefficient to be obtained from Table 5. Intermediate values are to be interpolated. 

 
Table 5 kp Values for HSA Load Cases 

fxL 0 0.3-0.1fT 0.5-0.2fT 0.8-0.2fT 0.9-0.2fT 1.0 

kp 1.5-fT-0.5fyB -1 1 1 -1 -1 

1.3.4 Hydrodynamic pressures for FSM load cases
 The hydrodynamic pressures, PW, for FSM-1 and FSM-2 load cases, at any load point, in kN/m2, are to be 
obtained from Table 6. See also Fig. 2 and Fig. 3.

 
Table 6 Hydrodynamic Pressures for FSM Load Cases 

 Wave pressure, in kN/m2 

Load case LCTz £  LCWLC ThzT +£<  LCW Thz +>  

FSM-1 ( )( )LCFSW TzgPP --= r,max  
( )LCWLWW TzgPP --= r,  0.0=WP  

FSM-2 ( )( )LCFSW TzgPP -= r,max  

where: 

CSR
wyzpahnlpsFS L

LCfkkffffP 1250 -+
=

l
b  

fnl : Coefficient considering non-linear effects, to be taken as: 
fnl = 0.9 for extreme sea loads design load scenario.
fnl = 0.95 for ballast water exchange design load scenarios. 

fyz : Girth distribution coefficient, to be taken as: 
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1++= yB
LC

yz f
T

zf  

fh : Coefficient to be taken as: 
fh = 2.6 

ka : Amplitude coefficient in the longitudinal direction of the ship, to be taken as: 
( )( )( )yBxLTa fffk ---+= 151275.31  for 2.0<xLf  

0.1=ak  for 9.02.0 <£ xLf  
( )( )9.01201 --+= xLyBa ffk  for 9.0³xLf  

l  : Wave length of the dynamic load case, in m, to be taken as: 
( ) CSRT Lf3216.0 +=l  

kp : Phase coefficient to be obtained from Table 7. Intermediate values are to be interpolated. 
 

Table 7 kp Values for FSM Load Cases 

fxL 0 0.35-0.1fT 0.5-0.2fT 0.75 0.8 1.0 

kp -0.75-0.25fyB -1 1 1 -1 -0.75-0.25fyB 

1.3.5 Hydrodynamic pressures for BSR load cases
 The wave pressures, PW, for BSR-1 and BSR-2 load cases, at any load point, in kN/m2, are to be obtained from 
Table 8. See also Fig. 4 and Fig. 5.
 

Table 8 Hydrodynamic Pressures for BSR Load Cases 

 Wave pressure, in kN/m2 

Load case LCTz £  LCWLC ThzT +£<  LCW Thz +>  

BSR-1P ( )( )LCBSRW TzgPP -= r,max  

( )LCWLWW TzgPP --= r,  0.0=WP  
BSR-2P ( )( )LCBSRW TzgPP --= r,max  

BSR-1S ( )( )LCBSRW TzgPP -= r,max  

BSR-2S ( )( )LCBSRW TzgPP --= r,max  

 
where:
・ For BSR-1P and BSR-2P load cases. 

( ) 
ø

ö
ç
ç
è

æ
+

-+
+= 112588.0sin10 1

0
yB

CSR
wpsnlBSR f

L
LCfyffP l

qb  

・ For BSR-1S and BSR-2S load cases. 

( ) 
ø

ö
ç
ç
è

æ
+

-+
+-= 112588.0sin10 1

0
yB

CSR
wpsnlBSR f

L
LCfyffP lqb  

fnl : Coefficient considering non-linear effect, to be taken as: 
fnl = 1 for extreme sea loads design load scenario.
fnl = 1 for ballast water exchange design load scenarios. 

l  : Wave length of the dynamic load case, in m, to be taken as: 
2

2 qp
l Tg

=  
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Fig. 4 Transverse Distribution of Dynamic Pressure for BSR-1P (Left) and BSR-1S (Right) Load Cases 

 
 

Fig. 5 Transverse Distribution of Dynamic Pressure for BSR-2P (Left) and BSR-2S (Right) Load Cases 

 

1.3.6 Hydrodynamic pressures for BSP load cases
 The wave pressures, PW, for BSP-1 and BSP-2 load cases, at any load point, in kN/m2, are to be obtained from 
Table 9. See also Fig. 6 and Fig. 7.
 

Table 9 Hydrodynamic Pressures for BSP Load Cases 

 Wave pressure, in kN/m2 

Load case LCTz £  LCWLC ThzT +£<  LCW Thz +>  

BSP-1P ( )( )LCBSPW TzgPP -= r,max  

( )LCWLWW TzgPP --= r,  0.0=WP  
BSP-2P ( )( )LCBSPW TzgPP --= r,max  

BSP-1S ( )( )LCBSPW TzgPP -= r,max  

BSP-2S ( )( )LCBSPW TzgPP --= r,max  

 
where: 

CSR
wyznlpsBSP L

LCffffP 1255.4 0 -+
=

l
b  

l  : Wave length of the dynamic load case, in m, to be taken as: 
( ) CSRT Lf212.0 +=l  

fyz : Girth distribution coefficient, to be obtained from Table 10. 
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Table 10 Girth Distribution Coefficient, fyz for BSP Load Cases 

Transverse position BSP-1P - BSP-2P BSP-1S - BSP-2S 

0³y  5.05.22 1 ++= yB
LC

yz f
T

zf  5.0
2
1

3
2

1 ++= yB
LC

yz f
T

zf  

0<y  5.0
2
1

3
2

1 ++= yB
LC

yz f
T

zf  5.05.22 1 ++= yB
LC

yz f
T

zf  

 
fnl : Coefficient considering non-linear effect, to be taken as:  

・ For extreme sea loads design load scenario: 
fnl = 0.6 at fxL = 0
fnl = 0.8 at fxL = 0.3
fnl = 0.8 at fxL = 0.7
fnl = 0.6 at fxL = 1 

・ For ballast water exchange design load scenario: 
fnl = 0.6 at fxL = 0
fnl = 0.8 at fxL = 0.3
fnl = 0.8 at fxL = 0.7
fnl = 0.6 at fxL = 1 

Intermediate values are obtained by linear interpolation. 

Fig. 6 Transverse Distribution of Dynamic Pressure for BSP-1P (Left) and BSP-1S (Right) Load Cases 

 
 

Fig. 7 Transverse Distribution of Dynamic Pressure for BSP-2P (Left) and BSP-2S (Right) Load Cases 

 

1.3.7 Hydrodynamic pressures for OST load cases
 The wave pressures, PW, for OST-1 and OST-2 load cases, at any load point are to be obtained, in kN/m2, from 
Table 11. See also Fig. 8 and Fig. 9.
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Fig. 8 Transverse Distribution of Dynamic Pressure Amidships for OST-1P (Left) and OST-1S (Right) Load 
Cases 

 
 

Fig. 9 Transverse Distribution of Dynamic Pressure Amidships for OST-2P (Left) and OST-2S (Right) Load 
Cases 

 
 

Table 11 Hydrodynamic Pressures for OST Load Cases 

 Wave pressure, in kN/m2 

Load case LCTz £  LCWLC ThzT +£<  LCW Thz +>  

OST-1P ( )( )LCOSTW TzgPP -= r,max  

( )LCWLWW TzgPP --= r,  0.0=WP  
OST-2P ( )( )LCOSTW TzgPP --= r,max  

OST-1S ( )( )LCOSTW TzgPP -= r,max  

OST-2S ( )( )LCOSTW TzgPP --= r,max  

 
where: 

CSR
wyzpanlpsOST L

LCfkkffP 125
38.1 0 -+

=
l

 

fyz : Girth distribution coefficient, to be obtained from Table 12.
fnl : Coefficient considering non-linear effect, to be taken as: 

fnl = 0.8 for extreme sea loads design load scenario.
fnl = 0.9 for ballast water exchange design load scenarios. 

l  : Wave length of the dynamic load case, in m, to be taken as: 
CSRL45.0=l  

ka : Amplitude coefficient in the longitudinal direction of the ship, to be obtained from Table 13.
kp : Phase coefficient to be obtained from Table 14. Intermediate values are to be interpolated. 
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Table 12 Girth Distribution Coefficient, fyz for OST Load Cases 

Transverse position OST-1P - OST-2P OST-1S - OST-2S 

0³y  5.15.35 ++ yB
LC

f
T

z
 5.15.1 +

LCT
z

 

0<y  5.15.1 +
LCT
z

 5.15.35 ++ yB
LC

f
T

z
 

 
Table 13 ka Values for OST Load Cases 

Transverse 
position 

Longitudinal 
Position 

OST-1P - OST-2P OST-1S - OST-2S 

0³y  

2.0£xLf  ( )( )xLyB ff 5115.30.1 --+  ( ) ( )xLyBT fff 515.045.30.1 -úû
ù

êë
é --+  

8.02.0 £< xLf  0.1  0.1  

8.0>xLf  0.1  ( )( ) yBxLT fff 45140.1 --+  

0<y  

2.0£xLf  ( ) ( )xLyBT fff 515.045.30.1 -úû
ù

êë
é --+  ( )( )xLyB ff 5115.30.1 --+  

8.02.0 £< xLf  0.1  0.1  

8.0>xLf  ( )( ) yBxLT fff 45140.1 --+  0.1  

 
Table 14 kp Values for OST Load Cases 

Transverse position fxL OST-1P - OST-2P OST-1S - OST-2S 

0³y  

0.0  0.1  0.1  

2.0  0.1  ( ) yBT ff5.175.00.1 -+  

4.0  0.1-  ( ) yBT ff5.075.10.1 -+-  

5.0  0.1-  ( ) yBT ff5.075.10.1 -+-  

7.0  ( ) yBT ff 5.16.11.0 -+-  ( ) yBT ff3.025.01.0 -+-  

9.0  yBf2.08.0 +  ( ) yBT ff 85.09.08.0 +-  

0.1  yBf+- 0.1  ( ) yBT ff5.05.00.1 -+-  

0<y  

0.0  0.1  0.1  

2.0  ( ) yBT ff5.175.00.1 -+  0.1  

4.0  ( ) yBT ff5.075.10.1 -+-  0.1-  

5.0  ( ) yBT ff5.075.10.1 -+-  0.1-  

7.0  ( ) yBT ff3.025.01.0 -+-  ( ) yBT ff 5.16.11.0 -+-  

9.0  ( ) yBT ff 85.09.08.0 +-  yBf2.08.0 +  

0.1  ( ) yBT ff5.05.00.1 -+-  yBf+- 0.1  
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1.3.8 Hydrodynamic pressures for OSA load cases
 The wave pressures, PW, for OSA-1 and OSA-2 load cases, at any load point, in kN/m2, are to be obtained from 
Table 15. See also Fig. 10 and Fig. 11.
 

Table 15 Hydrodynamic Pressures for OSA Load Cases 

 Wave pressure, in kN/m2 

Load case LCTz £  LCWLC ThzT +£<  LCW Thz +>  

OSA-1P ( )( )LCOSAW TzgPP -= r,max  

( )LCWLWW TzgPP --= r,  0.0=WP  
OSA-2P ( )( )LCOSAW TzgPP --= r,max  

OSA-1S ( )( )LCOSAW TzgPP -= r,max  

OSA-2S ( )( )LCOSAW TzgPP --= r,max  

 
where: 

( )T
CSR

wyzpanlpsOSA f
L

LCfkkffP 5.01
125

81.0 0 +
-+

=
l

 

l  : Wave length of the dynamic load case, in m, to be taken as: 
CSRL70.0=l  

fnl : Coefficient considering non-linear effect, to be taken as: 
・ For extreme sea loads design load scenario: 

fnl = 0.5 at fxL = 0
fnl = 0.8 at fxL = 0.3
fnl = 0.8 at fxL = 0.7
fnl = 0.6 at fxL = 1 

・ For ballast water exchange design load scenario: 
fnl = 0.75 at fxL = 0
fnl = 0.9 at fxL = 0.3
fnl = 0.9 at fxL = 0.7
fnl = 0.8 at fxL = 1 

Intermediate values are obtained by linear interpolation. 
fyz : Girth distribution coefficient, to be obtained from Table 16.
ka : Amplitude coefficient in the longitudinal direction of the ship, to be obtained from Table 17.
kp : Phase coefficient to be obtained from Table 18. Intermediate values are to be interpolated. 

 
Table 16 Girth Distribution Coefficient, fyz for OSA Load Cases 

Transverse position OSA-1P - OSA-2P OSA-1S - OSA-2S 

0³y  2.23.55.5 ++ yB
LC

f
T

z
 2.24.09.0 ++ yB

LC
f

T
z

 

0<y  2.24.09.0 ++ yB
LC

f
T

z
 2.23.55.5 ++ yB

LC
f

T
z
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Table 17 ka Values for OSA Load Cases 

Transverse 
position 

Longitudinal 
Position 

OSA-1P - OSA-2P OSA-1S - OSA-2S 

0³y  

2.0£xLf  ( )( )( )yBxLT fff ---+ 151230.1  
( )( )

( ) ( ){ } yBxLTxL

xLT

ffff
ff

513528
51230.1

-+-+
--+

 

5.02.0 £< xLf  0.1  ( ) yBxL ff210.1 -+  

8.05.0 £< xLf  0.1  ( ) yBxL ff 125.10.1 -+  

8.0>xLf  ( )( )Aff yBxL --+ 18.00.1  
( ) ( ){ }

( )Af
fAff

xL

yBxLxL

8.0

8.0125.10.1

-+

---+
 

0<y  

2.0£xLf  
( )( )

( ) ( ){ } yBxLTxL

xLT

ffff
ff

513528
51230.1

-+-+
--+

 ( )( )( )yBxLT fff ---+ 151230.1  

5.02.0 £< xLf  ( ) yBxL ff210.1 -+  0.1  

8.05.0 £< xLf  ( ) yBxL ff 125.10.1 -+  0.1  

8.0>xLf  
( ) ( ){ }

( )Af
fAff

xL

yBxLxL

8.0

8.0125.10.1

-+

---+
 ( )( )Aff yBxL --+ 18.00.1  

( ) ( )[ ]TxLT fffA ---+-= 225.08.02231522  

 
Fig. 10 Transverse Distribution of Dynamic Pressure Amidships for OSA-1P (Left) and OSA-1S (Right) Load 

Cases 

 
 

Fig. 11 Transverse Distribution of Dynamic Pressure Amidships for OSA-2P (Left) and OSA-2S (Right) Load 
Cases 

 
 



－170－

2019 Rules for the Survey and Construction of Steel Ships (Part CSR-B&T Part 1 Chapter 4 Section 5)

Table 18 kp Values for OSA Load Cases 

Transverse position fxL OSA-1P; OSA-2P OSA-1S; OSA-2S 

0³y  

0.0  yBf5.075.0 -  75.0  

2.0  ( ) yBTT fff -+- 25.125.0  ( ) yBTT fff 47.035.025.0 -+-  

4.0  0.1  ( ) yBT ff 2.37.20.1 -+  

5.0  ( ) yBTT fff 25.05.05.025.1 -+-  ( ) yBTT fff 2.37.25.025.1 -+-  

6.0  ( ) yBTT fff 07.15.1 -+-  ( ) yBTT fff 19.368.25.1 -+-  

85.0  ( ) yBTT fff 5.025.025.15.0 -+-  ( ) yBTT fff 1.02.025.15.0 -+-  

0.1  ( ) yBTT fff 5.025.025.15.0 -+-  ( ) yBTT fff 1.02.025.15.0 -+-  

0<y  

0.0  75.0  yBf5.075.0 -  

2.0  ( ) yBTT fff 47.035.025.0 -+-  ( ) yBTT fff -+- 25.125.0  

4.0  ( ) yBT ff 2.37.20.1 -+  0.1  

5.0  ( ) yBTT fff 2.37.25.025.1 -+-  ( ) yBTT fff 25.05.05.025.1 -+-  

6.0  ( ) yBTT fff 19.368.25.1 -+-  ( ) yBTT fff 07.15.1 -+-  

85.0  ( ) yBTT fff 1.02.025.15.0 -+-  ( ) yBTT fff 5.025.025.15.0 -+-  

0.1  ( ) yBTT fff 1.02.025.15.0 -+-  ( ) yBTT fff 5.025.025.15.0 -+-  

1.3.9 Envelope of dynamic pressure
 The envelope of dynamic pressure at any point, Pex-max, is to be taken as the greatest pressure obtained from any 
of the load cases determined by 1.3.2 to 1.3.8. 

1.4 External Dynamic Pressures for Fatigue Assessments
1.4.1 General
 The external pressure Pex at any load point of the hull for the fatigue static plus dynamic (F:S+D) design load 
scenario, is to be derived for each fatigue dynamic load case and is to be taken as: 

Pex = PS + PW but not less than 0.
where:
PS : Hydrostatic pressure, in kN/m2, defined in 1.2.
PW : Hydrodynamic pressure, in kN/m2, is defined in 1.4.2 to 1.4.6. 

1.4.2 Hydrodynamic pressures for HSM load cases
 The hydrodynamic pressures, PW, for load cases HSM-1 and HSM-2, at any load point, in kN/m2, are to be 
obtained from Table 19.
 

Table 19 Hydrodynamic Pressures for HSM Load Cases 

 Wave pressure, in kN/m2 

Load case LCTz £  LCWLC ThzT +£< 2  LCW Thz +> 2  

HSM-1P ( )( )LCHSW TzgPP --= r,max  
( )LCWLWW TzgPP --= r

2
1

,  0.0=WP  
HSM-2P ( )( )LCHSW TzgPP -= r,max  
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where: 

CSR
wyzpahpHS L

LCfkkffP 1250 -+
=

l  

fyz : Girth distribution coefficient, to be taken as: 

1++= yB
LC

yz f
T

zf  

fh : Coefficient to be taken as: 
( )Th ff 66.021.175.2 -=  

fp : Coefficient to be taken as: 
( ) ( )[ ]5104602.021.0 - -++= CSRTTfap Lffff  

ka : Amplitude coefficient in the longitudinal direction of the ship, to be taken as: 
( ) ( )[ ] xLTyBTyBTTa fffffffk 1515131 -+++-+=  for 2.0<xLf  

0.1=ak  for 6.02.0 <£ xLf  

( ) ( )[ ( ) ( )( )]6.0140175.145.35.136.01 --+-+--+= xLyBTyBTxLa ffffffk  for 6.0³xLf  

l  : Wave length of the dynamic load case, in m, to be taken as: 
( ) CSRT Lf+= 16.0l  

kp : Phase coefficient to be obtained from Table 20. Intermediate values are to be interpolated. 
 

Table 20 kp Values for HSM Load Cases 

fxL kp 

0  ( ) ( ) yBTT fff -+- 5.00.1  

Tf1.03.0 -  1-  

Tf2.05.0 -  1  

Tf4.09.0 -  1  

Tf2.09.0 -  1-  

0.1  1-  

1.4.3 Hydrodynamic pressures for FSM load cases
 The hydrodynamic pressures, PW, for FSM-1 and FSM-2 load cases, at any load point, in kN/m2, are to be 
obtained from Table 21.
 

Table 21 Hydrodynamic Pressures for FSM Load Cases 

 Wave pressure, in kN/m2 

Load case LCTz £  LCWLC ThzT +£< 2  LCW Thz +> 2  

FSM-1 ( )( )LCFSW TzgPP --= r,max  
( )LCWLWW TzgPP --= r

2
1

,  0.0=WP  

FSM-2 ( )( )LCFSW TzgPP -= r,max  

 
where: 

CSR
wyzpahpFS L

LCfkkffP 1250 -+
=

l
 

fyz : Girth distribution coefficient, to be taken as: 

① 
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1++= yB
LC

yz f
T

zf  

fh : Coefficient to be taken as: 
fh = 2.6 

fp : Coefficient to be taken as: 
( ) ( )[ ]5104602.021.0 - -++= CSRTTfap Lffff  

ka : Amplitude coefficient in the longitudinal direction of the ship, to be taken as: 
( )( )( )yBxLTa fffk ---+= 15125.31  for 2.0<xLf  

0.1=ak  for 9.02.0 <£ xLf  
( )( )9.01151 --+= xLyBa ffk  for 9.0³xLf  

l  : Wave length of the dynamic load case, in m, to be taken as: 

CSRT Lf  
ø
ö

ç
è
æ +=

3
216.0l  

kp : Phase coefficient to be obtained from Table 22. Intermediate values are to be interpolated. 
 

Table 22 kp Values for FSM Load Cases 

fxL kp 

0  yBf25.075.0 --  

Tf1.035.0 -  1-  

Tf2.05.0 -  1  

75.0  1  

Tf1.09.0 -  1-  

0.1  yBf5.05.0 --  

1.4.4 Hydrodynamic pressures for BSR load cases
 The hydrodynamic pressures, PW, for BSR-1 and BSR-2 load cases, at any load point, in kN/m2, are to be 
obtained from Table 23.
 

Table 23 Hydrodynamic Pressures for BSR Load Cases 

 Wave pressure, in kN/m2 

Load case LCTz £  LCWLC ThzT +£< 2  LCW Thz +> 2  

BSR-1P ( )( )LCBSRW TzgPP -= r,max  

( )LCWLWW TzgPP --= r
2
1

,  0.0=WP  
BSR-2P ( )( )LCBSRW TzgPP --= r,max  

BSR-1S ( )( )LCBSRW TzgPP -= r,max  

BSR-2S ( )( )LCBSRW TzgPP --= r,max  

 
where:
・ For BSR-1P and BSR-2P load cases. 

( )112588.0sin10 1
0 +

-+
+= yB

CSR
wpBSR f

L
LCfyP l

q  

・ For BSR-1S and BSR-2S load cases. 
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( )112588.0sin10 1
0 +

-+
+-= yB

CSR
wpBSR f

L
LCfyP l

q  

fp : Coefficient to be taken as: 

( ) ( )[ ]41021204.021.0 - --+= Bffff TTfap  

l  : Wave length of the dynamic load case, in m, to be taken as: 
2

2 qp
l Tg

=  

1.4.5 Hydrodynamic pressures for BSP load cases
 The wave pressures, PW, for BSP-1 and BSP-2 load cases, at any load point, in kN/m2, are to be obtained from   
Table 24.
 

Table 24 Hydrodynamic Pressures for BSP Load Cases 

 Wave pressure, in kN/m2 

Load case LCTz £  LCWLC ThzT +£< 2  LCW Thz +> 2  

BSP-1P ( )( )LCBSPW TzgPP -= r,max  

( )LCWLWW TzgPP --= r
2
1

,  0.0=WP  
BSP-2P ( )( )LCBSPW TzgPP --= r,max  

BSP-1S ( )( )LCBSPW TzgPP -= r,max  

BSP-2S ( )( )LCBSPW TzgPP --= r,max  

 
where: 

CSR
wyzpBSP L

LCffP 1255.4 0 -+
=

l  

l  : Wave length of the dynamic load case, in m, to be taken as: 
( ) CSRT Lf212.0 +=l  

fp : Coefficient to be taken as: 

( )[ ]3101682.0 - ++= Tfap fff  

fyz : Girth distribution coefficient, to be obtained from Table 25. 
 

Table 25 Girth Distribution Coefficient, fyz for BSP Load Cases 

Transverse position BSP-1P - BSP-2P BSP-1S - BSP-2S 

0³y  5.05.22 1 ++= yB
LC

yz f
T

zf  5.0
2
1

3
2

1 ++= yB
LC

yz f
T

zf  

0<y  5.0
2
1

3
2

1 ++= yB
LC

yz f
T

zf  5.05.22 1 ++= yB
LC

yz f
T

zf  

1.4.6 Hydrodynamic pressures for OST load cases
 The wave pressures, PW, for OST-1 and OST-2 load cases, at any load point, in kN/m2, are to be obtained from 
Table 26.
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Table 26 Hydrodynamic Pressures for OST Load Cases 

 Wave pressure, in kN/m2 

Load case LCTz £  LCWLC ThzT +£< 2  LCW Thz +> 2  

OST-1P ( )( )LCOSTW TzgPP -= r,max  

( )LCWLWW TzgPP --= r
2
1

,  0.0=WP  
OST-2P ( )( )LCOSTW TzgPP --= r,max  

OST-1S ( )( )LCOSTW TzgPP -= r,max  

OST-2S ( )( )LCOSTW TzgPP --= r,max  

 
where: 

CSR
wyzpapOST L

LCfkkfP 12538.1 0 -+
=

l  

fyz : Girth distribution coefficient, to be obtained from Table 27. 
 

Table 27 Girth Distribution Coefficient, fyz for OST Load Cases 

Transverse position OST-1P - OST-2P OST-1S - OST-2S 

0³y  7.13.35 ++ yB
LC

f
T

z
 7.13.0 ++ yB

LC
f

T
z

 

0<y  7.13.0 ++ yB
LC

f
T

z
 7.13.35 ++ yB

LC
f

T
z

 

 
fp : Coefficient to be taken as: 

( ) ( )[ ]41091202.025.0 - -+-= Bffff TTfap  

l  : Wave length of the dynamic load case, in m, to be taken as: 
CSRL45.0=l  

ka : Amplitude coefficient in the longitudinal direction of the ship, to be obtained from Table 28.
kp : Phase coefficient to be obtained from Table 29. Intermediate values are to be interpolated. 

 
Table 28 ka Values for OST Load Cases 

Transverse 
position 

Longitudinal 
Position 

OST-1P - OST-2P OST-1S - OST-2S 

0³y  

2.0£xLf  ( ) ( ){ }( )yBxLTT ffff --+-+ 15.171025.30.1  
( )

( ) xLyBT

yBT

fff
ff

5.75.1710

5.125.30.1

+-+

--+
 

8.02.0 £< xLf  0.1  0.1  

8.0>xLf  0.1  ( )( ) yBxLT fff 45120.1 --+  

0<y  

2.0£xLf  
( )

( ) xLyBT

yBT

fff
ff

5.75.1710

5.125.30.1

+-+

--+
 

( ){
( ) }( )yBxLT

T

fff
f

--+
-+

15.1710
25.30.1

 

8.02.0 £< xLf  0.1  0.1  

8.0>xLf  ( )( ) yBxLT fff 45120.1 --+  0.1  
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Table 29 kp Values for OST Load Cases 

Transverse position fxL OST-1P - OST-2P OST-1S - OST-2S 

0³y  

0.0  0.1  ( ) yBT ff-+ 5.00.1  

2.0  0.1  ( ) yBT ff-+ 5.030.1  

4.0  0.1-  ( ) 14.27.2 -- yBT ff  

5.0  0.1-  ( ) 16.28.2 -- yBT ff  

7.0  ( ) 38.062.0 -- yBT ff  ( ) 38.0338.2 -- yBT ff  

9.0  yBf76.024.0 +  ( ) yBT ff+- 24.024.0  

0.1  yBf5.00.1 +-  0.1-  

0<y  

0.0  ( ) yBT ff-+ 5.00.1  0.1  

2.0  ( ) yBT ff-+ 5.030.1  0.1  

4.0  ( ) 14.27.2 -- yBT ff  0.1-  

5.0  ( ) 16.28.2 -- yBT ff  0.1-  

7.0  ( ) 38.0338.2 -- yBT ff  ( ) 38.062.0 -- yBT ff  

9.0  ( ) yBT ff+- 24.024.0  yBf76.024.0 +  

0.1  0.1-  yBf5.00.1 +-  

2. External Pressures on Exposed Decks 

2.1 Application
2.1.1
 The external pressures and forces on exposed decks are only to be applied for strength assessment.
2.1.2
 The green sea pressures defined in 2.2 for exposed decks are to be considered independently of the pressures due 
to distributed cargo or other equipment loads and any concentrated forces due to cargo or other unit equipment loads, 
defined in 2.3.1 and 2.3.2 respectively. 

2.2 Green sea Loads 

2.2.1 Pressure on exposed deck
 The external dynamic pressure due to green sea loading, PD, at any point of an exposed deck, in kN/m2, for the 
static plus dynamic (S+D) design load scenarios is to be derived for each dynamic load case and is to be taken as 
defined in 2.2.3 to 2.2.4
 The external dynamic pressure due to green sea loading, PD, at any point of an exposed deck for the static (S) 
design load scenarios is zero.
2.2.2
 If a breakwater is fitted on the exposed deck, no reduction in the green sea pressure is allowed for the area of the 
exposed deck located aft of the breakwater.
2.2.3 HSM, HSA and FSM load cases
 The external pressure, PD, for HSM, HSA and FSM load cases, at any load point of an exposed deck is to be 
obtained, in kN/m2, from the following formula, see Fig. 2 and Fig. 3: 

WD PP c=  
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where:
PW = PW,D, but not to be taken less than PD-min.
PW,D : Pressure, in kN/m2, obtained at side of the exposed deck for HSM, HSA and FSM load cases as 

defined in 1.3. 
PD-min : Minimum exposed deck pressure, in kN/m2, to be taken as: 

・ For cargo hold analysis according to Ch 7: PD-min = 0.
・ For other cases: PD-min as defined in Table 30. 

c  : Coefficient defined in Table 31. 

 
Table 30 Minimum Pressures on Exposed Decks for HSM, HSA, FSM Load Cases 

Location 
Minimum pressure on exposed deck, PD-min, in kN/m2 

LLL   100m LLL < 100m 

75.0£LLLL Lx  3.34  LLL195.09.14 +  

75.0>LLLL Lx   
ø

ö
çç
è

æ
--++ 34))100(8.14(3.34

LL

LL
LL L

xLa  
LL

LL

LL

LLLL

L
x

L
xL

6.325
9

2.12 + 
ø

ö
çç
è

æ
-+  

a : Coefficient taken equal to: 
a = 0.356 for Type A, Type B-60 and Type B-100 freeboard ships
a = 0.0726 for Type B freeboard ships. 

xLL : X-coordinate of the load point measured from the aft end of the freeboard length LLL. 

 
Table 31 Coefficient for Pressure on Exposed Decks 

Exposed deck location c  

Freeboard deck 1.00 

Superstructure deck including forecastle deck 0.75 

1st tier of deckhouse 0.56 

2nd tier of deckhouse 0.42 

3rd tier of deckhouse 0.32 

4th tier of deckhouse 0.25 

5th tier of deckhouse 0.20 

6th tier of deckhouse 0.15 

7th tier of deckhouse and above 0.10 

2.2.4 BSR, BSP, OST and OSA load cases
 The external pressure, PD, for BSR, BSP, OST and OSA load cases at any load point of an exposed deck is to be 
obtained, in kN/m2, by linear interpolation between the pressures at the port and starboard deck edges (see also Fig. 4, 
Fig. 6, Fig. 9 and Fig. 10): 

stbDWstbD PP -= ,, c  

ptDWptD PP -= ,, c  

where:
PW,D-stb : Pressure obtained at starboard deck edge for BSR, BSP, OST or OSA load cases as defined in 1.3, as 

appropriate. 
PW,D-pt : Pressure obtained at port deck edge for BSR, BSP, OST and OSA load cases as defined in 1.3, as 
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appropriate. 
c  : Coefficient defined in Table 31. 

2.2.5 Envelope of dynamic pressures on exposed deck
 The envelope of dynamic pressure at any point of an exposed deck, PD-max, is to be taken as the greatest pressure 
obtained from any of the load cases determined by 2.2.3 and 2.2.4. 

2.3 Load Carried on Exposed Deck
2.3.1 Pressure due to distributed load
 If a distributed load is carried on an exposed deck, for example deck cargo or other equipment, the static and 
dynamic pressures due to this distributed load are to be considered.
 The total pressure, Pdl, in kN/m2, due to this distributed load for the static (S) design load scenario is to be taken 
as: 

sdldl PP -=  

 The pressure Pdl, in kN/m2, due to this distributed load for the static plus dynamic (S+D) design load scenario is 
to be derived for each dynamic load case and is to be taken as: 

ddlsdldl PPP -- +=  

where:
Pdl-s : Static pressure, in kN/m2, due to the distributed load, to be defined by the Designer and, in general, but 

not less than 10 kN/m2. 
Pdl-d : Dynamic pressure, in kN/m2, due to the distributed load, in kN/m2, to be taken as: 

sdl
z

ddl P
g
afP -- = b  

aZ : Vertical acceleration, in m/s2, at the centre of gravity of the distributed load, for the considered load 
case, to be obtained according to Ch 4, Sec 3, 3.2.4. 

2.3.2 Concentrated force due to unit load
 If a unit load, for example deck cargo, is carried on an exposed deck, the static and dynamic forces due to the 
unit load carried are to be considered.
 The force FU, in kN, due to this concentrated load for the static (S) design load scenarios, is to be taken as: 

sUU FF -=  
 The force FU, in kN, due to this concentrated load for the static plus dynamic (S+D) design load scenarios is to
be derived for each dynamic load case and is to be taken as: 

dUsUU FFF -- +=  
where:
FU-s : Static force, in kN, due to the unit load to be taken equal to: 

gmF UsU =-  
FU-d : Dynamic force, in kN, due to unit load to be taken equal to: 

ZUdU afmF b=-  

mU : Mass of the unit load carried, in t.
aZ : Vertical acceleration, in m/s2, at the centre of gravity of the unit load carried for the considered load 

case, to be obtained according to Ch 4, Sec 3, 3.2.4. 

3. External Impact Pressures for the Bow Area 

3.1 Application
3.1.1
 The impact pressures for the bow area are only to be applied for strength assessment. 

3.2 Bottom Slamming Pressure
3.2.1
 The bottom slamming pressure PSL, in kN/m2, for the bottom slamming design load scenario is to be evaluated 
for the following two cases: 

Case 1: An empty ballast tank or a void space in way of the bottom shell. 
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etSLSLCSRSL cfLgP -= 10  for 170<CSRL m 
1130 c

etSLSLSL ecfgP -=  for 170³CSRL m 

Case 2: A full ballast tank in way of the bottom shell. 
( )zzgcfLgP topftSLSLCSRSL --= - r25.110  for 170<CSRL m 

( )zzgecfgP top
c

ftSLSLSL --= - r25.1130 1  for 170³CSRL m 

where:
c1 : Coefficient to be taken as: 

01 =c  for 180£CSRL m 

( ) 705.0
1 1800125.0 --= CSRLc  for 180>CSRL m 

cSL-et : Slamming coefficient for case with an empty ballast tank or void space: 
2.0

5.1095.5  
ø

ö
çç
è

æ
-= -

-
CSR

eF
etSL L

Tc  

cSL-ft : Slamming coefficient for case with a full ballast tank: 
2.0

5.1095.5  
ø

ö
çç
è

æ
-= -

-
CSR

fF
ftSL L

T
c  

fSL : Longitudinal slamming distribution factor, to be taken as: 
0=SLf  for 5.0£CSRLx  

0.1=SLf  for 25.0 cLx CSR +=  
0.1=SLf  for 265.0 cLx CSR +=  

0.5=SLf  for 1³CSRLx  
Intermediate values of fSL are to be obtained by linear interpolation. 

c2 : Coefficient to be taken as: 

2500
33.02

CSR
B

LCc += , but not to be taken greater than 0.35. 

TF-e : Design slamming draught at the FP to be provided by the Designer. TF-e is not to be greater than the 
minimum draught at the FP indicated in the loading manual for all seagoing conditions where any of 
the ballast tanks within the bottom slamming region are empty. This includes all loading conditions 
with tanks inside the bottom slamming region that use the  sequential  ballast water exchange method, 
if relevant. 

TF-f : Design slamming draught at the FP to be provided by the Designer. TF-f is not to be greater than the 
minimum draught at the FP indicated in the loading manual for all seagoing conditions where all 
ballast tanks within the bottom slamming region are full. This includes all loading conditions with 
tanks inside the bottom slamming region that use the  flow-through  ballast water exchange method, if 
relevant. 

ztop : Z-coordinate of the highest point of the tank, excluding small hatchways, in m. 
For strength assessment of double bottom floors and girders, ztop is not to be taken greater than the 
double bottom height. 

3.2.2 Loading manual information
 The loading guidance information is to clearly state the design slamming draughts and the ballast water 
exchange method used for each ballast tank, if any.
 

① 

① 
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Fig. 12 Definition of Bow Geometry 

 
 

3.3 Bow Impact Pressure
3.3.1 Design pressures
 The bow impact pressure PFB, in kN/m2, to be considered for the bow impact design load scenario is to be taken 
as: 

wlimFBFBFB VcfP gsin025.1 2=  
where:
fFB : Longitudinal bow flare impact pressure distribution factor. To be taken as: 

55.0=FBf  for 9.0£CSRLx  
( ) 55.09.04 +-= CSRFB Lxf  for 9875.09.0 £< CSRLx  
( ) 9.09875.08 +-= CSRFB Lxf  for 0.19875.0 £< CSRLx  
0.1=FBf  for 0.1>CSRLx  

Vim : Impact speed, in knots, to be taken as: 

CSRwlrefim LVV += asin514.0  

Vref : Forward speed, in knots, to be taken as: 
VVref 75.0=  but not less than 10. 

wla  : Local waterline angle, in deg, at the considered position, but not less than 35 deg. See Fig. 12. 

wlg  : Local bow impact angle, in deg, measured in a vertical plane containing the normal to the shell, from 
the horizontal to the tangent line at the considered position but not less than 50 deg, as shown in 
Fig. 12. Where this value is not available, it may be taken as: 

 
ø

ö
çç
è

æ
= -

wl

pl
wl a

b
g

cos
tan

tan 1  

plb  : Local body plan angle, in deg, at the considered position from the horizontal to the tangent line, but 

not less than 35 deg. 
cFB : Coefficient to be taken as: 

0.1=FBc  for positions between draughts TBAL and TSC. 
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( )
ú
ú
û

ù

ê
ê
ë

é -
+=

fb

fb
FB h

hh
c 02 2

90cos0.1  for positions above draught TSC. 

hfb : Vertical distance, in m, from the waterline at the draught TSC to the highest deck at side. See Fig. 12.
h0 : Vertical distance, in m, from the waterline at the draught TSC to the considered position. See Fig. 12. 

4. External Pressures on Superstructure and Deckhouses 

4.1 Application
4.1.1
 The external pressures on superstructure and deckhouses are only to be applied for strength assessment.
 These pressures are to be considered as dynamic pressures and are to be applied to the appropriate structure 
without any static pressure load component.
4.1.2
 The dynamic load case concept is not to be applied for external pressures on superstructures and deckhouses. 

4.2 Exposed Wheel House Tops
4.2.1
 The lateral pressure for exposed wheel house tops, PD, in kN/m2, is to be taken as: 

5.12=DP  

4.3 Sides of Superstructures
4.3.1
 The design pressure for the external sides of superstructures, PSI, in kN/m2, is to be taken as: 

where: 

( )
LCSD

BFWSI Tz
CcCP

-+
+=

10
207.01.2  

cF : Distribution factor according to Table 32. 
 

Table 32 Distribution Factor cF 

Location cF 

2.0<CSRLx   
ø

ö
çç
è

æ
-+

CSRB L
x

C
2.050.1 without taking x/LCSR less than 0.1 

2.0³CSRLx  1.0 

 

4.4 End Bulkheads of Superstructures and Deckhouse Walls
4.4.1
 The external pressure for the aft and forward external bulkheads of superstructures and deckhouse walls, in 
kN/m2, is to be taken as: 

( )[ ]SCSDdbcnA TzffffP --= but is not to be less than PA-min. 
where:
fn : Coefficient defined in Table 33.
fc : Coefficient, to be taken as: 

1

17.03.0
B
bfc +=  but not less than 0.475. 

For exposed parts of machinery casings, fc is not to be taken less than 1.0. 
fd : Coefficient, to be taken as: 

( )
 
ø

ö
ç
ç
è

æ
 
ø
ö

ç
è
æ--= -

2
300

150
1

10
CSRLCSR

d
LeLf CSR  for 150<CSRL m 

① 

① 
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( )300

10
CSRLCSR

d eLf -=  for 150 m 300<£ CSRL m 

03.11=df  for 300³CSRL m 

b1 : Breadth of deckhouse at the position considered.
B1 : Actual breadth of ship on the exposed weather deck at the position considered.
fb : Coefficient defined in Table 34.
PA-min : Minimum lateral pressure, in kN/m2, as defined in Table 35. 

5. External Pressures on Hatch Covers 

5.1 Application
5.1.1
 The external pressures on hatch covers are only to be applied for strength assessment. 

5.2 Green sea Loads
5.2.1
 The green sea loads at any load point of a hatch cover, PHC, in kN/mm2, is to be taken as follows: 

・ For cargo hold analysis according to Ch 7: ( )DzgPP HCDHC --= r  without being less than 0. 
・ For other cases: minDHC PP -=  as defined in Table 30. 

PD : Green sea pressure, in kN/mm2, on the deck in way of the hatch cover obtained according to 2.2, 
considering c  equal to 1.0. 

zHC : Z coordinate of the top of the hatch cover, in m. 

5.3 Load Carried on Hatch Covers
5.3.1
 If a distributed load or a unit load is carried on a hatch cover, the pressure is to be obtained according to 2.3. 
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Table 33 Coefficient fn 

Type of bulkhead Location fn 

Unprotected front bulkhead(1) 

Lowest tier(2) 12
20 2L

+  

Second tier 12
10 2L

+  

Third tier and above 15
5 2L

+  

Protected front bulkhead(1) All tiers 15
5 2L

+  

Side bulkheads All tiers 15
5 2L

+  

Aft end bulkheads 

Abaft amidships 
2

2 8
100

7
L
xL

-+  

Forward of amidships 
2

2 4
100

5
L
xL

-+  

(1) The front bulkhead of a superstructure or deckhouse may be considered as protected when it is located less than Bx 
behind another superstructure or deckhouse, and the width of the front bulkhead being considered is less than the 
width of the aft bulkhead of the superstructure or deckhouse forward of it. Bx is the local breadth of the ship at the 
front bulkhead. 

(2) The lowest tier is normally that tier which is directly situated above the uppermost continuous deck to which the 
moulded depth D is measured. However, when (D - TSC) exceeds the minimum non-corrected tabular freeboard 
(according to ICLL as amended) by at least one standard superstructure height (as defined in Ch 1, Sec 4, 3.3), then 
this tier may be defined as the 2nd tier and the tier above as the 3rd tier. 

 
Table 34 Coefficient fb 

Location of bulkhead(1) fb 

45.0<
CSRL
x  

2

1 2.0
45.00.1  

ø

ö
çç
è

æ
+
-

+
B

CSR

C
Lx  

45.0³
CSRL
x  

2

1 2.0
45.0

5.10.1  
ø

ö
çç
è

æ
+
-

+
B

CSR

C
Lx  

where:
CB1 : Block coefficient, but not less than 0.60 nor greater than 0.80. For aft deckhouse bulkheads located forward of 

amidships, CB1 may be taken as 0.80. 
(1) For deckhouse sides, the deckhouse is to be subdivided into parts of approximately equal length, not exceeding 

0.15LCSR each, and x is to be taken as the X-coordinate of the centre of each part considered. 
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Table 35 Minimum Lateral Pressure, PA-min 

 PA-min, in kN/m2 

CSRL  Lowest tier of unprotected fronts Elsewhere(1) 

25090 £< CSRL  
10

25 CSRL
+  

20
5.12 CSRL

+  

250>CSRL  50  25  

(1) For the 4th tier and above, PA-min is to be taken equal to 12.5 kN/m2. 
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Section 6 INTERNAL LOADS 

Symbols 

For symbols not defined in this section, refer to Ch 1, Sec 4
aX, aY, aZ : Longitudinal, transverse and vertical accelerations, in m/s2, at xG, yG, zG, as defined in Ch 4, Sec 3, 3.2.
BH : Breadth of the cargo hold, in m, measured at mid-length of the cargo hold and at the mid height between the 

top of hopper tank and the bottom of topside tank, see Fig. 1. 
BIB : Breadth of inner bottom, in m, measured at mid-length of the cargo hold, see Fig. 1.
D1 : Distance, in m, from the baseline to the freeboard deck at side amidships.
dsc : Diameter, in m, of a steel coil.
fcd : Factor for joint probability of occurrence of liquid cargo density and maximum sea state in 25 years design 

life, to be taken as:
・ For strength assessment with FE analysis of cargo tanks filled with liquid cargo: 

 0.1=cdf   for 025.1>Lr  t/m3. 
 88.0=cdf  for 025.1=Lr  t/m3. 

・ For other cases: 
 0.1=cdf . 

fdc : Dry cargo factor taken as: 
・ 0.1=dcf  for strength assessment, 
・ 5.0=dcf  for fatigue assessment. 

bf  : Coefficient defined in Ch 4, Sec 4. 

hair : Height of air pipe or overflow pipe above the top of the tank, in m.
hC : Height of bulk cargo, in m, from the inner bottom to the upper surface of bulk cargo, as defined in 2.3.1 or 

2.3.2. 
hDB : Height, in m, of the double bottom at the enterline, measured at mid-length of the cargo hold, see Fig. 1.
hHPL : Vertical distance, in m, from the inner bottom at centreline to the upper intersection of hopper tank and side 

shell or inner side for double side bulk carriers, determined at mid length of the considered cargo hold, as 
shown in Fig. 1. 

0=HPLh  if there is no hopper tank. 
hHPU : Vertical distance, in m, from the inner bottom at centreline to the lower intersection of topside tank and side 

shell or inner side for double side bulk carriers, determined at mid length of the cargo hold at midship, as 
shown in Fig. 1. 

hLS : Mean height, in m, of the lower stool, measured from the inner bottom.
hmax : Maximum permissible filling level, in m, taken as: 

・ For ballast tanks: maximum tank height,
・ For cargo tanks with cargo density equal to Lr : maximum tank height  
・ For cargo tanks with heavy liquid cargo density equal to partr associated with a partially filled cargo 

 tank: hpart as defined in Ch 10, Sec 4, 1.2.1. 
KC : Coefficient taken equal to: 

( ) aya 22 sinsin1cos -+=CK  for inner bottom, hopper tank, transverse and longitudinal bulkheads, 
lower stool, vertical upper stool, inner side and side shell. 

0=CK  for topside tank, main deck and sloped upper stool. 
KC-f : Coefficient taken equal to: 

 
ø
ö

ç
è
æ -=- 2

45tan 2 y
fCK  

l  : Distance, in m, between floors.
Hl  : Length of the cargo hold, in m, at the centreline between the transverse bulkheads. This is to be measured to 
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the mid-depth of the corrugated bulkhead(s) if fitted. 
rll  : Distance, in m, between outermost dunnage per EPP in the ship X direction, see Fig. 10. 

stl  : Length, in m, of a steel coil. 
M : Mass, in t, of the bulk cargo being considered.
MFull: Cargo mass, in t, in a cargo hold corresponding to the volume up to the top of the hatch coaming with a 

density of the greater of MH/VFull or 1.0 t/m3.
 MFull = 1.0 VFull but not less than MH.
MH : Cargo mass, in t, in a cargo hold that corresponds to the homogeneously loaded condition at maximum 

draught with 50% consumables. 
MHD : Maximum allowable cargo mass, in t, in a cargo hold according to design loading conditions with specified 

holds empty at maximum draught with 50% consumables and all ballast water tanks in cargo hold region 
empty. 

Msc-ib: Equivalent mass of a steel coil, in t, on inner bottom, as defined in 4.3.1
Msc-hs: Equivalent mass of a steel coil, in t, on hopper side, as defined in 4.3.2.
n1 : Number of tiers of steel coils.
n2 : Number of load points per EPP of the inner bottom, see 4.1.3.
n3 : Number of dunnages supporting one row of steel coils.
Pdrop: Overpressure, in kN/m2, due to sustained liquid flow through air pipe or overflow pipe in case of overfilling 

or filling during flow through ballast water exchange. It is to be defined by the designer, but not to be less 
than 25 kN/m2. 

PPV : Design vapour pressure, in kN/m2, but not less than 25 kN/m2.
perm : Permeability of cargo, to be taken as:
 perm = 0.3 for iron ore, coal cargoes and cement.
 perm = 0 for steel coils and steel packed products.
R : Vertical coordinate of the ship rotation centre, defined in Ch 4, Sec 3.
sC : Spacing of corrugations, in m, as defined in Ch 3, Sec 6, 10.4.2. 

qT  : Roll period, in s, as defined in Ch 4, Sec 3, 2.1.1. 
Vfull : Volume, in m3, of cargo hold up to top of the hatch coaming, taken as: 
 VFull = VH + VHC.
VH : Volume, in m3, of cargo hold up to level of the intersection of the main deck with the hatch coaming 

excluding the volume enclosed by hatch coaming, see Fig. 1. 
VHC : Volume, in m3, of the hatch coaming, from the level of the intersection of the main deck with the hatch side 

coaming to the top of the hatch coaming, determined for the cargo hold at midship, as shown in Fig.1. 
VTS : Total volume, in m3, of the portion of the lower bulkhead stools within the cargo hold length Hl and inboard 

of the hopper tanks. 
W : Mass, in t, of a steel coil.
x, y, z : X, Y and Z coordinates, in m, of the load point with respect to the reference coordinate system defined in 

Ch 4, Sec 1, 1.2.1. 
xG, yG, zG : X, Y and Z coordinates, in m, of the volumetric centre of gravity of the tank or fully filled cargo hold, i.e. 

VFull, considered with respect to the reference coordinate system defined in Ch 4, Sec 1, 1.2. 
 In case of partially filled cargo hold, xG, yG, zG to be taken as follows:
 xG, yG :  Volumetric centre of gravity of the cargo hold.
 2clCDBG hhz -+=   

ztop : Z coordinate of the highest point of tank, excluding small hatchways, in m.
zC : Height of the upper surface of the cargo above the baseline in way of the load point, in m, to be taken as: 
 zC = hDB + hC. 
a  : Angle, in deg, between panel considered and the horizontal plane. 
j  : Pitch angle, in deg, defined in Ch 4, Sec 3, 2.1.2. 
y  : Assumed angle of repose, in deg, of bulk cargo (considered drained and removed); to be taken as: 
 y  = 30  in general. 
 y  = 35  for iron ore. 

① 
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 y  = 25  for cement. 

Cr  : Density of bulk cargo, in t/m3, as defined in 2.3.3. 

Lr  : Density of liquid in the tank and ballast hold, in t/m3, but not less than: 
 ・ For strength assessment: 

 025.1=Lr  for all liquids including oil cargoes. If a tank filled at 98% is intended to carry heavier liquid 
cargoes than 1.025 (i.e. 025.1max >-LMr ), then LML -= maxrr . 

 ・ For fatigue assessment: 
 9.0=Lr  for liquid cargoes. 

 025.1=Lr  for all other liquids. 

LM-maxr : Maximum liquid cargo density in t/m3, associated with a full tank at 98%, from any loading condition in 

the ship s loading manual or value specified by the designer. 
partr  : Maximum permissible high liquid cargo density, in t/m3, associated with a partially filled cargo tank but not 

taken less than Lr considered for strength assessment. 

slhr : Liquid density, in t/m3, to be used for sloshing assessment, taken as: 
 partslh rr =  for heavy liquid cargo density associated with partial filling of cargo tank 
 Lslh rr =  for all other cases 

STr  : Density of steel, in t/m3, to be taken as 7.85. 
q  : Roll angle, in deg, defined in Ch 4, Sec 3, 2.1.1.

hq  : Angle, in deg, between inner bottom plate and hopper sloping plate. in general hq is such that: 

 
IBH

HPL
h BB

h
-

=
2tanq  

1. Pressures Due to Liquids 

1.1 Application
1.1.1 Pressures for the strength and fatigue assessments of intact conditions
 The internal pressure due to liquid acting on any load point of a tank and ballast hold boundary, in kN/m2, for the 
static (S) design load scenarios, given in Ch 4, Sec 7, is to be taken as: 

lsin PP =  but not less than 0. 

 The internal pressure due to liquid acting on any load point of a tank and ballast hold boundary, in kN/m2, for the 
static plus dynamic (S+D) design load scenarios is to be derived for each dynamic load case and is to be taken as: 

ldlsin PPP +=  but not less than 0. 

where:
Pls :  Static pressure due to liquid in tanks and ballast holds, in kN/m2, as defined in 1.2.
Pld :  Dynamic inertial pressure due to liquid in tanks and ballast holds, in kN/m2, as defined in 1.3. 

1.1.2 Pressures for the strength assessments of flooded conditions
 The internal pressure in flooded condition, in kN/m2, acting on any load point of the watertight boundary of a 
hold, tank or other space for the flooded static (S) design load scenarios, given in Ch 4, Sec 7, is to be taken as: 

fsin PP =  but not  less than 0gdr  

 The internal pressure in flooded condition, in kN/m2, acting on any load point of the watertight boundary of a 
hold, tank or other space for the flooded static plus dynamic (S+D) design load scenarios, is to be derived for each 
dynamic load case and is to be taken as: 

fdfsin PPP +=  but not  less than 0gdr  

where:
Pfs :  Static pressure of seawater in flooded condition in the compartment, in kN/m2, as defined in 1.4.
Pfd : Dynamic inertial pressure of seawater in flooded condition in the compartment, in kN/m2, as defined in 

1.5. 
d0 :  Distance, in m, to be taken as: 

CSRLd 02.00 =  for LCSR < 120 m 

① 
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4.20 =d  for LCSR ³ 120 m 
 For corrugations of vertically corrugated bulkheads of bulk carrier cargo holds, the flooded pressures and forces 
specified in 3 for bulk cargoes are to be applied. 

1.2 Static Liquid Pressure
1.2.1 Normal operations at sea
 The static pressure due to liquid in tanks and ballast holds, Pls during normal operations at sea, in kN/m2, is to be 
taken as: 

( ) PVtopLcdls PzzgfP +-= r  for cargo tanks filled with liquid cargo. 
( )airtopLls hzzgP 5.0+-= r  for other cases. 

1.2.2 Harbour/sheltered water operations
 The static pressure, Pls due to liquid in tanks and ballast holds for harbour/sheltered water operations, in kN/m2, 
is to be taken as: 

( ) dropairtopLls PhzzgP ++-= r  for ballast tanks 
( ) PVtopLls PzzgP +-= r  for cargo tanks filled with liquid cargo 
( )airtopLls hzzgP 5.0+-= r  for ballast holds with hair = 0 and for other cases 

1.2.3 Sequential ballast water exchange
 The static pressure, Pls due to liquid in ballast tanks associated with sequential ballast water exchange operations, 
in kN/m2, is to be taken as: 

( )airtopLls hzzgP 5.0+-= r  

1.2.4 Flow through ballast water exchange
 The static pressure, Pls due to liquid in ballast tanks associated with flow through ballast water exchange 
operations, in kN/m2, is to be taken as: 

( ) dropairtopLls PhzzgP ++-= r  

1.2.5 Ballasting using ballast water treatment system
 The static pressure, Pls due to liquid in tanks and ballast holds associated with ballasting operations using a 
ballast water treatment system is to be taken as defined for sequential ballast exchange in 1.2.3. The ship designer has 
to inform the Society if the ballast water treatment system implies additional pressure to be considered as Pdrop, etc in 
addition to the pressure defined in 1.2.3.
1.2.6 Static liquid pressure for the fatigue assessment
 The static pressure due to liquid in tanks and ballast holds, Pls to be used for the fatigue assessment, in kN/m2, is 
to be taken as: 

( )zzgP topLls -= r  for all tanks (cargo and water ballast tanks, ballast hold and other tanks). 

1.3 Dynamic Liquid Pressure
1.3.1
 The dynamic pressure, Pld due to liquid in tanks and ballast holds, in kN/m2 is to be taken as: 

( ) ( ) ( )[ ]yyafxxafzzaffP YtullXlullZLcdld -+-+-= -- 000rb  

where:
full-l : Longitudinal acceleration correction factor for the ullage space above the liquid in tanks and ballast 

holds, taken as:
・ For strength assessment: 

full-l = 0.62 for cargo tanks filled with any liquids including water ballast.
full-l = 1.0 for other cases. 

・ For fatigue assessment: 

jp
1805.0 0

fs
lull

zz
f

l

-
+=-  for cargo tanks and ballast holds. 

full-l = 1.0 for other cases.
full-l is not to be less than 0.0 nor greater than 1.0 

fsl  : Cargo tank length at the top of the tank or length of the ballast hold hatch coaming, in m. 
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full-t : Transverse acceleration correction factor to account for the ullage space above the liquid in tanks and 
ballast holds, taken as:
・ For strength assessment: 

full-t = 0.67 for cargo tanks filled with any liquids including water ballast.
full-t = 1.0 for other cases. 

・ For fatigue assessment: 

qp
1805.0 0

top
tull b

zz
f

-
+=-  for cargo tanks and ballast holds. 

full-t = 1.0 for other cases.
full-t is not to be less than 0.0 nor greater than 1.0 

btop : Cargo tank breadth at the top of the tank or breadth of the ballast hold hatch coaming, in m, determined 
at mid length of the tank or ballast hold hatch coaming. 

x0 : X coordinate, in m, of the reference point.
y0 : Y coordinate, in m, of the reference point.
z0 : Z coordinate, in m, of the reference point. 

 The reference point is to be taken as the point with the highest value of Vj, calculated for all points that define 
the upper boundary of the tank or ballast hold as follows: 

( ) ( ) ( )( )GjZGjYGjXj zzgayyaxxaV -++-+-=  

where:
xj : X coordinate, in m, of the point j on the upper boundary of the tank or ballast hold.
yj : Y coordinate, in m, of the point j on the upper boundary of the tank or ballast hold.
zj : Z coordinate, in m, of the point j on the upper boundary of the tank or ballast hold. 

1.4 Static Pressure in Flooded Conditions
1.4.1 Static pressure in flooded compartments
 The static pressure, Pfs in kN/m2, for watertight boundaries of flooded compartments is to be taken as: 

( )zzgP FDfs -= r  but not less than 0. 
where:
zFD : Z coordinate, in m, of the freeboard deck at side in way of the transverse section considered or the 

deepest equilibrium waterline in the damaged condition whichever is the greater. 

1.5 Dynamic Pressure in Flooded Conditions
1.5.1 Dynamic pressure in flooded compartments
 The dynamic pressure, Pfd, in kN/m2, for watertight boundaries of flooded compartments is to be taken as: 

( ) ( ) ( )[ ]yyafxxafzzafP YtullXlullFDZfd -+-+-= -- 000rb  

where:
z0FD : Z coordinate of the effective reference point, in m, for a flooded compartment taken as: 

When 0zzFD > , 00 zz FD =  
When 0zzFD £ , FDFD zz =0  

full-l, full-t : Longitudinal and transverse acceleration correction factors: 
When 0zzFD > , full-l and full-t are to be taken as defined in 1.3.1. 
When 0zzFD £ , full-l = 1.0 and full-t = 1.0. 

2. Pressures and Forces Due to Dry Bulk Cargo 

2.1 Application
2.1.1
 The pressures and forces due to dry cargo in bulk in a cargo hold are to be determined both for fully and 
partially filled cargo holds according to 2.4 and 2.5. 
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2.2 Hold Definitions
2.2.1 Geometrical characteristics
 Fig. 1 gives the main geometrical elements of a bulk carrier cargo hold.

 
Fig. 1 Definition of Cargo Hold Parameters for Bulk Carrier 

 

2.2.2 Fully and partially filled cargo holds
 The definitions of a fully and partially filled dry bulk cargo holds are as follow:

(a) Fully filled hold: 
The dry bulk cargo density is such that the cargo hold is filled up to the top of the hatch coaming, as shown 
in Fig. 2.
The upper surface of the cargo and its effective height in the hold hC are to be determined in accordance 
with 2.3.1. 

(b) Partially filled hold: 
The cargo density is such that the cargo hold is not filled up to the top of the hatch coaming, as shown in 
Fig. 3 or Fig. 4.
The upper surface of the cargo and its effective height in the hold hC are to be determined in accordance 
with 2.3.2. 

2.3 Dry Cargo Characteristics
2.3.1 Definition of the upper surface of dry bulk cargo for full cargo holds
 For a fully filled cargo hold as defined in 2.2.2, including non-prismatic holds, the effective upper surface of the 
cargo is an equivalent horizontal surface at hC, in m, above inner bottom at centreline as shown in Fig. 2.
 The value of hC is to be calculated at mid length of the cargo hold at the midship, is to be kept constant over the 
cargo hold region area and is determined as follows: 

0hhh HPUC +=  
where: 

H

A

B
Sh =0  

H

HC
A

V
SS

l
+= 0  

S0 : Shaded area, in m2, above the lower intersection of topside tank and side shell or inner side, as the case 
may be, and up to the level of the intersection of the main deck with the hatch coaming, determined for 
the cargo hold at the midship as shown in Fig. 2. 
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Fig. 2 Definition of Effective Upper Surface of Cargo for a Full Cargo Hold 

 
2.3.2 Definition of upper surface of dry bulk cargo for partially filled cargo holds
 For any partially filled cargo hold, as defined in 2.2.2, including non-prismatic holds, the effective upper surface 
of the cargo is to be made of three parts: 

･ One central horizontal surface of breadth BH/2, in m, at a height hC-CL, in m, above the inner bottom
･ A sloped surface at each side with an angle 2/y , in degrees, between the central horizontal surface, and 

the side shell or inner hull, as shown in Fig. 3, or the hopper plating, as shown in Fig. 4, as the case may be. 
 The height of cargo surface hC, in m, is to be calculated at mid length of the considered cargo hold and is to be 
taken as constant over the length of the hold as follows: 
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4
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hC-CL： Height, in m, of the cargo surface at the centreline, as shown in Fig. 3 and Fig. 4
B2 ： Maximum breadth of the cargo, in m, as shown in Fig. 3 and Fig. 4 
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Fig. 3 Definition of the Effective Upper Surface of Cargo for a Partially Filled Cargo Hold when h1   0 

 
Fig. 4 Definition of the Effective Upper Surface of Cargo for a Partially Filled Cargo Hold when h1 < 0 

 
2.3.3 Mass and density
 The dry cargo mass and the density of the cargo are to be taken as follows:

･ For strength assessment in intact condition: the values defined in Table 1
･ For fatigue assessment: the values defined in Table 2 
･ For strength assessment in flooded condition: the values defined in Table 3  
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Table 1 Dry Bulk Cargo Mass and Density for Strength Assessment in Intact Condition 

Ship type 
Cargo mass

Cargo density 

Homogeneous loading condition Alternate loading condition 

Fully filled hold 
Partially filled  

hold 
Fully filled hold Partially filled hold 

N
o 

BC
 

no
ta

tio
n 

M M = MFull 

N/A N/A 
Cr  

Maximum value 
specified in the loading 

manual 

BC
-C

 

M M = MFull 

N/A N/A 
Cr   

ø

ö
çç
è

æ
=

Full

Full
C V

M
r

 
but not less than 1.0 

BC
-B

 

M M = MFull M = MH 

N/A 
Cr   

ø

ö
çç
è

æ
=

Full

Full
C V

M
r

 
but not less than 1.0 

0.3=Cr (1) 

BC
-A

 

M M = MFull M = MH HHD MMM 1.0+=  HHD MMM 1.0+=  

Cr   
ø

ö
çç
è

æ
=

Full

Full
C V

M
r

 
but not less than 1.0 

0.3=Cr (1) 
Full

HHD
C V

MM 1.0+
=r  0.3=Cr (1) 

(1) To be taken as 3.0 unless an alternative maximum cargo density is specified in the loading manual. 

 
Table 2 Dry Bulk Cargo Mass and Density for Fatigue Assessment 

Ship type 
Cargo mass

Cargo density 
Homogeneous loading condition 

(Fully filled hold) 
Alternate loading condition  

(Partially filled hold) 

N
o 

BC
 

 n
ot

at
io

n 

M M = MH 

N/A 

Cr  Cr  = maximum value specified in the loading manual 

BC
-C

 M M = MH 

Cr   
ø

ö
çç
è

æ
=

Full

H
C V

M
r  

BC
-B

 M M = MH 

Cr   
ø

ö
çç
è

æ
=

Full

H
C V

M
r  

BC
-A

 M M = MH M = MHD 

Cr   
ø

ö
çç
è

æ
=

Full

H
C V

M
r  0.3=Cr (1) 

(1) To be taken as 3.0 unless an alternative maximum cargo density is specified in the loading manual.  
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Table 3 Dry Bulk Cargo Mass and Density for Strength Assessment in Flooded Condition 

Ship 
type 

Cargo mass
Cargo density 

Homogeneous loading condition Alternate loading condition 

Fully filled hold 
Partially filled 

hold 
Fully filled hold 

Partially filled 
hold 

Hold loaded with 
78.1£Cr t/m3(2) 

N
o 

BC
 n

ot
at

io
n M M = MH 

N/A N/A 
Cr  

Cr  = maximum 

value specified
in the loading 

manual 

BC
-C

 M M = MH 

N/A N/A 
Cr   

ø

ö
çç
è

æ
=

Full

H
C V

M
r  

BC
-B

 M M = MH M = MH 

N/A 
Cr   

ø

ö
çç
è

æ
=

Full

H
C V

M
r  0.3=Cr (1) 

BC
-A

 M M = MH M = MH M = MHD M = MHD M = MHD 

Cr   
ø

ö
çç
è

æ
=

Full

H
C V

M
r  0.3=Cr (1)  

ø

ö
çç
è

æ
=

Full

HD
C V

M
r  0.3=Cr (1) 78.1=Cr  

(1) To be taken as 3.0 unless an alternative maximum cargo density is specified in the loading manual.

(2) To be applied for bulk carriers that are required to carry cargoes with a density less than or equal to 1.78 t/m3. 

2.3.4 FE application
 The following process is to be applied for the bulk cargo pressure loads used in FE analysis:

(a) Determine hc according to 2.3.1 for fully filled cargo hold or 2.3.2 for partially filled cargo hold.
(b) Determine the corresponding static pressure as defined in 2.4.2 and static shear pressure as defined in 2.5.2 

using Cr and apply them in the FE model. 
(c) Calculate the actual mass of cargo, Mactual, in t.
(d) Determine the effective cargo density, in t/m3:  

C
actual

eff M
M rr =  

(e) Calculate the final pressure distribution and shear load using effr instead of Cr . 

2.4 Dry Bulk Cargo Pressures
2.4.1 Total pressure
 The total pressure due to dry bulk cargo acting on any load point of a cargo hold boundary, in kN/m2, is to be 
taken as: 

bsin PP =   For strength assessment of intact conditions for static (S) design load scenarios, given in Ch 4, 
Sec 7 

bdbsin PPP += For strength assessment of intact conditions and fatigue assessment for static plus dynamic 
(S+D) design load scenarios, given in Ch 4, Sec 7 

but not less than 0.
where:
Pbs : Static pressure due to dry bulk cargo, in kN/m2, as defined in 2.4.2.
Pbd : Dynamic inertial pressure due to dry bulk cargo in cargo holds, in kN/m2, as defined in 2.4.3. 
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 Static and dynamic pressures as defined in 2.4.2 and 2.4.3 for FE analysis are to be determined using effr  
instead of Cr . 
2.4.2 Static pressure
 The dry bulk cargo static pressure Pbs, in kN/m2, is to be taken as: 

( )zzKgP CCCbs -= r  but not less than 0. 
2.4.3 Dynamic pressure
 The dry bulk cargo dynamic pressure Pbd, in kN/m2, for each load case is to be taken as: 

( ) ( ) ( )[ ]zzaKfyyaxxafP CZCdcGYGXCbd -+-+-= 25.025.0rb  for Czz £  
0=bdP  for Czz >  

2.5 Shear Load
2.5.1 Application
 For FE strength assessment, the following shear load pressures are to be considered in addition to the dry bulk 
cargo pressures defined in 2.4 when the load point elevation, z, is lower or equal to zc: 

･ For static (S) design load scenarios, given in Ch 4, Sec 7: Static shear load, Pbs-s, due to gravitational forces 
acting on hopper tanks and lower stools plating, as defined in 2.5.2. 

･ For static plus dynamic (S+D) design load scenarios, given in Ch 4, Sec 7: The following dynamic shear 
load pressures:
Pbs-s + Pbs-d for the hopper tank and the lower stool plating, as defined in 2.5.3.
Pbs-dx for the inner bottom plating in the longitudinal direction, as defined in 2.5.4.
Pbs-dy for the inner bottom plating in the transverse direction, as defined in 2.5.4. 

 Shear loads as defined in 2.5.2 to 2.5.4 for FE analysis are to be determined using effr instead of Cr . 

2.5.2 Static shear load on the hopper tank and lower stool plating
 The static shear load pressure, Pbs-s (positive downward to the plating) due to dry bulk cargo gravitational forces 
acting on hopper tank and lower stool plating, in kN/m2, is to be taken as: 

( )( )
a

r
tan

1 zzKgP CC
Csbs

--
=-  

2.5.3 Dynamic shear load on the hopper tank and lower stool plating
 The dynamic shear load pressure, Pbs-d (positive downward to the plating) due to dry bulk cargo forces on the 
hopper tank and lower stool plating, in kN/m2, for each dynamic load case is to be taken as: 

( )( )
a

rb tan
1 zzKafP CC

ZCdbs
--

=-  

2.5.4 Dynamic shear load along the inner bottom plating for FE analyses
 The dynamic shear load pressures, Pbs-dx in the longitudinal direction (positive to bow) due to dry bulk cargo 
forces acting along the inner bottom plating, in kN/m2, for each dynamic load case is to be taken respectively as: 

CXCdxbs hafP rb75.0-=-  

 The dynamic shear load pressures, Pbs-dy in the transverse direction (positive to port) due to dry bulk cargo forces 
acting along the inner bottom plating, in kN/m2, for each dynamic load case is to be taken respectively as 

CYCdybs hafP rb75.0-=-  

 The dynamic shear load pressures Pbs-dx and Pbs-dy are only used for FE strength assessment. 

3. Pressures and Forces Due to Dry Cargoes in Flooded Conditions 

3.1 Vertically Corrugated Transverse Watertight Bulkheads
3.1.1 Application
 The pressure defined in this sub-article applies to vertically corrugated transverse watertight bulkheads of the 
cargo holds of bulk carriers for the assessment in flooded conditions.
 Each cargo hold is to be considered individually flooded, see Fig. 5, Fig. 6 and Fig. 7.
3.1.2 General
 The loads to be considered as acting on each bulkhead are those given by the combination of loads induced by 
cargo loads with those induced by the flooded loads of one hold adjacent to the bulkhead under examination. In any 
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case, the pressure due to the flooded loads without cargo is also to be considered.
 The most severe combinations of cargo induced loads and flooded loads are to be used for the check of the 
scantlings of each bulkhead, depending on the loading conditions included in the loading manual considering the 
individual flooded condition of both loaded and empty holds: 

･ Homogeneous loading conditions;
･ Non-homogeneous loading conditions; 

For the purpose of this article, the following items are defined as: 
･ Design load limits: 

The specified design load limits for the cargo holds are to be represented by loading conditions defined by 
the designer in the loading manual. 

･ Maximum cargo mass to consider: 
Unless the ship is intended to carry, in non-homogeneous conditions, only iron ore or cargo having bulk 
density equal to or greater than 1.78 t/m3, the maximum mass of cargo which may be carried in the hold is 
also to be considered to fill that hold up to the top of the hatch coaming. 

･ Homogeneous loading conditions: 
Homogeneous loading condition means a loading condition in which the ratio between the highest and the 
lowest filling level, evaluated for each hold, does not exceed 1.20, to be corrected for different cargo 
densities. 

･ Packed cargoes: 
Holds carrying packed cargoes (such as steel mill products) are to be considered as empty. 

･ Unconsidered loading conditions: 
Non-homogeneous part loading conditions associated with multi-port loading and unloading operations for 
homogeneous loading conditions do not need to be considered for the verification of these requirements. 

3.1.3 Flooded level
 The flooded level zF is the distance, in m, measured vertically from the baseline with the ship in the upright 
position, and obtained from Table 4.

 
Table 4 Flooded Level zF, in m, for Vertically Corrugated Transverse Bulkheads 

Bulk carrier type Loading Condition 
Vertically corrugated transverse bulkhead position 

Foremost Others 

Bulk carriers less than 
50,000 t deadweight with 

Type B freeboard 

Non-homogeneous loading conditions with cargo 
density less than 1.78 t/m3 

zF = 0.9 D1 zF= 0.8 D1 

Other cases zF = 0.95 D1 zF = 0.85 D1 

Other bulk carriers 
Non-homogeneous loading conditions with cargo 

density less than 1.78 t/m3 
zF = 0.95 D1 zF = 0.85 D1 

Other cases zF= D1 zF= 0.9 D1 

3.1.4 Flooded patterns
 Three different flooded patterns are to be considered:

･ The flooded level is below the upper surface of the cargo, (see Fig. 5: FC zz > ) 
･ The flooded level is above the upper surface of the cargo, (see Fig. 6: FC zz £ ) 
･ The flooded hold is empty, (see Fig. 7: DBC hz = ) 
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Fig. 5 Flooded Level Below Upper Surface of Bulk Cargo 

  
 

Fig. 6 Flooded Level above Upper Surface of Bulk Cargo 

 
 

Fig. 7 Flooded Cargo Hold without Cargo 

 

3.1.5 Pressures and forces on vertically corrugated transverse bulkheads of flooded cargo holds
 The static pressure Pbf-s, in kN/m2, at any point of the vertically corrugated transverse bulkhead located at a level 
z from the baseline is given in Table 5 for each flooded pattern defined in 3.1.4.
 The force Fbf-s, in kN, acting on a corrugation of a transverse bulkhead is given by Table 6 for each flooded 
pattern defined in 3.1.4. 

where:
Pbf-s-LE : Static pressure calculated according to Table 5 for z = hLS + hDB. 
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Table 5 Static Pressure on Vertically Corrugated Transverse Bulkhead of a Flooded Cargo Hold Pbf-s 

Flooded case 
Load point

position 
Pressure Pbf-s, in kN/m2 

FC zz >  

Czz >  0=-sbfP  

FC zzz ³³  ( ) fCCCsbf KzzgP -- -= r  

DBF hzz ³>  ( ) ( ) ( )( )[ ] fCFCCFsbf gKzzpermzzzzgP -- ----+-= 1rrr  

FCDB zzh ££  

Fzz >  0=-sbfP  

CF zzz ³³  ( )zzgP Fsbf -=- r  

DBC hzz ³>  ( ) ( )[ ] ( ) fCCCFsbf KzzgpermzzgP -- ---+-= 1rrr  

 
Table 6 Force Acting on a Corrugation in the Flooded Cargo Holds Fbf-s 

Flooded case Force Fbf-s, in kN 

FC zz >  ( ) ( ) ( )
ïþ

ï
ý
ü

ïî

ï
í
ì

--ú
û

ù
ê
ë

é +-
+

-
= ---

-- LSDBF
LEsbffCFCC

fC
FC

CCsbf hhz
PKzzg

K
zz

gsF
22

2 r
r  

CF zz ³  
( ) ( ) ( )

ïþ

ï
ý
ü

ïî

ï
í
ì

--ú
û

ù
ê
ë

é +-
+

-
= --

- LSDBC
LEsbfCFCF

Csbf hhz
Pzzgzz

gsF
22

2 r
r  

3.1.6 Pressures and forces on vertically corrugated transverse bulkheads of non-flooded cargo holds
 The static pressure Pbs, in kN/m2, at a point of the vertically corrugated transverse bulkhead located, located at 
the level z from the baseline, due to dry bulk cargo of a non-flooded cargo hold acting on the intact side of the
transverse bulkhead which is flooded on the other side is to be taken as: 

( )zzKgP CfCCbs -= -r  but not less than 0. 
 The resultant force Fbs, in kN, acting on a corrugation is to be taken as: 

( )
fC

LSDBC
CCbs K

hhz
sgF -

--
=

2

2

r  

3.1.7 Resultant pressures and forces on vertically corrugated transverse bulkheads of flooded cargo holds
 The resultant pressure PR, in kN/m2, at each point of the bulkhead, and the resultant force FR, in kN, acting on a 
corrugation, given in Table 7, are to be considered for the assessment in flooded conditions of vertically corrugated 
transverse bulkhead structures, where: 

Pbf-s : Pressure in the flooded cargo holds, in kN/m2, as defined in 3.1.5.
Pbs : Pressure in the non-flooded cargo holds, in kN/m2, as defined in 3.1.6.
Fbf-s : Force acting on a corrugation in the flooded cargo holds, in kN, as defined in 3.1.5.
Fbs : Force acting on a corrugation in the non-flooded cargo holds, in kN, as defined in 3.1.6. 

 
Table 7 Resultant Pressure PR and Resultant Force FR on Vertically Corrugated Transverse Bulkhead in Flooded 

condition 

Loading condition Resultant pressure PR, in kN/m2 Resultant force FR, in kN Application 

Homogeneous PR  = Pbf-s   0.8 Pbs FR  = Fbf-s   0.8 Fbs All bulk carriers 

Alternate PR  = Pbf-s FR  = Fbf-s BC-A bulk carriers 

 

3.2 Double Bottom in Cargo Hold Region of Bulk Carrier in Flooded Conditions
3.2.1 Application
 Each cargo hold is to be considered individually flooded. 
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3.2.2 General
 The loads to be considered as acting on the double bottom are those given by the external sea pressures and the 
combination of the cargo loads with those induced by the flooding of the hold to which the double bottom belongs.
 The most severe combinations of cargo induced loads and flooded loads are to be used, depending on the 
loading conditions included in the loading manual: 

･ Homogeneous loading conditions.
･ Non-homogeneous loading conditions.
･ Packed cargo conditions (such as in the case of steel mill products).

 For each loading condition, the maximum dry bulk cargo density to be carried is to be considered in calculating 
the allowable hold loading.
3.2.3 Flooded level
 The flooded level zF is the distance, in m, measured vertically from the baseline with the ship in the upright 
position, and obtained from Table 8.
 

Table 8 Flooded Level zF, for Double Bottom in Cargo Hold Region of Bulk Carrier 

Bulk carrier type 
Cargo hold 

Foremost Others 

Bulk carriers less than 50,000 t deadweight with Type-B freeboard zF = 0.95 D1 zF = 0.85 D1 

Other bulk carriers zF = D1 zF = 0.9 D1 

 

4. Steel Coil Loads in Cargo Holds of Bulk Carriers 

4.1 General
4.1.1 Application
 The provision is determined by assuming Fig. 8 as the standard means of securing steel coils loaded on wooden 
dunnage.
 It is assumed that all the steel coils have the same characteristics.
 In cases where steel coils are lined up in two or more tiers, formulae in 4.1.3 and 4.2 can be applied assuming 
that only the lowest tier of steel coils is in contact with hopper sloping plate or inner side plate. In other cases, 
scantling requirements are to be determined on a case-by-case basis.

 
Fig. 8 Inner Bottom Loaded by Steel Coils 

 
4.1.2 Arrangement of steel coils on inner bottom
 The two following arrangements of steel coils on the inner bottom are considered:

･ The steel coils are positioned without respect to the location of the inner bottom floors, as shown in Fig. 9.
･ The steel coils are positioned with respect to the location of the inner bottom floors, as shown in Fig. 10. 
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Fig. 9 Steel Coils Loaded Independently of Inner Bottom Floors Locations 

 
 

Fig. 10 Steel Coils Loaded between Inner Bottom Floors 

 

4.1.3 Arrangement of steel coils independently of the floor locations
 For steel coils loaded without respect to the location of floors in the inner bottom, see Fig. 9:
 The number n2 of load point dunnages per elementary plate panels is to be found in comply with Table 9.
 The distance lpl , in m, between outermost load point dunnages per elementary plate panel is to be found in 

comply with Table 10.
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Table 9 Number n2 of Load Point Dunnages per Elementary Plate Panel  

n2 
n3 

2 3 4 5 

1 5.00 £<
stl

l  33.00 £<
stl

l  25.00 £<
stl

l  2.00 £<
stl

l  

2 2.15.0 £<
stl

l  67.033.0 £<
stl

l  5.025.0 £<
stl

l  4.02.0 £<
stl

l  

3 7.12.1 £<
stl

l  2.167.0 £<
stl

l  75.05.0 £<
stl

l  6.04.0 £<
stl

l  

4 4.27.1 £<
stl

l  53.12.1 £<
stl

l  2.175.0 £<
stl

l  8.06.0 £<
stl

l  

5 9.24.2 £<
stl

l  87.153.1 £<
stl

l  45.12.1 £<
stl

l  2.18.0 £<
stl

l  

6 6.39.2 £<
stl

l  4.287.1 £<
stl

l  7.145.1 £<
stl

l  4.12.1 £<
stl

l  

7 1.46.3 £<
stl

l  73.24.2 £<
stl

l  95.17.1 £<
stl

l  6.14.1 £<
stl

l  

8 8.41.4 £<
stl

l  07.373.2 £<
stl

l  4.295.1 £<
stl

l  8.16.1 £<
stl

l  

9 3.58.4 £<
stl

l  6.307.3 £<
stl

l  65.24.2 £<
stl

l  0.28.1 £<
stl

l  

10 0.63.5 £<
stl

l  93.36.3 £<
stl

l  9.265.2 £<
stl

l  4.20.2 £<
stl

l  

 
Table 10 Distance between Outermost Load Point Dunnages per Elementary Plate Panel, lpl , in m 

n2 
n3 

2 3 4 5 

1 Actual breadth of dunnages 

2 stl5.0  stl33.0  stl25.0  stl2.0  

3 stl2.1  stl67.0  stl50.0  stl4.0  

4 stl7.1  stl20.1  stl75.0  stl6.0  

5 stl4.2  stl53.1  stl20.1  stl8.0  

6 stl9.2  stl87.1  stl45.1  stl2.1  

7 stl6.3  stl40.2  stl70.1  stl4.1  

8 stl1.4  stl73.2  stl95.1  stl6.1  

9 stl8.4  stl07.3  stl40.2  stl8.1  

10 stl3.5  stl60.3  stl65.2  stl0.2  
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4.1.4 Arrangement of steel coils between floors
 For steel coils loaded with respect to the locations of floors in the inner bottom, see Fig.10:

・ The number n2 of load point dunnages per elementary plate panels is to be taken as: n2 = n3

・ The distance lpl between outermost load point dunnages per elementary plate panel is to be taken as the 

distance between the outermost dunnage supporting one row of steel coils. 
4.1.5 Centre of gravity of steel coil cargo
 The centre of gravity of the steel coil cargo of the considered cargo hold is to be taken at the following position:

(a) Longitudinal position 
xGsc is the X coordinate, in m, of the volumetric centre of gravity of the considered cargo hold with respect 
to the reference coordinate system defined in Ch 4, Sec 1, 1.2.1. 

(b) Transverse position 

4
H

Gsc
By e=  

(c) Vertical position 

( )
22

311 1
sc

DBGsc
dnhz

ú
ú
û

ù

ê
ê
ë

é
-++=  

where: 
e : Coefficient to be taken as: 

0.1=e   when a port side structural member is assessed.
0.1-=e  when a starboard side structural member is assessed. 

4.2 Total Loads
4.2.1 Total load on the inner bottom
 The total load Fsc-ib, in kN, due to steel coil cargoes on the inner bottom is to be taken as: 

( ) ( ) dibscsibscYGXGibsc FFCCF ----- += qj coscos  but not less than 0 
where:
Fsc-ib-s : Static load, in kN, on the inner bottom, given in 4.3.1.
Fsc-ib-d : Dynamic load, in kN, on the inner bottom, given in 4.4.2.
CXG, CYG : Load combination factors, as defined in Ch 4, Sec 2, 2.2. 

4.2.2 Total load on the hopper side
 The total load Fsc-hs, in kN, due to steel coil cargoes on the hopper side is to be taken as: 

( ) ( )
dhsscshssc

h

XGYGh
hssc FFCCF ----- +

+
=

q
jqeq

cos
coscos  but not less than 0 

where:
Fsc-hs-s : Static load, in kN, on the hopper side, given in 4.3.2.
Fsc-hs-d : Dynamic load, in kN, on the hopper, given in 4.4.3.
CXG, CYG : Load combination factors, as defined in Ch 4, Sec 2, 2.2. 

4.3 Static Loads
4.3.1 Static loads on the inner bottom
 The static load Fsc-ib-s, in kN, on the inner bottom due to steel coils is to be taken as: 

gMF ibscsibsc --- =  
where:
Msc-ib : Equivalent mass of steel coils, in t, to be taken as: 

3

21

n
nnWKM Sibsc =-  for 102 £n  and 53 £n  

st
Sibsc nWKM

l

l
1=-  for 102 >n  or 53 >n  

KS : Coefficient to be taken as: 
KS = 1.4 when steel coils are lined up in one tier with a key coil. 
KS= 1.0 in other cases. 
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4.3.2 Static load on the hopper side
 The static load Fsc-hs-s, in kN, on the hopper side due to steel coils is to be taken as: 

gMF hsschshssc --- = qcos  
where:
Msc-hs : Equivalent mass of steel coils, in t, to be taken as: 

3

2

n
nWCM khssc =-  for 102 £n  and 53 £n  

st
khssc WCM

l

l
=-  for 102 >n  or 53 >n  

Ck : Coefficient to be taken as: 
Ck = 3.2 when steel coils are lined up two or more tiers, or when steel coils are lined up one tier 

and key coil is located second or 3rd from hopper sloping plate or inner hull plate. 
Ck = 2.0 for other cases. 

4.4 Dynamic Loads
4.4.1 Tangential roll acceleration
 The tangential roll acceleration aR, in m/s2, is to be taken as: 

( )22
2

2
180 GscGscR zRy

T
a -+ 

ø

ö
çç
è

æ
=

q

ppq  

where:
yGsc : Y coordinate, in m, of the centre of gravity of the steel coil cargo of the considered cargo hold, given 

in 4.1.5. 
zGsc : Z coordinate, in m, of the centre of gravity of the steel coil cargo of the considered cargo hold, given 

in 4.1.5. 
4.4.2 Dynamic load on the inner bottom
 The dynamic load Fsc-ib-d, in kN, on the inner bottom due to steel coils is to be taken as: 

Zibscdibsc aMF --- =  
where:
az : Vertical acceleration, in m/s2, as defined in Ch 4, Sec 3, 3.2.4, calculated at the centre of gravity of the 

steel coil cargo of the considered cargo hold, given in 4.1.5. 
4.4.3 Dynamic load on the hopper side
 The dynamic load Fsc-hs-d, in kN, on the hopper side due to steel coils is to be taken as: 
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where:
CYS, CYR : Load combination factors, defined in Ch 4, Sec 2, 2.2.
asway : Sway acceleration, in m/s2, as defined in Ch 4, Sec 3, 2.2.2.
aR : Tangential acceleration, in m/s2, as defined in 4.4.1.
yGsc : Y coordinate, in m, of the centre of gravity of the steel coil cargo of the considered cargo hold, given 

in 4.1.5. 
zGsc : Z coordinate, in m, of the centre of gravity of the steel coil cargo of the considered cargo hold, given 

in 4.1.5. 

5. Loads on Non-exposed Decks and Platforms 

5.1 Application
5.1.1 General
 The loads defined in 5.2 and 5.3 are applicable to non-exposed decks, accommodation decks and platforms. 



－203－

2019 Rules for the Survey and Construction of Steel Ships (Part CSR-B&T Part 1 Chapter 4 Section 6)

5.2 Pressure due to Distributed Load
5.2.1
 If a distributed load is carried on a deck, the static and dynamic pressures due to this distributed load are to be 
considered.
 The static distributed load is to be defined by the designer without being less than 3 kN/m2 for accommodation 
decks and 10 kN/m2 for other decks and platforms.
 The pressure Pdl, in kN/m2, due to this distributed load for the static (S) design load scenarios, given in Ch 4, Sec 
7, is to be taken as: 

sdldl PP -=  
 The pressure Pdl, in kN/m2, due to this distributed load for the static plus dynamic (S+D) design load scenarios, is 
to be derived for the envelope of dynamic load cases and is to be taken as: 

ddlsdldl PPP -- +=  but not less than 0. 
where:
Pdl-s : Static pressure, in kN/m2, due to the distributed load.
Pdl-d : Dynamic pressure, in kN/m2, due to the distributed load, in kN/m2, to be taken as: 

sdl
envZ

ddl P
g

a
fP -

-
- = b  

az-env : Envelope of vertical acceleration, in m/s2, at the load position being considered, for the dynamic load 
cases, given in Ch 4, Sec 3, 3.3.3. 

5.3 Concentrated Force due to Unit Load
5.3.1
 If a unit load is carried on an internal deck, the static and dynamic forces due to the unit load carried are to be 
considered when a direct analysis is applied for stiffeners or primary supporting members such as in Pt 1, Ch 6, Sec 
5, 1.2 or Pt 1, Ch 6, Sec 6, 3.3 respectively.
 The force FU, in kN, due to this concentrated load for the static (S) design load scenarios, given in Ch 4, Sec 7, is 
to be taken as: 

sUU FF -=  
 The force FU, in kN, due to this concentrated load for the static plus dynamic (S+D) design load scenarios, is to 
be derived for the envelope of dynamic load cases and is to be taken as: 

dUsUU FFF -- +=  but not less than 0. 
where:
FU-s : Static force, in kN, due to the unit load to be taken as:  

gmF UsU =-  
FU-d : Dynamic force, in kN, due to unit load to be taken as: 

envzUdU afmF -- = b  

mU : Mass of the unit load carried, in t.
az-env : Envelope of vertical acceleration, in m/s2, at the centre of gravity of the unit load carried for the 

dynamic load cases, given in Ch 4, Sec 3, 3.3.3. 

6. Sloshing Pressures in Tanks 

6.1 General
6.1.1 Application
 This article applies to all liquid cargo, ballast tanks and other tanks with volume exceeding 100 m3, but does not 
apply to the water ballast cargo hold of bulk carriers.
6.1.2
 The sloshing pressures defined in this article do not include the effect of impact pressures due to high velocity 
impacts with tank boundaries or internal structures. For tanks with a maximum effective sloshing breadth, bslh, see 
6.4.2, greater than 0.56 B or a maximum effective sloshing length, slhl , see 6.3.2, greater than 0.13 LCSR at any 
filling level from 0.05 hmax to 0.95 hmax, see 6.3.3, a separate impact assessment is to be carried out in accordance with 
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the Society procedures.
6.1.3 Sloshing pressure on tank boundaries and internal divisions
 The sloshing pressure due to liquid motions in a tank Pslh acting on any load point of a tank boundary or internal 
divisions, in kN/m2, for the sloshing design load scenario, given in Ch 4, Sec 7, is to be taken as follows, without 
being less than Pslh-min, as given in 6.2: 

・ Pslh = Pslh-lng for transverse bulkheads, as defined in 6.3.3.
・ Pslh = Pslh-wf for web frames and transverse stringers, as defined in 6.3.4.
・ Pslh = Pslh-t for longitudinal bulkheads, as defined in 6.4.3.
・ Pslh = Pslh-grd for longitudinal girders and stringers, see 6.4.4. 

6.2 Minimum Sloshing Pressure
6.2.1
 The minimum sloshing pressure, Pslh-min, for tanks of cellular construction, i.e. double hull construction with 
internal structures restricting the fluid motion, is to be taken as 12 kN/m2.
 The minimum sloshing pressure, Pslh-min, for cargo and all other tanks is to be taken as 20 kN/m2. 

6.3 Sloshing Pressure due to Longitudinal Liquid Motion
6.3.1 Application
 The sloshing pressure due to longitudinal liquid motion, Pslh-lng, is to be taken as a constant value over the full 
tank depth and is to be taken as the greater of the sloshing pressures calculated for filling levels from 0.05 hmax to 0.95 
hmax, in 0.05 hmax increments.
6.3.2 Effective sloshing length
 The effective sloshing length, slhl , in m, is to be taken as defined in Table 11. 
 

Table 11 Effective Sloshing Length slhl  

Type of transverse bulkhead slhl  

Transverse tight bulkheads 
( )( )
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Transverse wash bulkheads 
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where:
nWT  : Number of transverse wash bulkheads in the tank. 

WTa   : Transverse wash bulkhead coefficient, to be taken as (see Fig. 11): 

httk

OWT
WT A

A
--

=a  

wfa  : Transverse web frame coefficient, to be taken as (see Fig. 12):  

httk

hwfO
wf A

A

--

--=a  

For tanks with changing shape along the length and/or with web frames of different shape the 
transverse web frame coefficient, wfa , may be taken as the weighted average of all web frame 

locations in the tank given as: 

wf

n

i httk

hwfO

wf n
A

Awf

i

iå
= --

--

= 1a  

AOWT : Total area of openings, in m2, in the transverse section in way of the wash bulkhead below the 
 considered filling height. 

Atk-t-h : Total transverse cross sectional area, in m2, of the tank below the considered filling height.
AO-wf-h: Total area of openings, in m2, in the transverse section in way of the web frame below the 

 considered filling height. 
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fwf  : Factor to account for number of transverse web frames and transverse wash bulkheads in the 
 tank, to be taken as: 

WT

wf
wf n

n
f

+
=

1  
nwf  : Number of transverse web frames, excluding wash bulkheads, in the tank. 

htk-l  : Length of cargo tank, in m, at considered filling height. 

 
Fig. 11 Transverse Wash Bulkhead Coefficient 

 
 

Fig. 12 Transverse Web Frame Coefficient 

 

6.3.3 Sloshing pressure in way of transverse bulkheads
 The sloshing pressure in way of transverse bulkheads including wash bulkheads due to longitudinal liquid 
motion, Pslh-lng, in kN/m2, for a particular filling level, is to be taken as: 

ú
ú
û

ù

ê
ê
ë

é
 
ø

ö
çç
è

æ
--=- 350

7.1
39.04.0 CSR

CSR

slh
slhslhslhlngslh

L
L

fgP
l

lr  

where:
slhl  :  Effective sloshing length, in m, as defined in 6.3.2. 

fslh :  Coefficient taken as: 
2

max

7.021  
ø
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h
h

f fill
slh  

hfill :  Filling height, measured from tank bottom, in m, see Fig. 11. 
6.3.4 Sloshing pressure on internal web frames or transverse stringers adjacent to a transverse bulkhead
 For tanks with internal web frames the sloshing pressure acting on a web frame or transverse stringer adjacent to 
transverse bulkheads or transverse wash bulkheads due to longitudinal liquid motion, Pslh-wf, in kN/m2, provided it is 
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located within 0.25 slhl from the bulkhead, is to be taken as: 
2
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where:
slhl  : Effective sloshing length, in m, as defined in 6.3.2. 

Pslh-lng : Sloshing pressure due to longitudinal liquid motion acting on transverse bulkhead, as defined in 
6.3.3. 

swf : Distance from transverse bulkhead to web frame under consideration, in m. 
 The distribution of pressure across web frames and transverse stringers is given in Fig. 13.
 

Fig. 13 Sloshing Pressure Distribution on Transverse Stringers and Web Frames 

 

6.4 Sloshing Pressure due to Transverse Liquid Motion
6.4.1 Application
 The sloshing pressure due to transverse liquid motion, Pslh-t, is to be taken constant as a constant value over the 
full tank depth and is to be taken as the greater of the sloshing pressures calculated for filling levels from 0.05 hmax to 
0.95 hmax, in 0.05 hmax increments.
6.4.2 Effective sloshing breadth
 The effective sloshing breadth, bslh, in m, is to be taken as in Table 12, but not less than 0.3B.

 
Table 12 Effective Sloshing Breadth bslh 

Type of longitudinal bulkhead bslh 

Longitudinal tight bulkheads 
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Longitudinal wash bulkheads 
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where:
nWL : Number of longitudinal wash bulkheads in the tank. 

WLa  : Longitudinal wash bulkhead coefficient:  



－207－

2019 Rules for the Survey and Construction of Steel Ships (Part CSR-B&T Part 1 Chapter 4 Section 6)

hLtk
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grda  : Girder coefficient, to be taken as:  

hLtk

hgrdO
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A
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--=a  

AOWL  : Total area of openings, in m2, in the longitudinal section in way of the wash bulkhead below the 
considered filling height. 

Atk-L-h : Total longitudinal cross sectional area, in m2, of the tank below the considered filling height.
AO-grd-h : Total area of openings, in m2, in the longitudinal section in way of the web frame below the 

 considered filling height. 
fgrd : Factor to account for number of longitudinal girders and longitudinal wash bulkheads in the 

 tank, to be taken as: 
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grd
grd n

n
f

+
=

1
 

ngrd : Number of longitudinal girders, excluding longitudinal wash bulkheads, in the tank.
btk-h : Breadth of cargo tank, in m, at considered filling height. 

6.4.3 Sloshing pressure in way of longitudinal bulkheads
 The sloshing pressure in way of longitudinal bulkheads including wash bulkheads due to transverse liquid 
motion, Pslh-t, in kN/m2, for a particular filling level, is to be taken as: 
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where:
bslh : Effective sloshing breadth defined in 6.4.2.
GM : Metacentric height, given in Ch 4, Sec 3, 2.1.1.
  For the calculation of sloshing pressure in ballast tanks the  ballast condition  is to be used for oil 

tankers and the  normal ballast condition  for bulk carriers. 
  For the calculations of sloshing pressure in cargo tanks of oil tankers, the  partial load condition  is 

to be used. 
fslh : Coefficient defined in 6.3.3. 

6.4.4 Sloshing pressure on internal girders or longitudinal stringers adjacent to longitudinal bulkheads
 For tanks with internal girders or stringers, the sloshing pressure acting on the girder/web frame adjacent to 
longitudinal bulkheads and longitudinal wash bulkhead, Pslh-grd, in kN/m2, provided it is located within 0.25 bslh from 
the bulkhead, is to be taken as: 
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where:
bslh : Effective sloshing breadth defined in 6.4.2.
Pslh-t : Sloshing pressure due to transverse liquid motion acting on longitudinal bulkhead, as defined in 6.4.3.
sgrd : Distance from longitudinal bulkhead to girder under consideration, in m. 

 The distribution of pressure across stringers is given in Fig.14. The distribution of pressure across longitudinal 
girders is similar to the deck web frame shown in Fig.13. 
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Fig. 14 Sloshing Pressure Distribution on Longitudinal Stringers and Girders 

 



－209－

2019 Rules for the Survey and Construction of Steel Ships (Part CSR-B&T Part 1 Chapter 4 Section 6)

7. Design Pressure for Tank Testing 

7.1 Definition
7.1.1
 The actual strength testing is to be carried out in accordance with Ch 1, Sec 2, 3.8.4. In order to assess the 
structure, static design pressures are to be applied.
 The design pressure for tank testing, PST, in kN/m2, is to be taken as: 

( )zzP STST -= 10  

where:
zST : Design testing load height, in m, as defined in Table 13. 

 
Table 13 Design Testing Load Height zST 

Compartment zST 

Double bottom tanks (1) 
The greater of the following:
zST = ztop + hair

zST = zbd 

Hopper side tanks, topside tanks, double side tanks, 
fore and aft peaks used as tank 

The greater of the following:
zST = ztop + hair

zST = ztop + 2.4 

Tank bulkheads, deep tanks, fuel oil bunkers 

The greater of the following:
zST = ztop + hair

zST = ztop + 2.4
zST = ztop + 0.1 PPV 

Ballast hold zST = zh + 0.9 

Chain locker (if aft of collision bulkhead) zST = zc 

Independent tanks 
The greater of the following:
zST = ztop + hair

zST = ztop + 0.9 

Ballast ducts 
Testing load height corresponding to ballast pump 
maximum pressure 

where:

zbd : Z coordinate, in m, of the bulkhead deck.

zh : Z coordinate, in m, of the top of hatch coaming.

zc : Z coordinate, in m, of the top of the chain pipe. 

(1) For double bottom tanks connected with hopper side tanks, topside tanks or double side tanks, zST 

corresponding to "Hopper side tanks, topside tanks, double side tanks, fore and aft peaks used as 

tank, cofferdams" is applicable. 

 

① 

① 
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Section 7 DESIGN LOAD SCENARIOS 

Symbols 

For symbols not defined in this section, refer to Ch 1, Sec 4.
VBM : Design vertical bending moment, in kNm.
Msw : Permissible hull girder hogging and sagging still water bending moment for seagoing operation, in kNm, 

as defined in Ch 4, Sec 4, 2.2.2. 
Msw-p : Permissible hull girder hogging and sagging still water bending moment for harbour/sheltered water 

operation, in kNm, as defined in Ch 4, Sec 4, 2.2.3. 
Msw-f : Permissible hull girder hogging or sagging still water bending moment Msw-f for seagoing operation in the 

flooded condition, in kNm, as defined in Ch 4, Sec 4, 2.2.4. 
Mwv-LC : Vertical wave bending moment for a considered dynamic load case, in kNm, as defined in Ch 4, Sec 4, 

3.5.2. 
HBM : Design horizontal bending moment, in kNm.
Mwh-LC : Horizontal wave bending moment for a considered dynamic load case, in kNm, as defined in Ch 4, Sec 4, 

3.5.4.  
TM : Design torsional moment, in kNm.
Mwt-LC : Wave torsional moment for a considered dynamic load case, in kNm, as defined in Ch 4, Sec 4, 3.5.5.
VSF : Design vertical shear force, in kN.
Qsw : Permissible hull girder positive and negative still water shear force limits for seagoing operation, in kN, as 

defined in Ch 4, Sec 4, 2.3.1 or Ch 4, Sec 4, 2.3.3.  
Qsw-p : Permissible hull girder positive and negative still water shear force limits for harbour/sheltered water 

operation, in kN, as defined in Ch 4, Sec 4, 2.3.2 or Ch 4, Sec 4, 2.3.4. 
Qsw-f : Permissible hull girder positive and negative still water shear force for seagoing operation in the flooded 

condition, in kN, as defined in Ch 4, Sec 4, 2.3.5.  
Qwv-LC : Vertical wave shear force for a considered dynamic load case, in kN, as defined in Ch 4, Sec 4, 3.5.3.
Pex : Design external pressure, in kN/m2. 
PS : Static sea pressure at considered draught, in kN/m2, as defined in Ch 4, Sec 5, 1.2.1. 
PW : Dynamic pressure for a considered dynamic load case, in kN/m2, as defined in Ch 4, Sec 5, 1.3.2 to Ch 4, 

Sec 5, 1.3.8. 
PD : Green sea load for a considered dynamic load case, in kN/m2, as defined in Ch 4, Sec 5, 2.2.3 and Ch 4, 

Sec 5, 2.2.4. 
Pin : Design internal pressure, in kN/m2. 
PST : Tank testing pressure, in kN/m2, see Ch 4, Sec 6, 7.1.1.
Pls : Static liquid pressure in tank, in kN/m2, as defined in Ch 4, Sec 6, 1.2.
Pld : Dynamic liquid pressure in tank for a considered dynamic load case, in kN/m2, as defined in Ch 4, Sec 6, 

1.3. 
Pbs : Dry bulk cargo static pressure, in kN/m2, as defined in Ch 4, Sec 6, 2.5.2.
Pbd : Dry bulk cargo dynamic pressure for a considered dynamic load case, in kN/m2, as defined in Ch 4, Sec 6, 

2.5.3. 
Pfs : Static pressure in compartments and tanks in flooded condition, in kN/m2, as defined in Ch 4, Sec 6, 1.4.1.
Pfd : Dynamic pressure in compartments and tanks in flooded condition, in kN/m2, as defined in Ch 4, Sec 6, 

1.5.1 
Pdl-s : Static pressure on non-exposed decks and platforms, in kN/m2, as defined in Ch 4, Sec 6, 5.2.1.
Pdl-d : Dynamic pressure on non-exposed decks and platforms for a considered dynamic load case, in kN/m2, as 

defined in Ch 4, Sec 6, 5.2.1 
FU-s : Static load acting on supporting structures and securing systems for heavy units or cargo, equipment or 

structural components, in kN, as defined in Ch 4, Sec 5, 2.3.2. 
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FU-d : Dynamic load acting on supporting structures and securing systems for heavy units of cargo, equipment 
or structural components, in kN, as defined in Ch 4, Sec 5, 2.3.2. 

PSL : Bottom slamming pressure, in kN/m2, as defined in Ch 4, Sec 5, 3.2.
PFB : Bow impact pressure, in kN/m2, as defined in Ch 4, Sec 5, 3.3.
Pslh : Sloshing pressure, in kN/m2, as defined in Ch 4, Sec 6, 6. 

1. General 

1.1 Application
1.1.1
 This section gives the design load scenarios that are to be used for:

・ Strength assessment by prescriptive and direct analysis (Finite Element Method, FEM) methods, as given in 
2. 

・ Fatigue assessment by prescriptive and direct analysis (FEM) methods, as given in 3.
1.1.2
 For the strength assessment, the principal design load scenarios consist of either S (Static) loads or S+D (Static + 
Dynamic) loads. In some cases, the letter  A  prefixes the S or S+D to denote that this is an accidental design load 
scenario. There are some additional design load scenarios to be considered which relate to impact (I) loads, sloshing 
(SL) loads and fatigue (F) load. 

2. Design Load Scenarios for Strength Assessment 

2.1 Principal Design Load Scenarios
2.1.1
 The principal design load scenarios are given in Table 1. 
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Table 1 Principal Design Load Scenarios 

Design load scenario 
Harbour and 

sheltered water 
and testing 

Seagoing
conditions 

with extreme 
sea loads 

Ballast water 
exchange (4) 

Accidental flooded conditions (4) 

Load components 
Static

(S) 

Static +
Dynamic 

(S+D) 

Static +
dynamic
(S+D) 

Static
(A: S) 

Static + dynamic 
(A: S+D) 

H
ul

l G
ird

er
 

VBM Msw-p Msw + Mwv-LC Msw + Mwv-LC Msw-f 
 (2) Msw-f + Mwv-LC 

(3) 

HBM - Mwh-LC Mwh-LC - Mwh-LC
 (3) 

VSF Qsw-p Qsw + Qwv-LC Qsw + Qwv-LC - Qsw-f + Qwv-LC
 (3) 

TM - Mwt-LC Mwt-LC - - 

Lo
ca

l L
oa

ds
 

Pex 
External deck for green sea - PD - - - 

Hull envelope PS PS + PW PS + PW - - 

Pin 

Ballast tanks (1) 

Max (Pls, PST) Pls + Pld 

Pls + Pld - 

- Liquid cargo tanks - - 

Other tanks - - 

Watertight boundaries - - - 
Pfs Pfs + Pfd 

Cargo holds Pbs Pbs + Pbd - 

Pdk 

Internal decks for dry spaces Pdl-s Pdl-s + Pdl-d - - - 

External deck for distributed
loads 

Pdl-s Pdl-s + Pdl-d - - - 

External deck for heavy units FU-s FU-s + FU-d - - - 

(1) WB cargo hold is considered as ballast tank except for design load scenario  ballast water exchange .

(2) Mswf used for hull local scantling of watertight bulkhead

(3) Hull girder strength check is performed according to Ch 5, Sec 1 for bulk carriers having a length LCSR of 150 m or above

(4) Applicable to prescriptive assessment only 
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2.2 Additional Design Load Scenarios 
2.2.1
 The design load scenarios to be considered for sloshing, bottom slamming and bow impact are given in     
Table 2.
 

Table 2 Design Load Scenarios for Impact and Sloshing Conditions 

Design load scenario Bow impact
Impact (I) 

Bottom 
slamming
Impact (I) 

Sloshing 
Sloshing (SL) 

Load components 

H
ul

l G
ird

er
 VBM - - Msw 

HBM - - - 

VSF - - - 

TM - - - 

Lo
ca

l L
oa

ds
 

Pex 
External deck for green sea - - - 

Hull envelope PFB PSL - 

Pin 

Ballast tanks 

- - Pslh Liquid cargo tanks 

Other tanks 

Watertight boundaries  - - 

Cargo holds (1) - - - 

Pdk 

Internal decks for dry spaces - - - 

External deck for distributed loads - - - 

External deck for heavy units - - - 

(1) Sloshing assessment is not to be considered for water ballast cargo holds of bulk carriers. 
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3. Design Load Scenarios for Fatigue Assessment 

3.1 Design Load Scenarios
3.1.1
 The design load scenarios for fatigue assessment are given in Table 3.

 
Table 3 Design Load Scenarios for Fatigue Assessment 

Design load scenario Fatigue: Static + Dynamic 
(F: S+D) Load components 

H
ul

l G
ird

er
 

VBM Msw + Mwv-LC 

HBM Mwh-LC 

VSF Qsw + Qwv-LC 

TM Mwt-LC 

Lo
ca

l L
oa

ds
 

Pex 
External deck for green sea - 

Hull envelope PS + PW 

Pin 

Ballast tanks (1) 

Pls + Pld Liquid cargo tanks 

Other tanks designed for liquid filling 

Watertight boundaries - 

Cargo holds Pbs + Pbd 

Pdk 

Internal decks for dry spaces - 

External deck for distributed loads - 

External deck for heavy units - 

(1) WB cargo hold is considered as ballast tank except for design load scenario  ballast water exchange . 
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Section 8 LOADING CONDITIONS 

Symbols 

For symbols not defined in this section, refer to Ch 1, Sec 4. 
l : Distance from propeller centreline to the waterline, in m.
Dp: Propeller diameter, in m.
MFull: Cargo mass, in t, as defined in Ch 4, Sec 6.
MH: Cargo mass, in t, as defined in Ch 4, Sec 6.
MHD: Cargo mass, in t, as defined in Ch 4, Sec 6.
MBLK: Maximum cargo mass in cargo holds in block loading conditions, in t, as defined in Ch 4, App 1.
CBM-LC: Coefficient taken as the percentage of permissible SWBM, defined in Table 2 to Table 9 and Table 12 to 

Table 21. 
CSF-LC: Coefficient taken as the percentage of permissible SWSF, defined in Table 2 to Table 9 and Table 12 to 

Table 21. 
xb-aft，xb-aft: Longitudinal position, in m, of respectively the aft and forward bulkhead of the mid-hold of the FE 

model. 
EA: Empty hold in alternate loading condition.
FA: Full hold in alternate loading condition.
TH1，TH2，TH3，TH4: Minimum permissible draught, in m, in harbour condition as defined in Ch 4, App 1. 

1. Application 

1.1 Ships Having a Length LCSR of 150m or above
1.1.1
 The requirements in 2 to 5 are applicable to ships having a length LCSR of 150m or above.
1.1.2 Design loading conditions for strength assessment
 Design loading conditions for strength assessment are given in 2 to 4. The design loading conditions common to 
both oil tankers and bulk carriers are given in 2. Specific design loading conditions for oil tankers and bulk carriers 
are given in 3 and 4 respectively.
 Unless otherwise specified, each of the design seagoing conditions is to be investigated for the arrival and 
departure conditions.
1.1.3
 These requirements are not intended to prevent conditions to be included in the loading manual for which 
calculations are to be submitted. It is not intended to replace in any way the required loading manual/instrument.
1.1.4
 Loading conditions from the loading manual, which are not covered in 2 to 4, if any, are to be considered.
1.1.5 Standard design load conditions for fatigue assessment
 The standard design loading conditions for fatigue assessment are given in 5. 

1.2 Bulk Carriers Having a Length LCSR less than 150m
1.2.1
 The severest loading condition from the loading manual, midship section drawing or otherwise specified by the 
Designer are to be considered for the longitudinal strength given in Ch 5 and for local strength check of plating, 
ordinary stiffeners and primary supporting members given in Ch 6 and Pt 2, Ch 1, Sec 3 and Pt 2, Ch 1, Sec 4.
 The requirements in 2 are applicable to ships having a length LCSR less than 150m. 

1.3 Dynamic Load Cases
1.3.1 Seagoing conditions
 Unless otherwise specified, each of the design seagoing conditions are to be investigated for all dynamic load 
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cases.
1.3.2 Beam and oblique sea dynamic load cases
 For FE load analysis, the beam sea and oblique sea dynamic load cases calculated for port and starboard sides 
are to be applied on the model to obtain the results for both model sides.
 For ship with structure symmetrical about the centreline, the beam sea and oblique sea dynamic load cases 
calculated for portside may be applied only to the model (i.e. dynamic load cases on starboard side may be omitted) 
provided the results (yield and buckling) are mirrored. 

2. Common Design Loading Conditions 

2.1 Definitions
2.1.1 
 In general, the design cargo and ballast loading conditions, based on the amount of bunker, fresh water and 
stores at departure and arrival, are to be considered for the still water bending moment and shear force 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 deballasting is intended during voyage, calculations of the intermediate 
condition just before and just after ballasting and/or deballasting are to be submitted and included in the loading 
manual.
2.1.2 Departure conditions
 The departure conditions are to be based on bunker tanks not taken less than 95% full and other consumables 
taken at 100% capacity.
2.1.3 Arrival conditions
 The arrival conditions are to be based on 10% of the maximum capacity of bunker, fresh water and stores. 

2.2 Partially Filled Ballast Tanks
2.2.1 Partially filled ballast tanks in ballast loading conditions
 Ballast loading conditions involving partially filled peak and/or other ballast tanks in any departure, arrival or 
intermediate condition are not permitted to be used as design loading conditions unless: 

・ Longitudinal strength of hull girder given in Ch 5, Sec 1 and Ch 8, Sec 3 is to comply with loading 
conditions with the considered tanks full, empty and partially filled at intended level in any departure, 
arrival or intermediate condition. 

・ For bulk carriers having a length LCSR of 150 m or above, longitudinal strength of hull girder in flooded 
condition given in Ch 5, Sec 1 is to comply with loading conditions with the considered tanks full, empty 
and partially filled at intended level in any departure, arrival or intermediate condition. 

 The corresponding full, empty and partially filled tank conditions are to be considered as design conditions for 
calculation of the still water bending moment and shear force, but these do not need to comply with propeller 
immersion and trim requirements as specified in 2.3.1, 3.1.1 or 4.1.1.
 Where multiple tanks are intended to be partially filled, all combinations of empty, full and partially filled at 
intended levels for those tanks are to be investigated. These requirements are not applicable to ballast water exchange 
using the sequential method.
2.2.2 Partially filled ballast tanks in cargo loading conditions
 In cargo loading conditions, the requirement in 2.2 applies to peak ballast tanks only. 

2.3 Seagoing Conditions
2.3.1
 The following seagoing loading conditions are to be included, as a minimum, in the loading manual:

(a) Homogeneous cargo loading condition including a condition at the scantling draught. Homogeneous 
loading conditions are to not include filling of ballast tanks in departure conditions. 

(b) Ballast condition where the ballast tanks may be full, partially full or empty. Where ballast tanks are 
partially full, the conditions in 2.2.1 are to be complied with. All cargo tanks/holds are to be empty 
including cargo tanks/holds suitable for the carriage of water ballast at sea. The propeller is to be fully 
immersed. The trim is to be by the stern and is not to exceed 0.015LLL. 
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(c) Conditions covering ballast water exchange procedures, if any, with the calculations of intermediate 
conditions just before and just after ballasting and/or deballasting any ballast tank. 

2.4 Harbour and Sheltered Water Conditions
2.4.1
 The following harbour and sheltered water conditions are to be included in the loading manual:

(a) Conditions representing typical complete loading and unloading operations.
(b) Docking condition afloat.
(c) Propellers inspection afloat condition, in which the propeller shaft centreline is at least Dp/4 above the 

waterline in way of the propeller. Ships with podded propulsion system arrangements are to be individually 
considered by the Society. 

2.5 Loading Conditions
2.5.1 Alternative design
 For structural arrangement not covered by this section, the loading conditions, including loading pattern, 
corresponding draught, still water bending moment and shear forces are to be agreed by the Society. 

3. Oil Tankers 

3.1 Specific Design Loading Conditions
3.1.1 Seagoing conditions
 The following seagoing loading conditions are to be included, as a minimum, in the loading manual:

(a) Heavy ballast condition where the ballast tanks may be full, partially full or empty. Where ballast tanks are 
partially full, the conditions in 2.2.1 are to be complied with. The fore peak water ballast tank is to be full, 
if fitted. If upper and lower fore peak tanks are fitted, the lower is required to be full and the upper tank 
may be full, partially full or empty. All the cargo tanks are to be empty including cargo tanks suitable for 
the carriage of water ballast at sea. The draught at the forward perpendicular is not to be less than that for 
the normal ballast condition. The propeller is to be fully immersed. The trim is to be by the stern and is not 
to exceed 0.015LLL. 

(b) Mid-voyage conditions relating to tank cleaning or other operations where these differ significantly from 
the ballast conditions. 

(c) Any specified non-uniform distribution of loading.
(d) Conditions with high density cargo including the maximum design cargo density, when applicable.
(e) Design ballast condition in which all segregated ballast tanks in the cargo tank region are full and all other 

tanks are empty including fuel oil and fresh water tanks. This design condition is for assessment of hull 
strength and is not intended for ship operation. This condition will also be covered by the IMO 73/78 SBT
condition provided the corresponding condition in the loading manual only includes ballast in segregated 
ballast tanks in the cargo tank region. 

3.1.2 Additional loading conditions
 The following additional loading conditions are to be included in the loading manual if the ship is specifically 
approved and intended to be operated in such conditions: 

(a) Seagoing ballast conditions including water ballast carried in one or more cargo tanks which are intended 
for use in emergency situations as allowed by MARPOL Reg. 18. 

(b) Seagoing loading conditions where the net static upward load on the double bottom exceeds that given with 
the combination of an empty cargo tank and a mean ship s draught of 0.9TSC. 

(c) Seagoing loading conditions with cargo tanks less than 25% full with the combination of mean ship s 
draught greater than 0.9TSC. 

(d) Seagoing loading conditions where the net static downward load on the double bottom exceeds that given 
with the combination of a full cargo tank at a cargo density of 1.025t/m3 or greater and a mean ship s 
draught of 0.6TSC. 

(e) For ships arranged with cross ties in the centre cargo tank, seagoing loading conditions showing a 
non-symmetric loading pattern where the difference in filling level between corresponding port and 
starboard wing cargo tanks exceeds 25% of the filling height in the wing cargo tank. 

① 
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3.2 Design load Combinations for Direct Strength Analysis
3.2.1 
 The design load combinations for FE analysis are given in Table 1 as follows:

 
Table 1 Design Load Combination for Oil Tankers 

 
Midship cargo 

hold region 
Outside midship 

cargo hold region 
Foremost cargo 

tanks 
Aftmost cargo tanks 

Tankers with two oil-tight 
bulkheads 

Table 2 Table 4 Table 6 Table 8 

Tankers with one centreline 
oil-tight bulkhead 

Table 3 Table 5 Table 7 Table 9 

Note 1: Outside midship cargo hold region means the forward or aft cargo hold region except the foremost and aftmost 
cargo holds 

3.2.2 
 For tankers with two oil-tight longitudinal bulkheads, where the cargo tank length is less than 0.15 LCSR, the 
draughts given in Table 2, Table 4, Table 6 and Table 8 are subject to special consideration by the Society.
3.2.3 
 For tankers with one centreline oil-tight longitudinal bulkhead, where the cargo tank length is less than 0.11 LCSR, 
the draughts given in Table 3, Table 5, Table 7 and Table 9 are subject to special consideration by the Society.
3.2.4 
 For seagoing conditions, the dynamic load cases required to be investigated for each loading pattern are 
indicated in Table 2 to Table 9. Dynamic load cases are defined in Ch 4, Sec 2.
3.2.5 Ships with structure symmetrical about centreline
 For ships with structure symmetrical about the centreline, the loading pattern mirrored about centreline of 
another pattern may be omitted provided the results (yield and buckling) are mirrored, e.g. Table 2 A7b, A12b.
3.2.6 Tankers with two oil-tight longitudinal bulkheads except with a cross tie arrangement in the wing cargo tanks
 For tankers with two oil-tight longitudinal bulkheads except with a cross tie arrangement in the wing cargo tanks, 
loading patterns A7 and A12 in Table 2, Table 4, Table 6 and Table 8 are to be examined for the possibility that 
unequal filling levels in transversely paired wing cargo tanks would result in a more onerous stress response. Loading 
pattern A7 is required to be analysed only if such a non-symmetric seagoing loading condition is included in the ship 
loading manual. The actual loading pattern, draught, GM and kr from the loading manual are to be used in the FE 
analysis. Where the GM and kr are not given in the ship s loading manual, GM and kr are to be determined in 
accordance with Ch 4, Sec 3.
 If loading patterns A7 and A12 are not considered, an operational restriction describing that the difference in 
filling level between corresponding port and starboard wing cargo tanks is not to exceed 25% of the filling height in 
the wing cargo tank, is to be added in the loading manual.
 Loading patterns A7 and A12 need not be examined for tankers with a cross tie arrangement in the wing cargo 
tanks.
3.2.7 
 For tankers with two oil-tight longitudinal bulkheads, seagoing loading pattern A3 and harbour loading pattern 
A13, with all cargo tanks abreast empty, in Table 2, Table 4, Table 6 and Table 8 are to be analysed with a ship 
draught of 0.65TSC and 0.7TSC respectively. If conditions in the ship loading manual specify greater draughts for 
loading pattern A3 or A13, then the maximum specified draught in the ship s loading manual for the loading pattern 
is to be used.
3.2.8 
 For tankers with two oil-tight longitudinal bulkheads, seagoing loading pattern A5 and harbour loading pattern 
A11, with all cargo tanks abreast fully loaded, in Table 2, Table 4, Table 6 and Table 8 are to be analysed with a 
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ship draught of 0.65TSC and 0.6TSC respectively. If conditions in the ship loading manual specify lesser draughts for 
loading pattern A5 or A11, then the minimum specified draught in the ship s loading manual for the loading pattern 
is to be used.
3.2.9 
 For loading patterns A1, A2, B1, B2 and B3, with cargo tank(s) empty, in Table 2 to Table 9, a minimum ship 
draught of 0.9TSC is to be used in the analysis. If conditions in the ship loading manual specify greater draughts for 
loading patterns with empty cargo tank(s), then the maximum specified draught for the actual condition is to be used.
3.2.10 
 Where a ballast condition is specified in the ship loading manual with ballast water filled in one or more cargo 
tanks, loading patterns A8 or B7 in Table 2 or Table 3 are to be examined.
 If the actual loading pattern as specified in the loading manual is different from load pattern A8 or B7 then:

(a) The actual loading patterns are to be substituted for the loading pattern A8 or B7 with the following 
calculation conditions:
・ Draught to be taken as TBAL-E,
・ CBM-LC = 100% (sag.),
・ CSF-LC = 100%,
・ 100% filling of the considered tanks carrying ballast water. 

(b) The strength assessment is to be carried out for all the dynamic load cases as defined in Ch 4, Sec 2.
(c) An operational restriction corresponding to the analysed condition is to be added in the loading manual.

 The actual loading pattern, draught, GM and kr from the loading manual are to be used in the FE analysis. Where
the GM and kr are not given in the ship s loading manual, GM and kr are to be determined in accordance with Ch 4, 
Sec 3.  
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Table 2 Load Combinations for FE Analysis for Two Oil-tight Bulkheads Oil Tankers Applicable to Midship 
Cargo Hold Region 

No. Loading pattern 

Still water loads Dynamic load cases 

Draught 
CBM-LC : % of 
perm. SWBM 

CSF-LC : % of 
perm. SWSF 

Midship cargo region 

Seagoing conditions 

A1 

 

 
0.9TSC 

100% 
(sagging) 

100% HSM-1 BSP-1P/S N/A 

100% 
(hogging) 

100% 
HSM-2 
FSM-2 

BSP-1P/S 
OST-2P/S 
OSA-1P/S 

A2 

 

 
0.9TSC 

100% 
(sagging) 

100% HSM-1 
BSR-1P/S 
BSP-1P/S 

N/A 

100% 
(hogging) 

100% 
HSM-2 
FSM-2 

BSR-1P/S 
BSP-1P/S 

N/A 

A3 

 

 
0.65TSC 

100% 
(hogging) 

100% (4)

Max SFLC 
HSM-2 N/A N/A 

100% (5)

Max SFLC 
HSM-2 N/A N/A 

100% N/A BSP-1P/S N/A 

0% 

100% (6)

Max SFLC 
HSM-1 N/A N/A 

100% N/A BSP-1P/S N/A 

A4 
 

0.6TSC 
100% 

(sagging) 
100% HSM-1 

BSR-1P/S 
BSP-1P/S 

OSA-2P/S 

A5 

 

 
0.65TSC 

100% 
(sagging) 

100% (4)

Max SFLC 
HSM-1 N/A N/A 

100% (5)

Max SFLC 
HSM-1 N/A N/A 

100% N/A BSP-1P/S N/A 

0% 

100% (6)

Max SFLC 
HSM-2 N/A N/A 

100% N/A BSP-1P/S N/A 

A6 
 

0.6TSC 
100%

(hogging) 
100% HSM-2 

BSR-1P/S 
BSP-1P/S 

OSA-1P/S 

A7a 
 

TLC 
100% 

(hogging) 
100% 

HSM-2 
FSM-2 

BSR-1P/S 
BSP-1P/S 

OST-2P/S 
OSA-1P/S 
OSA-2P/S 

A7b 
 

TLC 
100% 

(hogging) 
100% 

HSM-2 
FSM-2 

BSR-1P/S 
BSP-1P/S 

OST-2P/S 
OSA-1P/S 
OSA-2P/S 
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A8 
 

TBAL-E 
100% 

(sagging) 
100% HSM-1 

BSR-1P/S 
BSP-1P/S 

OSA-2P/S 

Harbour and testing conditions 

A9 
 

0.25TSC 
100% 

(sagging) 
100% N/A 

A10 
 

0.25TSC 
100% 

(sagging) 
100% N/A 

A11 

 

 
0.6TSC 

100% 
(sagging) 

100% (2)

Max SFLC 
N/A 

100% (3)

Max SFLC 
N/A 

A12a(1) 

 
0.33 TSC N/A N/A N/A 

A12b(1) 
 

0.33TSC N/A N/A N/A 

A13 

 

 
0.7TSC 

100% 
(hogging) 

100% (2)

Max SFLC 
N/A 

100% (3)

Max SFLC 
N/A 

A14 
 

TSC 
100% 

(hogging) 
100% N/A 

(1) The actual shear force and bending moment that results from the application of local loads to the FE model are to be used. 

Adjusting vertical loads and bending moments are not applied. 

(2) The shear force is to be adjusted to target value at aft bulkhead of the mid-hold.

(3) The shear force is to be adjusted to target value at forward bulkhead of the mid-hold.
(4) For the mid-hold where CSRaftb Lx 5.0£- and CSRfwdb Lx 5.0³- , the shear force is to be adjusted to target value at aft bulkhead of 

the mid-hold. 
(5) For the mid-hold where CSRaftb Lx 5.0£-  and CSRfwdb Lx 5.0³- , the shear force is to be adjusted to target value at forward 

bulkhead of the mid-hold. 
(6) This load combination is to be considered only for the mid-hold where CSRaftb Lx 5.0>-  or CSRfwdb Lx 5.0<- .  
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Table 3 Load Combinations for FE Analysis for One Centreline Oil-tight Bulkheads Oil Tankers Applicable to 
Midship Cargo Region 

No. Loading pattern 

Still water loads Dynamic load cases 

Draught 
CBM-LC : % of 
perm. SWBM 

CSF-LC : % of 
perm. SWSF 

Midship cargo region 

Seagoing conditions 

B1 

 

 
0.9TSC 

100% 
(sagging) 

100% 
HSM-1 
HSA-1 

BSP-1P/S N/A 

100% 
(hogging) 

100% 
HSM-2 
FSM-2 

BSR-1P
BSP-1P 

OST-2P 

B2 

 

 
0.9TSC 

100% 
(sagging) 

100% 
HSM-1 
HSA-1 

BSP-1P/S N/A 

100% 
(hogging) 

100% 
HSM-2 
FSM-2 

BSR-1S
BSP-1S 

OST-2S 

B3 

 

 
0.9TSC 

100% 
(hogging) 

100% (3) 
Max SFLC 

HSM-2 
FSM-2 

N/A N/A 

100% (4) 
Max SFLC 

HSM-2 
FSM-2 

N/A N/A 

100% N/A BSP-1P/S N/A 

0% 
100% (5) 

Max SFLC 
HSM-1 
FSM-1 

N/A N/A 

B4 
 

0.6TSC 
100% 

(sagging) 
75% HSM-1 BSP-1P OSA-2P/S 

B5 
 

0.6TSC 
100% 

(sagging) 
75% HSM-1 BSP-1S OSA-2P/S 

B6 

 

 
0.6TSC 

100% 
(sagging) 

100% (3) 
Max SFLC 

HSM-1 N/A N/A 

100% (4) 
Max SFLC 

HSM-1 N/A N/A 

100% N/A BSP-1P/S N/A 

0% 
100% (5) 

Max SFLC 
HSM-2 N/A N/A 

B7 
 

TBAL-E 
100% 

(sagging) 
100% HSM-1 BSP-1P/S N/A 

Harbour and testing conditions 

B8 

 

 
0.33TSC 

100% 
(sagging) 

100% (1) 
Max SFLC 

N/A 

100% (2) 
Max SFLC 

N/A 
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B9 
 

0.33TSC 
100% 

(sagging) 
75% N/A 

B10 
 

0.33TSC 
100% 

(sagging) 
75% N/A 

B11 

 

 
TSC 

100% 
(hogging) 

100% (1) 
Max SFLC 

N/A 

100% (2) 
Max SFLC 

N/A 

(1) The shear force is to be adjusted to target value at aft bulkhead of the mid-hold.

(2) The shear force is to be adjusted to target value at forward bulkhead of the mid-hold.
(3) For the mid-hold where CSRaftb Lx 5.0£-  and CSRfwdb Lx 5.0³- , the shear force is to be adjusted to target value at aft bulkhead 

of the mid-hold.  
(4) For the mid-hold where CSRaftb Lx 5.0£-  and CSRfwdb Lx 5.0³- , the shear force is to be adjusted to target value at forward 

bulkhead of the mid-hold. 
(5) This load combination is to be considered only For the mid-hold where CSRaftb Lx 5.0>-  or CSRfwdb Lx 5.0<- .  
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Table 4 Load Combinations for FE Analysis for Two Oil-tight Bulkheads Oil Tankers Applicable to Outside 
Midship Cargo Hold Region 

No. Loading pattern 

Still water loads Dynamic load cases 

Draught 
CBM-LC : % of 
perm. SWBM 

CSF-LC : % of 
perm. SWSF 

Aft region Forward region 

Seagoing conditions 

A1 

 

 0.9TSC 

100% 
(sagging) 

100% 
HSM-1

BSP-1P/S 
HSM-1

BSP-1P/S 

100% 
(hogging) 

100% 

HSM-2
FSM-2

BSP-1P/S
OST-2P/S
OSA-1P/S 

HSM-2
FSM-2

BSP-1P/S 

A2 

 

 
0.9TSC 

100% 
(sagging) 

100% 
HSM-1

BSP-1P/S 

HSM-1 
FSM-1

BSP-1P/S
OSA-2P/S 

100% 
(hogging) 

100% 
HSM-2
FSM-2

BSP-1P/S 

HSM-2
BSP-1P/S 

A3 

 

 
0.65TSC 

100% 
(hogging) 

100% 
Max SFLC 

HSM-2 
HSM-2
FSM-2 

100% BSP-1P/S 
BSP-1P/S
OSA-2P/S 

0%  

100% 
Max SFLC 

HSM-1 HSM-1 

100% N/A 
BSP-1P/S
OSA-2P/S 

A4 

 

 
0.6TSC 

100% 
(sagging) 

100% 
HSM-1

BSP-1P/S
BSR-1P/S 

HSM-1
BSP-1P/S
BSR-1P/S
OSA-2P/S 

A5 

 

 
0.65TSC 

100% 
(sagging) 

100% 
Max SFLC 

HSM-1
FSM-1 

HSM-1 

100% BSP-1P/S 
BSP-1P/S
OSA-2P/S 

0% 

100% 
Max SFLC 

HSM-2 HSM-2 

100% BSP-1P/S 
BSP-1P/S
OSA-2P/S 
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A6 

 

 
0.6TSC 

100% 
(hogging) 

100% 
HSM-2

BSP-1P/S
BSR-1P/S 

HSM-2
BSP-1P/S
BSR-1P/S
OSA-2P/S 

A7a 

 

 
TLC 

100% 
(hogging) 

100% 

HSM-2
FSM-2

BSP-1P/S
BSR-1P
BSR-2S

OSA-1P/S
OSA-2P/S 
OST-2P 

HSM-2
FSM-2

BSP-1P/S
BSR-1P
BSR-2S

OSA-2P/S 

A7b 

 

 
TLC 

100% 
(hogging) 

100% 

HSM-2
FSM-2

BSP-1P/S
BSR-2P
BSR-1S

OSA-1P/S
OSA-2P/S
OST-2S 

HSM-2
FSM-2

BSP-1P/S
BSR-2P
BSR-1S

OSA-2P/S 

Harbour and testing conditions 

A9 
 

0.25TSC 
100% 

(sagging) 
100% N/A 

A10 
 

0.25TSC 
100% 

(sagging) 
100% N/A 

A11 

 

 
0.6TSC 

100% 
(sagging) 

100% (2)

Max SFLC 
N/A 

100% (3)

Max SFLC 
N/A 

A12a(1) 
 

0.33TSC N/A N/A N/A 

A12b(1) 
 

0.33TSC N/A N/A N/A 

A13 

 

 
0.7TSC 

100% 
(hogging) 

100% (2)

Max SFLC 
N/A 

100% (3)

Max SFLC 
N/A 

A14 
 

TSC 
100% 

(hogging) 
100% N/A 

(1) The actual shear force and bending moment that results from the application of local loads to the FE model are to be used. 

Adjusting vertical loads and bending moments are not applied. 
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(2) The shear force is to be adjusted to target value at aft bulkhead of the mid-hold.

(3) The shear force is to be adjusted to target value at forward bulkhead of the mid-hold. 
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Table 5 Load Combinations for FE Analysis for One Centreline Oil-tight Bulkheads Oil Tankers Applicable to 
Outside Midship Cargo Hold Region 

No. Loading pattern 

Still water loads Dynamic load cases 

Draught 
CBM-LC : % of 
perm. SWBM 

CSF-LC : % of 
perm. SWSF 

Aft region Forward region 

Seagoing conditions 

B1 

 

 

0.9TSC 

100% 
(sagging) 

100% 

HSM-1
FSM1

BSP-1P/S
OSA-1S 

HSM-1
BSP-1P/S
OSA-2S 

100% 
(hogging) 

100% 

HSM-2
FSM-2

BSP-1P/S
OSA-1P

OST-2P/S 

HSM-2
FSM-2

BSP-1P/S
OSA-2S 

B2 

 

 

0.9TSC 

100% 
(sagging) 

100% 

HSM-1
FSM-1

BSP-1P/S
OSA-1P 

HSM-1
BSP-1P/S
OSA-2P 

100% 
(hogging) 

100% 

HSM-2
FSM-2

BSP-1P/S
OSA-1S

OST-2P/S 

HSM-2
FSM-2

BSP-1P/S
OSA-2P 

B3 

 

 

0.9TSC 

100% 
(hogging) 

100% 
Max SFLC 

HSM-2
FSM-2 

HSM-2
FSM-2 

100% 
BSP-1P/S
BSR-1P/S 

BSR-1P/S 

0% 

100% 
Max SFLC 

HSM-1
FSM-1 

HSM-1
FSM-1 

100% BSP-1P/S BSP-1P/S 

B4 
 

0.6TSC 
100% 

(sagging) 
75% 

HSM-1
BSR-1P/S 

HSM-1
BSP-1P/S
OSA-2P/S 

B5 
 

0.6TSC 
100% 

(sagging) 
75% 

HSM-1
BSR-1P/S 

HSM-1
BSP-1P/S
OSA-2P/S 

B6 

 

 

0.6TSC 

100% 
(sagging) 

100% 
Max SFLC 

HSM-1
FSM-1 

HSM-1
FSM-1 

100% OST-1P/S OSA-2P/S 

0% 

100% 
Max SFLC 

HSM-2
FSM-2 

HSM-2
FSM-2 

100% OSA-2P/S OSA-2P/S 



－228－

2019 Rules for the Survey and Construction of Steel Ships (Part CSR-B&T Part 1 Chapter 4 Section 8)

Harbour and testing conditions 

B8 

 

 
0.33TSC 

100% 
(sagging) 

100% (1)

Max SFLC 
N/A 

100% (2)

Max SFLC 
N/A 

B9 
 

0.33TSC 
100% 

(sagging) 
75% N/A 

B10 
 

0.33TSC 
100% 

(sagging) 
75% N/A 

B11 

 

 
TSC 

100% 
(hogging) 

100% (1)

Max SFLC 
N/A 

100% (2)

Max SFLC 
N/A 

(1) The shear force is to be adjusted to target value at aft bulkhead of the mid-hold.

(2) The shear force is to be adjusted to target value at forward bulkhead of the mid-hold. 

 



－229－

2019 Rules for the Survey and Construction of Steel Ships (Part CSR-B&T Part 1 Chapter 4 Section 8)

Table 6 Load Combinations for FE Analysis for Two Oil-tight Bulkheads Oil Tankers Applicable for Foremost 
Cargo Hold 

No. Loading pattern 

Still water loads Dynamic load cases 

Draught 
CBM-LC : % of 
perm. SWBM 

CSF-LC : % of 
perm. SWSF 

Foremost cargo hold 

Seagoing conditions 

A1 

 

 

0.9TSC 
100% 

(sagging) 
100% 

HSM-1
FSM-1

BSP-1P/S
BSR-1P/S
OSA-2P/S
OST-1P/S 

A2 

 

0.9TSC 
100% 

(sagging) 
100% 

HSM-1
OSA-2P/S 

A3-1 

 

0.65TSC 
100% 

(sagging) 
100% 

HSM-1
OSA-2P/S 

A3-2 (1) 

 

 

0.65TSC 

0% 

100% 
Max SFLC 

HSM-2 

100% 
BSP-1P/S
OSA-2P/S 

100% 
(sagging) 

100% 
Max SFLC 

HSM-1 

100% OSA-2P/S 

A4 (1) 

 

0.6TSC 
50%  

(hogging) 
100% 

FSM-1
BSP-1P/S
OSA-2P/S 

A5 

 

 
0.65TSC 

0% 
100% 

Max SFLC 
HSM-1 

100% 
 (hogging) 

100% 
Max SFLC 

HSM-2 

100% BSP-1P/S 

A6 (1) 

 

0.6TSC 
50%  

(hogging) 
100% OSA-2P/S 

A7a 

 

 

TLC 
100% 

(sagging) 
100% 

HSM-1
HSA-1
FSM-1

BSP-1P/S
BSR-1P/S
OST-1P/S
OSA-2P/S 
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A7b 

 

 

TLC 
100% 

(sagging) 
100% 

HSM-1
HSA-1
FSM-1

BSP-1P/S
BSR-1P/S
OST-1P/S
OSA-2P/S 

Harbour and testing conditions 

A9 

 
0.25TSC 

100% 
(hogging) 

100% N/A 

A10 

 

0.25TSC 
100% 

(hogging) 
100% N/A 

A11 

 

 

0.6TSC 
100% 

(hogging) 

100% (2)

Max SFLC 
N/A 

100% (3)

Max SFLC 
N/A 

A12-a(1) 

(4) 
 

0.33TSC N/A N/A N/A 

A12-b (1) 

(4) 
 

0.33TSC N/A N/A N/A 

A13 (1) 

 

 

0.7TSC 
100% 

(sagging) 

100% (2)

Max SFLC 
N/A 

100% (3)

Max SFLC 
N/A 

A14 

 

TSC 
100% 

(sagging) 
100% N/A 

(1) 100% filling of all fore peak water ballast tanks.

(2) The shear force is to be adjusted to target value at aft bulkhead of the mid-hold.

(3) The shear force is to be adjusted to target value at forward bulkhead of the mid-hold.

(4)  The actual shear force and bending moment that results from the application of local loads to the FE model are to be used. 

Adjusting vertical loads and bending moments are not applied. 
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Table 7 Load Combination for FE Analysis for one Centreline Oil-tight Bulkheads Oil Tankers Applicable for 
Foremost Cargo Hold 

No. Loading pattern 

Still water loads Dynamic load cases 

Draught 
CBM-LC : % of 
perm. SWBM 

CSF-LC : % of perm. 
SWSF 

Foremost cargo hold 

Seagoing conditions 

B1 

 

0.9TSC 
100% 

(sagging) 
100% 

HSM-1
BSP-1P/S
OSA-2P/S 

B2 

 

0.9TSC 
100% 

(sagging) 
100% 

HSM-1
BSP-1P/S
OSA-2P/S 

B3-1 

 

0.9TSC 
100% 

(sagging) 
100% 

BSP-1P/S
OSA-2P/S

HSM-1 

B3-2 (1) 

 

 

0.9TSC 

0% 

100% 
Max SFLC 

HSM-2 

100% 
BSP-1P/S
OSA-2P/S 

100% 
(sagging) 

100% 
Max SFLC 

HSM-1
FMS-1 

100% 
BSP-1P/S
OST-1P/S
OSA-2P/S 

B4 (1) 

 

0.6TSC 
100% 

(hogging) 
75% 

BSP-1P/S
OSA-2P/S 

B5 (1) 

 

0.6TSC 
100% 

(hogging) 
75% 

BSP-1P/S
OSA-2P/S 

B6 

 

 
0.6TSC 

0% 

100% 
Max SFLC 

HSM-1 

100% OSA-2P/S 

100% 
(hogging) 

100% 
Max SFLC 

HSM-2
FSM-2 

100% OSA-2P/S 

Harbour and testing conditions 

B8 

 

 

0.33TSC 
100% 

(hogging) 

100% (2)

Max SFLC 
N/A 

100% (3)

Max SFLC 
N/A 



－232－

2019 Rules for the Survey and Construction of Steel Ships (Part CSR-B&T Part 1 Chapter 4 Section 8)

B9 (1) 

 

0.33TSC 
100% 

(hogging) 
75% N/A 

B10 (1) 

 

0.33TSC 
100% 

(hogging) 
75% N/A 

B11-1 

 

TSC 
100% 

(sagging) 
100% N/A 

B11-2 (1) 

 

 

TSC 
100% 

(sagging) 

100% (2)

Max SFLC 
N/A 

100% (3)

Max SFLC 
N/A 

(1) 100% filling of all fore end water ballast tanks.

(2) The shear force is to be adjusted to target value at aft bulkhead of the mid-hold.

(3) The shear force is to be adjusted to target value at forward bulkhead of the mid-hold. 
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Table 8 Load Combinations for FE Analysis for Two Oil-tight Bulkheads Oil Tankers Applicable for Aftmost 
Cargo Hold 

No. Loading pattern 

Still water loads Dynamic load cases 

Draught 
CBM-LC : % of 
perm. SWBM 

CSF-LC : % of 
perm. SWSF 

Aftmost cargo hold 

Seagoing conditions 

A1 

 

 
0.9TSC 

100% 
(sagging) 

100% 
HSM-1
FSM-1

BSP-1P/S 

100% 
(hogging) 

100% 

HSM-2
BSP-1P/S
BSR-1P/S
OSA-1P/S 

A2 

 

 
0.9TSC 

100% 
(sagging) 

100% 

HSM-1
FSM-1

BSR-1P/S
OST-1P/S 

100% 
(hogging) 

100% 

HSM-2
FSM-1
FSM-2

OSA-1P/S 

A3-1 (1)(2) 

 

 
0.65TSC 

100% 
(hogging) 

100% 
Max SFLC 

HSM-2
FSM-2 

100% 
(sagging) 

100% 
Max SFLC 

HSM-1
FSM-1 

100% BSP-1P/S 

A3-2 (1)(3) 

 

 
0.65TSC 

100% 
(hogging) 

100% 
Max SFLC 

HSM-2 

100% 
BSP-1P/S
OSA-1P/S 

100% 
(sagging) 

100% 
Max SFLC 

HSM-1
FSM-1 

100% 
BSP-1P/S
OST-1P/S 

A4 

 

 
0.6TSC 

100% 
(sagging) 

100% 
HSM-1

BSP-1P/S 

100% 
(hogging) 

100% 

HSM-2
FSM-1

BSP-1P/S
OSA-1P/S
OSA-2P/S 
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A5-1 (2) 

 

 

0.65TSC 

0% 
100% 

Max SFLC 

HSM-1
HSM-2
FSM-1 

100% 
(hogging) 

100% 
Max SFLC 

HSM-2
FSM-1 

100% BSP-1P/S 

A5-2 (3) 

 

 

0.65TSC 

0% 

100% 
Max SFLC 

HSM-1
HSM-2 

100% 
BSP-1P/S
BSR-1P/S 

100% 
(hogging) 

100% 
Max SFLC 

HSM-2
FSM-2 

A6 

 

 

0.6TSC 
100% 

(hogging) 
100% 

HSM-2
FSM-1

BSP-1P/S
BSR-1P/S
OSA-1P/S 

A7a 

 

 

TLC 
100% 

(hogging) 
100% 

HSM-2
FSM-1

BSP-1P/S
BSR-1P/S
OSA-1P/S 

A7b 

 

 

TLC 
100% 

(hogging) 
100% 

HSM-2
FSM-1

BSP-1P/S
BSR-1P/S
OSA-1P/S 

Harbour and testing conditions 

A9 

 

0.25TSC 
100% 

(hogging) 
100% N/A 

A10 

 

0.25TSC 
100% 

(hogging) 
100% N/A 

A11-1(2) 

 

0.6TSC 
100% 

(hogging) 
100% (5)

Max SFLC 
N/A 

A11-2 (3) 

 

 

0.6TSC 
100% 

(hogging) 

100% (5)

Max SFLC 
N/A 

100% (6)

Max SFLC 
N/A 
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A12a (4) 

 

0.33TSC N/A N/A N/A 

A12b (4) 

 

0.33TSC N/A N/A N/A 

A13-1(1)(2) 

 

0.7TSC 
100% 

(hogging) 
100% (5) 

Max SFLC 
N/A 

A13-2(1)(3) 

 

 
0.7TSC 

100% 
(hogging) 

100% (5)

Max SFLC 
N/A 

100% (6)

Max SFLC 
N/A 

100% 
(sagging) 

100% (5)

Max SFLC 
N/A 

100% (6)

Max SFLC 
N/A 

A14 

 

 

TSC 

100%
(hogging) 

100% N/A 

100% 
(sagging) 

100% N/A 

(1) 100% filling of fuel and water ballast tanks in engine room, with tank boundaries at the forward engine room 

bulkhead. 

(2) The required adjustment in shear force at aft bulkhead of the considered hold is to be done at forward slop tank 

bulkhead. 

(3) The required adjustment in shear force at aft bulkhead of the considered hold is to be done at forward machinery 

space bulkhead. 

(4) The actual shear force and bending moment that results from the application of local loads to the FE model are to 

be used. Adjusting vertical loads and bending moments are not applied. 

(5) The shear force is to be adjusted to target value at aft bulkhead of the mid-hold.

(6) The shear force is to be adjusted to target value at forward bulkhead of the mid-hold. 
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Table 9 Load Combination for FE Analysis for One Centreline Oil-tight Bulkheads Oil Tankers Applicable for 
the Aftmost Cargo Hold 

No. Loading pattern 

Still water loads Dynamic load cases 

Draught 
CBM-LC : % of 
perm. SWBM 

CSF-LC : % of 
perm. SWSF 

Aftmost cargo hold 

Seagoing conditions 

B1 

 

 
0.9TSC 

100% 
(sagging) 

100% 

HSM-1
FSM-1

BSP-1P/S
BSR-1P/S 

100% 
(hogging) 

100% 
HSM-2

BSP-1P/S
OSA-1P/S 

B2 

 

 
0.9TSC 

100% 
(sagging) 

100% 

HSM-1
FSM-1

BSP-1P/S
BSR-1P/S 

100% 
(hogging) 

100% 
HSM-2

BSP-1P/S
OSA-1P/S 

B3-1(1) (2) 

 

 

0.9TSC 

100% 
(hogging) 

100% 
Max SFLC 

HSM-2 

100% BSP-1P/S 

100% 
(sagging) 

100% 
Max SFLC 

HSM-1
FSM-1 

100% BSP-1P/S 

B3-2(1)(3) 

 

 

0.9TSC 

100% 
(hogging) 

100% 
Max SFLC 

HSM-2
FSM-2 

100% 
BSP-1P/S
OSA-1P/S 

100% 
(sagging) 

100% 
Max SFLC 

HSM-1
FSM-1 

100% BSP-1P/S 

B4 

 

0.6TSC 
100% 

(hogging) 
75% 

HSM-2
BSP-1P/S
OSA-1P/S 

B5 

 

0.6TSC 
100% 

(hogging) 
75% 

HSM-2
BSP-1P/S
OSA-1P/S 
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B6-1 (2) 

 

 

0.6TSC 

0% 
100% 

Max SFLC 
HSM-1 

100% 
(hogging) 

100% 
Max SFLC 

HSM-2 

B6-2 (3) 

 

 

0.6TSC 

0% 
100% 

Max SFLC 
HSM-1 

100% 
(hogging) 

100% 
Max SFLC 

HSM-2 

100% 
HSA-2

BSR-1P/S 

Harbour and testing conditions 

B8-1 (2) 

 

0.33TSC 
100% 

(hogging) 
100% (4)

Max SFLC 
N/A 

B8-2 (3) 

 

 
0.33TSC 

100% 
(hogging) 

100% (4)

Max SFLC 
N/A 

100% (5)

Max SFLC 
N/A 

100% 
(sagging) 

100% (4)

Max SFLC 
N/A 

100% (5)

Max SFLC 
N/A 

B9 

 

0.33TSC 
100% 

(hogging) 
75% N/A 

B10 

 

0.33TSC 
100% 

(hogging) 
75% N/A 

B11-1(1)(2) 

 

 

TSC 

100% 
(hogging) 

100% (4)

Max SFLC 
N/A 

100% 
(sagging) 

100% (4)

Max SFLC 
N/A 

B11-2(1)(3) 

 

 
TSC 

100% 
(hogging) 

100% (4)

Max SFLC 
N/A 

100% (5)

Max SFLC 
N/A 

100% 
(sagging) 

100% (4)

Max SFLC 
N/A 

100% (5)

Max SFLC 
N/A 
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(1) 100% filling of fuel and water ballast tanks in engine room, with tank boundaries at the forward engine room bulkhead.

(2) The required adjustment in shear force at aft bulkhead of the considered hold is to be done at forward slop tank bulkhead.

(3) The required adjustment in shear force at aft bulkhead of the considered hold is to be done at forward machinery space 

bulkhead. 

(4) The shear force is to be adjusted to target value at aft bulkhead of the mid-hold.

(5) The shear force is to be adjusted to target value at forward bulkhead of the mid-hold. 

 

4. Bulk Carriers 

4.1 Specific Design Loading Condition
4.1.1 Seagoing conditions
 The following seagoing loading conditions are to be included, as a minimum, in the loading manual:

(a) Cargo loading conditions as defined in 4.1.2 to 4.1.4.
(b) Heavy ballast condition where the ballast tanks may be full, partially full or empty. Where ballast tanks are 

partially full, the conditions in 2.2.1 are to be complied with. The propeller immersion l /Dp is to be at 
least 60%. The trim is to be by the stern and is not to exceed 0.015LLL. The moulded forward draught is not 
to be taken less than the smaller of 0.03LLL or 8m. 

4.1.2 Cargo loading condition for BC-C
 Homogeneous cargo loaded condition is to be included in the loading manual where the cargo density 
corresponds to all cargo holds, including hatchways, being 100% full at scantling draught with all ballast tanks 
empty.
4.1.3 Cargo loading condition for BC-B
 As required for BC-C, plus:
 Homogeneous cargo loaded condition is to be included in the loading manual where the cargo density is taken 
equal to 3.0t/m3, and all cargo holds are taken with the same filling ratio (cargo mass/hold cubic capacity) in all cargo 
holds at scantling draught with all ballast tanks empty.
 In cases where the cargo density applied for this design loading condition is different from 3.0t/m3, the 
maximum density of the cargo that the ship is allowed to carry is to be indicated in the loading manual. If the 
maximum density is less than 3.0t/m3 then the additional service feature {maximum cargo density x.y t/m3} is to be 
indicated as defined in Ch 1, Sec 1, 3.2.1.
4.1.4 Cargo loading condition for BC-A
 As required for BC-B, plus:
 At least one cargo loaded condition with specified holds empty, with cargo density 3.0t/m3, and the same filling 
ratio (cargo mass/hold cubic capacity) in all loaded cargo holds at scantling draught with all ballast tanks empty.
 The combination of specified empty holds is to be indicated with the additional service feature {holds a, b,   
may be empty}.
 In such cases where the design cargo density applied is different from 3.0t/m3, the maximum density of the cargo 
that the ship is allowed to carry is to be indicated in the loading manual. If the maximum density is less than 3.0t/m3

then the additional service feature {holds a, b,   may be empty with maximum cargo density x.y t/m3} is to be 
indicated as defined in Ch 1, Sec 1, 3.2.1.
4.1.5 Additional ballast conditions
 The following ballast conditions are to be included in the loading manual for longitudinal strength assessment:

・ Ballast conditions with all ballast tanks 100% full,
・ Heavy ballast conditions 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.
Where more than one hold is adapted and designated for the carriage of water ballast at sea, it is not 
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 

① 
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ballast hold(s) are to be indicated in the loading manual. 
4.1.6 Steel coils or heavy cargoes
 The following note is to be included in the loading manual:
  Where the ship engages in a service carrying such cargoes as steel coils or heavy cargoes that may have an 
adverse effect on the local strength of the double bottom and which is not described as cargo in the loading manual, 
the maximum permissible and the minimum required mass of cargo are to be considered specially.  

4.2 Design Load Combinations for Direct Strength Analysis
4.2.1 Applicable general loading patterns
 The following loading patterns are to be applied:

(a) Any cargo hold carrying MFull with fuel oil tanks in way of the cargo hold, if any, being 100% full and 
ballast water tanks in the double bottom in way of the cargo hold being empty, at scantling draught. 

(b) Any cargo hold carrying minimum 50% of MH, with all double bottom tanks in way of the cargo hold being 
empty, at scantling draught. 

(c) Any cargo hold taken empty, with all double bottom tanks in way of the cargo hold being empty, at the 
deepest ballast draught. Where a topside and double bottom tank are permanently connected as a common 
tank, the following conditions are to be considered:
・ The topside and double bottom tank empty,
・ The topside and double bottom tank full. 

4.2.2 Multiport conditions
 The following multiport conditions are applicable to all types of bulk carriers except when the service feature 
{no MP} is assigned: 

(a) Any cargo hold carrying MFull with fuel oil tanks in way of the cargo hold, if any, being 100% full and 
ballast water tanks in the double bottom in way of the cargo hold being empty, at 67% of scantling draught. 

(b) Any cargo hold taken empty with all double bottom tanks in way of the cargo hold being empty, at 83% of 
scantling draught. 

(c) Any two adjacent cargo holds carrying MFull with the next holds being empty, with fuel oil tanks in way of 
the cargo hold, if any, being 100% full and ballast water tanks in the double bottom in way of the cargo 
hold being empty, at 67% of the scantling draught. This requirement to the mass of the cargo and fuel oil in 
double bottom tanks in way of the cargo hold applies also to the condition where the adjacent hold is filled 
with ballast. 

(d) Any two adjacent cargo holds being empty with the next holds being full, with all double bottom tanks in 
way of the cargo hold being empty, at 75% of scantling draught. 

4.2.3 Alternate conditions
 The following alternate conditions are applicable to BC-A only:

(a) Cargo holds which are intended to be empty at scantling draught, being empty with all double bottom tanks 
in way of the cargo hold also being empty. 

(b) Cargo holds which are intended to be loaded with high density cargo, carrying MHD plus 10% of MH, in the 
partially filled condition with highest density according to Ch 4, Sec 6, Table 1. The fuel oil tanks in way 
of the cargo hold, if any, being 100% full and ballast water tanks in the double bottom being empty in way 
of the cargo hold, at scantling draught. 

(c) Cargo holds which are intended to be loaded with high density cargo, carrying MHD plus 10% of MH in the 
full condition with lowest density according to Ch 4, Sec 6, Table 1. The fuel oil tanks in way of the cargo 
hold, if any, being 100% full and ballast water tanks in the double bottom being empty in way of the cargo 
hold, at scantling draught. 

(d) If the ship is intended to operate in alternate block load condition, any two adjacent cargo holds are to be 
loaded with the next holds being empty, carrying 10% of MH in each hold in addition to the maximum 
cargo load according to that design loading condition, with fuel oil tanks in way of the cargo hold, if any, 
being 100% full and ballast water tanks in the double bottom in way of the cargo hold being empty, at 
scantling draught. In operation the maximum allowable mass is to be limited to the maximum cargo load 
according to the design loading conditions. 

① 
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4.2.4 Heavy ballast condition
 The following condition applies to ballast holds only:

・ Cargo holds which are designed as ballast water holds, being 100% full of ballast water including 
hatchways, with all double bottom tanks in way of the cargo hold being 100% full, at any heavy ballast 
draught. For ballast holds adjacent to topside wing, hopper and double bottom tanks, it shall be 
strengthwise acceptable that the ballast holds are filled when the topside wing, hopper stool and double 
bottom tanks are empty. 

4.2.5 Additional harbour condition for all bulk carriers
 The following additional harbour conditions apply to all bulk carriers:

(a) At reduced draught during loading and unloading in harbour, the maximum allowable mass in a cargo hold 
may be increased by 15% of the maximum mass allowed at the scantling draught in seagoing condition, but 
is not to exceed the mass allowed at scantling draught in the seagoing condition. The minimum required 
mass may be reduced by the same amount. 

(b) Any single cargo hold holding the maximum allowable seagoing mass at 67% of scantling draught, in 
harbour condition. 

(c) Any two adjacent cargo holds carrying MFull with the next holds being empty, with fuel oil tanks in the 
double bottom in way of the cargo hold, if any, being 100% full and ballast water tanks in the double 
bottom in way of the cargo hold being empty, at 67% of scantling draught, in harbour condition. 

4.2.6 Design load combinations for direct strength analysis
 The loading patterns to be considered in the direct strength analysis of bulk carriers are summarised in Table 10. 
Load combinations providing the calculations details for each loading pattern are given in Table 12 to Table 21. 

 
Table 10 Applicable Loading Patterns according to Additional Service Features 

Loading pattern Requirement 
BC- BC- {no MP} 

A B C A B C 

Full load in homogeneous condition 4.2.1 item a             

Slack load 4.2.1 item b             

Deepest ballast 4.2.1 item c             

Multiport-1 4.2.2 item a          

Multiport-2 4.2.2 item b          

Multiport-3 4.2.2 item c          

Multiport-4 4.2.2 item d          

Alternate load partial 4.2.3 items a & b         

Alternate load full 4.2.3 items a & c         

Alternate block load 4.2.3 item d         

Heavy ballast 4.2.4             

Harbour condition 4.2.5             
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4.2.7 
 The design load combinations for FE analysis are given as follows:

 
Table 11 Design Load Combinations for Bulk Carriers 

 
Midship cargo 

hold region 
Outside midship 
cargo hold region 

Aftmost cargo 
hold 

Foremost cargo 
hold 

BC-A   EA Table 12 Table 15 N/A N/A 

BC-A   FA Table 13 Table 16 Table 18 Table 20 

BC- B & BC-C Table 14 Table 17 Table 19 Table 21 

Note 1: Outside midship cargo hold region means the forward or aft cargo hold region except the foremost and aftmost 
cargo holds 

 

4.3 Hold Mass Curves
4.3.1 
 Based on the design loading criteria, as given in 4.2.1 to 4.2.5 except 4.2.4, hold mass curves for each single 
hold, as well as for any two adjacent holds are to be included in the loading manual and the loading instrument. The 
maximum allowable or minimum required cargo mass in a cargo hold, or in two adjacent loaded holds is related to 
the net load on the double bottom. The net load on the double bottom is a function of draught, cargo mass in the 
cargo hold, as well as the mass of fuel oil and ballast water contained in double bottom tanks.
4.3.2 
 Hold mass curves are to be calculated according to Ch 4, App 1 showing maximum allowable and minimum 
required masses as a function of draught in seagoing condition as well as during loading and unloading in harbour. 



－242－

2019 Rules for the Survey and Construction of Steel Ships (Part CSR-B&T Part 1 Chapter 4 Section 8)

Table 12 FE Load Combinations Applicable to Empty Hold in Alternate Condition of BC-A (EA) - Midship Cargo 
Hold Region 

No. 
Description 

Reqt ref 
 Loading pattern       Aft   Mid   Fore Draught 

CBM-LC : % 
of perm. 
SWBM 

CSF-LC : % 
of perm. 
SWSF 

Dynamic load case 

Seagoing conditions 

1(2) 
Full load 

4.1.3  
TSC 

50% 
(sag.) 

100% 
BSP-1P/S
OST-1P/S 

2(1) 
Full load 

4.2.1 
item a 

 TSC 
50% 
(sag.) 

100% BSP-1P/S 

3 
Slack load 

4.2.1 
item b 

 TSC 0% 100% BSP-1P/S 

4 
Slack load 

4.2.1 
item b 

 TSC 0% 100% BSP-1P/S 

5(3)(4) 
Deepest ballast 

4.2.1 
item c 

 

 TBal-H 

100% 
(hog.) 

100% 
FSM-2

BSR-1P/S
OST-2P/S 

100% 
(sag.) 

100% 
BSP-1P/S
BSR-1P/S
OST-1P/S 

6 
Multiport 3 

4.2.2 
item c 

 0.67TSC 
100% 
(sag.) 

100% 
HSM-1

OST-1P/S 

7 
Multiport 3 

4.2.2 
item c 

 0.67TSC 
100% 
(sag.) 

100% 
HSM-1

OST-1P/S 

8 
Multiport 4 

4.2.2 
item d 

 

 
0.75TSC 

100% 
(hog.) 

100% 
HSM-2

OST-2P/S 

100% 
(sag.) 

100% 
BSP-1P/S
BSR-1P/S
OST-1P/S 

9 
Multiport 4 

4.2.2 
item d 

 

 
0.75TSC 

100% 
(hog.) 

100% 
HSM-2

OST-2P/S 

100% 
(sag.) 

100% 
BSP-1P/S
BSR-1P/S
OST-1P/S 
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10(2) 

Alternate load 
partial
4.2.3  

items a and b 

 

 
TSC 

100% 
(hog.) 

100% (8)

Max SFLC 
FSM-2 

100% (9) 
Max SFLC 

FSM-2 

100% OST-2P/S 

0% 

100% 
BSP-1P/S
OST-1P/S 

100% (10) 
Max SFLC 

HSM-1 

11 

Alternate load 
full

4.2.3  
items a and c 

 

 TSC 

100% 
(hog.) 

100% (8) 
Max SFLC 

FSM-2
HSM-2 

100% (9) 
Max SFLC 

FSM-2
HSM-2 

100% OST-2P/S 

0% 

100% BSP-1P/S 

100% (10) 
Max SFLC 

HSM-1 

12 (2) 

(5) (6) 

(13) 

Alt-block load 
4.2.3 

item d 

 

 
TSC 

100% 
(hog.) 

100% 
FSM-2

OST-2P/S 

100% 
(sag.) 

100% 
HSM-1

BSP-1P/S
OST-1P/S 

13 (2) 

(5) (6) 

(13) 

Alt-block load 
4.2.3 

item d 

 

 
TSC 

100% 
(hog.) 

100% 
FSM-2

OST-2P/S 

100% 
(sag.) 

100% 
HSM-1

BSP-1P/S
OST-1P/S 

14(7) 
Heavy ballast 

4.2.4 

 

 
TBal-H 

0% 

100% (10) 
Max SFLC 

FSM-2
HSM-2 

100% BSR-1P/S 

100% 
(sag.) 

100% (8) 
Max SFLC 

HSM-1 

100% (10) 
Max SFLC 

HSM-1 

100% BSR-1P/S 

15(7) 
Heavy ballast 

4.2.4 

 

 
TBal-H 

0% 100% BSR-1P/S 

100% 
(sag.) 

100% BSR-1P/S 
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Harbour conditions 

16 

Harbour 
condition 

4.2.5  
items a and c 

 

 TH1 

100% 
(hog.) 

100% N/A 

100% 
(sag.) 

100% N/A 

17 

Harbour 
condition 

4.2.5  
items a and c 

 

 TH1 

100% 
(hog.) 

100% N/A 

100% 
(sag.) 

100% N/A 

18 

Harbour 
condition 

4.2.5  
items a and b 

 

 
TH2 

100% 
(hog.) 

100% (11) 
Max SFLC 

N/A 

100% (12) 
Max SFLC 

N/A 

100% 
(sag.) 

100% (11) 
Max SFLC 

N/A 

100% (12) 
Max SFLC 

N/A 

19(13) 

Alt-block 
harbour 

condition 4.2.3 
item d 

 

 TH3 

100% 
(hog.) 

100% N/A 

100% 
(sag.) 

100% N/A 

20(13) 

Alt-block 
harbour 

condition 4.2.3 
item d 

 

 TH3 

100% 
(hog.) 

100% N/A 

100% 
(sag.) 

100% N/A 

(1) Loading pattern No. 1 with the cargo mass MFull and the maximum cargo density as defined in 4.1.4 can be analysed in lieu 

of this loading pattern. 

(2) Maximum cargo density as defined in 4.1.4 is to be used for calculation of dry cargo pressure.

(3) In case of no ballast hold, normal ballast condition with assuming MSW = 100% (hog.) is to be analysed.

(4) Position of ballast hold is to be adjusted as appropriate.

(5) This condition is only required when this loading condition is included in the loading manual.

(6) Actual still water vertical bending moment, as given in the loading manual, may be used instead of design value.

(7) This condition is to be considered for the empty hold which is assigned as ballast hold, if any.
(8) For the mid-hold where CSRaftb Lx 5.0£-  and CSRfwdb Lx 5.0³- , the shear force is to be adjusted to target value at aft bulkhead 

of the mid-hold.  
(9) For the mid-hold where CSRaftb Lx 5.0£-  and CSRfwdb Lx 5.0³- , the shear force is to be adjusted to target value at forward 

bulkhead of the mid-hold. 
(10) This load combination is to be considered only for the mid-hold where CSRaftb Lx 5.0>-  or CSRfwdb Lx 5.0<-

.  

(11) The shear force is to be adjusted to target value at aft bulkhead of the mid-hold.

(12) The shear force is to be adjusted to target value at forward bulkhead of the mid-hold. 

(13) This condition is only required when block loading condition is included in the loading manual. 
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Table 13 FE Load Combinations Applicable to Loaded Hold in Alternate Condition of BC-A (FA) -  
Midship Cargo Hold Region 

No. 
Description 

Reqt ref 
 Loading pattern       Aft   Mid   Fore Draught 

CBM-LC : % 
of perm.
SWBM 

CSF-LC : % 
of perm. 
SWSF 

Dynamic load case 

Seagoing conditions 

1 (2) 
Full load 

4.1.3  
TSC 

50% 
(sag.) 

100% 
BSP-1P/S
OST-1P/S 

2 (1) 
Full load 

4.2.1 
item a 

 

 
TSC 

50% 
(sag.) 

100% BSP-1P/S 

3 
Slack load 

4.2.1 
item b 

 TSC 0% 100% BSP-1P/S 

4(3)(4) 
Deepest ballast 

4.2.1 
item c 

 

 TBal-H 

100% 
(hog.) 

100% 
FSM-2

BSR-1P/S
OST-2P/S 

100% 
(sag.) 

100% 
BSP-1P/S
BSR-1P/S
OST-1P/S 

5 
Multiport 2 

4.2.2 
item b 

 

 0.83TSC 

100% 
(hog.) 

100% (8) 
Max SFLC 

FSM-2
HSM-2 

100% (9) 
Max SFLC 

FSM-2
HSM-2 

100% OST-2P/S 

100% 
(sag.) 

100% (10) 
Max SFLC 

HSM-1 

100% 
BSP-1P/S
OST-1P/S 

6 
Multiport 3 

4.2.2 
item c 

 

 
0.67TSC 

100% 
(sag.) 

100% 
BSP-1P/S
OST-1P/S 

7 
Multiport 3 

4.2.2 
item c 

 

 
0.67TSC 

100% 
(sag.) 

100% 
BSP-1P/S
OST-1P/S 

8 
Multiport 4 

4.2.2 
item d 

 

 
0.75TSC 

100% 
(hog.) 

100% 

FSM-2
HSM-2

BSR-1P/S
OST-2P/S 

100% 
(sag.) 

100% 
BSP-1P/S
BSR-1P/S
OST-1P/S 
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9 
Multiport 4 

4.2.2 
item d 

 

 

0.75TSC 

100% 
(hog.) 

100% 
FSM-2, HSM-2 

BSR-1P/S
OST-2P/S 

100% 
(sag.) 

100% 
BSP-1P/S
BSR-1P/S
OST-1P/S 

10 (2) 

Alternate load 
partial
4.2.3  

items a and b 

 

 
TSC 

100% 
(hog.) 

100% (10) 
Max SFLC 

FSM-2
HSM-2 

100% OST-2P/S 

0% 

100% (8)

Max SFLC 
FSM-1
HSM-1 

100% (9) 
Max SFLC 

FSM-1
HSM-1 

100% 
BSP-1P/S
OST-1P/S 

11 

Alternate load 
full

4.2.3  
items a and c 

 

 TSC 

100% 
(hog.) 

100% (10) 
Max SFLC 

FSM-2
HSM-2 

100% OST-2P/S 

0% 

100% (8)

Max SFLC 
HSM-1 

100% (9)

Max SFLC 
HSM-1 

100% BSP-1P/S 

12 (2) 

(5) (6) 

(13) 

Alt-block load 
4.2.3 

item d 

 

 TSC 

100% 
(hog.) 

100% 
FSM-2
HSM-2

OST-2P/S 

100% 
(sag.) 

100% 
HSM-1

BSP-1P/S
OST-1P/S 

13 (2) 

(5) (6) 

(13) 

Alt-block load 
4.2.3 

item d 

 

 TSC 

100% 
(hog.) 

100% 
FSM-2
HSM-2

OST-2P/S 

100% 
(sag.) 

100% 
HSM-1

BSP-1P/S
OST-1P/S 
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14 (7) 
Heavy ballast 

4.2.4 

 

 TBal-H 

0% 

100% (10) 
Max SFLC 

FSM-2
HSM-2 

100% BSR-1P/S 

100% 
(sag.) 

100% (8) 
Max SFLC 

HSM-1 

100% (9)

Max SFLC 
HSM-1 

100% BSR-1P/S 

15 (7) 
Heavy ballast 

4.2.4 

 

 
TBal-H 

0% 100% BSR-1P/S 

100% 
(sag.) 

100% BSR-1P/S 

Harbour conditions 

16 (2) 

Harbour 
condition 

4.2.5  
items a and b 

 

 
TH4 

100% 
(hog.) 

100% (11) 
Max SFLC 

N/A 

100% (12) 
Max SFLC 

N/A 

100% 
(sag.) 

100% (11) 
Max SFLC 

N/A 

100% (12) 
Max SFLC 

N/A 

17 

Harbour 
condition 

4.2.5
item a 

 

 0.67TSC 

100% 
(hog.) 

100% N/A 

100% 
(sag.) 

100% N/A 

18 

Harbour 
condition 

4.2.5
item a 

 

 0.67TSC 

100% 
(hog.) 

100% N/A 

100% 
(sag.) 

100% N/A 

19 

Harbour 
condition 

4.2.5  
items a and c 

 

 TH1 

100% 
(hog.) 

100% N/A 

100% 
(sag.) 

100% N/A 

20 

Harbour 
condition 

4.2.5  
items a and c 

 

 TH1 

100% 
(hog.) 

100% N/A 

100% 
(sag.) 

100% N/A 
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21(13) 

Alt-block 
harbour 

condition 4.2.3 
item d 

 

 TH3 

100% 
(hog.) 

100% N/A 

100% 
(sag.) 

100% N/A 

22(13) 

Alt-block 
harbour 

condition 4.2.3 
item d 

 

 TH3 

100% 
(hog.) 

100% N/A 

100% 
(sag.) 

100% N/A 

(1) Loading pattern no. 1 with the cargo mass MFull and the maximum cargo density as defined in 4.1.4 can be analysed in lieu of 

this loading pattern. 

(2) Maximum cargo density as defined in 4.1.4 is to be used for calculation of dry cargo pressure.

(3) In case of no ballast hold, normal ballast condition with assuming MSW = 100% (hog.) is to be analysed.

(4) Position of ballast hold is to be adjusted as appropriate.

(5) This condition is only required when block loading condition is included in the loading manual.

(6) Actual still water vertical bending moment, as given in the loading manual, may be used instead of design value.

(7) This condition is to be considered for the heavy cargo hold which is assigned as ballast hold, if any.
(8) For the mid-hold where CSRaftb Lx 5.0£-  and CSRfwdb Lx 5.0³- , the shear force is to be adjusted to target value at aft bulkhead 

of the mid-hold. 
(9) For the mid-hold, where CSRaftb Lx 5.0£-  and CSRfwdb Lx 5.0³- , the shear force is to be adjusted to target value at forward 

bulkhead of the mid-hold. 
(10) This load combination is to be considered only for the mid-hold, where CSRaftb Lx 5.0>-  or CSRfwdb Lx 5.0<- . 

(11) The shear force is to be adjusted to target value at aft bulkhead of the mid-hold.

(12) The shear force is to be adjusted to target value at forward bulkhead of the mid-hold.

(13) This condition is only required when block loading condition is included in the loading manual. 
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Table 14 FE Load Combinations Applicable for BC-B & BC-C - Midship Cargo Hold Region 

No. 
Description

Reqt ref 
 Loading pattern       Aft   Mid   Fore Draught 

CBM-LC : % 
of perm. 
SWBM 

CSF-LC : % 
of perm. 
SWSF 

Dynamic load case 

Seagoing conditions 

1(1)(3) 
Full load 

4.1.3  
TSC 

50% 
(sag.) 

100% 
BSP-1P/S
OST-1P/S 

2 (2) 
Full load 

4.2.1 
item a 

 

 
TSC 

50% 
(sag.) 

100% 
BSP-1P/S
OST-1P/S 

3 
Slack load 

4.2.1 
item b 

 

 
TSC 0% 100% BSP-1P/S 

4(4)(5) 

Deepest 
ballast
4.2.1 

item c 

 

 TBal-H 

100% 
(hog.) 

100% 
FSM-2, 

BSR-1P/S
OST-2P/S 

100% 
(sag.) 

100% 
BSP-1P/S
BSR-1P/S
OST-1P/S 

5 
Multiport 2 

4.2.2 
item b 

 

 
0.83TSC 

100% 
(hog.) 

100% (7) 
Max SFLC 

FSM-2
HSM-2 

100% (8) 
Max SFLC 

FSM-2
HSM-2 

100% OST-2P/S 

100% 
(sag.) 

100% (9) 
Max SFLC 

HSM-1 

100% 
BSP-1P/S
OST-1P/S 

6 
Multiport 3 

4.2.2 
item c 

 0.67TSC 
100% 
(sag.) 

100% 
BSP-1P/S
OST-1P/S 

7 
Multiport 3 

4.2.2 
item c 

 0.67TSC 
100% 
(sag.) 

100% 
BSP-1P/S
OST-1P/S 

8 
Multiport 4 

4.2.2 
item d 

 

 
0.75TSC 

100% 
(hog.) 

100% 

FSM-2
HSM-2

BSR-1P/S
OST-2P/S 

100% 
(sag.) 

100% 
BSP-1P/S
BSR-1P/S
OST-1P/S 
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9 
Multiport 4 

4.2.2 
item d 

 

 
0.75TSC 

100% 
(hog.) 

100% 

FSM-2
HSM-2

BSR-1P/S
OST-2P/S 

100% 
(sag.) 

100% 
BSP-1P/S
BSR-1P/S
OST-1P/S 

10(6) 
Heavy ballast 

4.2.4 

 

 TBal-H 

0% 

100% (9) 
Max SFLC 

FSM-2
HSM-2 

100% BSR-1P/S 

100% 
(sag.) 

100% (7)

Max SFLC 
HSM-1 

100% (8) 
Max SFLC 

HSM-1 

100% BSR-1P/S 

11(6) 
Heavy ballast 

4.2.4 

 

 
TBal-H 

0% 100% BSR-1P/S 

100% 
(sag.) 

100% BSR-1P/S 

Harbour conditions 

12 

Harbour 
condition 

4.2.5
item a 

 

 0.67TSC 

100%
(hog.) 

100% N/A 

100%
(sag.) 

100% N/A 

13 

Harbour 
condition 

4.2.5
item a 

 

 0.67TSC 

100%
(hog.) 

100% N/A 

100%
(sag.) 

100% N/A 

14 

Harbour 
condition 

4.2.5  
items a and c 

 

 TH1 

100%
(hog.) 

100% N/A 

100%
(sag.) 

100% N/A 

15 

Harbour 
condition 

4.2.5  
items a and c 

 

 TH1 

100%
(hog.) 

100% N/A 

100%
(sag.) 

100% N/A 
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16 

Harbour 
condition 

4.2.5  
items a and b 

 

 
TH2 

100% 
(hog.) 

100% (10) 
Max SFLC 

N/A 

100% (11) 
Max SFLC 

N/A 

100% 
(sag.) 

100% (10) 
Max SFLC 

N/A 

100% (11) 
Max SFLC 

N/A 

(1) Applicable to BC-B only.

(2) For BC-B ships, the loading pattern no. 1 with the cargo mass MFull and the maximum cargo density as defined in 4.1.3 can be 

analysed in lieu of this loading pattern. 

(3) Maximum cargo density as defined in 4.1.3 is to be used for calculation of dry cargo pressure.

(4) In case of no ballast hold, normal ballast condition with assuming MSW = 100% (hog.) is to be analysed.

(5) Position of ballast hold is to be adjusted as appropriate.

(6) This condition is to be considered for the cargo hold which is assigned as ballast hold, if any.
(7) For the mid-hold where CSRaftb Lx 5.0£-  and CSRfwdb Lx 5.0³- , the shear force is to be adjusted to target value at aft bulkhead of 

the mid-hold. 
(8) For the mid-hold where CSRaftb Lx 5.0£-  and CSRfwdb Lx 5.0³- , the shear force is to be adjusted to target value at forward 

bulkhead of the mid-hold. 
(9) This load combination is to be considered only for the mid-hold where CSRaftb Lx 5.0>-  or CSRfwdb Lx 5.0<- . 

(10) The shear force is to be adjusted to target value at aft bulkhead of the mid-hold.

(11) The shear force is to be adjusted to target value at forward bulkhead of the mid-hold. 
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Table 15 FE Load Combinations Applicable to Empty Hold in Alternate Condition of BC-A (EA) -  
Outside Midship Cargo Hold Region 

No. 
Description 

Reqt ref 
 Loading pattern       Aft   Mid   Fore Draught 

CBM-LC : % 
of perm. 
SWBM 

CSF-LC : % 
of perm. 
SWSF 

Dynamic load case 

aft region 
forward 
region 

Seagoing conditions 

1 (2) 
Full load 

4.1.3 

 

 
TSC 

50% 
(sag.) 

100% 
BSP-1P/S 
OST-1P/S 
OSA-1P/S 

HSM-1 
BSP-1P/S 
OST-1P/S 
OSA-2P/S 

2 (1) 
Full load 

4.2.1 
item a 

 TSC 
50% 
(sag.) 

100% BSP-1P/S BSP-1P/S 

3 
Slack load 

4.2.1 
item b 

 

 
TSC 0% 100% BSP-1P/S BSP-1P/S 

4 
Slack load 

4.2.1 
item b 

 

 
TSC 0% 100% BSP-1P/S BSP-1P/S 

5(3)(4) 

Deepest 
ballast
4.2.1 

item c 

 

 TBal-H 

100% 
(hog.) 

100% 

HSM-2 
HSA-2

BSR-1P/S 
OST-2P/S 

FSM-2
BSP-1P/S 
BSR-1P/S 
OSA-2P/S 

100% 
(sag.) (10) 

100% 
HSM-1 

BSP-1P/S 

HSM-1 
BSP-1P/S 
BSR-1P/S 
OSA-2P/S 

6 (5) 
Multiport 3 

4.2.2 
item c 

 

 
0.67TSC 

100% 
(sag.) 

100% 
HSM-1 

OST-1P/S 
HSM-1 

OST-1P/S 

7 (5) 
Multiport 3 

4.2.2 
item c 

 

 
0.67TSC 

100% 
(sag.) 

100% 
HSM-1 

OST-1P/S 
BSP-1P/S 
OSA-2P/S 

8 (5) 
Multiport 4 

4.2.2 
item d 

 

 
0.75TSC 

100% 
(hog.) 

100% 
HSM-2 

OST-2P/S 

HSM-2 
BSR-1P/S 
OST-2P/S 

100% 
(sag.) 

100% 

HSM-1 
FSM-1

BSP-1P/S 
OST-1P/S 

HSM-1 
BSP-1P/S 
OST-1P/S 
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9 (5) 
Multiport 4 

4.2.2 
item d 

 

 0.75TSC 

100% 
(hog.) 

100% 
HSM-2 

OST-2P/S 
HSM-2 

OST-2P/S 

100% 
(sag.) 

100% 

HSM-1 
FSM-1

BSP-1P/S 
OST-1P/S 

HSM-1 
BSP-1P/S 
BSR-1P/S 
OST-1P/S 

10 (2) 

Alternate load 
partial
4.2.3  

items a and b 

 

 

 TSC 

100% 
(hog.) 

100% 
Max SFLC 

FSM-2 
HSM-2 

FSM-2 
HSM-2 

100% 
BSP-1P/S 
OST-2P/S 
OSA-1P/S 

BSP-1P/S 
BSR-1P/S 
OST-2P/S 
OSA-2P/S 

0% 

100% 
BSP-1P/S 
OST-2P/S 
OSA-1P/S 

BSP-1P/S 
OST-2P/S 

100% 
Max SFLC 

HSM-1 
FSM-1 

HSM-1 
FSM-1 

11 

Alternate load 
full

4.2.3  
items a and c 

 

 
TSC 

100% 
(hog.) 

100% 
Max SFLC 

HSM-2 
FSM-2 

HSM-2 
FSM-2 

100% 
BSP-1P/S 
OST-2P/S 

BSP-1P/S 
BSR-1P/S 
OST-2P/S 
OSA-2P/S 

0% 

100% BSP-1P/S 
HSA-1

BSP-1P/S 

100% 
Max SFLC 

HSM-1 
FSM-1 

HSM-1 
FSM-1 

12 (2) 

(6) (7) 

(11) 

Alt-block load 
4.2.3 

item d 

 

 TSC 

100% 
(hog.) 

100% 
FSM-2

BSP-1P/S 
OST-2P/S 

FSM-2
BSP-1P/S 
OSA-2P/S 

100% 
(sag.) 

100% 
HSM-1 

BSP-1P/S 
OST-1P/S 

HSM-1 
BSP-1P/S 
OSA-2P/S 
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13 (2) 

(6) (7) 

(11) 

Alt-block load 
4.2.3 

item d 

 

 
TSC 

100% 
(hog.) 

100% 
FSM-2

BSP-1P/S 
OST-2P/S 

FSM-2 
BSP-1P/S 
OSA-2P/S 
OST-1P/S 

100% 
(sag.) 

100% 
HSM-1 

BSP-1P/S 
OST-1P/S 

HSM-1 
BSP-1P/S 
OSA-2P/S 

Harbour conditions 

14 

Harbour 
condition 

4.2.5  
items a and c 

 

 TH1 

100% 
(hog.) 

100% N/A N/A 

100% 
(sag.) 

100% N/A N/A 

15 

Harbour 
condition 

4.2.5  
items a and c 

 

 TH1 

100% 
(hog.) 

100% N/A N/A 

100% 
(sag.) 

100% N/A N/A 

16 

Harbour 
condition 

4.2.5  
items a and b 

 

 
TH2 

100% 
(hog.) 

100% (8) 
Max SFLC 

N/A N/A 

100% (9) 
Max SFLC 

N/A N/A 

100% 
(sag.) 

100% (8) 
Max SFLC 

N/A N/A 

100% (9) 
Max SFLC 

N/A N/A 

17(11) 

Alt-block 
harbour 

condition 
4.2.3 

item d 

 

 
TH3 

100% 
(hog.) 

100% N/A N/A 

100% 
(sag.) 

100% N/A N/A 

18(11) 

Alt-block 
harbour 

condition 
4.2.3 

item d 

 

 
TH3 

100% 
(hog.) 

100% N/A N/A 

100% 
(sag.) 

100% N/A N/A 
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(1) Loading pattern no. 1 with the cargo mass MFull and the maximum cargo density as defined in 4.1.4 can be analysed in lieu of 

this loading pattern. 

(2) Maximum cargo density as defined in 4.1.4 is to be used for calculation of dry cargo pressure.

(3) In case of no ballast hold, normal ballast condition with assuming MSW = 100% (hog.) is to be analysed.

(4) Position of ballast hold is to be adjusted as appropriate.

(5) This condition is not required when {no MP} notation is assigned.

(6) This condition is only required when this loading condition is included in the loading manual.

(7) Actual still water vertical bending moment, as given in the loading manual, may be used instead of design value.

(8) The shear force is to be adjusted to target value at aft bulkhead of the mid-hold.

(9) The shear force is to be adjusted to target value at forward bulkhead of the mid-hold.

(10) This loading condition is required only when the ballast hold is located inside the cargo hold model.

(11) This condition is only required when block loading condition is included in the loading manual. 
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Table 16 FE Load Combinations Applicable to Loaded Hold in Alternate Condition of BC-A (FA) -  
Outside Midship Cargo Hold Region 

No. 
Description

Reqt ref 
 Loading pattern       Aft   Mid   Fore Draught 

CBM-LC : % of 
perm. 

SWBM 

CSF-LC : % 
of perm. 
SWSF 

Dynamic load case 

Aft 
Region 

Forward 
region 

Seagoing conditions 

1 (2) 
Full load 

4.1.3 

 

 
TSC 

50% 
(sag.) 

100% 
HSM-1 

BSP-1P/S 
OSA-1P/S 

HSM-1 
HSA-1 

BSP-1P/S 
OSA-2P/S 

2 (1) 
Full load 

4.2.1 
item a 

 TSC 
50% 
(sag.) 

100% N/A 
BSP-1P/S 
OSA-2P/S 

3 
Slack load 

4.2.1 
item b 

 

 
TSC 0% 100% 

HSM-2 
HSA-1 

BSP-1P/S 
OSA-1P/S 

HSM-1 
HSA-1 
FSM-2 

BSP-1P/S 

4(3)(4) 
Deepest ballast 

4.2.1 
item c 

 

 TBal-H 

100% 
(hog.) 

100% 
HSM-2 
FSM-2 

OST-2P/S 
HSM-2 

100% 
(sag.) 

100% 

HSM-1 
FSM-1 

OST-1P/S 
OSA-2P/S 

HSM-1 
HSA-1 
FSM-1 

BSP-1P/S 
OSA-2P/S 

5 
Multiport 2 

4.2.2 
item b 

 

 0.83TSC 

100% 
(hog.) 

100% 
Max SFLC 

HSM-2 N/A 

100% BSP-1P/S BSP-1P/S 

100% 
(sag.) 

100% BSP-1P/S 
HSA-1 

BSR-1P/S 

100% 
Max SFLC 

HSM-1 N/A 

6 
Multiport 3 

4.2.2 
item c 

 

 
0.67TSC 

100% 
(sag.) 

100% 
BSP-1P/S 
BSR-1P/S 

HSM-1 
HSA-1 

BSP-1P/S 
OSA-2P/S 

7 
Multiport 3 

4.2.2 
item c 

 0.67TSC 
100% 
(sag.) 

100% 
HSM-1 

BSP-1P/S 
OST-1P/S 

HSM-1 
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8 
Multiport 4 

4.2.2 
item d 

 

 0.75TSC 

100% 
(hog.) 

100% 

HSM-2 
FSM-2 

BSR-1P/S 
BSP-1P/S 
OSA-1P/S 
OST-2P/S 

FSM-2 
OSA-2P/S 

100% 
(sag.) 

100% 
BSR-1P/S 
BSP-1P/S 
OST-1P/S 

HSM-1 
HSA-1 

BSP-1P/S 
OSA-2P/S 

9 
Multiport 4 

4.2.2 
item d 

 

 0.75TSC 

100% 
(hog.) 

100% 
HSM-2 

BSR-1P/S 
OST-2P/S 

FSM-2 
BSR-1P/S 

100% 
(sag.) 

100% 

HSM-1 
FSM-1 

BSP-1P/S 
BSR-1P/S 
OST-1P/S 

HSM-1 
HSA-1 

BSP-1P/S 
OST-1P/S 

10 (2) 

Alternate load 
partial
4.2.3  

items a and b 

 

 TSC 

100% 
(hog.) 

100% 

HSA-2 
BSP-1P/S 
OSA-1P/S 
OST-2P/S 

BSP-1P/S 
OSA-2P/S 
OST-2P/S 

100% 
Max SFLC 

HSM-2 
FSM-2 

FSM-2 

0% 

100% 
Max SFLC 

HSM-1 
FSM-1 

HSM-1 

100% 
BSP-1P/S 
OSA-1P/S 

BSP-1P/S 
OSA-1P/S 
OSA-2P/S 

11 

Alternate load 
full

4.2.3  
items a and c 

 

 TSC 

100% 
(hog.) 

100% 
HSA-2 

BSP-1P/S 
OSA-1P/S 

OSA-1P/S 
OSA-2P/S 

100% 
Max SFLC 

HSM-2 
FSM-2 
HSM-2 

0% 

100% 
Max SFLC 

HSM-1 HSM-1 

100% 
BSP-1P/S 
OSA-1P/S 

OSA-1P/S 
OST-2P/S 
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12 (2) 

(5) (6) 

(9) 

Alt-block load 
4.2.3 

item d 

 

 
TSC 

100% 
(hog.) 

100% 

HSA-2 
FSM-2 

BSP-1P/S 
OSA-1P/S 
OST-2P/S 

HSM-2 
FSM-2 

BSP-1P/S 
OSA-2P/S 

100% 
(sag.) 

100% 

HSM-1 
BSP-1P/S 
OSA-1P/S 
OST-1P/S 

HSM-1 
BSP-1P/S 
OSA-2P/S 

13 (2) 

(5) (6) 

(9) 

Alt-block load 
4.2.3 

item d 

 

 TSC 

100% 
(hog.) 

100% 
FSM-2 

BSP-1P/S 

HSM-2 
FSM-2 

BSP-1P/S 
OSA-2P/S 
OST-2P/S 

100% 
(sag.) 

100% 

HSM-1 
HSA-1 
FSM-1 

BSP-1P/S 
OST-1P/S 

HSM-1 
HSA-1 

BSP-1P/S 
OSA-2P/S 

Harbour conditions 

14 (2) 

Harbour 
condition 

4.2.5  
items a and b 

 

 
TH4 

100% 
(hog.) 

100% (7)

Max SFLC 
N/A N/A 

100% (8) 
Max SFLC 

N/A N/A 

100% 
(sag.) 

100% (7) 
Max SFLC 

N/A N/A 

100% (8)

Max SFLC 
N/A N/A 

15 

Harbour 
condition 

4.2.5
item a 

 

 0.67TSC 

100% 
(hog.) 

100% N/A N/A 

100% 
(sag.) 

100% N/A N/A 

16 

Harbour 
condition 

4.2.5
item a 

 

 0.67TSC 

100% 
(hog.) 

100% N/A N/A 

100% 
(sag.) 

100% N/A N/A 

17 

Harbour 
condition 

4.2.5  
items a and c 

 

 TH1 

100% 
(hog.) 

100% N/A N/A 

100% 
(sag.) 

100% N/A N/A 
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18 

Harbour 
condition 

4.2.5  
items a and c 

 

 TH1 

100% 
(hog.) 

100% N/A N/A 

100% 
(sag.) 

100% N/A N/A 

19 (9) 

Alt-block 
harbour 

condition  
4.2.3 

item d 

 

 TH3 

100% 
(hog.) 

100% N/A N/A 

100%
(sag.) 

100% N/A N/A 

20 (9) 

Alt-block 
harbour 

condition  
4.2.3 

item d 

 

 TH3 

100% 
(hog.) 

100% N/A N/A 

100% 
(sag.) 

100% N/A N/A 

(1) Loading pattern No. 1 with the cargo mass MFull and the maximum cargo density as defined in 4.1.4 can be analysed in lieu of 

this loading pattern. 

(2) Maximum cargo density as defined in 4.1.4 is to be used for calculation of dry cargo pressure.

(3) In case of no ballast hold, normal ballast condition with assuming MSW = 100% (hog.) is to be analysed.

(4) Position of ballast hold is to be adjusted as appropriate.

(5) This condition is only required when this loading condition is included in the loading manual.

(6) Actual still water vertical bending moment, as given in the loading manual, may be used instead of design value.

(7) The shear force is to be adjusted to target value at aft bulkhead of the mid-hold.

(8) The shear force is to be adjusted to target value at forward bulkhead of the mid-hold.

(9) This condition is only required when block loading condition is included in the loading manual. 
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Table 17 FE Load Combinations Applicable for BC-B & BC-C - Outside Midship Cargo Hold Region 

No. 
Description 

Reqt ref 
 Loading pattern       Aft   Mid   Fore Draught 

CBM-LC : % 
of perm. 
SWBM 

CSF-LC : % 
of perm. 
SWSF 

Dynamic load case 

aft region 
forward 
region 

Seagoing conditions 

1(1)(3) 
Full load 

4.1.3 

 

 
TSC 

50% 
(sag.) 

100% 

HSM-1
FSM-1

BSP-1P/S 
OSA-1P/S 
OST-1P/S 
OST-2P/S 

HSM-1
HSA-1

BSP-1P/S 
OSA-2P/S 

2 (2) 
Full load 

4.2.1 
item a 

 

 
TSC 

50% 
(sag.) 

100% 

HSM-1
FSM-1

BSP-1P/S 
OSA-1P/S 
OST-1P/S 
OST-2P/S 

HSM-1
HSA-1

BSP-1P/S 
OSA-1P/S 

3 
Slack load 

4.2.1 
item b 

 

 TSC 0% 100% 

HSM-1
HSM-2
HSA-1
FSM-2

BSP-1P/S 
OSA-1P/S 
OST-2P/S 

HSM-1
HSA-1
FSM-2

BSP-1P/S 
OST-2P/S 

4(4)(5) 

Deepest 
ballast
4.2.1 

item c 

 

 TBal-H 

100%  
(hog.) 

100% 
HSM-2
FSM-2

OST-2P/S 
HSM-2 

100%  
(sag.) 

100% 

HSM-1
FSM-1

OSA-2P/S 
OST-1P/S 

HSM-1
HSA-1
FSM-1

BSP-1P/S 
OSA-2P/S 

5 
Multiport 2 

4.2.2 
item b 

 

 
0.83TSC 

100%  
(hog.) 

100% 
Max SFLC 

HSM-2 N/A 

100% BSP-1P/S BSP-1P/S 

100%  
(sag.) 

100% BSP-1P/S 
HSA-1

BSR-1P/S 

100% 
Max SFLC 

HSM-1 N/A 

6 
Multiport 3 

4.2.2 
item c 

 

 
0.67TSC 

100%  
(sag.) 

100% 
BSP-1P/S 
BSR-1P/S 

HSM-1
HSA-1

BSP-1P/S 
OSA-2P/S 
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7 
Multiport 3 

4.2.2 
item c 

 

 
0.67TSC 

100%  
(sag.) 

100% 

HSM-1
FSM-1

BSP-1P/S 
OST-1P/S 

HSM-1
BSP-1P/S 

8 
Multiport 4 

4.2.2 
item d 

 

 0.75TSC 

100%  
(hog.) 

100% 

HSM-2
FSM-2

BSP-1P/S 
BSR-1P/S 
OSA-1P/S 
OST-2P/S 

HSM-2
FSM-2

OSA-2P/S 

100%  
(sag.) 

100% 
BSP-1P/S 
BSR-1P/S 
OST-1P/S 

HSM-1
HSA-1

BSP-1P/S 
OSA-2P/S 

9 
Multiport 4 

4.2.2 
item d 

 

 0.75TSC 

100%  
(hog.) 

100% 
HSM-2

BSR-1P/S 
OST-2P/S 

FSM-2
BSR-1P/S 

100%  
(sag.) 

100% 

HSM-1
FSM-1

BSP-1P/S 
BSR-1P/S 
OST-1P/S 

HSM-1
HSA-1

BSP-1P/S 
OST-1P/S 

Harbour conditions 

10 

Harbour 
condition 

4.2.5
item a 

 

 0.67TSC 

100%  
(hog.) 

100% N/A N/A 

100%  
(sag.) 

100% N/A N/A 

11 

Harbour 
condition 

4.2.5
item a 

 

 0.67TSC 

100%  
(hog.) 

100% N/A N/A 

100%  
(sag.) 

100% N/A N/A 

12 

Harbour 
condition 

4.2.5  
items a and c 

 

 TH1 

100%  
(hog.) 

100% N/A N/A 

100%  
(sag.) 

100% N/A N/A 

13 

Harbour 
condition 

4.2.5  
items a and c 

 

 TH1 

100%  
(hog.) 

100% N/A N/A 

100%  
(sag.) 

100% N/A N/A 
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14 

Harbour 
condition

4.2.5  
items a and b 

 

 TH2 

100%  
(hog.) 

100% (6) 
Max SFLC 

N/A N/A 

100% (7) 
Max SFLC 

N/A N/A 

100%  
(sag.) 

100% (6) 
Max SFLC 

N/A N/A 

100% (7) 
Max SFLC 

N/A N/A 

(1) Applicable to BC-B only.

(2) For BC-B ships, the loading pattern no. 1 with the cargo mass MFull and the maximum cargo density as defined in 4.1.3 can be 

analysed in lieu of this loading pattern. 

(3) Maximum cargo density as defined in 4.1.3 is to be used for calculation of dry cargo pressure.

(4) In case of no ballast hold, normal ballast condition with assuming MSW = 100% (hog.) is to be analysed.

(5) Position of ballast hold is to be adjusted as appropriate.

(6) The shear force is to be adjusted to target value at aft bulkhead of the mid-hold.

(7) The shear force is to be adjusted to target value at forward bulkhead of the mid-hold. 
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Table 18 FE Load Combinations Applicable to Loaded Hold in Alternate Condition of BC-A (FA)    
Aftmost Cargo Hold 

No. 
Description 

Reqt ref 
 Loading pattern       Aft   Mid   Fore Draught 

CBM-LC : % of 
perm. 

SWBM 

CSF-LC : % 
of perm. 
SWSF 

Dynamic load case 

Seagoing conditions 

1 (2) 
Full load 

4.1.3 
 TSC 

80% 
(sag.) 

100% 
FSM-1

BSP-1P/S
OST-1P/S 

2 (1) 
Full load 

4.2.1 
item a 

 TSC 
80% 
(sag.) 

100% FSM-1 

3 
Slack load 

4.2.1 
item b 

 TSC 
100%
(sag.) 

100% 
FSM-1

BSP-1P/S
OST-1P/S 

4(3)(4) 

Deepest 
ballast
4.2.1 

item c 

 

 TBal-H 
100% 
(hog.) 

100% 

HSM-2
FSM-1

BSP-1P/S
BSR-1P/S
OST-1P/S
OST-2P/S
OSA-1P/S 

5 
Multiport 2 

4.2.2 
item b 

 
0.83TSC 

30% 
(hog.) 

100% 
FSM-1

OSA-1P/S 

30% 
(sag.) 

100% 
FSM-1

BSP-1P/S 

6 
Multiport 3 

4.2.2 
item c 

 0.67TSC 
50% 
(sag.) 

100% 
BSP-1P/S
OST-1P/S 

7 (2) 

Alternate load 
partial
4.2.3  

items a and b 

 

 TSC 

50% 
(hog.) 

100% 
Max SFLC 

HSM-2, 

100% 
BSP-1P/S
OSA-1P/S 

0% 

100% 
Max SFLC 

FSM-1 

100% 
BSP-1P/S
OST-1P/S
OSA-1P/S 
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8 

Alternate load 
full 

4.2.3  
items a and c 

 

 TSC 

50% 
(hog.) 

100% 
Max SFLC 

HSM-2, FSM-2 

100% 
BSP-1P/S,
OSA-1P/S 

0% 

100% 
Max SFLC 

HSM-1 

100% 
BSP-1P/S
OST-1P/S
OSA-1P/S 

9(2)(5) 

(6) 

Alt-block load 
4.2.3 

item d 
 TSC 

50%
(sag.) 

100% 
BSP-1P/S
OST-1P/S 

Harbour conditions 

10 (2) 

Harbour 
condition 

4.2.5 
items a and b 

 

 TH4 

100% 
(hog.) 

100% N/A 

50%
(hog.) 

100% (7)

Max SFLC 
N/A 

100% (8)

Max SFLC 
N/A 

11 

Harbour 
condition 

4.2.5 
item a 

 

 0.67TSC 

50%
(hog.) 

100% N/A 

100%
(sag.) 

100% N/A 

12 

Harbour 
condition 

4.2.5 
items a and c 

 

 TH1 

50%
(hog.) 

100% N/A 

50%
(sag.) 

100% N/A 

13 (9) 

Alt-block 
harbour 

condition 
4.2.3 

item d 

 

 TH3 

50% 
(hog.) 

100% N/A 

50% 
(sag.) 

100% N/A 

(1) Loading pattern no. 1 with the cargo mass MH and the maximum cargo density as defined in 4.1.4 can be analysed in lieu of 

this loading pattern. 

(2) Maximum cargo density as defined in 4.1.4 is to be used for calculation of dry cargo pressure.

(3) In case of no ballast hold, normal ballast condition with assuming MSW = 100% (hog.) is to be analysed.

(4) Position of ballast hold is to be adjusted as appropriate.

(5) This condition is only required when this loading condition is included in the loading manual.

(6) Actual still water vertical bending moment, as given in the loading manual, may be used instead of design value.

(7) The shear force is to be adjusted to target value at aft bulkhead of the mid-hold.

(8) The shear force is to be adjusted to target value at forward bulkhead of the mid-hold.

(9) This condition is only required when block loading condition is included in the loading manual. 
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Table 19 FE Load Combinations Applicable for BC-B & BC-C - Aftmost Cargo Hold 

No. 
Description 

Reqt ref 
 Loading pattern       Aft   Mid   Fore Draught 

CBM-LC : % 
of perm. 
SWBM 

CSF-LC : % 
of perm. 
SWSF 

Dynamic load case 

Seagoing conditions 

1(1)(3) 
Full load 

4.1.3 

 

 TSC 
80% 
(sag.) 

100% 

FSM-1
BSP-1P/S
OST-1P/S
OSA-1P/S 

2 (2) 
Full load 

4.2.1 
item a 

 TSC 
80% 
(sag.) 

100% 
FSM-1

BSP-1P/S
OST-1P/S 

3 
Slack load 

4.2.1 
item b 

 TSC 
100%
(sag.) 

100% 
FSM-1

BSP-1P/S
OST-1P/S 

4(4)(5) 

Deepest 
ballast
4.2.1 

item c 

 

 

TBal-H 
100% 
(hog.) 

100% 

HSM-2, FSM-1 
BSP-1P/S
BSR-1P/S
OST-1P/S
OST-2P/S
OSA-1P/S 

5 
Multiport 2 

4.2.2 
item b 

 

 
0.83TSC 

30% 
(hog.) 

100% 
FSM-1

BSR-1P/S
OSA-1P/S 

30%
(sag.) 

100% 
FSM-1,

OST-1P/S 

6 
Multiport 3 

4.2.2 
item a 

 

 0.67TSC 

60% 
(hog.) 

100% BSP-1P/S 

100% 
Max SFLC 

HSM-2 

0% 
100% 

Max SFLC 
HSM-1 

7 
Multiport 3 

4.2.2 
item c 

 0.67TSC 
50% 
(sag.) 

100% 
BSP-1P/S
OST-1P/S 

Harbour conditions 

8 

Harbour 
condition 

4.2.5 
items a and 

b 

 

 TH2 

100% 
(hog.) 

100% N/A 

50% 
(hog.) 

100% (6)

Max SFLC 
N/A 

100% (7)

Max SFLC 
N/A 
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9 

Harbour 
condition 

4.2.5
item a 

 

 
0.67TSC 

50%
(hog.) 

100% N/A 

100%
(sag.) 

100% N/A 

10 

Harbour 
condition 

4.2.5 
items a and 

c 

 

 
TH1 

50%
(hog.) 

100% N/A 

50%
(sag.) 

100% N/A 

(1) Applicable to BC-B only.

(2) For BC-B ships, the loading pattern no. 1 with the cargo mass MFull and the maximum cargo density as defined in 4.1.3 can be 

analysed in lieu of this loading pattern. 

(3) Maximum cargo density as defined in 4.1.3 is to be used for calculation of dry cargo pressure.

(4) In case of no ballast hold, normal ballast condition with assuming MSW = 100% (hog.) is to be analysed.

(5) Position of ballast hold is to be adjusted as appropriate.

(6) The shear force is to be adjusted to target value at aft bulkhead of the mid-hold.

(7) The shear force is to be adjusted to target value at forward bulkhead of the mid-hold 
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Table 20 FE Load Combinations Applicable to Loaded Hold in Alternate Condition of BC-A (FA)    
Foremost Cargo Hold 

No. 
Description

Reqt ref 
 Loading pattern       Aft   Mid   Fore Draught 

CBM-LC : % 
of perm. 
SWBM 

CSF-LC : % 
of perm. 
SWSF 

Dynamic load 
case 

Seagoing conditions 

1 (2) 
Full load 

4.1.3 

 

 
TSC 

60% 
(sag.) 

100% 

HSM-1
BSP-1P/S
OST-1P/S
OSA-2P/S 

2 (1) 
Full load 

4.2.1 
item a 

 TSC 
60% 
(sag.) 

100% 
HSM-1

BSP-1P/S
OSA-2P/S 

3 
Slack load 

4.2.1 
item b 

 TSC 
100%
(sag.) 

100% 
HSM-1

BSP-1P/S
OSA-2P/S 

4(3)(4) 

Deepest 
ballast
4.2.1 

item c 

 

 TBal-H 
100% 
(hog.) 

100% 

HSM-1
HSM-2

BSP-1P/S
BSR-1P/S
OSA-2P/S 

5 
Multiport 2 

4.2.2
item b 

 

 
0.83TSC 

60% 
(sag.) 

100% 

HSM-1
FSM-1

BSP-1P/S
OSA-2P/S 

6 
Multiport 3 

4.2.2 
item c 

 0.67TSC 
50%
(sag.) 

100% 
HSM-1

BSP-1P/S
OSA-2P/S 

7 
Multiport 3 

4.2.2 
item a 

 0.67TSC 
60% 

(hog.) 
100% FSM-2 

8 (2) 

Alternate load 
partial
4.2.3  

items a and b 

 

 TSC 

60% 
(hog.) 

100% 
BSP-1P/S
OST-2P/S
OSA-2P/S 

100% 
Max SFLC 

HSM-2 

0% 

100% 
Max SFLC 

HSM-1 

100% 
BSP-1P/S
OSA-2P/S 
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9 

Alternate load 
full

4.2.3  
items a and c 

 

 TSC 

60% 
(hog.) 

100% 
BSP-1P/S
OST-2P/S
OSA-2P/S 

100% 
Max SFLC 

HSM-2 

0% 

100% 
Max SFLC 

HSM-1 

100% 
BSP-1P/S
OSA-2P/S 

10 (2) 

(5)(6) 

(9) 

Alt-block load 
4.2.3 

item d 

 

 
TSC 

50% 
(sag.) 

100% 
HSM-1

BSP-1P/S
OSA-2P/S 

Harbour conditions 

11 (2) 

Harbour 
condition  

4.2.5 
items a and b 

 

 
TH4 

100% 
(hog.) 

100% N/A 

50% 
(hog.) 

100% (7)

Max SFLC 
N/A 

100% (8)

Max SFLC 
N/A 

12 

Harbour 
condition 

4.2.5
item a 

 

 
0.67TSC 

100%
(sag.) 

100% N/A 

13 

Harbour 
condition 

4.2.5 
items a and c 

 

 
TH1 

50%
(hog.) 

100% N/A 

14 (9) 

Alt-block 
harbour 

condition  
4.2.3

item d 

 

 
TH3 

50% 
(hog.) 

100% N/A 

(1) Loading pattern no. 1 with the cargo mass MFull and the maximum cargo density as defined in 4.1.4 can be analysed in lieu of 

this loading pattern. 

(2) Maximum cargo density as defined in 4.1.4 is to be used for calculation of dry cargo pressure.

(3) In case of no ballast hold, normal ballast condition with assuming MSW = 100% (hog.) is to be analysed.

(4) Position of ballast hold is to be adjusted as appropriate.

(5) This condition is only required when this loading condition is included in the loading manual.

(6) Actual still water vertical bending moment, as given in the loading manual, may be used instead of design value.

(7) The shear force is to be adjusted to target value at aft bulkhead of the mid-hold.

(8) The shear force is to be adjusted to target value at forward bulkhead of the mid-hold.

(9) This condition is only required when block loading condition is included in the loading manual. 



－269－

2019 Rules for the Survey and Construction of Steel Ships (Part CSR-B&T Part 1 Chapter 4 Section 8)

Table 21 FE Load Combinations Applicable for BC-B & BC-C - Foremost Cargo Hold 

No. 
Description

Reqt ref 
 Loading pattern       Aft   Mid   Fore Draught 

CBM-LC : % 
of perm. 
SWBM 

CSF-LC : % 
of perm. 
SWSF 

Dynamic load 
case 

Seagoing conditions 

1(1)(3) 
Full load 

4.1.3 

 

 
TSC 

60% 
(sag.) 

100% 

HSM-1
BSP-1P/S
OST-1P/S
OSA-2P/S 

2 (2) 
Full load 

4.2.1 
item a 

 

 
TSC 

60% 
(sag.) 

100% 

HSM-1
BSP-1P/S
OST-1P/S
OSA-2P/S 

3 
Slack load 

4.2.1 
item b 

 TSC 
100%
(sag.) 

100% 
HSM-1

BSP-1P/S
OSA-2P/S 

4(4)(5) 

Deepest 
ballast
4.2.1 

item c 

 

 TBal-H 
100% 
(hog.) 

100% 

HSM-1
HSM-2

BSP-1P/S
BSR-1P/S
OSA-2P/S 

5 
Multiport 2 

4.2.2 
item b 

 

 
0.83TSC 

60% 
(sag.) 

100% 

HSM-1
FSM-1

BSP-1P/S
OSA-2P/S 

6 
Multiport 3 

4.2.2 
item c 

 0.67TSC 
50% 
(sag.) 

100% 
HSM-1

BSP-1P/S
OSA-2P/S 

7 
Multiport 3 

4.2.2 
item a 

 

 
0.67TSC 

60% 
(hog.) 

100% 
BSP-1P/S
OST-2P/S
OSA-2P/S 

100% 
Max SFLC 

HSM-2 

0% 
100% 

Max SFLC 
HSM-1 

Harbour conditions 

8 

Harbour 
condition 

4.2.5  
items a and b 

 

 TH2 

100% 
(hog.) 

100% N/A 

50% 
(hog.) 

100% (6)

Max SFLC 
N/A 

100% (7)

Max SFLC 
N/A 
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9 

Harbour 
condition 

4.2.5
item a 

 

 
0.67TSC 

100% 
(sag.) 

100% N/A 

10 

Harbour 
condition 

4.2.5  
items a and c 

 

 
TH1 

50% 
(hog.) 

100% N/A 

(1) Applicable to BC-B only.

(2) For BC-B ships, the loading pattern no. 1 with the cargo mass MFull and the maximum cargo density as defined in 4.1.3 can be 

analysed in lieu of this loading pattern. 

(3) Maximum cargo density as defined in 4.1.3 is to be used for calculation of dry cargo pressure.

(4) In case of no ballast hold, normal ballast condition with assuming MSW = 100% (hog.) is to be analysed.

(5) Position of ballast hold is to be adjusted as appropriate.

(6) The shear force is to be adjusted to target value at aft bulkhead of the mid-hold.

(7) The shear force is to be adjusted to target value at forward bulkhead of the mid-hold. 
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5. Standard Loading Conditions for Fatigue Assessment 

5.1 Oil Tanker
5.1.1 
 The standard loading conditions to be applied to oil tankers for fatigue assessment as required in Ch 9, Sec 1, 
6.2, are defined in Table 22 to Table 24. Where fuel oil tanks, other oil tanks or fresh water tanks are arranged in 
way of the cargo hold region, the filling level of them are to be taken as full for direct strength analysis according to 
Ch 7 and Ch 9, Sec 5. For simplified stress analysis according to Ch 9, Sec 4, the filling level of them are to be taken 
as half height, measured from ztop to the lowest point of tank. 

 
Table 22 Standard Design FE Loading Conditions for Fatigue Assessment of Oil Tankers Except for Foremost and 

Aftmost Cargo Holds 

No. Description Loading pattern 

Still water loads 

Dynamic 
load cases Draught 

CBM-LC : % 
of perm. 
SWBM 

CSF-LC : % 
of perm. 
SWSF (1) 

Oil tankers with two oil-tight bulkheads 

A1-F Full load 
 

TSC 60% (sag.)  All 

A2-F Normal ballast 
 

TBAL 80% (hog.)  All 

Oil tankers with centreline oil-tight bulkhead 

B1-F Full load 
 

TSC 60% (sag.)  All 

B2-F Normal ballast 
 

TBAL 80% (hog.)  All 

(1) The actual shear force that results from the application of static and dynamic local loads to the FE model are to be 

used. 

 

① 
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Table 23 Standard Design FE Loading Conditions for Fatigue Assessment of Oil Tankers for Aftmost Cargo Hold 

No. Description Loading pattern 

Still water loads 

Dynamic 
load cases Draught 

CBM-LC : % 
of perm. 
SWBM 

CSF-LC : % 
of perm. 
SWSF (1) 

Oil tankers with two oil-tight bulkheads 

A1-F Full load 

 
TSC 60% (sag.)  All 

A2-F Normal ballast 

 
TBAL 80% (hog.)  All 

Oil tankers with centreline oil-tight bulkhead 

B1-F Full load 

 
TSC 60% (sag.)  All 

B2-F Normal ballast TBAL 80% (hog.)  All 

(1) The actual shear force that results from the application of static and dynamic local loads to the FE model are to be 

used. 

 
Table 24 Standard Design FE Loading Conditions for Fatigue Assessment of Oil Tankers for Foremost Cargo Hold 

No. Description Loading pattern 

Still water loads 
Dynamic 

load 
cases Draught 

CBM-LC : % 
of perm. 
SWBM 

CSF-LC : % 
of perm. 
SWSF (1) 

Oil tankers with two oil-tight bulkheads 

A1-F Full load 
 

TSC 60% (sag.)  All 

A2-F Normal ballast 
 

TBAL 80% (hog.)  All 

Oil tankers with centreline oil-tight bulkhead 

B1-F Full load 
 

TSC 60% (sag.)  All 

B2-F Normal ballast 
 

TBAL 80% (hog.)  All 

(1) The actual shear force that results from the application of static and dynamic local loads to the FE model are to be 

used. 
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5.2 Bulk Carriers
5.2.1 
 The standard loading conditions to be applied to bulk carriers for fatigue assessment as required in Ch 9, Sec 1, 
6.3 are defined in Table 25, to Table 31 according to their additional service feature notations and the location of the 
assessed details. Where fuel oil tanks, other oil tanks or fresh water tanks are arranged in way of the cargo hold 
region, the filling level of them are to be taken as full for direct strength analysis according to Ch 7 and Ch 9, Sec 5. 
For simplified stress analysis according to Ch 9, Sec 4, the filling level of them are to be taken as half height, 
measured from ztop to the lowest point of tank.

 
Table 25 Standard Design FE Load Combinations for Fatigue Assessment Applicable to Empty Hold of BC-A in   

Alternate Condition (EA) - Cargo Hold Region Except Aftmost and Foremost Cargo Holds 

No. Description   Loading pattern      Aft   Mid   Fore Draught 
CBM-LC : % 
of perm. 
SWBM 

CSF-LC : % 
of perm. 
SWSF 

Dynamic  
load case 

1-F(1) 
Full load 

homogeneous  TSC 
40% 
(sag.) 

 All 

2-F (2) 
Full load 
alternate  TSC 

75% 
(hog.) 

100% All 

3-F (1) Normal ballast  TBAL 
80% 

(hog.) 
 All 

4-F(2)(3) 

Heavy ballast 

 TBAL-H 
75% 
(sag.) 

100% All 

5-F(2)(4)  TBAL-H 
45% 

(hog.) 
100% All 

6-F(1)(5)  TBAL-H 
45% 

(hog.) 
 All 

(1) The actual shear force curve that results from the application of static and dynamic local loads to the FE model are to be used.

(2) The actual shear force curve that results from the application of static and dynamic local loads to the FE model are to be used. 

Where this shear force exceeds the target value, the correction of vertical loads is to be applied to adjust the shear force down 

to the target value. 

(3) This condition is to be considered for empty cargo hold which is assigned as ballast hold, if any

(4) This condition is applicable when the WB hold corresponds to the forward or aft hold of the 3 hold model.

(5) This condition is applicable when the WB hold is located outside the 3 cargo hold model 

 

① 
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Table 26 Standard Design FE Load Combinations for Fatigue Assessment Applicable to Loaded Hold of BC-A in 
Alternate Condition (FA) - Cargo Hold Region Except Aftmost and Foremost Cargo Holds 

No. Description   Loading pattern      Aft   Mid   Fore Draught 
CBM-LC : % 
of perm. 
SWBM 

CSF-LC : % 
of perm. 
SWSF 

Dynamic  
load case 

1-F(1) 
Full load 

homogeneous  TSC 
40% 
(sag.) 

 All 

2-F(2) 
Full load 
alternate  TSC 

75% 
(hog.) 

100% All 

3-F(1) Normal ballast  TBAL 
80% 

(hog.) 
 All 

4-F(2)(3) 

Heavy ballast 

 TBAL-H 
75% 
(sag.) 

100% All 

5-F(2)(4)  TBAL-H 
45% 

(hog.) 
100% All 

6-F(1)(5)  TBAL-H 
45% 

(hog.) 
 All 

(1) The actual shear force that results from the application of static and dynamic local loads to the FE model are to be used.

(2) The actual shear force that results from the application of static and dynamic local loads to the FE model are to be used. Where 

this shear force exceeds the target value, the correction of vertical loads is to be applied to adjust the shear force down to the 

target value. 

(3) This condition is to be considered for loaded cargo hold which is assigned as ballast hold, if any 

(4) This condition is applicable when the WB hold corresponds to the forward or aft hold of the 3 hold model.

(5) This condition is applicable when the WB hold is located outside the 3 cargo hold model.  
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Table 27 Standard Design FE Load Combinations for Fatigue Assessment Applicable to Loaded Hold of BC-A in 
Alternate Condition (FA) - Aftmost Cargo Hold 

No. Description   Loading pattern      Aft   Mid   Fore Draught 
CBM-LC : % 
of perm. 
SWBM 

CSF-LC : % 
of perm. 
SWSF 

Dynamic  
load case 

1-F (1) 
Full load 

homogeneous  TSC 
40% 
(sag.) 

 All 

2-F (2) 
Full load 
alternate  TSC 

75% 
(hog.) 

100% All 

3-F (1) Normal ballast  TBAL 
80% 

(hog.) 
 All 

4-F(1)(3) Heavy ballast  TBAL-H 
45% 

(hog.) 
 All 

(1) The actual shear force that results from the application of static and dynamic local loads to the FE model are to be used.

(2) The actual shear force that results from the application of static and dynamic local loads to the FE model are to be used. Where 

this shear force exceeds the target value, the correction of vertical loads is to be applied to adjust the shear force down to the 

target value. 

(3) This condition is applicable when the WB hold is located outside the 3 cargo hold model.  

 

 
Table 28 Standard Design FE Load Combinations for Fatigue Assessment Applicable to Loaded Hold of BC-A in 

Alternate Condition (FA) - Foremost Cargo Hold 

No. Description   Loading pattern      Aft   Mid   Fore Draught 
CBM-LC : % 
of perm. 
SWBM 

CSF-LC : % 
of perm. 
SWSF 

Dynamic  
load case 

1-F(1) 
Full load 

homogeneous  
TSC 

40% 
(sag.) 

 All 

2-F(2) 
Full load 
alternate  

TSC 
75% 

(hog.) 
100% All 

3-F (1) Normal ballast 
 

TBAL 
80% 

(hog.) 
 All 

4-F(1)(3) Heavy ballast 
 

TBAL-H 
45% 

(hog.) 
 All 

(1) The actual shear force that results from the application of static and dynamic local loads to the FE model are to be used.

(2) The actual shear force that results from the application of static and dynamic local loads to the FE model are to be used. Where 

this shear force exceeds the target value, the correction of vertical loads is to be applied to adjust the shear force down to the 

target value. 

(3) This condition is applicable when the WB hold is located outside the 3 cargo hold model.  
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Table 29 Standard Design FE Load Combinations for Fatigue Assessment of BC-B, BC-C Bulk Carriers - Cargo 
Hold Region Except Aftmost and Foremost Cargo Holds 

No. Description   Loading pattern      Aft   Mid   Fore Draught 
CBM-LC : % 
of perm. 
SWBM 

CSF-LC : % 
of perm. 
SWSF 

Dynamic  
load case 

1-F (1) 
Full load 

homogeneous  TSC 
40% 
(sag.) 

 All 

2-F (1) Normal ballast  TBAL 
80% 

(hog.) 
 All 

3-F (2) (3) 

Heavy ballast 

 TBAL-H 
75% 
(sag.) 

100% All 

4-F (2) (4)  TBAL-H 
45% 

(hog.) 
100% All 

5-F (1) (5)  TBAL-H 
45% 

(hog.) 
 All 

(1) The actual shear force curve that results from the application of static and dynamic local loads to the FE model are to be used.

(2) The actual shear force curve that results from the application of static and dynamic local loads to the FE model are to be used. 

Where this shear force exceeds the target value, the correction of vertical loads is to be applied to adjust the shear force down 

to the target value. 

(3) This condition is to be considered for cargo hold which is assigned as ballast hold, if any. 

(4) This condition is applicable when the WB hold corresponds to the forward or aft hold of the 3 hold model.

(5) This condition is applicable when the WB hold is located outside the 3 cargo hold model. 

 

 
Table 30 Standard Design FE Load Combinations for Fatigue Assessment of BC-B, BC-C Bulk Carriers  

- Aftmost Cargo Hold 

No. Description   Loading pattern      Aft   Mid   Fore Draught 
CBM-LC : % 
of perm. 
SWBM 

CSF-LC : % 
of perm. 
SWSF 

Dynamic  
load case 

1-F (1) 
Full load 

homogeneous  TSC 
40% 
(sag.) 

 All 

2-F (1) Normal ballast  TBAL 
80% 

(hog.) 
 All 

3-F (1) Heavy ballast  TBAL-H 
45% 

(hog.) 
 All 

(1) The actual shear force curve that results from the application of static and dynamic local loads to the FE model are to be used. 
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Table 31 Standard Design FE Load Combinations for Fatigue Assessment of BC-B, BC-C Bulk Carriers  
- Foremost Cargo Hold 

No. Description   Loading pattern      Aft   Mid   Fore Draught 
CBM-LC : % 
of perm. 
SWBM 

CSF-LC : % 
of perm. 
SWSF 

Dynamic  
load case 

1-F (1) 
Full load 

homogeneous  
TSC 

40% 
(sag.) 

 All 

2-F (1) Normal ballast 
 

TBAL 
80% 

(hog.) 
 All 

3-F (1) Heavy ballast 
 

TBAL-H 
45% 

(hog.) 
 All 

(1) The actual shear force curve that results from the application of static and dynamic local loads to the FE model are to be used. 
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Appendix 1 HOLD MASS CURVES 

Symbols 

h : Vertical distance from the top of inner bottom plating to the lowest point of the upper deck plating at the 
ship s centreline, in m. 

ha : Vertical distance from the top of inner bottom plating to the lowest point of the upper deck plating at the 
ship s centreline of the aft cargo hold of two adjacent cargo holds, in m. 

hf : Vertical distance from the top of inner bottom plating to the lowest point of the upper deck plating at the 
ship s centreline of the fore cargo hold of two adjacent cargo holds, in m. 

MH : Cargo mass, in t, as defined in Ch 4, Sec 6.
MFull : Cargo mass, in t, as defined in Ch 4, Sec 6.
MHD : Cargo mass, in t, as defined in Ch 4, Sec 6.
MBLK : The maximum cargo mass in a cargo hold of two adjacent cargo holds according to the block loading 

condition in the loading manual, in t. 
Ti : In loading condition No. i, draught, in m, at mid-hold position of single cargo hold length or at mid-length 

of the two adjacent cargo holds considered. 
Tmin  : 0.75TSC or draught in ballast conditions with the two adjacent cargo holds empty, whichever is greater, in 

m. 
TH1 : Minimum permissible draught, in m, in harbour condition with MFull in each of the two adjacent holds to be 

taken as:
・ For ships having {No MP} notation assigned: 

ç
ç
ç
ç
ç

è

æ
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ö
ç
ç
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æ
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-=
å
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a

f

f

Full
SC
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h
V

M
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T

T
025.1

15.0

67.0

min1  

・ For ships not having {No MP} notation assigned: 
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V
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V

M
TT

025.1

15.0
67.01  

TH2 : Minimum permissible draught, in m, in harbour condition with MFull in EA holds of BC-A ships or with 
MFull in any holds of BC-B and BC-C ships to be taken as:
・ For ships having {No MP} notation assigned: 

ç
ç
ç
ç

è

æ

-=

h
V

M
T

T

T
H

Full
SC

SC

H

025.1

15.0
67.0

min2  

・ For ships not having {No MP} notation assigned: 

h
V

M
TT

H

Full
SCH

025.1

15.0
67.02 -=  

TH3 : Minimum permissible draught, in m, in harbour condition in case of block loading with MBLK in each of the 
two adjacent holds of BC-A ships to be taken as: 
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( )
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TH4 : Minimum permissible draught, in m, in harbour condition with MHD in FA holds of BC-A ships to be taken 
as: 

ç
ç
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æ
+

-=

h
V

MMT

T

T
H

HHD
SC

SC

H

025.1

1.015.0
67.0

min4  

VH : Volume in m3, as defined in Ch 4, Sec 6.
Va : Volume of the after cargo hold of two adjacent cargo holds excluding volume of the hatchway part, in m3.
Vf : Volume of the forward cargo hold of two adjacent cargo holds excluding volume of the hatchway part, in 

m3 
S  : The sum of masses of two adjacent cargo holds. 
EA : Empty hold in alternate loading condition.
FA : Full hold in alternate loading condition. 

1. General 

1.1 Application
1.1.1
 The requirements of this appendix apply to bulk carriers of 150 m in length LCSR and above.
1.1.2
 This appendix describes the procedure to be used for determination of:

・ The maximum and minimum mass of cargo in each cargo hold as a function of the draught at mid-hold 
position of cargo hold. 

・ The maximum and minimum mass of cargo in any two adjacent holds as a function of the draught at 
mid-length of these two adjacent cargo holds. 

1.1.3 General
 The cargo mass curves of single cargo hold or of two adjacent cargo holds in seagoing and harbour conditions as 
defined in 2 and 3 are based on the loading conditions considered in Ch 4, Sec 8, 4.2. However if the ship structure is 
checked for more severe loading conditions than the ones considered in Ch 4, Sec 8, 4.2.7, the minimum required 
cargo mass and the maximum allowable cargo mass can be based on those corresponding loading conditions.
1.1.4 Loading/unloading conditions in harbour
 For any bulk carrier, the maximum permissible cargo mass and the minimum required cargo mass of single 
cargo hold or of two adjacent cargo holds, corresponding to draught for loading/unloading conditions in harbour may 
be increased or decreased by 15% of the maximum permissible mass at the maximum draught for the cargo hold in 
seagoing condition. However, maximum permissible mass is in no case to be greater than the maximum permissible 
cargo mass at designed maximum load draught for each cargo hold.
1.1.5 Maximum and minimum permissible mass expression
 The maximum and minimum permissible mass in seagoing conditions, (WmaxS(Ti), WminS(Ti)) and in harbour 
condition ((WmaxH(Ti), WminH(Ti)) at various draughts (Ti) is obtained, in t, by the following formulae given in tables of 
2 and 3 for the followings.: 

・ BC-A ship not having {No MP} notation assigned,
・ BC-A ship having {No MP} notation assigned,
・ BC-B and BC-C ships not having {No MP} notation assigned,
・ BC-B and BC-C ships having {No MP} notation assigned,

 Examples for mass curve of loaded cargo holds and cargo hold which can be empty at the maximum draught for 
BC-A ships not having {No MP} assigned are shown in figures of the above mentioned tables. 
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2. Maximum and Minimum Masses of Cargo in Each Hold 

2.1 Maximum Permissible Mass and Minimum Required Mass of Single Cargo Hold
2.1.1 BC-A ship not having {No MP} notation assigned
 

Table 1 BC-A Ship Not Having {No MP} Notation Assigned 

Hold Loading conditions Max / Min curves 
Curve 
Ref 

Ref 

FA 

Seagoing 

Maximum: 

( ) ( )
HD

iSC
HHHDimaxS M

h
TTVMMTW £

-
-+= 025.11.0  I 

Ch 4, Sec 
8, 4.2.3
(b) & (c) 

Minimum: 

( ) ( ) 083.0025.1 ³
-

=
h

TTVTW SCi
HiminS  II 

Ch 4, Sec 
8, 4.2.2
(b) 

Harbour 

Maximum: 

( )
( )

( )ç
ç
ç

è

æ

£+

£
-

-
=

HDHDimaxS

HD
iSC

HHD
imaxH

MMTW

M
h

TTVM
TW

15.0

67.0025.1
max  

III-1
III-2 

Ch 4, Sec 
8, 4.2.6
(a)
Ch 4, Sec 
8, 4.2.5 

Minimum: 
( ) ( ) 015.0 ³-= HDiminSiminH MTWTW  IV 

Ch 4, Sec 
8, 4.2.5 
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Table 1 BC-A Ship Not Having {No MP} Notation Assigned (Continued) 

Hold Loading conditions Max / Min curves 
Curve 
Ref 

Ref 

EA 

Seagoing 

Maximum 

( ) ( )
Full

iSC
HFullimaxS M

h
TTVMTW £

-
-=

67.0025.1  I 
Ch 4, Sec 
8, 4.2.2
(a) 

Minimum: 

( ) ( ) 0025.1 ³
-

=
h
TTVTW SCi

HiminS  II 
Ch 4, Sec 
8, 4.2.3
(a) 

Harbour 

Maximum 
( ) ( ) FullFullimaxSimaxH MMTWTW £+= 15.0  III 

Ch 4, Sec 
8, 4.2.5 

Minimum: 
( ) ( ) 015.0 ³-= FulliminSiminH MTWTW  IV 

Ch 4, Sec 
8, 4.2.5 

 

 



－282－

2019 Rules for the Survey and Construction of Steel Ships (Part CSR-B&T Part 1 Chapter 4 Appendix 1)

2.1.2 BC-A ship having {No MP} notation assigned
 

Table 2 BC-A Ship Having {No MP} Notation Assigned  

Hold Loading conditions Max / Min curves 
Curve 
Ref 

Ref 

FA 

Seagoing 

Maximum: 

( ) ( )
HD

iSC
HHHDimaxS M

h
TTVMMTW £

-
-+= 025.11.0  I 

Ch 4, Sec 
8, 4.2.3
(b) & (c) 

Minimum: 

( )
( )

( )
ç
ç
ç
ç

è

æ

³
-

-

³
-

=

-

0025.15.0

0025.1
min

h
TT

VM

h
TTV

TW
iSC

HH

HBALi
H

iminS  
II-1
II-2 

Ch 4, Sec 
8, 4.2.1
(c)
Ch 4, Sec 
8, 4.2.1
(b) 

Harbour 

Maximum: 

( )
( )

( )ç
ç
ç

è

æ

£+

£
-

-
=

HDHDimaxS

HD
iSC

HHD
imaxH

MMTW

M
h

TTVM
TW

15.0

67.0025.1
max  

III-1
III-2 

Ch 4, Sec 
8, 4.2.6
(a)
Ch 4, Sec 
8, 4.2.5 

Minimum: 
( ) ( ) 015.0 ³-= HDiminSiminH MTWTW  IV 

Ch 4, Sec 
8, 4.2.5 
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Table 2 BC-A Ship Having {No MP} Notation Assigned (Continued) 

Hold Loading conditions Max / Min curves 
Curve 
Ref 

Ref 

EA 

Seagoing 

Maximum 

( ) ( )
Full

iSC
HFullimaxS M

h
TTVMTW £

-
-= 025.1  I 

Ch 4, Sec 
8, 4.2.1
(a) 

Minimum: 

( ) ( ) 0025.1 ³
-

=
h
TTVTW SCi

HiminS  II 
Ch 4, Sec 
8, 4.2.3
(a) 

Harbour 

Maximum 

( )
( )

( )ç
ç
ç

è

æ

£+

£
-

-
=

FullFullimaxS

Full
iSC

HFull
imaxH

MMTW

M
h

TTVM
TW

15.0

67.0025.1
max  

III-1
III-2 

Ch 4, Sec 
8, 4.2.6
(a)
Ch 4, Sec 
8, 4.2.5 

Minimum: 
( ) ( ) 015.0 ³-= FulliminSiminH MTWTW  IV 

Ch 4, Sec 
8, 4.2.5 
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2.1.3 BC-B and BC-C ships not having {No MP} notation assigned

 
Table 3 BC-B and BC-C Ships Not Having {No MP} Notation Assigned 

Loading conditions Max / Min curves 
Curve 
Ref 

Ref 

Seagoing 

Maximum 

( ) ( )
Full

iSC
HFullimaxS M

h
TT

VMTW £
-

-=
67.0

025.1  I 
Ch 4, Sec 
8, 4.2.2
(a) 

Minimum: 

( ) ( )
0

83.0
025.1 ³

-
=

h
TT

VTW SCi
HiminS  II 

Ch 4, Sec 
8, 4.2.2
(b) 

Harbour 

Maximum 
( ) ( ) FullFullimaxSimaxH MMTWTW £+= 15.0  III 

Ch 4, Sec 
8, 4.2.5 

Minimum: 
( ) ( ) 015.0 ³-= FulliminSiminH MTWTW  IV 

Ch 4, Sec 
8, 4.2.5 
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2.1.4 BC-B and BC-C ships having {No MP} notation assigned

 
Table 4 BC-B and BC-C Ships Having {No MP} Notation Assigned 

Loading conditions Max / Min curves 
Curve 
Ref 

Ref 

Seagoing 

Maximum: 

( ) ( )
Full

iSC
HFullimaxS M

h
TT

VMTW £
-

-= 025.1  I 
Ch 4, Sec 
8, 4.2.1
(a) 

Minimum: 

( )
( )

( )
ç
ç
ç
ç

è

æ

³
-

-

³
-

=

-

0025.15.0

0025.1
min

h
TT

VM

h
TT

V
TW

iSC
HH

HBALi
H

iminS  
II-1
II-2 

Ch 4, Sec 
8, 4.2.1
(c)
Ch 4, Sec 
8, 4.2.1
(b) 

Harbour 

Maximum: 

( )
( )

( )ç
ç
ç

è

æ

£+

£
-

-
=

FullFullimaxS

Full
iSC

HFull
imaxH

MMTW

M
h

TT
VM

TW
15.0

67.0
025.1

max  
III-1
III-2 

Ch 4, Sec 
8, 4.2.6
(a)
Ch 4, Sec 
8, 4.2.5 

Minimum: 
( ) ( ) 015.0 ³-= FulliminSiminH MTWTW  IV 

Ch 4, Sec 
8, 4.2.5 
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3. Maximum and Minimum Masses of Cargo of Two Adjacent Holds 

3.1 Maximum Permissible Mass and Minimum Required Mass of Two Adjacent Holds
3.1.1 BC-A ships not having {No MP} notation assigned

 
Table 5 BC-A Ship Not Having {No MP} Notation Assigned 

Loading 
conditions 

Max / Min curves 
Curve 
Ref 

Ref 

Seagoing 

Maximum: 

( )
( ) ( )

( )
ç
ç
ç
ç
ç
ç

è

æ

£- 
ø

ö
ç
ç
è

æ
+-

£- 
ø

ö
ç
ç
è

æ
+-+

=

åå

åå

FulliSC
a

a

f

f
Full

BLKiSC
a

a

f

f
HBLK

imaxS

MTT
h
V

h
V

M

MTT
h
V

h
V

MM

TW

67.0025.1

025.11.0

max  
I-1 (1) 

I-2 

Ch 4, Sec 
8, 4.2.3 (d) 
Ch 4, Sec 
8, 4.2.2 (c) 

Minimum: 

( ) ( ) 075.0025.1 ³- 
ø

ö
ç
ç
è

æ
+= SCi

a

a

f

f
iminS TT

h
V

h
V

TW  II 
Ch 4, Sec 
8, 4.2.2 (d) 

Harbour 

Maximum: 

( )
( )
( )ç

ç

è

æ

£+

£+
=

åå
åå

FullFullimaxS

BLKBLKimaxS
imaxH MMTW

MMTW
TW

15.0

15.0
max  

III-1 (1) 
III-2 

Ch 4, Sec 
8, 4.2.5 
Ch 4, Sec 
8, 4.2.5 

Minimum: 

( )
( )
( )ç

ç

è

æ

³-

³-
=

å
å

015.0

015.0
min

FulliminS

BLKiminS
iminH MTW

MTW
TW  

IV-1 (1) 
IV-2 

Ch 4, Sec 
8, 4.2.5 
Ch 4, Sec 
8, 4.2.5 

(1)  This limit curve is only applicable when block loading condition is included in the loading manual. 
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3.1.2 BC-A ships having {No MP} notation assigned

 
Table 6 BC-A Ship Having {No MP} Notation Assigned 

Loading 
conditions 

Max / Min curves 
Curve 
Ref 

Ref 

Seagoing 

Maximum: 

( )
( ) ( )

( )
ç
ç
ç
ç
ç
ç

è

æ

£- 
ø

ö
ç
ç
è

æ
+-

£- 
ø

ö
ç
ç
è

æ
+-+

=

åå

åå

FulliSC
a

a

f

f
Full

BLKiSC
a

a

f

f
HBLK

imaxS

MTT
h
V

h
V

M

MTT
h
V

h
V

MM

TW

025.1

025.11.0

max  
I-1 (1) 
I-2 

Ch 4, Sec 8, 
4.2.3 (d) 
Ch 4, Sec 8, 
4.2.2 (a) 

Minimum: 

( )
( )

( )
ç
ç
ç
ç
ç
ç

è

æ

³- 
ø

ö
ç
ç
è

æ
+-

³- 
ø

ö
ç
ç
è

æ
+

=

å

-

0025.15.0

0025.1

min

iSC
a

a

f

f
H

HBALi
a

a

f

f

iminS

TT
h
V

h
V

M

TT
h
V

h
V

TW  
II-1
II-2 

Ch 4, Sec 8, 
4.2.2 (c) 
Ch 4, Sec 8, 
4.2.2 (b) 

Harbour 

Maximum: 

( )

( )

( )

( )ç
ç
ç
ç
ç
ç

è

æ

£+

£- 
ø

ö
ç
ç
è

æ
+-

£+

=

åå

åå

åå

FullFullimaxS

FulliSC
a

a

f

f
Full

BLKBLKimaxS

imaxH

MMTW

MTT
h
V

h
V

M

MMTW

TW

15.0

67.0025.1

15.0

max  

III-1 (1) 
III-2 
III-3 

Ch 4, Sec 8, 
4.2.5 
Ch 4, Sec 8, 
4.2.6 (b)
Ch 4, Sec 8, 
4.2.5 

Minimum: 

( )
( )
( )ç

ç

è

æ

³-

³-
=

å
å

015.0

015.0
min

FulliminS

BLKiminS
iminH MTW

MTW
TW  

IV-1 (1) 
IV-2 

Ch 4, Sec 8, 
4.2.5 
Ch 4, Sec 8, 
4.2.5 

(1)  This limit curve is only applicable when block loading condition is included in the loading manual. 
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3.1.3 BC-B, BC-C ships, not having {No MP} notation assigned

 
Table 7 BC-B and BC-C Ships Not Having {No MP} Notation Assigned 

Loading 
conditions 

Max / Min curves 
Curve 
Ref 

Ref 

Seagoing 

Maximum: 

( ) ( ) åå £- 
ø

ö
ç
ç
è

æ
+-= FulliSC

a

a

f

f
FullimaxS MTT

h
V

h
V

MTW 67.0025.1  I 
Ch 4, Sec 
8, 4.2.2
(c) 

Minimum: 

( ) ( ) 075.0025.1 ³- 
ø

ö
ç
ç
è

æ
+= SCi

a

a

f

f
iminS TT

h
V

h
V

TW  II 
Ch 4, Sec 
8, 4.2.2
(d) 

Harbour 

Maximum: 
( ) ( ) åå £+= FullFullimaxSimaxH MMTWTW 15.0  III 

Ch 4, Sec 
8, 4.2.5 

Minimum: 
( ) ( ) 015.0 ³-= å FulliminSiminH MTWTW  IV 

Ch 4, Sec 
8, 4.2.5 
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3.1.4 BC-B, BC-C ships, having {No MP} notation assigned

 
Table 8 BC-B and BC-C Ships Having {No MP} Notation Assigned 

Loading 
conditions 

Max / Min curves 
Curve 
Ref 

Ref 

Seagoing 

Maximum: 

( ) ( ) åå £- 
ø

ö
ç
ç
è

æ
+-= FulliSC

a

a

f

f
FullimaxS MTT

h
V

h
V

MTW 025.1  I 
Ch 4, Sec 
8, 4.2.1
(a) 

Minimum: 

( )
( )

( )
ç
ç
ç
ç
ç
ç

è

æ

³- 
ø

ö
ç
ç
è

æ
+-

³- 
ø

ö
ç
ç
è

æ
+

=

å

-

0025.15.0

0025.1

min

iSC
a

a

f

f
H

HBALi
a

a

f

f

iminS

TT
h
V

h
V

M

TT
h
V

h
V

TW  
II-1
II-2 

Ch 4, Sec 
8, 4.2.1
(c)
Ch 4, Sec 
8, 4.2.1
(b) 

Harbour 

Maximum: 

( )
( )

( )ç
ç
ç
ç

è

æ

£+

£- 
ø

ö
ç
ç
è

æ
+-

=

åå

åå

FullFullimaxS

FulliSC
a

a

f

f
Full

imaxH

MMTW

MTT
h
V

h
V

M
TW

15.0

67.0025.1
max  

III-1 
III-2 

Ch 4, Sec 
8, 4.2.6
(a)
Ch 4, Sec 
8, 4.2.5 

Minimum: 
( ) ( ) 015.0 ³-= å FulliminSiminH MTWTW  IV 

Ch 4, Sec 
8, 4.2.5 
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Chapter 5 HULL GIRDER STRENGTH 

Section 1 HULL GIRDER YIELDING STRENGTH 

Symbols 

For symbols not defined in this section, refer to Ch 1, Sec 4.
Msw: Permissible hogging and sagging vertical still water bending moment in intact seagoing condition, in kNm, at 

the hull transverse section considered, defined in Ch 4, Sec 4, 2.2.2.  
Msw-p: Permissible hogging and sagging vertical still water bending moment for harbour/sheltered water operation, 

in kNm, at the hull transverse section considered, as defined in Ch 4, Sec 4, 2.2.3.  
Msw-f: Permissible hogging and sagging vertical still water bending moment in flooded condition at sea, in kNm, at 

the hull transverse section considered, as defined in Ch 4, Sec 4, 2.2.4. 
Mwv: Vertical wave bending moment in seagoing condition, in kNm, in intact or flooded conditions at the hull 

transverse section considered, defined in Ch 4, Sec 4, 3.1.1. 
Mwh: Horizontal wave bending moment, in kNm, at the hull transverse section considered, defined in Ch 4, Sec 4, 

3.3.1. 
Qsw: Permissible positive or negative still water shear force for seagoing operation, in kN, at the hull transverse 

section considered, as defined in Ch 4, Sec 4, 2.3.3.  
Qsw-p: Permissible positive or negative still water shear force for harbour/sheltered operation, in kN, at the hull 

transverse section considered, as defined in Ch 4, Sec 4, 2.3.4. 
Qsw-f: Permissible positive or negative still water shear force for in flooded condition at sea, in kN, at the hull 

transverse section considered, as defined in Ch 4, Sec 4, 2.3.5. 
Qwv: Vertical wave shear force in seagoing condition, in kN, in intact or flooded conditions at the hull transverse 

section considered, defined in Ch 4, Sec 4, 3.2.1. 
Qsw-Lcd: Vertical still water shear force for the considered loading condition in seagoing operation, in kN, at the hull 

transverse section considered. 
Qsw-Lcd-p:Vertical still water shear force for the considered loading condition in harbour/sheltered operation, in kN, at 

the hull transverse section considered. 
Qsw-Lcd-f:Vertical still water shear force for the considered flooded condition in seagoing operation, in kN, at the hull 

transverse section considered. 
x: X coordinate, in m, of the calculation point with respect to the reference coordinate system defined in Ch 1, 

Sec 4, 3.6. 
VD: Vertical distance to the equivalent deck line, in m, as defined in 1.4.3.
z: Z coordinate, in m, of the calculation point with respect to the reference coordinate system defined in Ch 1, 

Sec 4, 3.6. 
zn: Z coordinate, in m, of horizontal neutral axis of the hull transverse section with net scantling defined in 1.2, 

with respect to the reference coordinate system defined in Ch 1, Sec 4, 3.6. 
Iy-n50: Net moment of inertia, in m4, of the hull transverse section about its horizontal neutral axis, to be calculated 

according to 1.5. 
Iz-n50: Net moment of inertia, in m4, of the hull transverse section about its vertical neutral axis, to be calculated 

according to 1.5.  
ZA-n50: Net section modulus, in m3, at any point of the hull transverse section, to be calculated according 1.4.1.
ZB-n50，ZD-n50: Net section moduli, in m3, at bottom and deck, respectively, to be calculated according to 1.4.2 and 

1.4.3. 
ZVD: Z coordinate, in m, taken equal to VD +zn.
Cw: Wave parameter defined in Ch 4, Sec 4. 
r : Seawater density, taken equal to 1.025 t/m3. 
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bf ： Heading correction factor, to be taken as: 

bf = 1.05： for seagoing conditions. 

bf = 1.0： for ballast water exchange at sea, harbour/sheltered water and accidental flooded design load 

scenarios. 

 

1. Strength Characteristics of Hull Girder Transverse Sections 

1.1 General
1.1.1 
 This section specifies the criteria for calculating the hull girder strength characteristics to be used for the checks 
in 2 to 3, in association with the hull girder loads specified in Ch 4, Sec 4. 

1.2 Hull Girder Transverse Sections
1.2.1 General
 Hull girder transverse sections are to be considered as being constituted by the members contributing to the hull 
girder longitudinal strength, i.e. all continuous longitudinal members below and including the strength deck defined 
in 1.3, taking into account the requirements in 1.2.2 to 1.2.13.
1.2.2 Net scantling
 The members contributing to the hull girder longitudinal strength are to be considered using the net offered 
scantlings based on gross offered thickness reduced by 0.5tc, as defined in Ch 3, Sec 3, when the hull girder strength 
characteristics are used for the hull girder yielding check according to 2 to 3.
1.2.3 Structural members not contributing to hull girder sectional area
 The following members are not to be considered in the calculation as they are considered not contributing to the 
hull girder sectional area: 

・ Superstructures which do not form a strength deck.
・ Deckhouses.
・ Vertically corrugated bulkheads, according to 1.2.7.
・ Bulwarks and gutter plates.
・ Bilge keels.
・ Sniped or non-continuous longitudinal stiffeners.
・ Non-continuous hatch coaming.

1.2.4 Continuous trunks and longitudinal continuous hatch coamings
 Continuous trunks and longitudinal continuous hatch coamings may be included in the hull girder transverse 
sections, provided that they are effectively supported by longitudinal bulkheads or primary supporting members.
1.2.5 Longitudinal stiffeners or girders welded above the strength deck
 Longitudinal stiffeners or girders welded above the strength deck, including the deck of any trunk fitted as 
specified in 1.2.4, are to be included in the hull girder transverse sections.
1.2.6 Longitudinal girders between hatchways, supported by longitudinal bulkheads
 Where longitudinal girders, effectively supported by longitudinal bulkheads, are fitted between hatchways, the 
sectional area of these longitudinal girders are to be included in the hull girder transverse section.
1.2.7 Longitudinal bulkheads with vertical corrugations
 For longitudinal bulkheads with vertical corrugations, the vertical corrugations are not to be included in the hull 
girder transverse section. Longitudinal bulkheads with vertical corrugations are not effective for hull girder bending, 
but they are effective for hull girder shear force.
1.2.8 Members in materials other than steel
 Where a member contributing to the longitudinal strength is made in material other than steel with a Young s 
modulus, E equal to 2.06 105 N/mm2, the steel equivalent sectional area that may be included in hull girder 
transverse section is obtained, in m2, from the following formula: 

50550 1006.2 nMnSE AEA --  
=  
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where:
AM-n50: Sectional area, in m2, of the member under consideration. 

1.2.9 Definitions of openings
 The following definitions of opening are to be applied:

(a) Large openings are: 
・ Elliptical openings exceeding 2.5 m in length or 1.2 m in breadth.
・ Circular openings exceeding 0.9 m in diameter. 

(b) Small openings (i.e. drain holes, etc.) are openings that are not large ones.
(c) Manholes
(d) Isolated openings are openings spaced not less than 1 m apart in the ship s transverse/vertical direction. 

1.2.10 Large openings, manholes and nearby small openings
 Large openings and manholes are to be deducted from the sectional area used in hull girder moment of inertia 
and section modulus. When small openings are spaced less than 1 m apart in the ship s transverse/vertical direction to 
large openings or manholes, the total breadth of them is to be deducted from the sectional area.
 Additionally, isolated small openings which do not comply with the arrangement requirements given in Ch 3, 
Sec 6, 6.3.2 are to be deducted from the sectional areas included in the hull girder transverse sections.
1.2.11 Isolated small openings
 Isolated small openings in one transverse section in the strength deck or bottom area need not be deducted from 
the sectional areas included in the hull girder transverse sections, provided that: 

)(06.0 bBbS S-£S  

SbS : Total breadth of isolated small openings, in m, in the strength deck or bottom area at the transverse 
section considered, determined as indicated in Fig. 1, not deducted from the section area as per 1.2.10. 

bS : Total breadth of large openings, in m, at the transverse section considered, determined as indicated in 
Fig. 1, deducted from the section area as defined in 1.2.10. 

 Where the total breadth of isolated small openings SbS  does not fulfil the above criteria, only the excess of 
breadth is to be deducted from the sectional areas included in the hull girder transverse sections.
 

Fig. 1 Calculation of SbS  and bS  

 

1.2.12 Lightening holes, draining holes and single scallops
 Lightening holes, draining holes and single scallops in longitudinals need not be deducted if their height is less 
than 0.25hw, where hw is the web height of the longitudinals, in mm. Otherwise, the excess is to be deducted from the 
sectional area or compensated.
1.2.13 Non-continuous decks and longitudinal bulkheads
 When calculating the effective area in way of non-continuous decks and longitudinal bulkheads, the effective 
area is to be taken as shown in Fig. 2. The shadow area, which indicates the ineffective area, is obtained by drawing 
two tangent lines with an angle of 15 deg to the longitudinal axis of the ship. 
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Fig. 2 Effective Area in way of Non-continuous Decks and Bulkheads 

 

 
 

1.3 Strength Deck
1.3.1 
 The strength deck is, in general, the uppermost continuous deck. In the case of a superstructure or deckhouses 
contributing to the longitudinal strength, the strength deck is the deck of the superstructure or the deck of the 
uppermost deckhouse. 

1.4 Section Modulus
1.4.1 Section modulus at any point
 The section modulus at any point of a hull transverse section is obtained, in m3, from the following formula: 

n

ny
nA zz

I
Z

-
= -

-
50

50  

1.4.2 Section modulus at bottom
 The section modulus at bottom is obtained, in m3, from the following formula: 

n

ny
nB z

I
Z 50

50
-

- =  

1.4.3 Section modulus at deck
 The section modulus at equivalent deck line is obtained, in m3, from the following formula: 

D

ny
nD V

I
Z 50

50
-

- =  

where:
VD : Vertical distance of the equivalent deck line, in m, taken equal to: 
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 When no effective longitudinal members specified in 1.2.4 and 1.2.5 are positioned above a line extending from 
strength deck at side to a position (zD zn)/0.9 from the neutral axis at the centreline 

nDD zzV -=  
 When effective longitudinal members as specified in 1.2.4 and 1.2.5 are positioned above a line extending from 
strength deck at side to a position (zD zn)/0.9 from the neutral axis at the centreline 

nD
T

nTD zz
B
yzzV -³+-= )2.09.0)((  

zD: Z coordinate, in m, of strength deck at side, defined in 1.3.
yT，zT: Y and Z coordinates, in m, of the top of continuous trunk, hatch coaming, longitudinal stiffeners or 

girders, to be measured for the point which maximises the value of VD. 

1.5 Moments of Inertia
1.5.1
 The net moment of inertia, Iy-n50 and Iz-n50, in m4, are those, calculated about the horizontal and vertical neutral 
axes, respectively, of the hull transverse sections defined in 1.2. 

2. Hull Girder Bending Assessment 

2.1 General
2.1.1 
 Scantlings of all continuous longitudinal members of the hull girder based on moment of inertia and section 
modulus requirement in 2.3 are to be maintained within 0.4LCSR amidships.
2.1.2 
 The k material factors are to be defined with respect to the materials used for the bottom and deck members 
contributing to the longitudinal strength according to 1. When material factors for higher strength steels are used, the 
requirements in 2.4 apply. 

2.2 Normal Stresses
2.2.1 
 The normal stress, Ls  induced by vertical bending moments, is to be assessed for both hogging and sagging 
conditions, along the full length of the hull girder, from AE to FE.
 The normal stress, Ls  at any point of the hull transverse section located below zVD is to comply with the 
following formula: 

permL ss £  

where: 
Ls : Normal stress, in N/mm2, as defined in 2.2.2. 

perms : Permissible hull girder bending stress, in N/mm2, as given in Table 1. 

2.2.2 
 The normal stresses, Ls  in N/mm2, induced by vertical bending moments are given in Table 2: 
2.2.3 
 The normal stresses in a member made in material other than steel with a Young s modulus, E equal to 2.06   
105 N/mm2, included in the hull girder transverse sections as specified in 1.2.8, are obtained from the following 
formula: 

LSL
E ss 51006.2  

=  

where: 
LSs : Normal stress, in N/mm2, in the member under consideration, calculated according to 2.2.2 

considering this member as having the steel equivalent sectional area ASE defined in 1.2.8. 

2.3 Minimum Net Moment of Inertia and Net Section Modulus at Midship Section
2.3.1 
 At the transverse section in the midship part, the net moment of inertia about the horizontal axis, Iy-n50 is to be 
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not less than the value obtained, in m4, from the following formula: 
83 10)7.0(7.2 -+= BCSRWyR CBLCI  

 
Table 1 Permissible Hull Girder Bending Stress perms  

Operation 
Design 

load 

Permissible hull girder bending stress, perms  

1.0£
CSRL
x  3.01.0 <<

CSRL
x  7.03.0 ££

CSRL
x

 9.07.0 <<
CSRL
x  9.0³

CSRL
x  

Seagoing (S+D) 140/k 
Linear 

interpolation 
190/k 

Linear 
interpolation 

140/k 

Harbour/sheltered 
water 

(S) 105/k 
Linear 

interpolation 
143/k 

Linear 
interpolation 

105/k 

Flooded 
condition at sea 
for bulk carriers 
having a length 
LCSR of 150m or 
above 

(A:S+D) 140/k 
Linear 

interpolation 
190/k 

Linear 
interpolation 

140/k 

 
Table 2 Normal Stress, Ls  

Operation 

Normal stress, Ls  

At any point located below 
ZVD 

At bottom (1) At deck (1) 

Seagoing 
3

50

10-

-

+
=

nA

WVSW
L Z

MfM bs  3

50

10-

-

+
=

nB

WVSW
L Z

MfM bs  3

50

10-

-

+
=

nD

WVSW
L Z

MfM bs  

Harbour/sheltered 
water 

3

50

10-

-

-=
nA

pSW
L Z

M
s  3

50

10-

-

-=
nB

pSW
L Z

M
s  3

50

10-

-

-=
nD

pSW
L Z

M
s  

Flooded condition at 
sea for bulk carriers 
having a length LCSR of 
150m or above 

3

50

10-

-

- +
=

nA

WVfSW
L Z

MM
s  3

50

10-

-

- +
=

nB

WVfSW
L Z

MM
s  3

50

10-

-

- +
=

nD

WVfSW
L Z

MM
s  

(1) The Ls values at bottom and deck, correspond to the application of formula given for any point, calculated at 

equivalent deck line and at baseline.  

2.3.2 
 At the transverse section in the midship part, the vertical hull girder net section modulus at the deck and the 
bottom, ZD-n50 and ZB-n50, are not to be less than the value obtained, in m3, from the following formula: 

62 10)7.0(9.0 -+= BCSRWR CBLkCZ  

2.4 Extent of High Tensile Steel 
2.4.1 Vertical extent
 The vertical extent of higher strength steel, Zhts,i, in m, used in the deck zone or bottom zone and measured 
respectively from the moulded deck line at side or baseline is not to be taken less the value obtained from the 
following formula, see Fig.3:  
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ö
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æ
-=

L
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ihts zZ

s
s ,

1, 1  

where:
z1:  Distance from horizontal neutral axis to moulded deck line or baseline respectively, in m.  

iperm,s : Permissible hull girder bending stress of the considered steel, in N/mm2, as given in Table 1 and 

Fig. 3.  
Ls : Hull girder bending stress, dks  at moulded deck line or dls  at baseline respectively, in N/mm2 
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given in Table 3.  
 

Table 3 Hull Girder Stresses at Baseline and Moulded Deck Line 
Operation At baseline At moulded deck line 

Seagoing 3

50

10-

-

+
= n

ny

WVSW
bl z

I

MfM b
s  3

50

10)( -
-

-

-
+

= nSdk
ny

WVSW
dk zz

I

MfM b
s  

Harbour/sheltered 
water 

3

50

10-

-

-
= n

ny

pSW
bl z

I
M

s  3
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10)( -
-

-

-
-= nSdk

ny

pSW
dk zz

I
M

s  

Flooded condition at 
sea for bulk carriers 

having a length LCSR of 
150m or above 

3

50

10-

-

- +
= n

ny

WVfSW
bl z

I
MM

s  3

50

10)( -
-

-

-
-

+
= nSdk

ny

WVfSW
dk zz

I
MM

s  

zdk-s : Distance from baseline to moulded deck line at side, in m. 

 
Fig. 3  Vertical Extent of Higher Strength Steel 

 

2.4.2 Longitudinal extent
 Where used, the application of higher strength steel is to be continuous over the length of the ship to the location 
where the longitudinal stress levels are within the allowable range for mild steel structure, as shown in Fig. 4. 
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Fig. 4 Longitudinal Extent of Higher Strength Steel 

 
 

3. Hull Girder Shear Strength Assessment 

3.1 General
3.1.1 
 The hull girder shear strength requirements apply along the full length of the hull girder, from AE to FE. 

3.2 Hull Girder Shear Capacity
3.2.1 
 The total vertical hull girder shear capacity, QR in kN, is the minimum of the calculated values for all plates i
contributing to the hull girder shear of the considered transverse section and is to be taken as: 

 
ø

ö
çç
è

æ
= --- 350 10min

vi

nipermi

iR q
t

Q
t

 

ti-n50: Net thickness of plate i, in mm. For longitudinal bulkheads between cargo tanks of oil tankers, ti-n50 
is to be taken as tsfi-n50 (see 3.4.1) and tsti-k-n50 (see 3.5.1) as appropriate. 

qvi: Contribution ratio for hull girder shear force per mm, in mm-1, for the plate i based on net 
scantlings with deduction of 0.5tc, which is equal to the unit shear flow per mm, in N/mm, obtained 
from a numerical calculation based on thin-walled beam theory according to Ch 5, App 1.  

permi-t : Permissible shear stress, in N/mm2, as given in Table 4, for plate i.  

 
Table 4 Permissible Hull Girder Shear Stress 

Operation Design load Permissible hull girder shear, permi-t  

Seagoing (S+D) 120/k 
Harbour/sheltered water (S) 105/k 

Flooded condition at sea of bulk 
carriers having a length LCSR of 150 m 

or above 
(A:S+D) 120/k 
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3.3 Acceptance Criteria
3.3.1 Permissible vertical shear force
 The positive and negative permissible vertical shear forces are to comply with the following criteria:

・ For seagoing operation: 

WVRSW QfQQ b-£  

・ For harbour/sheltered water operation: 

RpSW QQ £-  

・ For flooded condition at sea of bulk carriers having a length LCSR of 150m or above: 

WVRfSW QQQ -£-  

where:
QR: Total vertical hull girder shear capacity, in kN, as defined in 3.2.1.

 The shear force Qwv, used in 2 above criteria is to be taken with the same sign as the considered shear forces Qsw, 
and Qsw-f respectively.
3.3.2 Vertical still water shear force
 The vertical still water shear forces, in kN, for all loading conditions are to comply with the following criteria:

・ For seagoing operation: 

SWmdfLcdSW QQQ £D--  

・ For harbour/sheltered water operation: 

pSWmdfpLcdSW QQQ --- £D-  

・ For flooded condition at sea of bulk carriers having a length LCSR of 150m or above: 

fSWmdffLcdSW QQQ --- £D-  

where: 
mdfQD : Shear force correction at the transverse section considered, in kN, taken as:

・ For bulk carriers, the value defined in 3.6.1.
・ For oil tankers, 0=D mdfQ  

 The permissible shear forces Qsw, Qsw-p and Qsw-f are to be taken with the same sign as the considered shear 
forces Qsw-Lcd, Qsw-Lcd-p and Qsw-Lcd-f respectively.  

3.4 Effective Net Thickness for Longitudinal Bulkheads between Cargo Tanks of Oil Tankers
3.4.1 
 For longitudinal bulkheads between cargo tanks, the net thickness of the plating above the inner bottom, tsfi-n50

for plate i, in mm is given by: 
ininsfi ttt D-- -= 5050  

where: 
itD : Thickness deduction for plate i, in mm, as defined in 3.4.2. 

3.4.2 
 The vertical distribution of thickness reduction for shear force correction is to be triangular as indicated in Fig. 5. 
The thickness deduction, itD  in mm, to account for shear force correction on the plate i, is to be taken as:  
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where: 
3Qd : Shear force correction for longitudinal bulkhead as defined in 3.4.3 and 3.4.4 for ships with one or 

two longitudinal bulkheads respectively, in kN. 
tkl : Length of cargo tank, in m. 

hblk: Height of longitudinal bulkhead, in m, defined as the distance from inner bottom to the deck at the top 
of the bulkhead, as shown in Fig. 5. 

xblk: Minimum longitudinal distance from section considered to the nearest cargo tank transverse bulkhead, 
in m. To be taken positive and not greater than 0.5 tkl .  
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zp: Vertical distance from the lower edge of plate i to the base line, in m, but not taken less than hdb.
hdb: Height of double bottom, in m, as shown in Fig. 5. 

permi-t : Permissible hull girder shear stress, in N/mm2, for plate i: 
kpermi /120£-t  

 
Fig. 5 Shear Force Correction for Longitudinal Bulkheads 

 

3.4.3 Shear force correction for a ship with a centreline longitudinal bulkhead
 For ships with a centreline longitudinal bulkhead, the shear force correction in way of transverse bulkhead, 3Qd , 
in kN, is to be obtained from the following formula: 

dbFKQ 33 5.0=d  

where:
Fdb: Maximum resulting force on the double bottom in a tank, in kN, as defined in 3.4.5.
K3: Correction factor, to be taken equal to: 
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n: Number of floors between transverse bulkheads.
f3: Shear force distribution factor, as defined in Table 7. 

3.4.4 Shear force correction for a ship with two longitudinal bulkheads between the cargo tanks
 For ships with two longitudinal bulkheads between the cargo tanks, the shear force correction, 3Qd  in kN, is to 

be obtained from the following formula: 
dbFKQ 33 5.0=d  

where:
Fdb: Maximum resulting force on the double bottom in a tank, in kN, as defined in 3.4.5.
K3: Correction factor, to be taken equal to: 
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where:
n: Number of floors between transverse bulkheads.
r: Ratio of the part load carried by the wash bulkheads and floors from longitudinal bulkhead to the double 

side taken as: 

ú
û

ù
ê
ë

é
+

+ 
+

+

=

-

-

--

-

)(
)1(102

1

50

50380
4

502501

503

RAn
Anb

AA
A

r

nTStk

nS

nn

n

l

 



－300－

2019 Rules for the Survey and Construction of Steel Ships (Part CSR-B&T Part 1 Chapter 5 Section 1)

tkl : Length of cargo tank, between transverse bulkheads in the side cargo tank, in m.  
b80: 80% of the distance from longitudinal bulkhead to the inner hull longitudinal bulkhead, in m, at tank mid 

length. 
AT-n50: Net shear area of the transverse wash bulkhead, including the double bottom floor directly below, in 

the side cargo tank, in cm2, taken as the smallest area in a vertical section. 
A1-n50，A2-n50，A3-n50 ：Net areas, as defined in Table 7, in m2.
f3: Shear force distribution factor, as defined in Table 7.
nS: Number of wash bulkheads in the side cargo tank.
R: Total efficiency of the transverse primary supporting members in the side tank in cm2. 

g
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AQ-n50: Net shear area, in cm2, of a transverse primary supporting member in the wing cargo tank, taken as 
the sum of the net shear areas of floor, cross ties and deck transverse webs. The net shear area is to 
be calculated at the mid span of the members. 

Ipsm-n50: Net moment of inertia for transverse primary supporting members, in cm4, in the wing cargo tank, 
taken as the sum of the moments of inertia of transverses and cross ties. The net moment of inertia is 
to be calculated at the mid span of the member including an attached plate width equal to the 
primary supporting member spacing. 

3.4.5 Vertical force on double bottom
 The maximum vertical resulting force on the double bottom in a tank, Fdb is in no case to be less than that given 
by the minimum conditions given in Table 5.
 The maximum resulting force on the double bottom in a tank, Fdb in kN, is to be taken as: 

meantkCTBTCTdb TbWWgF l2r-+=  

where:
WCT: Weight of cargo, in tonnes, as defined in Table 6.
WCWBT: Weight of ballast, in tonnes, as defined in Table 6.
b2: Breadth, in m, as defined in Table 6. 

tkl : Length of cargo tank, in m. 
Tmean: Draught at the mid length of the tank for the loading condition considered, in m. 

 
Table 5 Minimum Conditions for Double Bottom 

Structural configuration Positive/negative force, Fdb Minimum condition 

Ships with centreline bulkhead 

Max positive net vertical force, 
Fdb+ 

0.9Tscand empty cargo tanks and ballast tanks 

Max negative net vertical force, 
Fdb- 

0.6Tscand full cargo tanks and empty ballast tanks 

Ships with two longitudinal 
bulkheads 

Max positive net vertical force, 
Fdb+ 

0.9Tscand empty cargo tanks and ballast tanks 

Max negative net vertical force, 
Fdb- 

0.6Tscand full centre cargo tank and empty ballast 
tanks 
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Table 6 Design Conditions for Double Bottom 

Structural configuration WCT WCWBT b2 

Ships with centreline 
bulkhead 

Weight of cargo in cargo 
tanks, in tonnes, using a 

minimum density of 1.025 
t/m3. 

Weight of ballast between port 
and starboard inner sides, in t. 

Maximum breadth between 
port and starboard inner sides 
at mid length of tank, in m, as 

shown in Fig.6. 

Ships with two longitudinal 
bulkheads 

Weight of cargo in the 
centre tank, in tonnes, using 
a minimum density of 1.025 

t/m3. 

Weight of ballast below the 
centre cargo tank, in t. 

Maximum breadth of the 
centre cargo tank at mid 

length of tank, in m, as shown 
in Fig.6. 

 
Fig. 6 Tank Breadth b2 
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Table 7 Shear Force Distribution Factor for Oil Tanker 

Hull configuration f3 factor 

One centreline bulkhead 
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Two longitudinal bulkheads 
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where:
A1-n50，A2-n50，A3-n50:
Net projected area onto the vertical plane based on net thickness, tn50, of the side shell, inner hull or the longitudinal 
bulkhead respectively, at one side of the section under consideration.
The area A1-n50 includes the net plating area of the side shell, including the bilge.
The area A2-n50 includes the net plating area of the inner hull, including the hopper side and the outboard girder under. 
The Area A3-n50 includes the net plating area of the longitudinal bulkheads, including the double bottom girders in line. 
The area A3-n50 for the centreline bulkhead is not to be reduced for symmetry around the centreline. When the 
longitudinal bulkhead is made with corrugation,
A3-n50 is to consider the equivalent net thickness of the corrugation as defined in 3.4.6. 

3.4.6 Equivalent net thickness of corrugation
 The equivalent net thickness, in mm, of the corrugation of vertical and horizontal corrugated bulkheads, tcor-n50, 
to be used for the calculation of the effective net shear area and for the unit shear flow, is given as follows: 

C
CgrfgrW

ncor t
ac

stt
t 5.0

250 -
+

+
= --

-  

where:
tw-gr: Gross corrugation web thickness, in mm.
tf-gr: Gross corrugation flange thickness, in mm.
sc: Projected length of one corrugation, in mm, as defined in Ch 3, Sec 6, Fig.21. 
c: Breadth of corrugation web, in mm, as defined in Ch 3, Sec 6, Fig.21.
a: Breadth of corrugation flange, in mm, as defined in Ch 3, Sec 6, Fig.21.  
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3.5 Effective Net Thickness for Longitudinal Bulkheads between Cargo Tanks of Oil Tankers - 
Correction due to Loads from Transverse Bulkhead Stringers 

3.5.1 
 In way of transverse bulkhead stringer connections, within areas as specified in Fig. 8, the equivalent net 
thickness of plate, tsti-k-n50 in mm, where the index k refers to the identification number of the stringer, is not to be 
taken greater than: 
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where: 
ksti-t : Shear stress in plate i, in N/mm2, in the longitudinal bulkhead due to the stringer force in way of 

stringer k, taken as: 

50nsfikst

kst
ksti tl

Q

--

-
- =t  

50nsfit - : Effective net plating thickness as defined in 3.4.1, in mm, calculated at the transverse bulkhead for 

the height corresponding to the level of the stringer. 
permt-t : Permissible hull girder shear stress, in N/mm2, for the plate i. 

kpermi /120=-t  

kst-l : Connection length of stringer k, in m, as defined in Fig. 7. 
Qst-k: Shear force on the longitudinal bulkhead from the stringer in loaded condition with tanks abreast full 

in kN, taken as: 
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Fst-k: Total stringer supporting force in way of a longitudinal bulkhead, in kN, taken as: 

2
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hdb: Double bottom height, in m.
hblk: Height of bulkhead, in m, defined as the distance from inner bottom to the deck at the top of the 

bulkhead.  
zst-k: Z coordinate of the stringer k, in m.
Pst-k: Pressure on stringer k, in kN/m2, taken as: 

kttLkst hgP -- = r  

Lr : Density of the liquid in cargo tank, in t/m3, ad defined in Ch 4, Sec 6.  
htt-k: Height from the top of the tank to the midpoint of the load area between hk/2 below and hk-1/2 above 

the stringer k, in m.  
hk: Vertical distance from the considered stringer k to the stringer k+1 below. For the lowermost 

stringer, it is to be taken as 80% of the average vertical distance to the inner bottom, in m.  
hk-1: Vertical distance from the considered stringer k to the stringer k-1 above. For the uppermost stringer, 

it is to be taken as 80% of the average vertical distance to the upper deck, in m.  
bst-k: Load breadth acting on stringer k, in m, as defined in Fig.9 and Fig.10.  
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Fig. 7  Effective Connection Length of Stringer 

 
 

Fig. 8 Region for Stringer Correction, ti, for Ships with 3 Stringers 
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Fig. 9 Load Breadth of Stringers for Ships with a Centerline Bulkhead 

 
 

Fig. 10 Load Breadth of Stringers for Ships with 2 Inner Longitudinal Bulkhead 

 
Notes
bwt is the breadth of wing cargo tank, in m.
bctr is the breadth of centre cargo tank, in m. 
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3.5.2 
 Where reinforcement is provided to meet the above requirement, the reinforced area based on the maximum 
value of tsti-k-n50 is to extend longitudinally for the full length of the stringer connection and a minimum of one frame 
spacing forward and aft of the bulkhead. The reinforced area is to extend vertically from above the stringer level and 
down to 0.5hk below the stringer, where hk, the vertical distance from the considered stringer to the stringer below is 
as defined in 3.5.1. For the lowermost stringer the maximum plate thickness requirement, tsti-k-n50 is to extend down to 
the inner bottom, see Fig.8.  

3.6 Shear Force Correction for Bulk Carriers
3.6.1 
 When hull girder shear strength assessment is performed in accordance with 3, shear force correction, which 
takes into account the portion of loads transmitted by the double bottom longitudinal girders to the transverse 
bulkheads, is to be considered.
 For the considered cargo hold, the shear force correction at the considered transverse section is to be obtained, in 
kN, from the following formula: 
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where:
Cd: Distribution coefficient taken as:
・ Cd = -1 at the aft end of the considered cargo hold except for aftmost cargo hold.
・ Cd = 1 at the fore end of the considered cargo hold except for foremost cargo hold.
・ Cd = 0 at mid-length of the cargo hold.
・ Cd = 0 at the aft bulkhead of the aftmost cargo hold.
・ Cd = 0 at the fore bulkhead of the foremost cargo hold.
・ Cd : Linearly distributed at other locations. 
a : Coefficient taken as: 

0

0

00

2
b

bg
l

l

j
a

+
=  

M: Mass, in t, in the hold in way of the considered transverse section for the considered loading condition. 
M is to include the mass of ballast water and fuel oil located directly below the flat portion of the inner 
bottom, if any, excluding the portion under the bulkhead stool.  

BH: Breadth of the cargo hold, in m, as defined in Ch 4, Sec 6. 
Hl : Length of the cargo hold, in m, as defined in Ch 4, Sec 6.  

00 ,bl : Length and breadth, respectively, in m, of the flat portion of the double bottom in way of the hold 
considered; 0b  is to be measured on the hull transverse section at the middle of the hold.  

0

055.138.1
b
l

+=j , but not greater than 3.7. 

TLC,mh:  Draught, in m, measured vertically on the hull transverse section at the middle of the hold 
considered, from the moulded baseline to the waterline in the loading condition considered.  

CFQD : Shear force correction for the full hold. 

CEQD : Shear force correction for the empty hold. 
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Fig. 11 Shear Force Correction, CQD  
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Section 2 HULL GIRDER ULTIMATE STRENGTH 

Symbols 

For symbols not defined in this section, refer to Ch 1, Sec 4
Msw-h，Msw-s: Permissible hogging and sagging vertical still water bending moment in intact seagoing condition, in 

kNm, at the hull transverse section considered, defined in Ch 4, Sec 4, 2.2.2.  
Msw-p-h，Msw-p-s: Permissible hogging and sagging vertical still water bending moment for harbour/sheltered water 

operation, in kNm, at the hull transverse section considered, as defined in Ch 4, Sec 4, 2.2.3.  
Msw-f: Permissible hogging and sagging vertical still water bending moment in flooded condition at sea, in kNm, at 

the hull transverse section considered, as defined in Ch 4, Sec 4, 2.2.4.  

1. Application 

1.1 General
1.1.1 
 The requirements of this section apply to ships equal to or greater than 150 m in length LCSR. 
1.1.2 
 The hull girder ultimate strength is to be assessed through the cargo hold region and machinery space.
1.1.3 
 The hull girder ultimate bending capacity is to be checked to ensure that it satisfies the checking criteria given in 
2. Such checking criteria are applicable to intact ship structures in the following conditions:  

・ For bulk carriers: seagoing, harbour/sheltered water and flooded conditions. 
・ For oil tankers:  seagoing and harbour/sheltered water conditions. 

2. Checking Criteria 

2.1 General
2.1.1 
 The vertical hull girder ultimate bending capacity is to be checked for hogging and sagging conditions, for the 
following design load scenarios, as defined in Table 1:  

・ For bulk carriers: design load scenario A, for seagoing, harbour/sheltered water and flooded conditions. 
・ For oil tankers: design load scenario A, for seagoing and harbour/sheltered water conditions; and design 

load scenario B, for the operational seagoing homogeneous full load condition. 
 

Table 1 Design Load Scenarios 

Design load scenarios Permissible still water bending moment, Msw-U 

A 

S+D Msw-h or Msw-s 

S Msw-p-h or Msw-p-s 

A: S+D Msw-f 

B S+D 
Maximum sagging still water bending moment for operational 
seagoing homogeneous full load condition (1) 

(1) The maximum still water bending moment is to be taken from the departure condition with the ship 

homogeneously loaded at maximum draught and corresponding arrival and any mid-voyage conditions.  
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2.1.2 
 The vertical hull girder ultimate bending capacity at any hull transverse section is to satisfy the following 
criteria: 

R

UMM
g

£  

where: 
M:  Vertical bending moment, in kNm, to be obtained as specified in 2.2.1.
MU: Vertical hull girder ultimate bending capacity, in kNm, to be obtained as specified in 2.3. 

Rg : Partial safety factor for the vertical hull girder ultimate bending capacity to be taken equal to: 

DBMR ggg =  

Mg : Partial safety factor for the vertical hull girder ultimate bending capacity, covering material, geometric 
and strength prediction uncertainties; in general, to be taken equal to:  

1.1=Mg  

DBg : Partial safety factor for the vertical hull girder ultimate bending capacity, covering the effect of double 
bottom bending, to be taken equal to: 
・ For hogging condition, except flooded conditions: 

・ 25.1=DBg  for empty cargo holds in alternate condition of BC-A bulk carriers, 
・ 10.1=DBg  for oil tankers, for BC-B and BC-C bulk carriers and loaded cargo holds in 

alternate condition of BC-A bulk carriers, 
・ For sagging condition, except flooded conditions: 0.1=DBg  
・ For hogging and sagging condition, for flooded condition: 0.1=DBg  

2.2 Hull Girder Ultimate Bending Loads
2.2.1 
 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:  

wvWUswS MfMM bgg += -  

where:
Msw-U: Permissible still water bending moment, in kNm, in hogging and sagging conditions at the hull 

transverse section considered as defined in Table 1.  
Mwv: Vertical wave bending moment, in kNm, in hogging and sagging conditions at the hull transverse 

section considered as defined in Ch 4, Sec 4, 3.1. 
Sg : Partial safety factor for the still water bending moment, as defined in Table 2. 

Wg : Partial safety factor for the vertical wave bending moment, as defined in Table 2. 

bf ： Heading correction factor, as defined in Sec 1, Symbols. 

 
Table 2 Partial Safety Factors 

Design load scenarios Sg  Wg  

A 1.0 1.2 

B 1.0 1.3 

 

2.3 Hull Girder Ultimate Bending Capacity
2.3.1 
 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 capacity versus the curvature c  of the 
transverse section considered (see Fig. 1). The curvature c  is positive for hogging condition and negative for 

sagging condition.  
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Fig. 1 Bending Moment Capacity Versus Curvature c  

 

 The hull girder ultimate bending capacity, MU, is to be calculated according to Ch 5, App 2. 
2.3.2 
 The effective area for the hull girder ultimate strength capacity assessment is specified in Ch 5, App 2.
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Section 3 HULL GIRDER RESIDUAL STRENGTH 

1. Application 

1.1 General
1.1.1 
 The requirements of this section apply to ships equal to or greater than 150 m in length LCSR.
1.1.2 
 The hull girder ultimate bending capacity in the damaged condition is to be checked for the seagoing condition 
to ensure that it satisfies the residual strength checking criteria given in 2. 
1.1.3 
 The hull girder residual strength is to be assessed through the cargo hold region and the machinery space. 

2. Checking Criteria 

2.1 General 
2.1.1 
 The vertical hull girder ultimate bending capacity in the damaged condition is to be checked for the damage 
conditions specified in 2.2 in hogging and sagging conditions. For the damage conditions specified in 2.2, for the 
design load scenario A, as defined in Table 1: 
 

Table 1 Design Load Scenarios 

 Design load scenario Permissible still water bending moment in damage, Msw-D 

Collision A: S+D Msw-h or Msw-s 

Grounding A: S+D Msw-h or Msw-s 

2.1.2 
 The vertical hull girder ultimate bending capacity in the damaged condition at any hull transverse section is to 
satisfy the following criteria: 

NARD

UD
D

C
MM

g 
£  

where:
MD: Vertical bending moment in the damaged condition, in kNm, to be obtained as specified in 2.3.
MUD: Vertical hull girder ultimate bending capacity in the damaged condition, in kNm, to be obtained as 

specified in 2.4. 
RDg : Partial safety factor for the vertical hull girder ultimate bending capacity in the damaged condition, to 

be taken equal to: 
0.1=RDg  

CNA: Neutral axis coefficient taken as: 
・ 0.1=NAC  for grounding, 
・ 1.1=NAC  for collision. 

2.2 Damage Conditions
2.2.1 General
 The damage conditions specified for collision in 2.2.2 and for grounding in 2.2.3 are to be considered. The 
damage extents specified in 2.2.2 and 2.2.3 are to be measured from the moulded lines of the ship.
 Stiffener element is to be considered intact unless the connection of stiffener with attached plate is included in 
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the damaged extent. 
 Plates and stiffeners of inner bottom and inner hull longitudinal bulkhead are to be considered intact unless the 
damage extent exceeds the moulded distance from inner bottom and inner hull longitudinal bulkhead plate 
respectively, to the hull envelope plate. 
2.2.2 Collision
 For the collision assessment of the considered transverse damage cross section, the damage is to be considered 
on one side and inclusive of the freeboard deck. 
 The damage for collision extends from the point of intersection of the moulded lines of deck and side:

・ vertically downward for a distance h and upward without limit,
・ transversally inboard for a distance d and outward without limit,

 where h and d are given in Table 2 according to the side shell arrangement in the considered damage transverse 
section. 
 On ships with a rounded gunwale, the point of intersection is to be taken from the continuation of the moulded 
lines of deck and side.
 

Table 2 Damage Extent for Collision 

Damage penetration, in m 
Side shell arrangement 

Single side Double side 

Height, h 0.75D 0.60D 

Depth, d B/16 B/16 

 
Fig. 1 Damage Extent for Collision 

 

 The capacity of the damaged transverse cross section is calculated with the damage extent on one side, the ship 
kept in upright position. 
2.2.3 Grounding
 For the grounding assessment of the considered transverse damage cross section, the damage is to be considered 
on the bottom in the most unfavourable transversal position as regard to the structure considered by the damage. 
 The damage extent for grounding is given in Table 3. 

 
Table 3 Damage Extent for Grounding 

Damage penetration, in m Bulk carriers Oil tankers 

Height, h Min (B/20, 2) Min (B/15, 2) 

Breadth, b 0.60B 0.60B 
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Fig. 2 Damage Extent for Grounding 

 
 

2.3 Hull Girder Ultimate Bending Loads in the Damaged Condition
2.3.1 
 The vertical bending moment, MD in hogging and sagging conditions, to be considered in the ultimate strength 
check of the hull girder in the damaged condition, is to be obtained from the following formula:  

wvWDDswSDD MMM gg += -  
where:
Msw-D: Permissible still water bending moment, in kNm, in hogging and sagging conditions at the hull 

transverse section considered, as defined in Table 1.  
Mwv: Vertical wave bending moment, in kNm, in hogging and sagging conditions at the hull transverse 

section considered, as defined in Ch 4, Sec 4, 3.1. 
SDg : Partial safety factor for the still water bending moment in the damaged condition, to be taken equal to: 

1.1=SDg  

WDg : Partial safety factor for the vertical wave bending moment in the damaged condition, to be taken equal 
to: 

67.0=WDg  

2.4 Hull Girder Ultimate Bending Capacity in the Damaged Condition
2.4.1 
 The hull girder ultimate bending capacity in the damaged condition is to be calculated according to Ch 5, App 2, 
with the damaged parts assumed not to contribute to the hull girder strength. When assessing the ultimate bending 
capacity, MUD of the damaged hull sections, damaged area as defined in 2.2 carries no loads and is to be removed in 
the capacity model. 
2.4.2 
 The effective area of the intact parts for the hull girder ultimate strength capacity assessment is specified in Ch 5, 
App 2.

 



Appendix 1 DIRECT CALCULATION OF SHEAR FLOW 

Symbols 

For symbols not defined in this section, refer to Ch 1, Sec 4. 

1. Calculation Formula 

1.1 General
1.1.1 
 This appendix describes the procedures of direct calculation of shear flow which is working along a ship cross 
section due to hull girder vertical shear force. Shear flow qv, at each location in the cross section, is calculated where 
considering the cross section is subjected to a unit vertical shear force, 1N, in the direction of z coordinate. 
 The unit shear flow per mm, qv in N/mm, can be considered equal to: 

IDv qqq +=  
where:
qD : Determinate shear flow, as defined in 1.2.
qI : Indeterminate shear flow which circulates around the closed cells, as defined in 1.3. 

 In the calculation of the unit shear flow, qv, the longitudinal stiffeners are to be taken into account. 

1.2 Determinate Shear Flow 
1.2.1 
 The determinate shear flow, qD in N/mm, at each location in the cross section can be obtained from the following 
line integration:  
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where:
s : Coordinate value of running coordinate along the cross section, in m.
Iy-n50: Moment inertia of the cross section, in m 4.
tn50 : Net thickness of plating, in mm, or equivalent net thickness of corrugated plate as defined in Ch 5, 

Sec1, 3.4.6.  
1.2.2 
 Assuming the cross section is composed of line segments as shown in Fig. 1, the determinate shear flow can be 
calculated by the following equation.  

Dinik
ny

n
DDk qzzz

I
tqq +-+

 
-==

-

)2(
102

)(
50

6
50ll  

where:
qDk，qDi : Determinate shear flow at node k and node i respectively, in N/mm. 
l  : Length of line segments, in m. 
zk，zi : Z coordinate of the end point of line segment, in m, as defined in Fig. 1.  

1.2.3 
 Where the cross section includes closed cells, the closed cell are to be cut with virtual slits, as shown in Fig. 2 in 
order to obtain the determinate shear flow. 
 However, the virtual slits must not be located at the walls by which the other closed cell is also bounded.
1.2.4 
 Calculations of the determinate shear flow at bifurcation points can be calculated such as water flow calculations 
as shown in Fig. 2. 
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Fig. 1 Definition of Line Segment 

 

 
Fig. 2 Calculation of Determinate Shear Flow at Bifurcation 

 
 

1.3 Indeterminate Shear Flow 
1.3.1 
 The indeterminate shear flow is working around the closed cells and can be 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.  
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where:
qIk，qIi : Indeterminate shear flow around the closed cell k and i respectively, in N/mm. 

1.3.2 
 With assuming assembly of line segments shown in Fig. 1, the equations in 1.3.1 can be expressed as follows: 
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where:
qDi : Determinate shear flow, in N/mm, calculated according to 1.2.2. 

 The difference in the directions of running coordinates specified in 1.2 and this sub-article is to be considered.

 

l
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Fig. 3 Closed Cells and Common Wall 

 
 

1.4 Computation of Several Properties of the Cross Section
1.4.1 
 Properties of the cross section can be obtained by the following formulae where the cross section is assumed as 
the assembly of line segments:  
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where:
an50，An50: Area of the line segment and the cross section respectively, in m2.
sy-n50，Sy-n50: First moment of the line segment and the cross section about the baseline, in m3.
Iy0-n50，Iy0-n50: Moment inertia of the line segment and the cross section about the baseline, in m4. 

1.4.2 
 The height of horizontal neutral axis, zG in m, can be obtained as follows: 

50
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S
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1.4.3 
 Inertia moment about the horizontal neutral axis, in m4, can be calculated as follows: 

50
2

50050 nnnyny AzII -= --  

2. Example of Calculations for a Single Side Hull Cross Section 

2.1 Cross Section Data
2.1.1 
 The cross section is shown in Fig. 4. The coordinates of the node points marked by filled black circles in Fig. 4
are given in Table 1, where the plate thickness and the line segments (marked by circles in Fig. 4) of the cross 
section are given in Table 2. 
 The sample calculations are performed taking advantage of symmetry of the cross section.
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Table 1 Node Coordinates of Cross Section 

Node number Y coordinate (m) Z coordinate (m) 

0 0.00 0.00 

1 5.80 0.00 

2 11.70 0.00 

3 14.42 0.00 

4 16.13 1.72 

5 16.13 6.11 

6 11.70 1.68 

7 5.80 1.68 

8 0.00 1.68 

9 16.13 14.15 

10 16.13 19.60 

11 7.50 20.25 

12 7.50 19.63 

 
Table 2 Calculation of Cross Sectional Properties 

Line no. Node i Node k Thickness (mm) Length (m) an50 (m2) sy-n50 (m3) iy0-n50 (m4) 

1 0 1 17.0 5.80 0.099 0.000 0.00 

2 1 2 17.0 5.90 0.100 0.000 0.00 

3 2 3 17.0 2.72 0.046 0.000 0.00 

4 3 4 17.0 2.43 0.041 0.035 0.04 

5 4 5 18.0 4.39 0.079 0.309 1.34 

6 5 6 19.0 6.26 0.119 0.464 2.00 

7 6 7 21.0 5.90 0.124 0.208 0.35 

8 7 8 21.0 5.80 0.122 0.205 0.34 

9 5 9 18.0 8.04 0.145 1.466 15.63 

10 9 10 21.0 5.45 0.114 1.931 32.87 

11 10 11 24.0 8.65 0.208 4.139 82.47 

12 11 12 24.0 0.62 0.015 0.297 5.92 

13 12 9 15.0 10.22 0.153 2.590 44.13 

14 2 6 15.0 1.68 0.025 0.021 0.02 

15 1 7 15.0 1.68 0.025 0.021 0.02 

    Total 1.416 11.686 185.138 

 

－317－

2019 Rules for the Survey and Construction of Steel Ships (Part CSR-B&T Part 1 Chapter 5 Appendix 1)



2.1.2 
 The Z coordinate of horizontal neutral axis and the inertia moment about the neutral axis are calculated as 
follow: 
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Fig. 4 Numbering of Nodes and Lines 

 
 

2.2 Calculations of the Determinate Shear Flow
2.2.1 
 The virtual slits are added to cut the walls of the closed cells as shown in Fig. 5. And then, the line integrations 
specified in 1.2.2 are performed to obtain determinate shear flow, qD. The calculation results are shown in Table 3. 
The locations of the virtual slits and the paths of line integrations shown in Fig. 5 are one such example. These 
definitions can be arbitrarily determined so as to calculate them easily. 
 

Fig.5 Ranges and Directions of Paths for Line Integrations 

 

－318－

2019 Rules for the Survey and Construction of Steel Ships (Part CSR-B&T Part 1 Chapter 5 Appendix 1)



Table 3 Calculation of Determinate Shear Flow 

Path no. Line no. Node i Node k qDi 10-6(N/mm) qDk 10-6(N/mm) Note 

1 
1 0 1 0.0 4.6 Start from the virtual slit 

15 1 7 4.6 5.6 - 

2 
2 1 2 0.0 4.7 Start from the virtual slit 

14 2 6 4.7 5.7 - 

3 

3 2 3 0.0 2.2 Start from the virtual slit 

4 3 4 2.2 3.9 - 

5 4 5 3.9 5.8 - 

4 

10 9 10 0.0 -5.6 Start from the virtual slit 

11 10 11 -5.6 -19.2 - 

12 11 12 -19.2 -20.2 - 

13 12 9 -20.2 -27.7 - 

9 9 5 -27.7 -29.2 - 

5 6 5 6 -23.4 -20.5 
Start with the sum of qDk at 

the ends of path 3 & 4 

6 7 6 7 -14.8 -10.2 
Start with the sum of qDk at 

the ends of path 2 & 5  

7 8 7 8 -4.5 0.0 
Start with the sum of qDk at 

the ends of path 1 & 6 

 

2.3 Calculations of the Indeterminate Shear Flow
2.3.1 
 To obtain the system of equations for indeterminate shear flows, the contour integrations around 3 closed cells 
as defined in Fig. 6 are performed. The closed cell at the centre of double bottom is considered as an open shape 
since the symmetrical condition of the cross section is considered. The calculation results of contour integrations 
around the closed cells are shown in Table 4 to Table 6. 

 
Table 4 Contour Integration of 50/ ntl  and f  around Cell 1 

 

Line no. Node i Node k qDi 10-6(N/mm) 50/ ntl  f  10-3(N/mm) Note 

2 1 2 0.0 347.1 0.81 - 

14 2 6 4.7 112.0 0.58 Common wall with cell 2 

7 6 7 -14.8 281.0 -3.50 - 

15 7 1 -5.6 112.0 -0.58 - 

   Total 852.0 -2.68 - 
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Table 5 Contour Integration of 50/ ntl  and f  around Cell 2 

Line no. Node i Node k qDi 10-6(N/mm) 50/ ntl  f  10-3(N/mm) Note 

3 2 3 0.0 160.0 0.17 - 

4 3 4 2.2 142.7 0.43 - 

5 4 5 3.9 243.9 1.22 - 

6 5 6 -23.4 329.7 -7.32 - 

14 6 2 -5.7 112.0 -0.58 Common wall with cell 1 

   Total 988.3 -6.07 - 
 

 
Table 6 Contour Integration of 50/ ntl  and f  around Cell 3 

Line no. Node i Node k qDi 10-6(N/mm) 50/ ntl  f  10-3(N/mm) Note 

10 9 10 0.0 259.5 -0.65 - 

11 10 11 -5.6 360.6 -4.45 - 

12 11 12 -19.2 25.8 -0.51 - 

13 12 9 -20.2 681.5 -16.59 - 

   Total 1327.5 -22.19 - 

2.3.2 
 The following system of equations can be developed by using the results of the contour integration around each 
closed cell: 

・ Cell 1: 3
21 1068.20.1120.852 - =- II qq  

・ Cell 2: 3
21 1007.63.9880.112 - =+- II qq  

・ Cell 3: 2
3 10219.25.1327 - =Iq  

 The solution of this system gives indeterminate shear flows of the closed cell 1 to 3:  
6

1 1001.4 - =Iq ， 6
2 1060.6 - =Iq ， 5

3 1067.1 - =Iq  

 
Fig. 6 Numbering of Closed Cells 
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2.4 Summation
2.4.1 
 The shear flow qV, at all locations of the cross section can be obtained by the summation of determinate shear 
flow, qD and indeterminate shear flow, qI as shown in Fig. 7. 
 

Fig. 7 Calculation Results of Shear Flow qV, in 10-6 N/mm for Vertical Shear Force with 1N 
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Appendix 2 HULL GIRDER ULTIMATE CAPACITY 

Symbols 

For symbols not defined in this article, refer to Ch 1, Sec 4.
Iy-n50 : Moment of inertia, in m4, of the hull transverse section around its horizontal neutral axis, to be 

calculated according to Ch 5, Sec 1. 
ZB-n50, ZD-n50 : Section moduli, in m3, at bottom and deck, respectively, defined in Ch 5, Sec 1.
ReHs : Minimum yield stress, in N/mm2, of the material of the considered stiffener.
ReHp : Minimum yield stress, in N/mm2, of the material of the considered plate.
As-n50 : Net sectional area, in cm2, of stiffener, without attached plating.
Ap-n50 : Net sectional area, in cm2, of attached plating.
zi :  z coordinate, in m, of centre of gravity of the i-th element. 

1. General 

1.1 Application
1.1.1
 This appendix provides the criteria for obtaining the following ultimate longitudinal bending moment 
capacities: 

・ MU to be used in the hull girder ultimate capacity check according to Ch 5, Sec 2,
・ MUD to be used in the hull girder residual strength capacity check according to Ch 5, Sec 3

1.1.2
 The hull girder ultimate longitudinal bending moment capacity, MU or MUD, is defined as the maximum 
bending capacity of the hull girder beyond which the hull structure collapses. Hull girder failure is controlled by 
buckling, ultimate strength and yielding of longitudinal structural elements. 

1.2 Methods 

1.2.1 Incremental-iterative Method
 The hull girder ultimate bending capacity is to be assessed by the incremental-iterative method defined in 
2.
1.2.2 Alternative methods
 Principles for alternative methods for the calculation of the hull girder ultimate bending capacity; e.g. 
non-linear finite element analysis, are given in 3.
 Application of alternative methods is to be agreed by the Society prior to commencement. 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. 

1.3 Assumptions 

1.3.1
 The method for calculating the ultimate hull girder capacity is to identify the critical failure modes of all 
main longitudinal structural elements.
1.3.2
 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. 
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1.3.3
 Only vertical bending is considered. The effects of shear force, torsional loading, horizontal bending 
moment and lateral pressure are neglected.
1.3.4
 For the calculation of the ultimate longitudinal bending moment capacity, MUD, used in the hull girder 
residual strength check according to Ch 5, Sec 3, the structural members in way of the damage part are to be 
excluded from the members participating to the considered cross section strength. 

2. Incremental-iterative Method 

2.1 Assumptions
2.1.1
 In applying the procedure described in 2.2, 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 behaviour.
・ The hull girder transverse section is divided into a set of elements, which are considered to act 

independently. 
 These elements are:

・ Transversely framed plating panels and/or stiffeners with attached plating, whose structural behaviour 
is described in 2.3.1. 

・ Hard corners, constituted by plating crossing, whose structural behaviour is described in 2.3.2.
・ According to the iterative procedure, the bending moment Mi acting on the transverse section at each 

curvature value ic  is obtained by summing the contribution given by the stress s  acting on each 
element. The stress s  corresponding to the element strain, e  is to be obtained for each curvature 
increment from the non-linear load-end shortening curves es -  of the element. 

 These curves are to be calculated, for the failure mechanisms of the element, from the formulae specified in 
2.2. The stress, s  is selected as the lowest among the values obtained from each of the considered load-end 
shortening curves es - . 
 The procedure is to be repeated until the value of the imposed curvature reaches the value Fc  in m-1, in 

hogging and sagging condition, obtained from the following formula: 

50

003.0
ny

Y
F EI

M

-

 =c  

where:
MY : Lesser of the values MY1 and MY2, in kNm. 

50
3

1 10 nBeHY ZRM -=  

50
3

2 10 nDeHY ZRM -=  
 If the value Fc  is not sufficient to evaluate the peaks of the curve c-M , the procedure is to be repeated 
until the value of the imposed curvature permits the calculation of the maximum bending moments of the curve. 

2.2 Procedure
2.2.1 General
 The curve c-M  is to be obtained by means of an incremental-iterative approach, summarised in the 

flow chart in Fig. 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 c  of the ship cross section as shown in Fig. 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 moment Mi which 
acts on the hull transverse section as the effect of an imposed curvature ic . 
 For each step, the value ic  is to be obtained by summing an increment of curvature, cD  to the value 
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relevant to the previous step 1-ic . 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, e  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 s  induced in each structural element by the strain e  is to be obtained from the load-end 
shortening curve es -  of the element, which takes into account the behaviour 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, since the relationship es -  is non-linear. 
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.
 Once the position of the neutral axis is known and the relevant stress distribution in the section structural 
elements is obtained, the bending moment of the section Mi around the new position of the neutral axis, which 
corresponds to the curvature ic  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 summarised as follows (see also 
Fig. 1): 

(a) Step 1: Divide the transverse section of hull into stiffened plate elements.
(b) Step 2: Define stress-strain relationships for all elements as shown in Table 1.
(c) Step 3: Initialise curvature ic  and 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: 

nD

eH

zzE
R

-
=D=

101.01 cc  

where:
zD : Z coordinate, in m, of strength deck at side, with respect to reference coordinate defined in Ch 1, 

Sec 4, 3.6 
(d) Step 4: Calculate for each element the corresponding strain, )( nii zz -= ce  and the corresponding 

stress is . 

(e) Step 5: Determine the neutral axis zNA_cur at each incremental step by establishing force equilibrium 
over the whole transverse section as: 

jnjini AA ss åå -- = 5050  (i-th element is under compression, j-th element under tension). 

(f) Step 6: Calculate the corresponding moment by summing the contributions of all elements as: 

å -= - )( _50 curNAiniUiU zzAM s  

(g) Step 7: Compare the moment in the current incremental step with the moment in the previous 
incremental step. If the slope in c-M  relationship is less than a negative fixed value, terminate the 
process and define the peak value of MU. Otherwise, increase the curvature by the amount of cD  and 

go to Step 4. 
2.2.2 Modelling 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.
 Sniped stiffeners are also to be modelled, taking account that they do not contribute to the hull girder 
strength.
 The structural members are categorised 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 idealised into either a stiffened plate 
element, an attached plate of a stiffener element or a hard corner element.
 The plate panel is categorised into the following two kinds: 
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・ Longitudinally stiffened panel of which the longer side is in the longitudinal direction, and
・ Transversely stiffened panel of which the longer side is in the perpendicular direction to the 

longitudinal direction. 
(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 to 
20tn50 on transversely stiffened panel and to 0.5s on a longitudinally stiffened panel, see Fig. 2.
where:
tn50 : Net offered thickness of the plate, in mm.
s : Spacing of the adjacent longitudinal stiffener, in m.
Bilge, sheer strake-deck stringer elements, girder-deck connections and face plate-web connections on 
large girders are typical hard corners. Enlarged stiffeners, with or without web stiffening, used for
Permanent Means of Access (PMA) are not to be considered as a large girder so the attached plate/web 
connection is only considered as a hard corner, see Fig. 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 Fig. 2. 
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Fig.1 Flow Chart of the Procedure for the Evaluation of the Curve c-M  

 



－327－

2019 Rules for the Survey and Construction of Steel Ships (Part CSR-B&T Part 1 Chapter 5 Appendix 2)

 

(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 Fig. 2. 

 

Fig. 2 Extension of the Breadth of the Attached Plating and Hard Corner Element 

 

 The typical examples of modelling of hull girder section are illustrated in Fig. 3 and Fig. 4. 
Notwithstanding the foregoing principle, these figures are to be applied to the modelling in the vicinity of upper 
deck, sheer strake and hatch side girder.
 
Fig.3 Examples of the Configuration of Stiffened Plate Elements, Stiffener Elements and Hard Corner 

Elements on a Hull Section 
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・ In case of the knuckle point as shown in Fig. 5, the plating area adjacent to knuckles in the plating 
with an angle greater than 30 deg is defined as a hard corner. The extent of one side of the corner is 
taken equal to 20 tn50 on transversely framed panels and to 0.5 s 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 openings are to be considered in 
accordance with Ch 5, Sec 1, 1.2.9. 

・ 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. 

s
stst

t nn
n

25021501
50

-- +
=  

st
stRstR

R
n

neHpneHp
eHp

50

2502215011 -- +
=  

where 
ReHp1, ReHp2, t1-n50, t2-n50, s1, s2 and s are shown in Fig. 6. 

 
Fig. 4 Extension of the Breadth of the Attached Plating and Hard Corner Element 

 
 

Fig.5 Plating with Knuckle Point 
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Fig. 6 Element with Different Thickness and Yield Strength 

 
 

2.3 Load-end Shortening Curves
2.3.1 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 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 2.3.3 to 2.3.8, taking into account the non-continuous 
longitudinal stiffener. 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. The consideration of the opening is in accordance with 
the requirement in Ch 5, Sec 1, 1.2.9 to 1.2.13. 

・ 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 es -  defined in 

Lengthened stiffened plate element or 
stiffener element 

Elasto-plastic collapse 2.3.3 

Shortened stiffener element 

Beam column buckling
Torsional buckling
Web local buckling of flanged profiles
Web local buckling of flat bars 

2.3.4
2.3.5
2.3.6
2.3.7 

Shortened stiffened plate element Plate buckling 2.3.8 

2.3.2 Hard corner element
 The relevant load-end shortening curve es -  is to be obtained for lengthened and shortened hard corners 
according to 2.3.3.
2.3.3 Elasto-plastic collapse of structural elements
 The equation describing the load-end shortening curve es -  for the elasto-plastic collapse of structural 
elements composing the hull girder transverse section is to be obtained from the following formula, valid for 

① 



－330－

2019 Rules for the Survey and Construction of Steel Ships (Part CSR-B&T Part 1 Chapter 5 Appendix 2)

 

both positive (shortening) and negative (lengthening) strains, see Fig. 7: 
eHARF=s  

where:
ReHA : Equivalent minimum yield stress, in N/mm2, of the considered element, obtained by the 

following formula: 

5050

5050

nsnp

nseHsnpeHp
eHA AA

ARAR
R

--

--

+
+

=  

  : Edge function, equal to: 
1-=   for  1-<e  

e=   for  11 ££- e  
1=   for  1>e  

e  : Relative strain, equal to: 

Y

E

e
ee =  

Ee  : Element strain. 

Ye  : Strain at yield stress in the element, equal to: 

E
ReHA

Y =e  

 
Fig. 7 Load-end Curve es -  for Elasto Plastic Collapse 

 

2.3.4 Beam column buckling
 The equation describing the load-end shortening curve es -1CR  for the beam column buckling of 

stiffeners composing the hull girder transverse section is to be obtained from the following formula, see Fig. 8: 

5050

5050
11

npnS

npEnS
CCR AA

AA
 

--

--

+
+

= ss  

where: 
  : Edge function, as defined in 2.3.3. 

1Cs  : Critical stress, in N/mm2, equal to: 

e
ss 1

1
E
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E
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ReHB : Equivalent minimum yield stress, in N/mm2, of the considered element, obtained by the 
following formula: 

sEnspEnpE

sEnseHspEnpEeHp
eHB AA

ARAR
R
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501 npEA -  : Effective area, in cm2, equal to: 

501501 10 nEnpE tbA =-  

pEl  : Distance, in mm, measured from the neutral axis of the stiffener with attached plate of width 

bE1 to the bottom of the attached plate. 
sEl  : Distance, in mm, measured from the neutral axis of the stiffener with attached plating of 

width bE1 to the top of the stiffener. 
e  : Relative strain, as defined in 2.3.3. 

1Es  : Euler column buckling stress, in N/mm2, equal to: 

4
2

50

502
1 10-

-

-=
lnE

nE
E A

I
Eps  

IE-n50 : Net moment of inertia of stiffeners, in cm4, with attached plating of width bE1.
AE-n50 : Net area, in cm2, of stiffeners with attached plating of width bE.
bE1 : Effective width corrected for relative strain, in m, of the attached plating, equal to: 

E
E

sb
b

=1   for  0.1>Eb  

sbE =1   for  0.1£Eb  

Eb  : 
E

R
t

s eHp

n
E

e
b

50

310=  

ApE--n50 : Net sectional area, in cm2, of attached plating of width bE, equal to: 
5050 10 nEnpE tbA =-  

bE : Effective width, in m, of the attached plating, equal to: 

sb
EE

E  
ø

ö
çç
è

æ
-= 2

25.125.2
bb

  for  25.1>Eb  

sbE =   for  25.1£Eb  

 
Fig. 8 Load-end Shortening Curve es -1CR  for Beam Column Buckling 

 
 

2.3.5 Torsional buckling
 The equation describing the load-end shortening curve es -2CR  for the flexural-torsional buckling of 
stiffeners composing the hull girder transverse section is to be obtained according to the following formula, see 
Fig. 9. 

5050

50250
2

npns

CPnpCns
CR AA

AA
 

--

--

+
+

=
ss

s  

where: 
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  : Edge function, as defined in 2.3.3. 
2Cs  : Critical stress, in N/mm2, equal to: 

e
ss 2

2
E

C =   for  es
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eHs

E
R

£  

 
ø

ö
çç
è

æ
-=

2
2 4

1
E

eHs
eHsC

RR
s

es   for  es
22
eHs

E
R

>  

2Es  : Euler torsional buckling stress, in N/mm2, taken as ETs  in Ch 8, Sec 5, 2.3.4 
e  : Relative strain, as defined in 2.3.3.

CPs  : Buckling stress of the attached plating, in N/mm2, equal to: 

eHp
EE

CP R 
ø

ö
çç
è

æ
-= 2

25.125.2
bb

s   for  25.1>Eb  

eHpCP R=s   for  25.1£Eb  

Eb  : Coefficient, as defined in 2.3.4. 

 
Fig. 9 Load-end Shortening Curve es -2CR  for Flexural-torsional Buckling 

 
 

2.3.6 Web local buckling of stiffeners made of flanged profiles
 The equation describing the load-end shortening curve es -3CR  for the web local buckling of flanged 
stiffeners composing the hull girder transverse section is to be obtained from the following formula: 

505050
3

505050
3

3 10
)(10

nffnwwn

eHsnffnwweeHpnE
CR tbthst

RtbthRtb
 

--

--

++

++
=s  

where: 
  : Edge function, as defined in 2.3.3. 
bE : Effective width, in m, of the attached shell plating, as defined in 2.3.4.
hwe : Effective height, in mm, of the web, equal to: 

w
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we hh  
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e  : Relative strain, as defined in 2.3.3. 
2.3.7 Web local buckling of stiffeners made of flat bars
 The equation describing the load-end shortening curve es -4CR  for the web local buckling of flat bar 
stiffeners composing the hull girder transverse section is to be obtained from the following formula, see Fig. 10: 
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5050
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where: 
  : Edge function, as defined in 2.3.3. 

CPs  : Buckling stress of the attached plating, in N/mm2, as defined in 2.3.5. 

4Cs  : Critical stress, in N/mm2, equal to: 
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4Es  : Local Euler buckling stress, in N/mm2, equal to: 
2
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e  : Relative strain, as defined in 2.3.3. 

 
Fig. 10 Load-end Shortening Curve es -4CR  for Web Local Buckling 

 
 

2.3.8 Plate buckling
 The equation describing the load-end shortening curve es -5CR  for the buckling of transversely 
stiffened panels composing the hull girder transverse section is to be obtained from the following formula: 
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where: 
  : Edge function, as defined in 2.3.3. 

Eb  : 
E

R
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310=  

s : Plate breadth, in m, taken as the spacing between the stiffeners. 
l  : Longer side of the plate, in m. 
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3. Alternative Methods 

3.1 General
3.1.1
 The bending moment-curvature relationship, c-M , 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: 
(a) Non-linear geometrical behaviour.
(b) Inelastic material behaviour.
(c) Geometrical imperfections and residual stresses (geometrical out-of-flatness of plate and stiffeners).
(d) Simultaneously acting loads: 

・ Bi-axial compression.
・ Bi-axial tension.
・ Shear and lateral pressure. 

(e) Boundary conditions.
(f) Interactions between buckling modes.
(g) Interactions between structural elements such as plates, stiffeners, girders, etc.
(h) Post-buckling capacity.
(i) 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). 

3.2 Non-linear Finite Element Analysis
3.2.1
 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 3.1.1.
3.2.2
 Particular attention is to be given to modelling 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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Chapter 6 HULL LOCAL SCANTLING 

Section 1 GENERAL 

1. Application 

1.1 Application
1.1.1
 This chapter applies to hull structure over the full length of the ship including fore end, cargo hold region, 
machinery space and aft end, the side shell above the freeboard deck, engine casing, exposed decks of superstructure 
and internal decks except those inside superstructure and deckhouse.
1.1.2
 This chapter provides requirements for evaluation of plating, stiffeners and Primary Supporting Members (PSM) 
subject to lateral pressure, local loads and to hull girder loads, as applicable. Requirements are specified for: 

・ Load application in Ch 6, Sec 2.
・ Minimum thickness of plates, stiffeners and PSM in Ch 6, Sec 3.
・ Plating in Ch 6, Sec 4.
・ Stiffeners in Ch 6, Sec 5.
・ PSM and pillars in Ch 6, Sec 6.

 In addition, other requirements not related to defined design load sets, are provided.
1.1.3 Required scantlings
 The offered net scantling is to be greater than or equal to the required scantlings based on requirements provided 
in this chapter.
1.1.4 Additional local strength requirements
 Additional local strength requirements are provided in Ch 10 considering bow impact loads, bottom slamming 
loads and sloshing loads, and for fore end, machinery space and aft end. 

1.2 Acceptance Criteria
1.2.1
 Acceptance criteria set to be selected based on design load as follows:

・ AC-S for design load S; static loads.
・ AC-SD for design load S+D; combination of static and dynamic loads. 
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Section 2 LOAD APPLICATION 

Symbols 

For symbols not defined in this section, refer to Ch 1, Sec 4. 

1. Load Combination 

1.1 Hull Girder Bending
1.1.1 Normal stresses
 The normal stress hgs , in N/mm2, induced by acting vertical and horizontal bending moments at the position 

being considered is given as follow. This stress is to be calculated for each design load set, as defined in 2 covering 
all dynamic load cases defined in Ch 4 in combination with Msw both in hogging and in sagging. 

3
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where:
Msw: Still water bending moment, in kNm, as defined in Ch 4, Sec 4, 2.2 in accordance with the 

considered design load scenario in Ch 4, Sec 7, Table 1. 
Mwv-LC: Vertical wave bending moment, in kNm, of the considered dynamic load case, as defined in Ch 4, 

Sec 4, 3.5.2 in accordance with the considered design load scenario in Ch 4, Sec 7, Table 1, at the 
considered longitudinal position. 

Mwh-LC: Horizontal wave bending moment, in kNm, of the considered dynamic load case, as defined in Ch 
4, Sec 4, 3.5.4 in accordance with the considered design load scenario in Ch 4, Sec 7, Table 1, at 
the considered longitudinal position. 

Iy-n50: Net vertical hull girder moment of inertia, at the longitudinal position being considered, in m4.
Iz-n50: Net horizontal hull girder moment of inertia, at the longitudinal position being considered, in m4.
y: Transverse coordinate of load calculation point, in m.
z: Vertical coordinate of the load calculation point under consideration, in m.
zn: Distance from the baseline to the horizontal neutral axis, in m. 

1.2 Lateral Pressures
1.2.1 Static and dynamic pressures in intact conditions
 The static and dynamic lateral pressures in intact condition induced by the sea and the various types of cargoes, 
ballast and other liquids are to be considered. Applied loads will depend on the location of the elements under 
consideration, and the adjacent type of compartments.
1.2.2 Lateral pressure in flooded conditions
 Watertight boundaries of compartments not intended to carry liquids, excluding shell envelope, are to be 
subjected to lateral pressure in flooded conditions. 

1.3 Pressure Combination
1.3.1 Elements of the outer shell
 If the compartment adjacent to the outer shell is intended to carry liquids, the static and dynamic lateral 
pressures to be considered are the differences between the internal pressures and the external sea pressures at the 
corresponding draught. 
 If the compartment adjacent to the outer shell is not intended to carry liquids, the internal pressures and external 
sea pressures are to be considered independently.
1.3.2 Elements other than those of the outer shell
 Except as specified in 1.3.1, the static and dynamic lateral pressures on an element separating two adjacent 
compartments are those obtained considering the two compartments individually loaded. 

① 
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2. Design Load Sets 

2.1 Application of Load Components
2.1.1 Application
 These requirements apply to:

・ Plating and stiffeners along the full length of the ship.
・ PSM outside the cargo hold region.

2.1.2 Load components
 The static and dynamic load components are to be determined in accordance with Ch 4, Sec 7, Table 1.
 Radius of gyration, kr, and metacentric height, GM, are to be in accordance with Ch 4, Sec 3, Table 1 and Ch 4, 
Sec 3, Table 2 for the considered loading conditions specified in the design load sets given in Table 1.
2.1.3 Design load sets for plating, stiffeners and PSM
 Design load sets for plating, stiffeners and primary supporting members are given in Table 1.
 In addition, the design load sets for primary supporting members of bulk carriers with length LCSR less than 
150 m and of oil tankers within the cargo hold region are given respectively in Pt 2, Ch 1, Sec 4, 4.2 and in Pt 2, Ch 
2, Sec 3, 1.2.
 

Table 1 Design Load Sets 

Item 
Design load 

set 
Load 

component 
Draught 

Design 
load 

Loading condition 

External shell and exposed 
deck 

SEA-1 Pex, PD TSC S+D Full Load condition (1) 

SEA-2 Pex TSC S Harbour condition (2) 

Water ballast tank (oil tanker 
and bulk carrier) 

WB-1 Pin   Pex (3) TBAL S+D Normal ballast condition 

WB-2 Pin   Pex (3) TBAL S+D Normal ballast condition
Water ballast exchange 

WB-3 Pin   Pex (3) 0.25 TSC S Harbour/test condition 

Water ballast tank (bulk 
carrier) and bulk cargo hold 
assigned as ballast hold 

WB-4 Pin   Pex (3) TBAL-H (7) S+D Heavy ballast condition 

WB-5 (4) Pin   Pex (3) TBAL-H (7) S+D Heavy ballast condition
Water ballast exchange 

WB-6 (5) Pin - S Harbour/test condition 

Cargo oil tank  

OT-1 Pin TSC S+D Full Load condition 

OT-2 Pin 0.6 TSC S+D Partial load condition 

OT-3 Pin - S Harbour/Test condition 

Bulk cargo hold 

BC-1 Pin TSC S+D Homogeneous loading, fully 
filled BC-2 Pin - S 

BC-3 Pin TSC S+D Homogeneous heavy cargo, 
partially filled (BC-A, B
ships) BC-4 Pin - S 

BC-5 Pin TSC S+D Alternate light cargo, fully 
filled (BC-A ships) BC-6 Pin - S 

BC-7 Pin TSC S+D Alternate heavy cargo, 
partially filled (BC-A ships.) BC-8 Pin - S 
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Table 1 Design Load Sets (Continued) 

Item 
Design load 

set 
Load 

component 
Draught 

Design 
load 

Loading condition 

Other tanks (fuel oil tank, 
fresh water tank) 

TK-1 Pin   Pex (3) TBAL S+D Normal ballast condition 

TK-2 Pin   Pex (3) 0.25 TSC S Harbour/test condition 

Compartments not carrying 
liquids 

FD-1 (6) Pin TSC S+D Flooded condition 

FD-2 (6) Pin - S Flooded condition 

Exposed deck, internal decks 
or platforms 

DL-1 (8) Pdl, FU TSC S+D Full load condition 

DL-2 (8) Pdl, FU - S Harbour condition 

(1) For bulk carrier BC-A and BC-B, full load condition means  homogeneous heavy cargo .

(2) For external shell only.

(3) Pex is to be considered for external shell only.

(4) Not to be applied to bulk cargo hold assigned as ballast hold.

(5) Bulk cargo hold only.

(6) FD-1 and FD-2 are not applicable to external shell and corrugations of transverse vertically corrugated bulkhead 

separating cargo holds. Requirement in flooded conditions of transverse corrugated bulkhead are given in Pt 2, 
Ch 1, Sec 3, 3. FD-1 and FD-2 are to be considered for strength deck whenever applicable. 

(7) Minimum draught among heavy ballast conditions is to be used.

(8) Distributed or concentrated loads only. Need not be combined with simultaneously occurring green sea pressure. 

 

① 
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Section 3 MINIMUM THICKNESSES 

Symbols 

For symbols not defined in this section, refer to Ch 1, Sec 4. 

1. Plating 

1.1 Minimum Thickness Requirements
1.1.1
 The net thickness of plating in mm, is to comply with the appropriate minimum thickness requirements given in 
Table 1. 

Table 1 Minimum Net Thickness for Plating 

Element Location Area Net thickness 

Shell 

Keel  - 7.5 + 0.03L2 

Bottom
Side shell
Bilge 

Fore Part 6.5 + 0.03L2 

Machinery space
Aft part 

7.0 + 0.03L2 

Elsewhere 5.5 + 0.03L2 

Breasthook - Fore part 6.5 

Deck 

Weather deck, strength deck, internal tank boundary - 4.5 + 0.02L2 

Platform deck 
Machinery space 2.8 + 0.0067s 

Elsewhere 6.5 

Inner bottom (1) - 
Machinery space 6.6 + 0.024L2 

Elsewhere 5.5 + 0.03L2 

Longitudinal 
bulkheads of bulk 
carriers 

Inner side, hopper tank top, top wing tank 
longitudinal bulkhead 

Cargo hold region 0.7L2
1/2 

Bulkheads 

Internal tank boundary,
Transverse/longitudinal watertight bulkhead 

- 4.5 + 0.02L2 

Non-tight bulkhead,
Wash bulkhead, 
Bulkheads between dry spaces.  

- 4.5 + 0.01L2 

Pillar bulkheads in fore and aft peaks - 7.5 

Other members 

Diaphragms in lower/upper stool - 5.0 + 0.015L2 

Engine casing (in the cargo hold region) Cargo hold region 5.5 

Engine casing (in way of accommodation) Accommodation 4.0 

Other plates in general - 4.5 + 0.01L2 

(1) Applicable for both tight and non tight members 
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2. Stiffeners and Tripping Brackets 

2.1 Minimum Thickness Requirements
2.1.1
 The net thickness of the web and face plate, if any, of stiffeners and tripping brackets in mm, is to comply with 
the minimum net thickness given in Table 2.
 In addition, the net thickness of the web of stiffeners and tripping brackets, in mm, is to be:

・ Not less than 40% of the net required thickness of the attached plating, to be determined according to Ch 6, 
Sec 4. 

・ Less than twice the net offered thickness of the attached plating. 
 

Table 2 Minimum Net Thickness for Stiffeners and Tripping Brackets 

Element Location Net thickness 

Stiffeners and attached end brackets 
Watertight boundary 3.5 + 0.015L2 

Other structure 3.0 + 0.015L2 

Cargo hold side frames webs of single side bulk carriers 
Foremost hold (1) 6.0 + 0.026LCSR 

Other holds (1) 5.2 + 0.023LCSR 

Tripping brackets 5.0 + 0.015L2 

(1) LCSR needs not to be taken greater than 200 m 
 

3. Primary Supporting Members 

3.1 Minimum Thickness Requirements
3.1.1
 The net thickness of web plating and flange of primary supporting members in mm, is to comply with the 
minimum net thickness given in Table 3.
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Table 3 Minimum Net Thickness for Primary Supporting Members 

Element Location Net thickness 

Double bottom centreline girder 
Machinery space 1.55 L2

1/3 + 3.5 

Elsewhere 5.5 + 0.025L2 

Other bottom girder  

Machinery space 1.7L2
1/3 + 1.0 

Fore part of ships with LCSR ³ 150 m 0.7 L2
1/2 

Elsewhere and fore part of ships with LCSR<150 m 5.5 + 0.02L2 

Girders bounding a duct keel Machinery space 0.8L2
1/2 + 2.5 

Bottom floor 

Machinery space 1.7L2
1/3 + 1.0 

Fore part 0.7L2
1/2 

Elsewhere 0.6L2
1/2 

Aft peak floor - 0.7L2
1/2 

Other primary supporting member 

Aft part / fore part 0.7L2
1/2 

Elsewhere 
In oil cargo tanks 5.5 + 0.015L2 

For other cases 0.6L2
1/2 
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Section 4 PLATING 

Symbols 

For symbols not defined in this section, refer to Ch 1, Sec 4. 
pa : Correction factor for the panel aspect ratio to be taken as follow but not to be taken greater than 1.0. 

a
b

p 1.2
2.1 -=a  

a: Length of plate panel, in mm, as defined in Ch 3, Sec 7, 2.2.2.
b: Breadth of plate panel, in mm, as defined in Ch 3, Sec 7, 2.2.2.
P: Design pressure for the considered design load set, see Ch 6, Sec 2, 2, calculated at the load calculation point 

defined in Ch 3, Sec 7, 2.2, in kN/m2. 
hgs : Hull girder bending stress, in N/mm2, as defined in Ch 6, Sec 2, 1.1, calculated at the load calculation point as 

defined in Ch 3, Sec 7, 2.2. 
c : Coefficient taken equal to: 

・ In intact condition: 
・ 70.0=c  for inner bottom and bilge hopper tank plating in cargo holds of bulk carriers, 
・ 00.1=c  for other cases. 

・ In flooded condition: 
・ 00.1=c  for collision bulkheads for acceptance criteria set AC-S, 
・ 95.0=c  for collision bulkheads for acceptance criteria set AC-SD, 
・ 15.1=c  for other watertight boundaries of compartments. 

1. Plating subjected to Lateral Pressure 

1.1 Yielding Check
1.1.1 Plating
 The net thickness, t in mm, is not to be taken less than the greatest value for all applicable design load sets, as 
defined in Ch 6, Sec 2, 2.1.3, given by: 

eHa
p RC

P
bt

c
a0158.0=  

where: 
aC : Permissible bending stress coefficient for plate taken equal to:  

eH

hg
a R

C
s

ab -= , not to be taken greater than max-aC . 

b : Coefficient as defined in Table 1. 
a : Coefficient as defined in Table 1. 

max-aC : Maximum permissible bending stress coefficient as defined in Table 1. 

① 
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Table 1 Definition b , a  and max-aC  

Acceptance 
criteria set 

Structural member b  a  max-aC  

AC-S 

Longitudinal
strength 
members 

Longitudinally stiffened plating 0.9 0.5 0.8 

Transversely stiffened plating 0.9 1.0 0.8 

Other members 0.8 0 0.8 

AC-SD 

Longitudinal 
strength 
members 

Longitudinally stiffened plating 1.05 0.5 0.95 

Transversely stiffened plating 1.05 1.0 0.95 

Other members 1.0 0 1.0 
 

 

1.2 Plating of Corrugated Bulkheads
1.2.1 Cold, hot formed and built up corrugations
 The net thicknesses, t in mm, of the web and flange plates of corrugated bulkheads are not to be taken less than 
the greatest value calculated for all applicable design load sets, as defined in Ch 6, Sec 2, 2.1.3, given by: 

eHCB
p RC

P
bt 0158.0=  

where:
bp: Breadth of plane corrugation plating: 

abp =  for flange plating, in mm, as defined in Ch 3, Sec 6, Fig. 21. 
cbp =  for web plating, in mm, as defined in Ch 3, Sec 6, Fig. 21. 

CBC : Permissible bending stress coefficient for corrugated bulkhead plating taken equal to: 
・ For acceptance criteria set AC-S for transverse corrugated bulkheads and vertically corrugated 

longitudinal bulkheads. 
75.0=CBC  

・ For acceptance criteria set AC-SD for transverse corrugated bulkheads and vertically corrugated 
longitudinal bulkheads. 

90.0=CBC  
・ For horizontally corrugated longitudinal bulkheads, without being greater than max-CBC . 

eH

hg
CBCBCB R

C
s

ab -=  

CBb : Coefficient as defined in Table 2.  

CBa : Coefficient as defined in Table 2.  

max-CBC : Maximum permissible bending stress coefficient as defined in Table 2. 
 

Table 2 Definition CBb , CBa  and max-CBC  

Acceptance 
criteria set 

Structural member CBb  CBa  max-CBC  

AC-S Horizontally corrugated longitudinal bulkheads 0.90 0.50 0.75 

AC-SD Horizontally corrugated longitudinal bulkheads 1.05 0.50 0.90 
 

1.2.2 Built-up corrugations
 For built-up corrugations, with flange and web plate of different thickness, the net thickness, t1 in mm, is to be 
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taken as the greatest value calculated for all applicable design load sets, as defined in Ch 6, Sec 2, 2.1.3, given by: 

2
2

2

1

0005.0
t

RC
Pb

t
eHCB

P -=  

where:
t1: Net thickness of the thicker plating, either flange or web, in mm.
t2: Net thickness of the thinner plating, either flange or web, in mm.
bP: Breadth of thicker plate, either flange or web, in mm.
CCB: Permissible bending stress coefficient as defined in 1.2.1. 

2. Special Requirements 

2.1 Minimum Thickness of Keel Plating
2.1.1 
 The net thickness of the keel plating is not to be taken less than the offered net thickness of the adjacent 2m
width bottom plating, measured from the edge of the keel strake.
 The width of the keel is defined in Ch 3, Sec 6, 7.2.1. 

2.2 Bilge Plating
2.2.1 Definition of bilge area
 The definition of bilge area is given in Ch 1, Sec 4, 3.8.1.
2.2.2 Bilge plate thickness
(a) The net thickness of bilge plating is not to be taken less than the offered net thickness for the adjacent bottom 

shell or adjacent side shell plating, whichever is greater. 
(b) The net thickness of rounded bilge plating, t, in mm, is not to be taken less than: 

6.04.04 )(1045.6 RsPt bex
- =  

where:
exP : Design sea pressure for the design load set SEA-1 as defined in Ch 6, Sec 2, 2.1.3 calculated at the lower 

turn of the bilge, in kN/m2. 
R: Effective bilge radius in mm. 

)(5.0 210 ssRR D+D+=  

0R : Radius of curvature, in mm. See Fig.1. 

1sD : Distance between the lower turn of bilge and the outermost bottom longitudinal, in mm, see Fig.1. Where 
the outermost bottom longitudinal is within the curvature, this distance is to be taken as zero. 

2sD : Distance between the upper turn of bilge and the lowest side longitudinal, in mm, see Fig.1. Where the 
lowest side longitudinal is within the curvature, this distance is to be taken as zero. 

bs : Distance between transverse stiffeners, webs or bilge brackets, in mm. 
(c) Longitudinally stiffened bilge plating is to be assessed as regular stiffened plating. The bilge thickness is not to 

be less than the lesser of the value obtained by 1.1.1 and 2.2.2(b). A bilge keel is not considered as an effective 
 longitudinal stiffening  member.

2.2.3 (deleted)
2.2.4 Transverse extension of bilge minimum plate thickness
 Where a plate seam is located in the straight plate just below the lowest stiffener on the side shell, any increased 
thickness required for the bilge plating does not have to be extended to the adjacent plate above the bilge provided 
the plate seam is not more than s2/4 below the lowest side longitudinal. Similarly, for the flat part of adjacent bottom 
plating, any increased thickness for the bilge plating does not have to be extended to the adjacent plate provided that 
the plate seam is not more than s1/4 beyond the outboard bottom longitudinal. For definition of s1 and s2, see Fig. 1. 
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Fig.1 Transverse Stiffened Bilge Plating 

 

2.2.5 Hull envelope framing in bilge area
 For transversely stiffened bilge plating, a longitudinal is to be fitted at the bottom and at the side close to the 
position where the curvature of the bilge plate starts. The scantling of those longitudinals are to be not less than the 
one of the closer adjacent stiffener. The distance between the lower turn of bilge and the outermost bottom 
longitudinal, 1sD , is generally not to be greater than one-third of the spacing between the two outermost bottom 
longitudinals, s1. Similarly, the distance between the upper turn of the bilge and the lowest side longitudinal, 2sD , is 
generally not to be greater than one-third of the spacing between the two lowest side longitudinals, s2. See Fig. 1. 

2.3 Side Shell Plating
2.3.1 Fender contact zone
 The net thickness, t in mm, of the side shell plating within the fender contact zone as specified in 2.3.2 is not to 
be taken less than: 
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2.3.2 Application of fender contact zone requirement
 The application extends within the cargo hold region as defined in Ch 1, Sec 1, 2.4.3, from the ballast draught 
TBAL to 0.25TSC (minimum 2.2 m) above TSC. 

2.4 Sheer Strake
2.4.1 General
 The minimum width of the sheer strake is defined in Ch 3, Sec 6, 8.2.4.
2.4.2 Welded sheer strake
 The net thickness of a welded sheer strake is not to be less than the offered net thickness of the adjacent 2m
width side plating, provided this plating is located entirely within the top wing tank or double side tank as the case 
may be.
2.4.3 Rounded sheer strake
 The net thickness of a rounded sheer strake is not to be less than:

・ The offered net thickness of the adjacent 2 m width deck plating, or
・ The offered net thickness of the adjacent 2 m width side plating,

 whichever is greater. 

2.5 Deck Stringer Plating
2.5.1
 The minimum width of deck stringer plating is defined in Ch 3, Sec 6, 9.1.2.
2.5.2
 Within 0.6LCSR of amidships, the net thickness of the deck stringer plate is not to be less than the offered net 
thickness of the adjacent deck plating. 
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2.6 Supporting Structure in way of Corrugated Bulkheads
2.6.1 General
 Requirements for the arrangement of bulkhead as given in Ch 3, Sec 6, 10.4 are to be considered together with
2.6.2 to 2.6.4.
2.6.2 Lower stool

(a) The net thickness of the stool top plate is not to be less than that required for the attached corrugated 
bulkhead and is to be of at least the same material yield strength as the attached corrugation. The extension 
of the top plate beyond the corrugation is not to be less than the as-built flange thickness of the corrugation. 

(b) The net thickness of the stool side plate, within the region of the corrugation depth from the stool top plate, 
is not to be less than the corrugated bulkhead flange net required thickness at the lower end and is to be of 
at least the same material yield strength. The net thickness may be reduced to 90% of corrugation flange 
thickness if continuity is provided between the corrugation web and supporting brackets inside the stool as 
defined in (c). 

(c) For oil tankers, continuity between corrugation web and lower stool supporting brackets is to be maintained 
inside the stool. Alternatively, lower stool supporting brackets inside the stool are to be aligned with every 
knuckle point of corrugation web. 

(d) The net thickness of supporting bracket is not to be less than 80% of the required net thickness of the 
corrugation webs and is to be of at least the same material yield strength. 

(e) The net thickness of supporting floors is not to be less than the net required thickness of the stool side 
plating (excluding the application of GRAB requirements as defined in Pt 2, Ch 1, Sec 6) connected to the 
inner bottom and is to be of at least the same material yield strength. If material of different yield strength 
is used, the required thickness is to be adjusted by the ratio of the two material factors k, as defined in Ch 3, 
Sec 1, 2.2.1. 

(f) Where a lower stool is fitted, particular attention is to be given to the through-thickness properties, and 
arrangements for continuity of strength, at the connection of the bulkhead stool to the inner bottom. For 
requirements for plates with specified through-thickness properties, see Ch 3, Sec 1, 2.5. 

2.6.3 Upper stool
(a) The net thickness of the stool bottom plate is not to be less than that required for the attached corrugated 

bulkhead and is to be of at least the same material yield strength as the attached corrugation. The extension 
of the top plate beyond the corrugation is not to be less than the as-built flange thickness of the corrugation. 

(b) The net thickness of the lower portion of stool side plating is not to be less than the greater of the following, 
・ The net thickness obtained from 1.1,
・ 80% of the net thickness of the upper part of the bulkhead plating as required by 

・ 1.2,
・ Pt 2, Ch 1, Sec 3, 3.1, or Pt 2, Ch 2, Sec 3, 2.2.1 as applicable,
where the same material is used. 

 If materials of different yield strength are used, the required thickness is to be adjusted by the ratio of the 
two material factors k as defined in Ch 3, Sec 1, 2.2.1.

2.6.4 Local supporting structure in way of corrugated bulkheads without a lower stool
(a) The net thickness of the supporting floors and pipe tunnel beams in way of a corrugated bulkhead are not to 

be less than the required net thickness of the corrugation flanges and are to be of at least the same material 
yield strength. The inner bottom and hopper tank in way of the corrugation is to be of at least the same 
material yield strength as the attached corrugation, and Z grade steel as defined in Ch 3, Sec 1, 2.5.1 is to 
be used unless through thickness properties are documented for approval. 

(b) Brackets/carlings arranged in line with the corrugation web are to have a depth of not less than 0.5 times 
the corrugation depth and a net thickness not less than 80% of the net thickness of the corrugation webs and 
are to be of at least the same material yield strength. Where support is provided by gussets with shedder 
plates instead of brackets/carlings, the height of the gusset plate, see hG in Pt 2, Ch 1, Sec 3, Fig.5, is to be 
at least equal to the corrugation depth. The gusset plates are to be fitted in line with and between the 
corrugation flanges. The net thickness of the gusset and shedder plates is not to be less than 100% and 80%, 
respectively, of the net thickness of the corrugation flange and is to be of at least the same material yield 
strength. 

① 
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2.7 Aft Peak Bulkhead
2.7.1
 The net thickness of the aft peak bulkhead plating in way of the stern tube penetration is to be at least 1.6 times 
the required thickness for the bulkhead plating. 
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Section 5 STIFFENERS 

Symbols 

For symbols not defined in this section, refer to Ch 1, Sec 4. 
shrd : Effective shear depth, in mm, as defined in Ch 3, Sec 7, 1.4.3. 

bdgl : Effective bending span, in m, as defined in Ch 3, Sec 7, 1.1.2. 

shrl : Effective shear span, in m, as defined in Ch 3, Sec 7, 1.1.3. 
P: Design pressure for the design load set being defined in Ch 6, Sec 2 and calculated at the load calculation 

point defined in Ch 3, Sec 7, 3.2, in kN/m2. 
c : Coefficient taken equal to: 

・ In intact condition: 
・ 90.0=c  for inner bottom and bilge hopper tank plating in cargo holds of bulk carriers, 
・ 00.1=c  for other cases. 

・ In flooded condition: c as defined in Ch 6, Sec 4 for flooded condition. 

1. Stiffeners subject to Lateral Pressure 

1.1 Yielding Check
1.1.1 Web plating
 The minimum net web thickness, tw in mm, is not to be taken less than the greatest value calculated for all 
applicable design load sets as defined in Ch 6, Sec 2, 2, given by: 

eHtshr

shrshr
w Cd

sPf
t

tc
l

= with tCc  not to be taken greater than 1.0. 

where:
fshr : Shear force distribution factor taken as: 

・ For continuous stiffeners with fixed ends, fshr is not to be taken less than: 
・ fshr = 0.5 for horizontal stiffeners and upper end of vertical stiffeners.
・ fshr = 0.7 for lower end of vertical stiffeners. 

・ For stiffeners with reduced end fixity, variable load or being part of grillage, the requirement in 1.2 
applies. 

tC : Permissible shear stress coefficient for the design load set being considered, taken as: 
・ 75.0=tC  for acceptance criteria set AC-S. 
・ 90.0=tC  for acceptance criteria set AC-SD. 

1.1.2 Section modulus
 The minimum net section modulus, Z in cm3, is not to be taken less than the greatest value calculated for all 
applicable design load sets as defined in Ch 6, Sec 2, 2.1.3, given by: 

eHsbdg

bdg

RCf
sP

Z
c

2l
=  with sCc  not to be taken greater than 1.0. 

where:
fbdg: Bending moment factor taken as: 

・ For continuous stiffeners with fixed ends, fbdg is not to be taken higher than: 
・ fbdg = 12 for horizontal stiffeners and upper end of vertical stiffeners.
・ fbdg = 10 for lower end of vertical stiffeners. 

・ For stiffeners with reduced end fixity, variable load or being part of grillage, the requirement in 1.2 
applies. 

Cs: Permissible bending stress coefficient as defined in Table 1 for the design load set being considered.
hgs : Hull girder bending stress, in N/mm2, as defined in Ch 6, Sec 2, 1.1, calculated at the load calculation 

① 
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point as defined in Ch 3, Sec 7, 3.2. 
sb : Coefficient as defined in Table 2. 

sa : Coefficient as defined in Table 2. 

max-sC : Coefficient as defined in Table 2. 
 

Table 1 Definition of sC  

Sign of hull girder
bending stress, hgs  

Lateral pressure  
acting on 

Coefficient sC  

Tension (positive) Stiffener side 

eH

hg
sss R

C
s

ab -=  

but not to be taken greater than max-sC  Compression (negative) Plate side 

Tension (positive) Plate side 
max-= ss CC  

Compression (negative) Stiffener side 
 

 
Table 2 Definition of sb , sa  and max-sC  

Acceptance criteria set Structural member sb  sa  max-sC  

AC-S 
Longitudinal strength member 0.85 1.0 0.75 

Transverse or vertical member 0.75 0 0.75 

AC-SD 
Longitudinal strength member 1.0 1.0 0.9 

Transverse or vertical member 0.9 0 0.9 
 

1.1.3 Group of stiffeners
 Scantlings of stiffeners based on requirements in 1.1.1 and 1.1.2 may be decided based on the concept of 
grouping designated sequentially placed stiffeners of equal scantlings on a single stiffened panel between primary 
supporting members. The scantling of the group is to be taken as the greater of the following: 

・ The average of the required scantling of all stiffeners within a group.
・ 90% of the maximum scantling required for any one stiffener within the group.

1.1.4 Plate and stiffener of different materials
 When the minimum specified yield stress of a stiffener exceeds the minimum specified yield stress of the 
attached plate by more than 35%, the following criterion is to be satisfied: 

S

hgsP

S

hgS
PeHSeH Z

ZRR
b
sa

b
ss

+ 
ø

ö
çç
è

æ
-£ --  

where:
ReH-S: Minimum specified yield stress of the material of the stiffener, in N/mm2.
ReH-P: Minimum specified yield stress of the material of the attached plate, in N/mm2. 

hgs : Hull girder bending stress, in N/mm2, as defined in Ch 6, Sec 2, 1.1 with hgs  not to be taken less than 

0.4ReH-P. 
Z: Net section modulus, in way of face plate/free edge of the stiffener, in cm3.
ZP: Net section modulus, in way of the attached plate of stiffener, in cm3. 

sa , sb : Coefficients defined in Table 2. 

1.2 Beam Analysis
1.2.1 Direct analysis
 The maximum normal bending stress, s  and shear stress, t  in a stiffener using net properties with reduced 
end fixity, variable load or being part of grillage are to be determined by direct calculations taking into account: 

① 
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・ The distribution of static and dynamic pressures and forces, if any.
・ The number and position of intermediate supports (e.g. decks, girders, etc).
・ The condition of fixity at the ends of the stiffener and at intermediate supports.
・ The geometrical characteristics of the stiffener on the intermediate spans.

1.2.2 Stress criteria
 The stress is to comply with the following criteria where the coefficients Ct and Cs, are defined in 1.1.1 and 
1.1.2.

・ eHtC tct £  
・ eHs RCcs £  
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Section 6 PRIMARY SUPPORTING MEMBERS AND PILLARS 

Symbols 

For symbols not defined in this section, refer to Ch 1, Sec 4.
P: Design pressure for the design load set being considered as defined in Ch 6, Sec 2 and calculated at the load 

calculation point as defined in Ch 3, Sec 7, 4.1.1, in kN/m2. 
bdgl : Effective bending span, as defined in Ch 3, Sec 7, 1.1.6, in m. 

shrl : Effective shear span, as defined in Ch 3, Sec 7, 1.1.7, in m. 
c : Coefficient taken equal to: 

・ In intact condition: 
・ c  = 0.90 for primary supporting members attached to inner bottom or bilge hopper tank plating 

in cargo holds of bulk carriers,
・ c  = 1.00 for other cases. 

・ In flooded condition: c  as defined in Ch 6, Sec 4 for flooded condition. 

1. General 

1.1 Application
1.1.1
 The requirements of this section apply to primary supporting members subjected to lateral pressure and 
concentrated loads and pillars subjected to compressive axial loads. The yielding check is to be carried out for such 
members subjected to specific loads. 

2. Primary Supporting Members within Cargo Hold Region 

2.1 Flooded Condition
2.1.1
 The requirements in this sub-article apply to the primary supporting members of watertight boundaries other 
than outer shell or tank boundaries, subject to lateral pressure in flooded condition.
2.1.2
 The verification against flooded condition is to be made by using the pressure and hull girder loads for the 
appropriate design load set as defined in Ch 6, Sec 2 and the scantling requirements given in 3.2. 

2.2 Bulk Carriers
2.2.1 Bulk carriers having a length LCSR of 150 m and above
 The scantlings of primary supporting members within the cargo hold region are to be verified by FE structural 
analysis as defined in Ch 7.
2.2.2 Bulk carriers having a length LCSR less than 150 m
 The scantlings of primary supporting members within the cargo hold region are to comply with the requirements 
given in Pt 2, Ch 1, Sec 4, 4. Alternatively, the scantlings of such members may be verified by direct strength 
assessment as deemed appropriate by the Society. 

2.3 Oil Tankers
2.3.1 
 cantlings of primary supporting members within the cargo hold region are to comply with the requirements 
given in Pt 2, Ch 2, Sec 3, 1 and are to be verified by FE structural analysis, as defined in Ch 7. 

① 
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3. Primary Supporting Members outside Cargo Hold Region 

3.1 Application
3.1.1
 The requirements of this article apply to primary supporting members, subjected to lateral pressure within the 
fore part, aft part and machinery space. 

3.2 Scantling Requirements 

3.2.1 Net section modulus
 The net section modulus, Zn50 in cm3, of primary supporting members subjected to lateral pressure is not to be 
taken less than the greatest value for all applicable design load sets defined in Ch 6, Sec 2, 2, given by: 

eHsbdg

bdg
n RCf

SP
Z

c

2

50 1000
l

=  

where:
fbdg: Bending moment distribution factor, as given in Table 2.
Cs: Permissible bending stress coefficient for the acceptance criteria set, as given in Table 1. 

3.2.2 Net shear area
 The net shear area, 50nshrA -  in cm2, of primary supporting members subjected to lateral pressure is not to be 
taken less than the greatest value for all applicable design load sets defined in Ch 6, Sec 2, 2, given by: 

eHt

shrshr
nshr C

SPf
A

tc
l

1050 =-  

where:
fshr: Shear force distribution factor, as given in Table 2.
Ct: Permissible shear stress coefficient for the acceptance criteria set being considered, as given in Table 1. 

 
Table 1 Permissible Bending and Shear Stress Coefficients for Primary Supporting Members 

Acceptance criteria set Structure attached to primary supporting member Cs and Ct 

AC-S All boundaries, including decks and flats 0.70 

AC-SD All boundaries, including decks and flats 0.85 
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Table 2 Bending Moment and Shear Force Factors, fbdg and fshr 

Load and boundary condition 
Bending moment and shear force distribution 
factors (based on load at mid span, where load 
varies) 

Position 1
fbdg1

fshr1 

2
fbdg2

- 

3
fbdg3

fshr3 Load model 
1 

Support 
2 

Field 
3 

Support 

A 

 

12.0
0.50 

24.0 
- 

12.0
0.50 

B 

 

- 
0.38 

14.2 
- 

8.0
0.63 

C 

 

- 
0.50 

8.0
- 

- 
0.50 

D 

 

15.0
0.30 

23.3 
- 

10.0
0.70 

E 

 

- 
0.20 

16.8 
- 

7.5
0.80 

F 

 

-
- 

-
- 

2.0
1.0 

Note 1 The bending moment distribution factor, fbdg for the support positions is applicable for a distance of 0.2 bdgl  
from the end of the effective bending span of the primary supporting member. 

Note 2 The shear force distribution factor, fshr for the support positions is applicable for a distance of 0.2 shrl  from the 
end of the effective shear span of the primary supporting member. 

Note 3 Application of fbdg and fshr:
 The section modulus requirement within 0.2 bdgl  from the end of the effective span is to be determined using 

the applicable fbdg1 and fbdg3, however fbdg is not to be taken greater than 12.
 The section modulus of mid-span area is to be determined using fbdg=24, or fbdg2 from the table if lesser.
 The shear area requirement of end connections within 0.2 shrl  from the end of the effective span is to be 

determined using fshr = 0.5 or the applicable fshr1 or fshr3, whichever is greater.
 For models A through F, the value of fshr may be gradually reduced outside of 0.2 shrl  towards 0.5 fshr at 

mid-span, where fshr is the greater value of fshr1 and fshr3. 
 

 

3.3 Advanced Calculation Methods
3.3.1 Direct analysis
 Where complex grillage structures are employed or cross ties are fitted in side shell primary supporting members, 
the scantlings are to be determined by direct calculation taking into account: 

・ The distribution of still water and wave pressure and forces, if any.
・ The number and position of intermediate supports (e.g. decks, girders, etc). 
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・ The condition of fixity at the ends of the primary supporting members and at intermediate supports.
・ The geometrical characteristics of the primary supporting members on the intermediate spans.

3.3.2 Analysis criteria
 The calculated stresses are to comply with the following criteria where the coefficients Ct and Cs, are defined in 
3.2: 

・ eHs RCcs £  
・ eHtC tct £  

where: 
t : Shear stress in member, in N/mm2, based on tn50. 
s : Normal stress in member, in N/mm2, based on tn50. 

4. Pillars 

4.1 Pillars subjected to Compressive Axial Load
4.1.1 Criteria
 The maximum applied compressive axial load on a pillar, Fpill, in kN, is to be taken as the greatest value 
calculated for all applicable design load sets defined in Ch 6, Sec 2, 2, and is given by the following formula: 

uprpillaapill FPbF --- += supsupl  

where:
ba-sup: Mean breadth of area supported, in m. 

sup-al : Mean length of area supported, in m. 

Fpill-upr: Axial load from pillar including axial load from pillars above, in kN, if any.
Apill-n50: Net cross section area of the pillar, in cm2. 

 The buckling check of the pillar is to be performed according to Ch 8, Sec 4, 5.1, with avs  in N/mm2, as 
defined in Ch 8, Sec 5, 3.1 given by: 

50

10
npill

pill
ac A

F

-

=s  

4.2 Pillars subject to Tensile Axial Load
4.2.1 Criteria
 Pillars and PSM members subjected to tensile axial load are to satisfy the criteria given in 3.3.2.
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Chapter 7 DIRECT STRENGTH ANALYSIS 

Section 1 STRENGTH ASSESSMENT 

1. General 

1.1 Application
1.1.1
 This chapter provides requirements applicable to ships having rule length LCSR of 150 m or above to assess the 
scantlings of the hull structure using finite element analysis.
1.1.2
 The finite element analysis consists of three parts:

(a) Cargo hold analysis to assess the strength of longitudinal hull girder structural members, primary 
supporting structural members and bulkheads. 

(b) Fine mesh analysis to assess detailed stress levels in local structural details.
(c) Very fine mesh analysis to assess the fatigue capacity of the structural details according to Ch 9.

1.1.3
 The strength assessment performed with finite element analysis is to verify that the scantlings comply with the 
acceptance criteria specified in this chapter for: 

・ Cargo hold structural analysis performed in accordance with Ch 7, Sec 2.
・ Local structural analysis performed in accordance with Ch 7, Sec 3.

1.1.4
 Strength assessment based on finite element analysis is applicable for the entire cargo hold region.
1.1.5
 The analysis is to verify the following:

(a) Stress levels are within the acceptance criteria for yielding.
(b) Buckling capability of plates and stiffened panels are within the acceptance criteria for bucking defined in 

Ch 8. 
(c) Fatigue capacity of structural details is within the acceptance criteria defined in Ch 9.

1.1.6
 A flow diagram showing the minimum requirement of finite element analysis is shown in Fig. 1.

 



－356－

2019 Rules for the Survey and Construction of Steel Ships (Part CSR-B&T Part 1 Chapter 7 Section 1)

Fig. 1 Flow Diagram of Finite Element Analysis 

 

2. Net Scantling 

2.1 Net Scantling Application
2.1.1
 FE models for cargo hold FE analyses, local fine mesh FE analysis and very fine mesh FE analyses, are to be 
based on the net scantling approach, applying a corrosion addition as defined in Ch 3, Sec 2, Table 1.
 All buckling capacity assessment are to be based on corrosion addition as defined in Ch 3, Sec 2, Table 1. 

3. Finite Element Types 

3.1 Used Finite Element Types
3.1.1
 The structural assessment is to be based on linear finite element analysis of three dimensional structural models. 
The general types of finite elements to be used in the finite element analysis are given in Table 1.
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Table 1 Types of Finite Element 

Type of finite element Description 

Rod (or truss) element 
Line element with axial stiffness only and constant cross sectional area 
along the length of the element. 

Beam element 
Line element with axial, torsional and bi-directional shear and bending 
stiffness and with constant properties along the length of the element. 

Shell (or plate) element 
Shell element with in-plane stiffness and out-of-plane bending stiffness 
with constant thickness. 

3.1.2
 Two node line elements and four node shell elements are, in general, considered sufficient for the representation 
of the hull structure. The mesh requirements given in this chapter are based on the assumption that these elements are 
used in the finite element models. However, higher order elements may also be used. 

4. Submission of Results 

4.1 Detailed Report
4.1.1
 A detailed report of the structural analysis is to be submitted by the designer/builder to demonstrate compliance 
with the specified structural design criteria. This report is to include the following information: 

(a) List of plans used including dates and versions.
(b) Detailed description of structural modelling including all modelling assumptions and any deviations in 

geometry and arrangement of structure compared with plans. 
(c) Plots to demonstrate correct structural modelling and assigned properties.
(d) Details of material properties, plate thickness, beam properties used in the model.
(e) Details of boundary conditions.
(f) Details of all loading conditions reviewed with calculated hull girder shear force, bending moment and 

torsional moment distributions. 
(g) Details of applied loads and confirmation that individual and total applied loads are correct.
(h) Plots and results that demonstrate the correct behaviour of the structural model under the applied loads.
(i) Summaries and plots of global and local deflections.
(j) Summaries and sufficient plots of stresses to demonstrate that the design criteria are not exceeded in any 

member. 
(k) Plate and stiffened panel buckling analysis and results.
(l) Tabulated results showing compliance, or otherwise, with the design criteria.
(m) Proposed amendments to structure where necessary, including revised assessment of stresses, buckling and 

fatigue properties showing compliance with design criteria. 
(n) Reference of the finite element computer program, including its version and date. 

5. Computer Programs 

5.1 Use of Computer Programs
5.1.1
 Any finite element computation program complying with Ch 1, Sec 3 may be employed to determine the stress 
and deflection of the hull structure, provided that the combined effects of bending, shear, axial and torsional 
deformations are considered.
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Section 2 CARGO HOLD STRUCTURAL STRENGTH ANALYSIS 

Symbols 

For symbols not defined in this section, refer to Ch 1, Sec 4.
Msw: Permissible vertical still water bending moment, in kNm, as defined in Ch 4, Sec 4.
Mwv: Vertical wave bending moment, in kNm, in hogging or sagging condition, as defined in Ch 4, Sec 4.
Mwh: Horizontal wave bending moment, in kNm, as defined in Ch 4, Sec 4.
Mwt: Wave torsional moment in seagoing condition, in kNm, as defined in Ch 4, Sec 4.
Qsw: Permissible still water shear force, in kN, at the considered bulkhead position, as provided in Ch 4, Sec 4.
Qwv: Vertical wave shear force, in kN, as defined in Ch 4, Sec 4.
xb-aft, xb-fwd: X-coordinate, in m, of respectively the aft and forward bulkhead of the mid-hold.
xaft: X-coordinate, in m, of the aft end support of the FE model.
xfore: X-coordinate, in m, of the fore end support of the FE model.
xi: X-coordinate, in m, of web frame station i.
Qaft: Vertical shear force, in kN, at aft bulkhead of mid-hold as defined in 4.4.6.
Qfwd: Vertical shear force, in kN, at fore bulkhead of mid-hold as defined in 4.4.6.
Qtarg-aft: Target shear force, in kN, at the aft bulkhead of mid-hold as defined in 4.3.3.
Qtarg-fwd: Target shear force, in kN, at the forward bulkhead of mid-hold as defined in 4.3.3. 

1. Objective and Scope 

1.1 General
1.1.1 
 The cargo hold structural strength analysis is used for the assessment of scantlings of longitudinal hull girder 
structural members, primary supporting members and bulkheads within the cargo hold region. This section gives the 
requirements for cargo hold structural strength analysis.
1.1.2
 Cargo hold structural strength analysis is mandatory within the cargo hold region including the aft bulkhead of 
the aftmost cargo hold and the collision bulkhead. The evaluation areas are defined in 5.1.
1.1.3
 For the purpose of FE structural assessment and load application, the cargo hold region contains the following 
cargo hold regions, which may vary depending on the ship length and cargo hold arrangement, as defined in Fig. 1: 

・ Midship cargo hold region,
・ Forward cargo hold region,
・ After cargo hold region,
・ Foremost cargo hold(s),
・ Aftmost cargo hold(s). 
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Fig. 1 Definition of Cargo Hold Regions for FE Structural Assessment 

 
Holds in the forward cargo hold region are defined as holds with their longitudinal centre of gravity position forward of 0.7LCSR from AE, 

except foremost cargo hold.

Holds in the midship cargo hold region are defined as holds with their longitudinal centre of gravity position at or forward of 0.3LCSR from 

AE and at or aft of 0.7LCSR from AE.

Holds in the after cargo hold region are defined as holds with their longitudinal centre of gravity position aft of 0.3LCSR from AE, except 

aftmost cargo hold.

Foremost cargo hold(s) is (are) defined as hold(s) in the foremost location of the cargo hold region.

Aftmost cargo hold(s) is (are) defined as hold(s) in the aftmost location of the cargo hold region. 

 

1.2 Cargo Hold Structural Strength Analysis Procedure
1.2.1 Procedure description
 The structural FE analysis is to be performed in accordance with the following:

・ Model: Three cargo hold model with: 
・ Extent as given in 2.2
・ Finite element types as given in 2.3
・ Structural modelling as defined in 2.4 

・ Boundary conditions as defined in 2.5
・ FE load combinations as defined in 3
・ Load application as defined in 4
・ Evaluation area as defined in 5.1
・ Strength assessment as defined in 5.2 and 5.3

1.2.2 Mid-hold definition
 For the purpose of the FE analysis, the mid-hold is defined as the middle hold(s) of the three cargo hold length 
FE model. 
 In case of foremost and aftmost cargo hold assessment, the mid-hold represents the foremost and aftmost cargo 
hold including the slop tank if any, respectively.
1.2.3 Scantling assessment
 The scantling assessment is carried out according to Ch 7, Sec 1 for each individual cargo hold using the FE 
load combinations defined in Ch 4, Sec 8 applicable to the considered cargo hold. The FE analysis results are 
applicable to the evaluation area as defined in 5.1.1, of the considered cargo hold.
 The individual transverse bulkhead structural elements, inclusive plating, stiffeners and horizontal stringers, are 
to be assessed considering two cargo hold finite element analyses, i.e. the analysis for the hold forward and the one 
for the hold aft of the considered transverse bulkhead. 
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2. Structural Model 

2.1 Members to be Modelled
2.1.1
 All main longitudinal and transverse structural elements are to be modelled. These include: 

・ Inner and outer shell, 
・ Deck,
・ Double bottom floors and girders,
・ Transverse and vertical web frames,
・ Hatch coamings, 
・ Stringers,
・ Transverse and longitudinal bulkhead structures,
・ Other primary supporting members,
・ Other structural members which contribute to hull girder strength.

 All plates and stiffeners on the structure, including web stiffeners, are to be modelled. Brackets which contribute 
to primary supporting member strength and the size of which is not less than the typical mesh size (s-by-s) described 
in 2.4.2, are to be modelled. 

2.2 Extent of Model
2.2.1 Longitudinal extent 
 Except the foremost and aftermost cargo hold models, the longitudinal extent of the cargo hold FE model is to 
cover three cargo hold lengths. The transverse bulkheads at the ends of the model are to be modelled. Where 
corrugated transverse bulkheads are fitted, the model is to include the extent of the bulkhead stool structure forward 
and aft of the tanks/holds at the model ends. The web frames at the ends of the model are to be modelled. Typical 
finite element models representing the midship cargo hold region of different ship type configurations are shown in 
Fig. 3 and Fig. 4.
 The foremost and the aftmost cargo holds are located at the middle of the FE models as follows: 

・ Foremost cargo hold: from the after bulkhead of the cargo hold no. 2 to the ship s foremost cross section 
where the reinforced ring or web frame remains continuous from the base line to the strength deck. 

・ Aftermost cargo hold: from the after bulkhead of the engine room to the forward bulkhead of no. N-1 cargo 
hold, where N is the number of holds or sets of holds numbered from forward to aft. 

 Examples of finite element models representing the foremost and aftermost cargo holds of different ship type 
configurations are shown in Fig. 5 and Fig. 6.
2.2.2 Hull form modelling
 In general, the finite element model is to represent the geometry of the hull form. In the midship cargo hold 
region, the finite element model may be prismatic provided the mid-hold has a prismatic shape.
 In the foremost cargo hold model, the hull form forward of the transverse section at the middle of the fore part 
up to the model end as defined in 2.2.1 may be modelled with a simplified geometry. The transverse section at the 
middle of the fore part up to the model end may be extruded out to the fore model end, as shown in Fig. 2.
 In the aftmost cargo hold model, the hull form aft of the middle of the machinery space may be modelled with a 
simplified geometry. The section at the middle of the machinery space may be extruded out to its aft bulkhead, as 
shown in Fig. 2.
 When the hull form is modelled by extrusion, the geometrical properties of the transverse section located at the 
middle of the considered space (fore or machinery space) are copied along the simplified model. The transverse web 
frames are to be considered along this extruded part with the same properties as the ones in the fore part or in the 
machinery space.
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Fig. 2 Hull Form Simplification for Foremost and Aftmost Cargo Hold Model 

 

2.2.3 Transverse extent
 Both port and starboard sides of the ship are to be modelled.
2.2.4 Vertical extent
 The full depth of the ship is to be modelled including primary supporting members above the upper deck, trunks, 
forecastle and/or cargo hatch coaming, if any. 
 The superstructure or deck house in way of the machinery space and the bulwark are not required to be included 
in the model. 

2.3 Finite Element types
2.3.1
 Shell elements are to be used to represent plates.
2.3.2
 All stiffeners are to be modelled with beam elements having axial, torsional, bi-directional shear and bending 
stiffness. The eccentricity of the neutral axis is to be modelled.
2.3.3
 Face plates of primary supporting members and brackets are to be modelled using rod or beam elements. 
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Fig. 3 Example of 3 Cargo Hold Model within Midship Region of Oil Tankers 
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Fig. 4  Example of 3 Cargo Hold Model within Midship Region of a Bulk Carrier 

 
 Example of cargo hold model of a bulk carrier (shows only port side of the full breadth model) 

 
Fig. 5 Example of FE Model for the Foremost Cargo Hold Structure of an Oil Tanker 

 
 

Fig. 6  Example of FE Model for the Aftermost Cargo Hold Structure of a Bulk Carrier 
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Fig. 7  Typical Finite Element Mesh on Web Frame  

 
 

 
 

Fig. 8 Typical Finite Element Mesh on Transverse Bulkhead  

 
s = Stiffener spacing 
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2.4 Structural Modelling
2.4.1 Aspect ratio
 The aspect ratio of the shell elements is in general not to exceed 3. The use of triangular shell elements is to be 
kept to a minimum. Where possible, the aspect ratio of shell elements in areas where there are likely to be high 
stresses or a high stress gradient is to be kept close to 1 and the use of triangular elements is to be avoided.
2.4.2 Mesh
 The shell element mesh is to follow the stiffening system as far as practicable, hence representing the actual 
plate panels between stiffeners. In general, the shell element mesh is to satisfy the following requirements: 

(a) One element between every longitudinal stiffener, see Fig. 7. Longitudinally, the element length is not to be 
greater than 2 longitudinal spaces with a minimum of three elements between primary supporting members. 

(b) One element between every stiffener on transverse bulkheads, see Fig. 8.
(c) One element between every web stiffener on transverse and vertical web frames, cross ties and stringers, 

see Fig. 7 and Fig. 9. 
(d) At least 3 elements over the depth of double bottom girders, floors, transverse web frames, vertical web 

frames and horizontal stringers on transverse bulkheads. For cross ties, deck transverse and horizontal 
stringers on transverse wash bulkheads and longitudinal bulkheads with a smaller web depth, modelling 
using 2 elements over the depth is acceptable provided that there is at least 1 element between every web 
stiffener. For a single side bulk carrier, 1 element over the depth of side frames is acceptable. The mesh size 
of adjacent structure is to be adjusted accordingly. 

(e) The mesh on the hopper tank web frame and the topside web frame is to be fine enough to represent the 
shape of the web ring opening, as shown in Fig. 7. 

(f) The curvature of the free edge on large brackets of primary supporting members is to be modelled to avoid 
unrealistic high stress due to geometry discontinuities. In general, a mesh size equal to the stiffener spacing 
is acceptable. The bracket toe may be terminated at the nearest nodal point provided that the modelled 
length of the bracket arm does not exceed the actual bracket arm length. The bracket flange is not to be 
connected to the plating, as shown in Fig. 10. The modelling of the tapering part of the flange is to be in 
accordance with 2.4.8. An example of acceptable mesh is shown in Fig. 10. A finer mesh is to be used for 
the determination of detailed stress at the bracket toe, as given in Ch 7, Sec 3. 

 
Fig. 9 Typical Finite Element Mesh on Horizontal Transverse Stringer on Transverse Bulkhead 

 
 s = Stiffener spacing 
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Fig. 10 Typical Finite Element Mesh on Transverse Web Frame Main Bracket 

 

2.4.3 Finer mesh
 Where the geometry cannot be adequately represented in the cargo hold model and the stress exceeds the cargo 
hold mesh acceptance criteria, a finer mesh may be used for such geometry to demonstrate satisfactory scantlings. 
The mesh size required for such analysis can be governed by the geometry. In such cases, the average stress within an 
area equivalent to that specified in 2.4 is to comply with the requirements given in 5.2.
2.4.4 Corrugated bulkhead
 Diaphragms in the stools, supporting structure of corrugated bulkheads and internal longitudinal and vertical 
stiffeners on the stool plating are to be included in the model. Modelling is to be carried out as follows: 

(a) The corrugation is to be modelled with its geometric shape.
(b) The mesh on the flange and web of the corrugation is in general to follow the stiffener spacing inside the 

bulkhead stool. 
(c) The mesh on the longitudinal corrugated bulkhead is to follow longitudinal positions of transverse web 

frames, where the corrections to hull girder vertical shear forces are applied in accordance with 4.4.7.  
(d) The aspect ratio of the mesh in the corrugation is not to exceed 2 with a minimum of 2 elements for the 

flange breadth and the web height. 
(e) Where difficulty occurs in matching the mesh on the corrugations directly with the mesh on the stool, it is 

acceptable to adjust the mesh on the stool in way of the corrugations. 
(f) For a corrugated bulkhead without an upper stool and/or lower stool, it may be necessary to adjust the 

geometry in the model. The adjustment is to be made such that the shape and position of the corrugations 
and primary supporting members are retained. Hence, the adjustment is to be made on stiffeners and plate 
seams if necessary. 

(g) When corrugated bulkhead is subjected to liquid cargo or ballast, dummy rod elements with a cross 
sectional area of 1mm2 are to be modelled at the corrugation knuckle between the flange and the web. 
Dummy rod elements are to be used as minimum at the two corrugation knuckles closest to the intersection 
between:
・ Transverse and longitudinal bulkheads,
・ Transverse bulkhead and inner hull,
・ Transverse bulkhead and side shell. 

(h) Manholes in diaphragms are to be modelled according to 2.4.9.
2.4.5
 Example of mesh arrangements of the cargo hold structure are shown in Fig. 11 to Fig. 14. 
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Fig. 11 Example of FE Mesh Arrangements of Cargo Hold Structure for a Bulk Carrier 

 
 

Fig. 12  Example of FE Mesh on Transverse Corrugated Bulkhead Structure for a Product Tanker  

 
Fig. 13 Example of FE Mesh Arrangements of Cargo Tank Structure for an Aframax Tanker  
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Fig. 14 Examples of FE Mesh Arrangements of Cargo Tank Structure for VLCC and Product Tanker  

 

2.4.6 Sniped stiffener
 Non continuous stiffeners are to be modelled as continuous stiffeners, i.e. the height web reduction in way of the 
snip ends are not to be modelled.
2.4.7 Web stiffeners of primary supporting members
 Web stiffeners of primary supporting members are to be modelled. Where these stiffeners are not in line with the 
primary FE mesh, it is sufficient to place the line element along the nearby nodal points provided that the adjusted 
distance does not exceed 0.2 times the stiffener spacing under consideration. The stresses and buckling utilisation 
factors obtained need not be corrected for the adjustment. Buckling stiffeners on large brackets, deck transverses and 
stringers parallel to the flange are to be modelled. These stiffeners may be modelled using rod elements.
2.4.8 Face plate of primary supporting member
 The effective cross sectional area at the curved part of the face plate of primary supporting members and 
brackets is to be calculated in accordance with Ch 3, Sec 7. The cross sectional area of a rod or beam element 
representing the tapering part of the face plate is to be based on the average cross sectional area of the face plate in 
way of the element length. 
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2.4.9 Openings
 Methods of representing openings and manholes in webs of primary supporting members are to be in accordance 
with Table 1. Regardless of size, manholes are to be modelled by removing the appropriate elements.

 
Table 1 Representation of Openings in Primary Supporting Member Webs 

Criteria Modelling decision Analysis 

ho /h < 0.5 and go < 2.0 Openings do not need to be modelled 
To be evaluated by the screening 

procedure as given in Ch 7, Sec 3, 3.1.1 

manholes 
The geometry of the opening is to be 

modelled by removing the adequate elements 
To be evaluated by the screening 

procedure as given in Ch 7, Sec 3, 3.1.1 

ho /h ³ 0.5 or go ³ 2.0 
The geometry of the opening is to be 

modelled 
To be evaluated by fine mesh as given in 

Ch 7, Sec 3, 2.1.1 

where: 

( )  
ø

ö
ç
ç
è

æ

-
+= 2

2

6.2
1

o

o
o hh

g l  

ol ： Length of opening parallel to primary supporting member web direction, in m, see Fig. 15. For sequential 

openings where the distance, do between openings is less than 0.25 h, the length ol  is to be taken as the length 

across openings as shown in Fig. 16. 
ho： Height of opening parallel to depth of web, in m, see Fig. 15 and Fig. 16.

h： Height of web of primary supporting member in way of opening, in m, see Fig. 15 and Fig. 16. 

 
Fig. 15 Openings in Web  

 
 

Fig. 16 Length Lo for Sequential Openings with do < h/4  
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2.5 Boundary Conditions
2.5.1 General
 All boundary conditions described in this section are in accordance with the global coordinate system defined in 
Ch 4, Sec 1.
2.5.2 Application
 The boundary conditions given 2.5.3 are applicable to cargo hold finite element model analyses in cargo hold 
region.
2.5.3 Boundary conditions 
 The boundary conditions consist of the rigid links at model ends, point constraints and end-beams. The rigid 
links connect the nodes on the longitudinal members at the model ends to an independent point at neutral axis in 
centreline. The boundary conditions to be applied at the ends of the cargo hold FE model, except for the foremost 
cargo hold, are given in Table 2. For the foremost cargo hold analysis, the boundary conditions to be applied at the 
ends of the cargo hold FE model are given in Table 3.

 
Table 2 Boundary Constraints at Model Ends Except the Foremost Cargo Hold Models 

Location 
Translation Rotation 

xd  yd  zd  xq  yq  zq  

Aft End 

Independent point - Fix Fix MT-end - - 

Cross section 
- Rigid link Rigid link Rigid link - - 

End beam, see 2.5.4 

Fore End 

Independent point - Fix Fix Fix - - 

Intersection of centreline and 

inner bottom 
Fix - - - - - 

Cross section 
- Rigid link Rigid link Rigid link - - 

End beam, see 2.5.4 

Note 1: [-] means no constraint applied (free).
Note 2: See Fig. 17. 
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Table 3 Boundary Constraints at Model Ends of the Foremost Cargo Hold Model 

Location 
Translation Rotation 

xd  yd  zd  xq  yq  zq  

Aft End 

Independent point - Fix Fix Fix - - 

Intersection of centreline and 
inner bottom 

Fix - - - - - 

Cross section 
- Rigid link Rigid link Rigid link - - 

End beam, see 2.5.4 

Fore End 

Independent point - Fix Fix MT-end - - 

Cross section - Rigid link Rigid link Rigid link - - 

Note 1:  [-] means no constraint applied (free).
Note 2: See Fig. 17.
Note 3: Boundary constraints in fore end are to be located at the most forward reinforced ring or web frame which 

remains continuous from the base line to the strength deck. 

 
Fig. 17 Boundary Conditions Applied at the Model End Sections  

 

2.5.4 End constraint beams
 End constraint beams are to be modelled at the both end sections of the model along all longitudinally 
continuous structural members and along the cross deck plating of bulk carriers. An example of end beams at one end 
for a double hull bulk carrier is shown in Fig. 18. 
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Fig. 18 End Constraint Beams for a Bulk Carrier  

 

 The properties of beams are calculated at fore and after sections separately and all beams at each end section 
have identical properties as follows: 

・ Net moment of inertia: Iyy-n50 = Izz-n50 = Ixx-n50 (J) = 1/25 of the vertical hull girder moment of inertia of 
fore/aft end cross sections based on the net FE model. 

・ Net cross sectional area: Ay-n50 and Az-n50 = 1/80 of the fore/aft end cross sectional areas based on the net FE 
model.
where:
Iyy-n50: Moment of inertia about local beam Y axial, in m4.
Izz-n50: Moment of inertia about local beam Z axial, in m4.
Ixx-n50 (J): Torsional inertia, in m4.
Ay-n50: Shear area in local beam Y direction, in m2.
Az-n50: Shear area in local beam Z direction, in m2. 

3. FE Load Combinations 

3.1 Design Load Combinations
3.1.1 FE load combination definition
 A FE load combination is defined as a loading pattern, a draught, a value of still water bending and shear force, 
associated with a given dynamic load case.
3.1.2 Mandatory load combinations
 For cargo hold structural strength analysis, the design load combinations specified in Ch 4, Sec 8 are to be used 
for considered ship type and considered cargo hold regions.
 Each design load combination given in Ch 4, Sec 8 consists of a loading pattern and dynamic load cases as 
given in Ch 4, Sec 2. Each load combination requires the application of the structural weight, internal and external 
pressures and hull girder loads. For seagoing condition, both static and dynamic load components (S+D) are applied. 
For harbour and tank testing condition, only static load components (S) are applied. 
3.1.3 Additional loading conditions
 Where the loading conditions specified by the designer are not covered by the load combinations given in Ch 4, 
Sec 8, these additional loading conditions are to be examined according to the procedure in 4. 

4. Load Application 

4.1 General
4.1.1 Structural weight
 Effect of the weight of hull structure is to be included in static loads, but is not to be included in dynamic loads. 
Density of steel is to be taken as given in Ch 4, Sec 6.
4.1.2 Sign convention
 Unless otherwise mentioned in this Section, the sign of moments and shear force is to be in accordance with the 
sign convention defined in Ch 4, Sec 1. 
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4.2 External and Internal Loads
4.2.1 External pressure
 External pressure is to be calculated for each load case in accordance with Ch 4, Sec 5. External pressures 
include static sea pressure, wave pressure and green sea pressure. 
 The forces applied on the hatch cover by the green sea pressure are to be distributed along the top of the 
corresponding hatch coamings. The total force acting on the hatch cover is determined by integrating the hatch cover 
green sea pressure as defined in Ch 4, Sec 5, 5. Then the total force is to be distributed to the total length of the hatch 
coamings using the average line load. The effect of the hatch cover self weight is to be ignored in the loads applied to 
the ship structure.
4.2.2 Internal pressure
 Internal pressure is to be calculated for each load case in accordance with Ch 4, Sec 6 for design load scenarios 
given in Ch 4, Sec 7, Table 1. Internal pressures include static dry and liquid cargo, ballast and other liquid pressure, 
setting pressure on relief valve and dynamic pressure of dry and liquid cargo, ballast and other liquid pressure due to 
acceleration. 
4.2.3 Pressure application on FE element
 Constant pressure, calculated at the element s centroid, is applied to the shell element of the loaded surfaces, e.g.
outer shell and deck for external pressure and tank/hold boundaries for internal pressure. Alternately, pressure can be 
calculated at element nodes applying linear pressure distribution within elements. 

4.3 Hull Girder Loads
4.3.1 General
 Each loading condition is to be associated with its corresponding hull girder loads which is to be applied to the 
model according to the procedure described in 4.4 for shear force and bending moment and in 4.5 for torsional 
moment. The hull girder loads are the combinations of still water hull girder loads and wave induced hull girder loads 
as specified in Ch 4, Sec 8. For each required FE load combination, the wave induced hull girder loads are to be 
calculated with the Load Combination Factors (LCFs), specified in Ch 4, Sec 2. 
4.3.2 Target hull girder vertical bending moment
 The target hull girder vertical bending moment, Mv-targ, in kNm, at a longitudinal position for a given FE load 
combination is taken as: 

LCwvswLCBMtargv MMCM --- +=  

where:
CBM-LC: Percentage of permissible still water bending moment applied for the load combination under 

consideration as given in Ch 4, Sec 8, 
Msw: Permissible still water bending moments in kNm, at the considered longitudinal position for 

seagoing and harbour conditions as defined in Ch 4, Sec 4, 2.2.2 and Ch 4, Sec 4, 2.2.3 respectively. 
Mwv-LC: Vertical wave bending moment in kNm, for the dynamic load case under consideration, calculated in 

accordance with Ch 4, Sec 4, 3.5.2. 
The values of Mv-targ are taken as: 
・ Midship cargo hold region: the maximum hull girder bending moment within the mid-hold(s) for each 

individual cargo hold for each given FE load combination as defined in Ch 4, Sec 8.  
・ Outside midship cargo hold region: the values at all web frame and transverse bulkhead positions of 

the FE model under consideration.  
 Both CBM-LC Msw and Mwv-LC are either in sagging or in hogging condition according to the FE load combinations 
given in the tables of Ch 4, Sec 8.
4.3.3 Target hull girder shear force
 The target hull girder vertical shear force at the aft and forward transverse bulkheads of the mid-hold, Qtarg-aft

and Qtarg-fwd, in kN, for a given FE load combination is taken as: 
・ Qfwd ³ Qaft: 

negwvQWswanegswLCSFafttarg QCfQQCQ ---- +D- = b  

poswvQWswfposswLCSFfwdtarg QCfQQCQ ---- +D+ = b  

・ Qfwd < Qaft: 



－374－

2019 Rules for the Survey and Construction of Steel Ships (Part CSR-B&T Part 1 Chapter 7 Section 2)

poswvQWswaposswLCSFafttarg QCfQQCQ ---- +D+ = b  

negwvQWswfnegswLCSFfwdtarg QCfQQCQ ---- +D- = b  

where:
Qfwd, Qaft: Vertical shear forces, in kN, due to the local loads respectively at the forward and aft 

bulkhead position of the mid-hold, as defined in 4.4.6. 
CSF-LC: Percentage of permissible still water shear force as given in Ch 4, Sec 8, for the FE load 

combination under consideration. 
Qsw-pos, Qsw-neg: Positive and negative permissible still water shear forces, in kN, at any longitudinal 

position for seagoing and harbour conditions as defined in Ch 4, Sec 4, 2.3.3 and Ch 4, 
Sec 4, 2.3.4 respectively. 

swfQD : Shear force correction, in kN, for the considered FE loading pattern at the forward bulkhead 

taken as: 
・ For bulk carriers: 

Minimum of the absolute values of mdfQD  as defined in Ch 5, Sec 1, 3.6.1 calculated at 
forward bulkhead for the mid-hold and the value calculated at aft bulkhead of the forward 
cargo hold taken as: 

( )
FwdmdfMidmdfswf QQMinQ DD=D ,   

・ For oil tankers: 
0=D swfQ  

swaQD : Shear force correction, in kN, for the considered FE loading pattern at the aft bulkhead taken 
as: 

・ For bulk carriers: 
Minimum of the absolute values of mdfQD  as defined in Ch 5, Sec 1, 3.6.1 calculated at 

aft bulkhead for the mid-hold and the value calculated at forward bulkhead of the aft 
cargo hold taken as: 

 
ø
öç

è
æ DD=D

AftmdfMidmdfswa QQMinQ ,  

・ For oil tankers: 
0=D swaQ  

bf : Wave heading factor, as given in Ch 4, Sec 4. 
CQW: Load combination factor for vertical wave shear force, as given in Ch 4, Sec 2.
Qwv-pos, Qwv-neg: Positive and negative vertical wave shear force, in kN, as defined in Ch 4, Sec 4, 3.2.1. 

 The values of Qtarg-aft and Qtarg-fwd are to be taken at after and forward transverse bulkheads of the mid-hold under 
consideration.
4.3.4 Target hull girder horizontal bending moment
 The target hull girder horizontal bending moment, Mh-targ, in kNm, for a given FE load combination is taken as: 

LCwhtargh MM -- =  

where:
Mwh-LC: Horizontal wave bending moment, in kNm, for the dynamic load case under consideration, 

calculated in accordance with Ch 4, Sec 4, 3.5.4. 
The values of Mwh-LC are taken as:
・ Midship cargo hold region: the value calculated for the middle of the individual cargo hold under 

consideration.  
・ Outside midship cargo hold region: the values calculated at all web frame and transverse bulkhead 

positions of the FE model under consideration. 
4.3.5 Target hull girder torsional moment
 For bulk carriers only, the target hull girder torsional moment, Mwt-targ, in kNm, for the dynamic load cases OST
and OSA is the value at the target location taken as: 

( )targLCwttargwt xMM -- =  

where: 



－375－

2019 Rules for the Survey and Construction of Steel Ships (Part CSR-B&T Part 1 Chapter 7 Section 2)

Mwt-LC (x): Wave torsional moment, in kNm, for the dynamic load case OST and OSA, defined in Ch 4, Sec 4, 
3.5.5, calculated at x position. 

xtarg: Target location for hull girder torsional moment taken as: 
・ For midship cargo hold region: 

・ If xmid £ 0.531LCSR: after bulkhead of the mid-hold. 
・ If xmid > 0.531LCSR: forward bulkhead of the mid-hold. 

・ Outside midship cargo hold region: 
The transverse bulkhead of mid-hold where the following formula is minimum: 

( )
( ) ( ) ( )[ ]bhdFEMTbhdLCwt

bhdLCwt

bhdLCwt xMxM
xM
xM

--
-

- -   

xmid: X-coordinate, in m, of the mid-hold centre.
xbhd: X-coordinate, in m, of the after or forward transverse bulkhead of mid-hold. 

 For dynamic load cases of bulk carriers other than OST and OSA and for all dynamic load cases of oil tankers, 
hull girder torsional moment Mwt-targ, at middle of mid-hold is to be adjusted to zero. 

4.4 Procedure to Adjust Hull Girder Shear Forces and Bending Moments
4.4.1 General
 The procedure given in this sub-article 4.4 describes how to adjust the hull girder horizontal bending moment, 
vertical force and vertical bending moment distribution on the three cargo hold FE model to achieve the required 
target values at required locations. The hull girder load target values are specified in 4.3.
 The target locations for hull girder shear force are at the transverse bulkheads of the mid-hold. The final adjusted 
hull girder shear force at the target location should not exceed the target hull girder shear force.
 The target location for hull girder bending moment is, in general, located at the centre of the mid-hold. If the 
maximum value of bending moment is not located at the centre of the mid-hold, the final adjusted maximum bending 
moment within the mid-hold is not to exceed the target hull girder bending moment.
4.4.2 Local load distribution
 The following local loads are to be applied for the calculation of hull girder shear and bending moments:

(a) Ship structural steel weight distribution over the length of the cargo hold model (static loads). The 
structural steel weight is to be calculated based on the FE model with a net thickness of 0.5 tc deduction, as 
used in the cargo hold FE model. 

(b) Weight of cargo and ballast (static loads).
(c) Static sea pressure, dynamic wave pressure and, where applicable, green sea load. For the harbour/tank 

testing load cases, only static sea pressure needs to be applied. 
(d) Dynamic cargo and ballast loads for seagoing load cases.

 With the above local loads applied to the FE model, the FE nodal forces are obtained through FE loading 
procedure. The 3D nodal forces will then be lumped to each longitudinal station to generate the one dimension local 
load distribution. The longitudinal stations are located at transverse bulkheads/frames and typical longitudinal FE 
model nodal locations in between the frames according to the cargo hold model mesh size requirement. Any 
intermediate nodes created for modelling structural details are not treated as the longitudinal stations for the purpose
of local load distribution. The nodal forces within half of forward and half of afterward of longitudinal station 
spacing are lumped to that station. The lumping process will be done for vertical and horizontal nodal forces 
separately to obtain the lumped vertical and horizontal local loads, fvi and fhi, at the longitudinal station i. 
4.4.3 Hull girder forces and bending moment due to local loads
 With the local load distribution, the hull girder load longitudinal distributions are obtained by assuming the 
model is simply supported at model ends. The reaction forces at both ends of the model and longitudinal distributions 
of hull girder shear forces and bending moments induced by local loads at any longitudinal station are determined by 
the following formulae: 

( )
aftfore

i
viafti

foreV xx

fxx
R

-

-
-=

å
_  å +=

i
foreVviaftV RfR __  
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( )
aftfore

i
hiafti

foreH xx

fxx
R

-

-
=

å
_  å +-=

i
foreHhiaftH RfR __  

å=
i

lil fF  

( ) å-=
i

viaftVjFEMV fRxQ __  when ji xx <  

( ) å+=
i

hiaftHjFEMH fRxQ __  when ji xx <  

( ) ( ) ( )å ---=
i

viijaftVaftjjFEMV fxxRxxxM __  when ji xx <  

( ) ( ) ( )å -+-=
i

hiijaftHaftjjFEMH fxxRxxxM __  when ji xx <  

where:
RV_aft, RV_fore, RH_aft, RH_fore: Vertical and horizontal reaction forces at the aft and fore ends, in kN.
xaft: X-coordinate of the aft end support, in m.
xfore: X-coordinate of the fore end support, in m.
fvi: Lumped vertical local load at longitudinal station i as defined in 4.4.2, in kN.
fhi: Lumped horizontal local load at longitudinal station i as defined in 4.4.2, in kN.
Fl: Total net longitudinal force of the model, in kN.
fli: Lumped longitudinal local load at longitudinal station i as defined in 4.4.2, in kN.
xj: X-coordinate, in m, of considered longitudinal station j.
xi: X-coordinate, in m, of longitudinal station i.
QV_FEM (xj), QH_FEM (xj), MV_FEM (xj), MH_FEM (xj): Vertical and horizontal shear forces, in kN, and bending 

moments, in kNm, at longitudinal station xj created by the local loads applied on the FE model. The sign 
convention for reaction forces is that a positive creates a positive shear force. 

4.4.4 Longitudinal unbalanced force
 In case total net longitudinal force of the model, Fl, is not equal to zero, the counter longitudinal force, (Fx)j, is to 
be applied at one end of the model, where the translation on X-direction, xd , is fixed, by distributing longitudinal axial 
nodal forces to all hull girder bending effective longitudinal elements, as follows: 

( )
j

nj

nx

l
jx n

A
A

FF 50

50

-

-

=  

where:
(Fx)j : Axial force applied to a node of the j-th element, in kN.
Fl : Total net longitudinal force of the model, as defined in 4.4.3, in kN.
Aj-n50: Net cross sectional area of the j-th element, in m2.
Ax-n50: Net cross sectional area of fore end section, in m2,  

å -- =
j

njnx AA 5050  

nj : Number of nodal points of j-th element on the cross section, nj = 1 for beam element, nj = 2 for 
 4-node shell element. 

4.4.5 Hull girder shear force adjustment procedure
 The hull girder shear force adjustment procedure defined in this requirement applies to all FE load combinations 
given in Ch 4, Sec 8. The FE load combinations not directly covered by the load combination tables of Ch 4, Sec 8
are to be considered on a case by case basis.
 The two following methods are to be used for the shear force adjustment:

・ Method 1 (M1): for shear force adjustment at one bulkhead of the mid-hold as given in 4.4.6,
・ Method 2 (M2): for shear force adjustment at both bulkheads of the mid-hold as given in 4.4.7.

 For the considered FE load combination, the method to be applied is to be selected as follows:
・ For maximum shear force load combination (Max SFLC), the method 1 applies at the bulkhead mentioned 

in Table 4 if the shear force after the adjustment with method 1 at the other bulkhead does not exceed the 
target value. Otherwise, the method 2 applies. 

・ For other shear force load combination: 
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・ The shear force adjustment is not requested when the shear forces at both bulkheads are lower or equal 
to the target values. 

・ The method 1 applies when the shear force exceeds the target at one bulkhead and the shear force at 
the other bulkhead after the adjustment with method 1 does not exceed the target value. Otherwise the 
method 2 applies, 

・ The method 2 applies when the shear forces at both bulkheads exceed the target values, 
 The  maximum shear force load combinations  are marked as  Max SFLC  in the load combination tables of 
Ch 4, Sec 8. The  other shear force load combinations  are those which are not the maximum shear force load 
combinations. They are not marked in the load combination tables of Ch 4, Sec 8.

 
Table 4 Mid-hold Bulkhead Location for Shear Force Adjustment 

Design loading 
conditions 

Bulkhead location Mwv-LC 
Condition on 

Qfwd  
Mid-hold bulkhead for SF 

adjustment 

Seagoing conditions 

xb-aft > 0.5LCSR 

< 0 
(sagging) 

Qfwd > Qaft Fwd 

Qfwd £ Qaft Aft 

> 0 
(hogging) 

Qfwd > Qaft Aft 

Qfwd £ Qaft Fwd 

xb-fwd < 0.5LCSR 

< 0 
(sagging) 

Qfwd > Qaft Aft 

Qfwd £ Qaft Fwd 

> 0 
(hogging) 

Qfwd > Qaft Fwd 

Qfwd £ Qaft Aft 

xb-aft £ 0.5LCSR and xb-fwd ³ 0.5LCSR - - (1) 

Harbour and testing 
conditions 

whatever the location - - (1) 

(1) For the FE load combinations covered by the load combination tables of Ch 4, Sec 8, the bulkhead where the 
shear force adjustment is to be done is indicated in those tables. 

 



－378－

2019 Rules for the Survey and Construction of Steel Ships (Part CSR-B&T Part 1 Chapter 7 Section 2)

Table 5 Vertical Shear Force Adjustment by Application of Vertical Bending Moments MY_aft and MY_fore for Method 1 

Vertical shear force diagram Target position in mid-hold 

 

Forward bulkhead 

 

Aft bulkhead 

 

4.4.6 Method 1 for shear force adjustment at one bulkhead
 The required adjustments in shear force at following transverse bulkheads of the mid-hold are given by:

・ Aft bulkhead: 
( ) ( )aftaftt

aftfore
foreYaftY QQ

xx
MM -

-
== -arg__ 2

 

・ Forward bulkhead 
( )( )fwdfwdt

aftfore
foreYaftY QQ

xx
MM -

-
== -arg__ 2

 

where:
MY_aft, MY_fore : Vertical bending moment, in kNm, to be applied at the aft and fore ends in accordance 

with 4.4.10, to enforce the hull girder vertical shear force adjustment as shown in Table 5. 
The sign convention is that of the FE model axis. 

Qaft : Vertical shear force, in kN, due to local loads at aft bulkhead location of mid-hold, xb_aft, 
resulting from the local loads calculated according to 4.4.3.
Since the vertical shear force is discontinued at the transverse bulkhead location, Qaft is the 
maximum absolute shear force between the stations located right after and right forward of the 
aft bulkhead of mid-hold. 

Qfwd : Vertical shear force, in kN, due to local loads at the forward bulkhead location of mid-hold, xb_fwd, 
resulting from the local loads calculated according to 4.4.3.
Since the vertical shear force is discontinued at the transverse bulkhead location, Qfwd is the 
maximum absolute shear force between the stations located right after and right forward of the 
forward bulkhead of mid-hold. 

4.4.7 Method 2 for vertical shear force adjustment at both bulkheads
 The required adjustments in shear force at both transverse bulkheads of the mid-hold are to be made by 
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applying: 
・ Vertical bending moments, MY_aft, MY_fore at model ends and,
・ Vertical loads at the transverse frame positions as shown in Table 7 in order to generate vertical shear 

forces, aftQD  and fwdQD , at the transverse bulkhead positions. 

 Table 6 shows examples of the shear adjustment application due to the vertical bending moments and to vertical 
loads. 

22
argarg

_
aftafttfwdfwdtaftfore

aftY

QQQQxx
M

-+-
 

-
= --  

aftYforeY MM __ =  
( )

2
argarg aftafttfwdfwdt

fwd

QQQQ
Q

---
=D --  

fwdaft QQ D-=D  

where:
MY_aft, MY_fore : Vertical bending moment, in kNm, to be applied at the aft and fore ends in accordance with 

4.4.10, to enforce the hull girder vertical shear force adjustment. The sign convention is that 
of the FE model axis. 

aftQD  : Adjustment of shear force, in kN, at aft bulkhead of mid-hold. 

fwdQD  : Adjustment of shear force, in kN, at fore bulkhead of mid-hold. 
 The above adjustments in shear forces, aftQD  and fwdQD , at the transverse bulkhead positions are to be 

generated by applying vertical loads at the transverse frame positions as shown in Table 7. For bulk carriers, the 
transverse frame positions correspond to the floors. Vertical correction loads are not to be applied to any transverse 
tight bulkheads, any frames forward of the forward cargo hold and any frames aft of the aft cargo hold of the FE 
model. 
 The vertical loads to be applied to each transverse frame to generate the increase/decrease in shear force at the 
bulkheads may be calculated as shown in Table 7. In case of uniform frame spacing, the amount of vertical force to 
be distributed at each transverse frame may be calculated in accordance with Table 8.
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Table 6 Target and Required Shear Force Adjustment by Applying Vertical Forces 

Vertical shear force diagram 
Aft Bhd Fore Bhd 

SF target SF target 

 

)(arg veQ aftt --  )(arg veQ fwdt +-
 

 

)(arg veQ aftt +-
 )(arg veQ fwdt --

 

 

Note 1： -ve means negative.
Note 2： +ve means positive. 

 



－381－

2019 Rules for the Survey and Construction of Steel Ships (Part CSR-B&T Part 1 Chapter 7 Section 2)

Table 7 Distribution of Adjusting Vertical Force at Frames and Resulting Shear Force Distributions 

 

 
 

Shear Force distribution due to adjusting vertical force at frames 

 

Note 1: For definition of symbols, see Table 8. 
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Table 8 Formulae for Calculation of Vertical Loads for Adjusting Vertical Shear Forces 

( ) ( )
( )( )3211

3232
1 221

2
llll

lllll

----

+D+--D
=

n
QQ

w fwdaftd  
( ) ( )

 
ø

ö
ç
è

æ +-+
=

l

llll 3212 315.0 WWF  

( )
( )

( )
( )11

31

22
2 -

D-D
=

-
+

=
n

QQ
n

WWw fwdaftd  

( ) ( )
( )( )3213

2121
3 221

2
llll

lllll

----

+D---D-
=

n
QQ

w aftfwdd  

where:
1l ： Length of aft cargo hold of model, in m. 

2l ： Length of mid-hold of model, in m. 

3l ： Length of forward cargo hold of model, in m. 

aftQD ： Required adjustment in shear force, in kN, at aft bulkhead of middle hold, see 4.4.7. 

fwdQD ： Required adjustment in shear force, in kN, at fore bulkhead of middle hold, see 4.4.7. 

F： End reactions, in kN, due to application of vertical loads to frames.
W1： Total evenly distributed vertical load, in kN, applied to aft hold of FE model,
 11 )1( wn d-  
W2： Total evenly distributed vertical load, in kN, applied to mid-hold of FE model,
 22 )1( wn d-  
W3： Total evenly distributed vertical load, in kN, applied to forward hold of FE model,
 33 )1( wn d-  
n1： Number of frame spaces in aft cargo hold of FE model.
n2： Number of frame spaces in mid-hold of FE model.
n3： Number of frame spaces in forward cargo hold of FE model. 

1wd ： Distributed load, in kN, at frame in aft cargo hold of FE model. 

2wd ： Distributed load, in kN, at frame in mid-hold of FE model. 

3wd ： Distributed load, in kN, at frame in forward cargo hold of FE model. 

endlD ： Distance, in m, between end bulkhead of aft cargo hold to aft end of FE model. 

forelD ： Distance, in m, between fore bulkhead of forward cargo hold to forward end of FE model. 

l： Total length, in m, of FE model including portions beyond end bulkheads: 
 foreend lllll D+D+++= 321  

Note 1： Positive direction of loads, shear forces and adjusting vertical forces in the formulae is in accordance with 
Table 6 and Table 7. 

Note 2： W1 + W3 = W2

Note 3： The above formulae are only applicable if uniform frame spacing is used within each hold. The length and 
frame spacing of individual cargo holds may be different. 

 If non-uniform frame spacing is used within each cargo hold, the average frame spacing iav-l  is used to 
calculate the average distributed frame loads iavw -d , according to Table 8, where i = 1, 2, 3 for each hold. 
Then iavw -d  is redistributed to the non-uniform frame as follows: 

iav

iav
k

iav
k

i ww
-

-
-=

l

ldd  k=1, 2, .... ni-1, for each frame in cargo hold i, i = 1, 2, 3 

where: 
iav-l  : Average frame spacing, in m, calculated as il / ni, in cargo hold i with i = 1, 2, 3. 

il  : Length, in m, of the cargo hold i with i = 1, 2, 3 as defined in Table 8. 

in  : Number of frame spacing in cargo hold i with i = 1, 2, 3 as defined in Table 8. 

iavw -d : Average uniform frame spacing, in m, distributed force calculated according to Table 8 with the 
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average frame spacing iav-l  in cargo hold i with i = 1, 2, 3. 
k

iwd : Distributed load, in kN, for non-uniform frame k in cargo hold i. 

iav
k

-l : Equivalent frame spacing, in m, for each frame k with k = 1, 2,..., ni - 1, in cargo hold i, taken as: 

2

2

1

1
1 i

n
ii

iiav
iiav

k
i

l

ll

ll
ll +

+
-= -

-  for k = 1 (first frame), in cargo hold i  

22

1+

- +=
k

i
k

i
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k ll
l  for k = 2, 3,  , n1 - 2, in cargo i  
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i

i

i
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n
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n
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n
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ll

ll
ll  for k = ni - 1 (last frame), in cargo i  

k
il : Frame spacing, in m, between the frame k - 1 and k in the cargo hold i: 

 The required vertical load iwd  for a uniform frame spacing or k
iwd  for non-uniform frame spacing, are to be 

applied by following the shear flow distribution at the considered cross section, as described in Ch 5, Appendix 1. 
For a frame section under vertical load iwd , the shear flow, qf, at the middle point of the element is calculated as: 

50
50

nk
ny

i
kf Q

I
wq -
-

- =
d  

where:
qf-k : Shear flow calculated at the middle of the k-th element of the transverse frame, in N/mm. 

iwd  : Distributed load at each transverse frame location for i-th cargo hold, i = 1, 2, 3, as defined in Table 
8, in N. 

Iy-n50 : Moment of inertia of the hull girder cross section, in mm4.
Qk-n50 : First moment about neutral axis of the accumulative section area starting from the open end (shear 

stress free end) of the cross section to the point sk for shear flow qf-k, in mm3, taken as; 

ò=-
ks

nneunk dstzQ
0 5050  

zneu : Vertical distance from the integral point, s, to the vertical neutral axis.
tn50 : Net thickness, in mm, of the plate at the integral point of the cross section. 

 The distributed shear force at j-th FE grid of the transverse frame, Fj-grid, is obtained from the shear flow of the 
connected elements as following: 

21

k
n

k
kfgirdj qF

lå
=

-- =  

where:
kl  : Length of the k-th element of the transverse frame connected to the grid j, in mm. 

n : Total number of elements connect to the grid j. 
 The shear flow has direction along the cross section and therefore the distributed force, Fj-grid, is a vector force. 
For vertical hull girder shear correction, the vertical and horizontal force components calculated with above 
mentioned shear flow method need to be applied to the cross section.
4.4.8 Procedure to adjust vertical and horizontal bending moments for midship cargo hold region
 In case the target vertical bending moment needs to be reached, an additional vertical bending moment is to be 
applied at both ends of the cargo hold FE model to generate this target value in the mid-hold of the model. This end 
vertical bending moment is given as follows: 

peakvtargvendv MMM --- -=   

where:
Mv-end : Additional vertical bending moment, in kNm, to be applied to both ends of FE model in accordance 

with 4.4.10.  
Mv-targ : Hogging (positive) or sagging (negative) vertical bending moment, in kNm, as specified in 4.3.2.
Mv-peak : Maximum or minimum bending moment, in kNm, within the length of the mid-hold due to the local 

loads described in 4.4.3 and due to the shear force adjustment as defined in 4.4.5.  
Mv-peak is to be taken as the maximum bending moment if Mv-targ is hogging (positive) and as the 
minimum bending moment if Mv-targ is sagging (negative). Mv-peak is to be calculated as follows based 
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on a simply supported beam model: 
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MV_FEM(x): Vertical bending moment, in kNm, at position x, due to the local loads as described in 4.4.3.
MY_aft : End bending moment, in kNm, to be taken as: 

・ When method 1 is applied: the value as defined in 4.4.6.
・ When method 2 is applied: the value as defined in 4.4.7.
・ Otherwise: MY_aft = 0 

Mlineload : Vertical bending moment, in kNm, at position x, due to application of vertical line loads at frames 
according to method 2, to be taken as: 

( ) ( ) i
i

iaftlineload wxxFxxM då ----=  when xi < x 

F : Reaction force, in kN, at model ends due to application of vertical loads to frames as defined in 
Table 7. 

x : X-coordinate, in m, of frame in way of the mid-hold. 

iwd  : vertical load, in kN, at web frame station i applied to generate required shear force.  

1wwi dd -=  when frame i is within after hold 

2wwi dd =  when frame i is within mid-hold 

3wwi dd -=  when frame i is within forward hold 
 In case the target horizontal bending moment needs to be reached, an additional horizontal bending moment is to 
be applied at the ends of the cargo tank FE model to generate this target value within the mid-hold. The additional 
horizontal bending moment is to be taken as: 

peakhtarghendh MMM --- -=  

where:
Mh-end : Additional horizontal bending moment, in kNm, to be applied to both ends of the FE model 

according to 4.4.10. 
Mh-targ : Horizontal bending moment, as defined in 4.3.4.
Mh-peak : Maximum or minimum horizontal bending moment, in kNm, within the length of the mid-hold due 

to the local loads described in 4.4.3.
Mh-peak is to be taken as the maximum horizontal bending moment if Mh-targ is positive (starboard side 
in tension) and as the minimum horizontal bending moment if Mh-targ is negative (port side in 
tension). 
Mh-peak is to be calculated as follows based on a simply supported beam model: 

( ){ }xMExtremumM FEMHpeakh _=-  

MH_FEM (x) : Horizontal bending moment, in kNm, at position x, due to the local loads as described in 4.4.3. 
 The vertical and horizontal bending moments are to be calculated over the length of the mid-hold to identify the 
position and value of each maximum/minimum bending moment.
4.4.9 Procedure to adjust vertical and horizontal bending moments outside midship cargo hold region
 To reach the vertical hull girder target values at each frame and transverse bulkhead position, as defined in 4.3.2, 
the vertical bending moment adjustments, mvi, are to be applied at web frames and transverse bulkhead positions of 
the finite element model, as shown in Fig. 19. The vertical bending moment adjustment at each longitudinal location, 
i, is to be calculated as follows:  
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where: 

① 
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i : Index corresponding to the i-th station, starting from i =1 at the aft end section up to nt

nt : Total number of longitudinal stations where the vertical bending moment adjustment, mvi, is applied.
mvi : Vertical bending moment adjustment, in kNm, to be applied at transverse frame or bulkhead at 

station i. 
mv_end : Vertical bending moment adjustment, in kNm, to be applied, at the fore end section (nt+1 station).
mvj : Argument of summation to be taken as: 

・ mvo = 0 when j=0
・ mvj = mvi when j=i 

Mv-targ(i) : Required target vertical bending moment, in kNm, at station i, calculated in accordance with 4.3.2.
MV-FEM(i) : Vertical bending moment distribution, in kNm, at station i due to local loads as given in 4.4.3.
Mlineload(i): Vertical bending moment, in kNm, at station i, due to the line load for the vertical shear force 

correction as required in 4.4.8. 
 

Fig. 19 Adjustments of Bending Moments outside Midship Cargo Hold Region 

 
 mhi can be substituted to mvi in this figure and mi is the positive bending moment in FE coordinate system. 

 To reach the horizontal hull girder target values at each frame and transverse bulkhead position as defined in 
4.3.4, the horizontal bending moment adjustments, mhi, are to be applied at web frames and transverse bulkhead 
positions of the finite element model, as shown in Fig. 19. The horizontal bending moment adjustment at each 
longitudinal location, i, is to be calculated as follows:  
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where:
i : Longitudinal location for bending moment adjustments, mhi.
nt : Total number of longitudinal stations where the horizontal bending moment adjustment, mhi, is 

applied. 
mhi : Horizontal bending moment adjustment, in kNm, to be applied at transverse frame or bulkhead at 

station i. 
mh_end : Horizontal bending moment adjustment, in kNm, to be applied at the fore end section (nt+1 station).
mhj : Argument of summation to be taken as: 

・ mho = 0 when j=0
・ mhj = mhi when j=i 

Mh-targ(i) : Required target horizontal bending moment, in kNm, at station i, calculated in accordance with 
4.3.4. 

MH-FEM(i) : Horizontal bending moment distribution, in kNm, at station i due to local loads as given in 4.4.3. 
 The vertical and horizontal bending moment adjustments, mvi and mhi, are to be applied at all web frames and 
bulkhead positions of the FE model. The adjustments are to be applied in FE model by distributing longitudinal axial 
nodal forces to all hull girder bending effective longitudinal elements in accordance with 4.4.10.
4.4.10 Application of bending moment adjustments on the FE model
 The required vertical and horizontal bending moment adjustments are to be applied to the considered cross 
section of the cargo hold model by distributing longitudinal axial nodal forces to all hull girder bending effective 

① 
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longitudinal elements of the considered cross section according to Ch 5, Sec 1, 1.2 as follows: 
・ For vertical bending moment: 
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where:
Mv : Vertical bending moment adjustment, in kNm, to be applied to the considered cross section of the 

model. 
Mh : Horizontal bending moment adjustment, in kNm, to be applied to the considered cross section the 

ends of the model. 
(Fx)i : Axial force, in kN, applied to a node of the i-th element.
Iy-n50 : Hull girder vertical moment of inertia, in m4, of the considered cross section about its horizontal 

neutral axis. 
Iz-n50 : Hull girder horizontal moment of inertia, in m4, of the considered cross section about its vertical 

neutral axis. 
Zi : Vertical distance, in m, from the neutral axis to the centre of the cross sectional area of the i-th 

element. 
Yi : Horizontal distance, in m, from the neutral axis to the centre of the cross sectional area of the i-th 

element. 
Ai-n50 : Cross sectional area, in m2, of the i-th element.
ni : Number of nodal points of i-th element on the cross section, ni  = 1 for beam element, ni = 2 for 

4-node shell element. 
 For cross sections other than cross sections at the model end, the average area of the corresponding i-th elements 
forward and aft of the considered cross section is to be used. 

4.5 Procedure to Adjust Hull Girder Torsional Moments
4.5.1 General
 The procedure in this sub-article describes how to adjust the hull girder torsional moment distribution on the 
cargo hold FE model to achieve the target torsional moment at the target location. The hull girder torsional moment 
target values are given in 4.3.5.
4.5.2 Torsional moment due to local loads
 Torsional moment, in kNm, at longitudinal station i due to local loads, MT-FEMi in kNm, is determined by the 
following formula (see Fig. 20): 

( )[ ] ( )åå --=-
k

ikvik
k

rikhikFEMiT yfzzfM  

where:
MT-FEMi : Lumped torsional moment, in kNm, due to local load at longitudinal station i. 
zr : Vertical coordinate of torsional reference point, in m:  

For bulk carrier, zr = 0.
For oil tanker, zr = zsc, shear centre at the middle of the mid-hold. 

fhik : Horizontal nodal force, in kN, of node k at longitudinal station i.
fvik : Vertical nodal force, in kN, of node k at longitudinal station i.
yik : Y-coordinate, in m, of node k at longitudinal station i.
zik : Z-coordinate, in m, of node k at longitudinal station i.
MT-FEM0 : Lumped torsional moment, in kNm, due to local load at aft end of the FE model (forward end for 

foremost cargo hold model), taken as: 
( )[ ] ( ) ( )rindfwdH

k
kkv

k
rkkhFEMT zzRyfzzfM - ++--= åå- _00000  for foremost cargo hold model 

( )[ ] ( ) ( )rindaftH
k

kkv
k

rkkhFEMT zzRyfzzfM - +--= åå- _00000  for the other cargo hold models 

RH_fwd : Horizontal reaction forces, in kN, at the forward end, as defined in 4.4.3. 
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RH_aft : Horizontal reaction forces, in kN, at the aft end, as defined in 4.4.3.
zind : Vertical coordinate, in m, of independent point as defined in 2.5.3. 

 
Fig. 20 Station Forces and Acting Location of Torsional Moment at Section   

 

4.5.3 Hull girder torsional moment
 The hull girder torsional moment, MT-FEM(xj) in kNm, is obtained by accumulating the station torsional moment 
from the aft end section (forward end for foremost cargo hold model) as follows: 

( ) å -- =
i

FEMiTjFEMT MxM  ・ when xi ³ xj for foremost cargo hold model, 

・ when xi < xj otherwise. 
where:
MT-FEM(xj) : Hull girder torsional moment, in kNm, at longitudinal station xj.
xj : X-coordinate, in m, of considered longitudinal station j. 

 The torsional moment distribution given in 4.5.2, has a step at each longitudinal station.
4.5.4 Procedure to adjust hull girder torsional moment to target value
 The torsional moment is to be adjusted by applying a hull girder torsional moment MT-end in kNm, at the 
independent point of the aft end section of the model (forward end for foremost cargo hold model), given as follows: 

( )targFEMTtargwtendT xMMM --- -=  

where:
xtarg : X-coordinate, in m, of the target location for hull girder torsional moment, as defined in 4.3.5.
Mwt-targ : Target hull girder torsional moment, in kNm, specified in 4.3.5, to be achieved at the target location.
MT-FEM(xtarg) : Hull girder torsional moment, in kNm, at target location due to local loads. 

 Due to the step of hull girder torsional moment at each longitudinal station, the hull girder torsional moment is 
to be selected from the values aft and forward of the target location as follows: Maximum value for positive torsional 
moment and minimum value for negative torsional moment. 

4.6 Summary of Hull Girder Load Adjustments
4.6.1
 The required methods of hull girder load adjustments for different cargo hold regions are given in Table 9.
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Table 9 Overview of Hull Girder Load Adjustments in FE Analyses 

 
Midship cargo hold 

region 
After and Forward
cargo hold region 

Aft most cargo holds Foremost cargo holds 

Adjustment of Vertical 
Shear Forces 

See 4.4.5  

Adjustment of 
Bending Moments 

See 4.4.8 See 4.4.9 

Adjustment of 
Torsional Moment 

See 4.5.4 

5. Analysis Criteria 

5.1 General
5.1.1 Evaluation areas
 Verification of results against the acceptance criteria is to be carried out within the longitudinal extent of the 
mid-hold, as shown in Fig. 21 and Fig. 22.

 
Fig. 21 Longitudinal Extent of Evaluation Area for Oil Tanker  

 
 

Fig. 22 Longitudinal Extent of Evaluation Area for Bulk Carrier 

 

5.1.2 Structural members
 The following structural elements within the evaluation area are to be verified with the criteria given in 5.2 and 
5.3:  

・ All hull girder longitudinal structural members,
・ All primary supporting structural members and bulkheads within the mid-hold,
・ All structural members being part of the transverse bulkheads, such as: 

・ For oil tanker: stringer, buttress structure, stool tanks, partial girders together with attached transverse 
structures, 

・ For bulk carrier: stool tanks together with connected longitudinal girders and double bottom floors, 
・ All structural members being part of the collision bulkhead, and extending to one web frame spacing 

forward of the collision bulkhead, 
・ All structural members being part of the forward transverse bulkhead of the machinery space and all hull 
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girder longitudinal structural members aft of this transverse bulkhead within the extent of 15% of the 
aftmost cargo hold length excluding slop tanks. 

5.2 Yield Strength Assessment
5.2.1 Von Mises stress
 For all plates of the structural members defined in 5.1.2, the von Mises stress, vms , in N/mm2, is to be 
calculated based on the membrane normal and shear stresses of the shell element. The stresses are to be evaluated at 
the element centroid of the mid-plane (layer), as follows: 

222 3 xyyyxxvm tsssss ++-=  

where: 
xs , ys  : Element normal membrane stresses, in N/mm2. 

xyt  : Element shear stress, in N/mm2. 

5.2.2 Axial stress in beams and rod elements
 For beams and rod elements, the axial stress, axials , in N/mm2, is to be calculated based on axial force alone. 

The axial stress is to be evaluated at the middle of element length.
5.2.3 Coarse mesh permissible yield utilisation factors
 The coarse mesh permissible yield utilisation factors, yperml , given in Table 10, are based on the mesh sizes and 

element types described in 2.3 to 2.4.
 The yield utilisation factor resulting from element stresses of each structural component are not to exceed the 
permissible values as given in Table 10.
 

Table 10 Coarse Mesh Permissible Yield Utilisation Factor 

Structural component 
Coarse mesh permissible yield utilisation 

factor, yperml  

Plating of all longitudinal hull girder structural members, primary 
supporting structural members and bulkheads.
Face plate of primary supporting members modelled using shell 
or rod elements.
Dummy rod of corrugated bulkhead 

 1.0 (load combination S+D)
 0.8 (load combination S) 

Corrugation of vertically corrugated bulkheads with lower stool 
and horizontally corrugated bulkhead, under lateral pressure from 
liquid loads, for shell elements only.
Supporting structure in way of lower end of corrugated bulkheads 
without lower stool(1). 

 0.90 (load combination S+D)
 0.72 (load combination S) 

Corrugation of vertically corrugated bulkheads without lower 
stool under lateral pressure from liquid loads and without lower 
stool, for shell elements only. 

 0.81 (load combination S+D)
 0.65 (load combination S) 

(1) Supporting structure for a transverse corrugated bulkhead refers to the structure in the longitudinal direction within half a web frame 

space forward and aft of the bulkhead, and within a vertical extent equal to the corrugation depth.

Supporting structure for a longitudinal corrugated bulkhead refers to the structure in transverse direction within 3 longitudinal 

stiffener spacings from each side of the bulkhead, and within a vertical extent equal to the corrugation depth. 

5.2.4 Yield criteria
 The structural elements given in 5.1.2 are to comply with the following criteria: 

ypermy ll £  

where:
yl  : Yield utilisation factor. 
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y

vm
y R

s
l =  for shell elements in general. 

y

axial
y R

s
l =  for rod or beam elements in general. 

vms  : Von Mises stress, in N/mm2. 

axials  : Axial stress in rod or beam element, in N/mm2. 

yperml  : Coarse mesh permissible yield utilisation factors defined in Table 10. 

 The yield check criteria is to be based on axial stress for the following members:
・ The flange of primary supporting members,
・ The intersections between the flange and web of the corrugations, according to 5.2.5.

 Where the von Mises stress of the elements in the cargo hold FE model in way of the area under investigation by 
fine mesh exceeds the yield criteria, average von Mises stress, obtained from the fine mesh analysis, calculated over 
an area equivalent to the mesh size of the cargo hold finite element model is to satisfy the yield criteria above.
 In way of cut-outs, yield utilisation factor is to be obtained with shear stress correction, as given in 5.2.6.
5.2.5 Corrugation of corrugated bulkhead
 The stress in corrugation of corrugated bulkheads is to be evaluated based on:

(a) The von Mises stress, vms , in shell elements on the flange and web of the corrugation. 
(b) The axial stress, axials , in dummy rod elements, modelled with unit cross sectional properties at the 

intersection between the flange and web of the corrugation. 
5.2.6 Shear stress correction for cut-outs
 Except as indicated in 5.2.7, the element shear stress in way of cut-outs in webs is to be corrected for loss in 
shear area in accordance with the following formula. The corrected element shear stress is to be used to calculate the 
von Mises stress of the element for verification against the yield criteria. 

elem
nshr

n
cor A

th
tt

50

50mod

-

-=  

where:
cort  : Corrected element shear stress, in N/mm2. 

h : Height of web of girder, in mm, in way of opening, see Table 1. Where the geometry of the 
opening is modelled, h is to be taken as the height of web of the girder deducting the height of the 
modelled opening. 

tmod-n50 : Modelled web thickness, in mm, in way of opening.
Ashr-n50 : Effective net shear area of web, in mm2, taken as the web area deducting the area lost of all 

openings, including slots for stiffeners, calculated in accordance with Ch 3, Sec 7, 1.4.8. 
elemt  : Element shear stress, in N/mm2, before correction. 

5.2.7 Exceptions for shear stress correction for openings
 Correction of element shear stress due to presence of cut-outs is not required for cases given in Table 11
provided yl /Cr complies with the criteria given in 5.2.4. 
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Table 11 Exceptions for Shear Stress Correction 

Identification Figure 

Difference between modelled shear 
area and the net effective shear area 
in % of the modelled shear area 

%100
50

5050  
-

-

--

nFEM

nshrnFEM

A
AA

 

Reduction factor for 
yield criteria, Cr 

Upper and lower slots for local 
support stiffeners fitted with 
lugs or collar plates 

 

< 15% 0.85 

Upper or lower slots for local
support stiffeners fitted with
lugs or collar plates 

 

< 20% 0.80 

In way of opening; upper and 
lower slots for local support 
stiffeners fitted with collar plates 

 

< 40% 0.60 

Ashr-n50： Effective net shear area of the web, in mm2, taken as the web area without the all opening areas and without the 
slots for stiffeners, in accordance with Ch 3, Sec 7, 1.4.8. 

 

5.3 Buckling Strength Assessment
5.3.1
 All structural elements in FE analysis carried out in accordance with this Section are to be assessed individually 
against the buckling requirements as defined in Ch 8, Sec 4. 
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Section 3 LOCAL STRUCTURAL STRENGTH ANALYSIS 

1. Objective and Scope 

1.1 General
1.1.1
 The local strength analysis of structural details is to be in accordance with the requirements given in this section.
1.1.2
 The selection of critical locations on the structural members for fine mesh analysis is to be in accordance with 
this section.
1.1.3 Fine mesh analysis procedure
 The details to be assessed by fine mesh analysis are to be modelled according to the requirements given in 4, 
under the FE load combinations defined in 5 and to comply with the criteria given in 6.
1.1.4 Scope of local structural strength verification
 The fine mesh verification is to be performed as follows:

・ Fine mesh analysis for the structural details given in 2,
・ Screening procedure according to 3. 

2. Local Areas to be Assessed by Fine Mesh Analysis 

2.1 List of Mandatory Structural Details
2.1.1 List of structural details
 In the midship cargo hold region, the following structural details are to be assessed according to the fine mesh
analysis procedure defined in 1.1.3: 

(a) Hopper knuckles for ship with double side as given in 2.1.2,
(b) Side frame end brackets and lower hopper knuckle for single side bulk carrier as given in 2.1.3,
(c) Large openings as given in 2.1.4,
(d) Connections of deck and double bottom longitudinal stiffeners to transverse bulkhead as given in 2.1.5,
(e) Connections of corrugated bulkhead to adjoining structure as given in 2.1.6.

 For each above mentioned structural detail, one fine mesh model is required within all the cargo hold models 
covering the midship cargo hold region. The selection of the location of this fine mesh model is to be based on
requirements given from 2.1.2 to 2.1.6 from all cargo hold analyses in the midship cargo hold region.
2.1.2 Hopper knuckles for ship with double side
 Fine mesh analysis is to be carried out for the lower and upper hopper knuckles of either welded or bent type, in 
way of a typical transverse web frame, as indicated in Fig. 1.
 For double side arrangements without the hopper plating, i.e. where the inner hull longitudinal bulkhead is fitted 
directly to the inner bottom, fine mesh analysis is to be carried out for the heel of the transverse web frame.
 The transverse web frame which, in the cargo hold analysis, has the maximum yield utilisation factor, yl , in 

knuckle is to be selected for the fine mesh analysis.
2.1.3 Side frame end brackets and lower hopper knuckle for single side bulk carrier
 Fine mesh analysis is to be carried out for the lower hopper knuckle of either welded or bent type, lower and 
upper end bracket of side frame, as indicated in Fig. 2.
 The side frame which in the cargo hold analysis has the maximum yield utilisation factor, yl , in end bracket 

joints is to be selected for the fine mesh analysis. 
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Fig. 1 Mandatory Areas at Hopper Knuckles for Ships with Double Side 

 

 
Fig. 2     Mandatory Areas at Lower Upper Knuckle and Side Frame End Brackets for Single Side Bulk Carrier 
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2.1.4 Large openings
 Large openings in way of primary supporting members, for which their geometry is required to be represented in 
the cargo hold model in accordance with Ch 7, Sec 2, 2.4.9, are to be assessed by fine mesh analysis.
 The structural member in way of the large openings having the maximum yield utilisation factor, yl , in the 

cargo hold analysis is to be selected for the fine mesh analysis.
2.1.5 Connections between deck and double bottom longitudinal stiffeners and adjoining structures of transverse 
bulkhead
 Fine mesh analysis is to be carried out for the connections of deck and double bottom longitudinal stiffeners and 
adjoining structures of transverse bulkhead, either plane or corrugated bulkhead. The adjoining structures of 
transverse bulkhead include the structural members in way of the bulkhead, the partial deck girders and partial double 
bottom girders, if any.
 For example, the following structural members are to be assessed, some of them being shown in Fig. 3:

・ At least one pair of connections between inner and outer bottom longitudinal stiffeners and adjoining 
structures of transverse bulkhead. 

・ At least one pair of connections between inner and outer bottom longitudinal stiffeners and adjoining 
structures of adjacent floor to the transverse bulkhead. 

・ At least one connection between deck longitudinal stiffener (fitted above or below deck) and adjoining 
vertical structure of transverse oil tight bulkhead. 

・ Connection between deck longitudinal partial girder on top of transverse oil tight bulkheads when fitted and 
adjoining vertical structure of transverse oil tight bulkhead. 

・ Connection between bottom longitudinal partial girder in way of transverse oil tight bulkheads when fitted 
and adjoining vertical structure of transverse oil tight bulkhead. 

 The selection of the connections between longitudinal and vertical stiffeners to be analysed is to be based on the 
maximum relative deflection between supports, i.e. between floor and transverse bulkhead or between deck 
transverse and transverse bulkhead. Where there is a significant variation in end connection arrangement between 
stiffeners or scantlings, analyses of additional connections may be required by the Society.
 Outside the midship cargo hold region, the scantlings of the connections as given above are not to be less than 
the required scantlings obtained for the midship cargo hold region unless an equivalent strength is demonstrated by 
fine mesh analysis.
2.1.6 Connections between corrugation and adjoining lower structure
 Fine mesh analysis is to be carried out for connections between corrugation and adjoining lower supporting 
structures. For example, the following structural members, as shown in Fig. 4, are to be assessed: 

・ Connection of the corrugation and supporting structure in way of lower stool shelf plate.
・ Connection of the corrugation and lower supporting structure to inner bottom if no lower stool is fitted.
・ Connection of the corrugation and the upper corner of the gusset plate if shedder plate with a gusset plate is 

fitted at top of the lower stool. 
 The corrugation unit as defined in Ch 8, Sec 4, 3.3.2 which, in the cargo hold analysis, has the maximum yield 
utilisation factor, yl  , in way of the corrugation connection, is to be selected for the fine mesh analysis. 

 Where there is a significant variation in the arrangement of supporting structure of the corrugation, analysis of 
additional locations may be required by the Society.
 For ships with both longitudinal and transverse corrugated bulkheads, fine mesh analysis is required for the 
connection between corrugations and supporting structure in way of the lower stool shelf plate or inner bottom, if no 
lower stool is fitted, at the intersection between longitudinal and transverse corrugated bulkheads. 

① 
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Fig. 3 Examples of Mandatory Areas at Connections between Double Bottom and Deck Longitudinals and 
Adjoining Structure of Transverse Bulkhead 
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Fig. 4 Mandatory Areas at Connections between Corrugations and Adjoining Lower Stool 

 
 

3. Screening Procedure 

3.1 Screening Areas
3.1.1
 The structural details subject to this screening procedure are checked in the following ship areas:

・ Within the full cargo hold region for the details given in 3.2.1,
・ Outside midship cargo hold region for the details given in 3.2.2. 
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Table 1 Screening Areas of Transverse Web Frame in Oil Tanker 

  

  

 Bracket toes 

 Openings and manholes (shaded regions) 

 Openings and manholes (unshaded regions) 

Screening check to be performed for openings except if:
ho/h < 0.35 and go < 1.2, and, each end of the opening forms 
a semi circle arc (i.e. radius of opening equal to b/2). This 
criterion does not apply to manholes which are to be 
evaluated by screening irrespective of size.
ho, h and go is defined in Ch 7, Sec 2, 2.4.9, b is the smallest 
of the length and breadth of the opening. 

 

3.2 List of Structural Details
3.2.1 Cargo hold region
 The following structural details and areas in the cargo hold region are to be evaluated by screening:

(a) Openings which do not require modelling and manholes, see Ch 7, Sec 2, 2.4.9, in way of web of primary 
supporting members, such as transverse web frame as indicated in Table 1 and Table 2, horizontal 
stringers as indicated in Table 3, floors and longitudinal girders in double bottom. 

(b) Bracket toes on transverse web frame as indicated in Table 1 and Table 2, horizontal stringer and 
transverse plane bulkhead connected to double bottom or buttress structure specified in Table 3. 

(c) 9Heels of transverse bulkhead horizontal stringers specified in Table 3.
(d) Connections of transverse lower stool to double bottom girders and longitudinal lower stool to double 

bottom floors as indicated in Fig. 5. 
(e) Connection of lower hopper to transverse lower stool structure as indicated in Fig. 5.
(f) Connection of topside tank to inner side as indicated in Fig. 6.
(g) Connection of corrugation and upper supporting structure to upper stool as indicated in Fig. 7.
(h) Hatch corner area, such as the hatch coaming end bracket, the hatch corner and the hatch end beam 

connection as indicated in Fig. 8. 
 Within each group of the structural details having the same geometry and the same relative location inside the 
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cargo region, the screening verification can be performed for the detail for which the yield utilisation factor, yl , is 

maximum 
 

Table 2 Screening Areas for Transverse Web Frame in Bulk Carrier 

  

 Bracket toes 

 Openings and manholes (shaded regions) 

 Openings and manholes (unshaded regions) 

Screening check to be performed for openings except if:
ho/h < 0.35 and go < 1.2, and, each end of the opening forms a 
semi circle arc (i.e. radius of opening equal to b/2). This 
criterion does not apply to manholes which are to be evaluated 
by screening irrespective of size.
ho, h and go is defined in Ch 7, Sec 2, 2.4.9, b is the smallest 
of the length and breadth of the opening. 
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Table 3 Screening Areas for Horizontal Stringer and Transverse Bulkhead to Double Bottom Connections in Oil 
tanker 

 

 

 Bracket toes and heels 

 Openings and manholes (shaded regions) 

 
Openings and manholes (unshaded 
regions) 

Screening check to be performed for openings except if:
ho/h < 0.35 and go < 1.2, and, each end of the opening forms a semi 
circle arc (i.e. radius of opening equal to b/2). This criterion does not 
apply to manholes which are to be evaluated by screening irrespective 
of size.
ho, h and go is defined in Ch 7, Sec 2, 2.4.9, b is the smallest of the 
length and breadth of the opening. 
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Fig. 5 Screening Areas at Connections of Lower Stool to Inner Bottom and Hopper Tank 

 
 

Fig. 6 Screening Areas at Connections of Topside Tank to Inner Side 
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Fig. 7 Screening Areas at Connection of Corrugation and Upper Supporting Structure to Upper Stool 

 
 

Fig. 8 Screening Areas at Hatch Corner in Bulk Carrier 

 

3.2.2 Outside midship cargo hold region
 The following structural details outside midship cargo hold region are to be evaluated by screening:

(a) Hopper knuckle, as defined in 2.1.2 and 2.1.3,
(b) Side frame end bracket, as defined in 2.1.3,
(c) Large openings, as defined in 2.1.4,
(d) Connections of corrugation to adjoining structure, as defined in 2.1.6,

 The connections of corrugation to adjoining structure to be screened are to be similar in its geometry, its 
proportion and its relative location to the corresponding detail modelled in fine mesh in the midship cargo hold 
region. 
 When the connections of corrugation to adjoining structure outside the midship cargo hold region are different 
from the corresponding detail modelled in fine mesh in the midship cargo hold region, a fine mesh analysis is to be 
performed for the detail located where the yield utilisation factor, yl , is maximum for structural details having the 

same geometry and the same relative location,
 When it is deemed necessary, the Society may request a fine mesh analysis to be performed according to 1.1.3. 

3.3 Screening Criteria
3.3.1 Screening factors and permissible screening factors 
 The screening factors, scl  and the permissible screening factors, scperml , are given in Table 4 for the 

screening areas defined in 3.1. 
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Table 4 Screening Factors and Permissible Screening Factors 

Type of Details 
Screening 

factors, scl  
Permissible screening factors, 

scperml  

Within the whole cargo hold region S+D S 

Openings for which their geometry is not required to be represented in 
the cargo hold model in accordance with Ch 7, Sec 2, 2.4.9 in way of 
webs of primary supporting members, such as transverse web frame as 
indicated in Table 1 and Table 2, horizontal stringers as indicated in 
Table 3, floors and longitudinal girders in double bottom. 

Table 5 1.70 1.36 

Manholes (2) yl  0.85 yperml  

Bracket toes on transverse web frames as indicated in Table 1 and Table 
2, horizontal stringers and transverse plane bulkhead to double bottom 
connection or buttress structure specified in Table 3. 

Table 6 1.50 1.20 

Heels of transverse bulkhead horizontal stringers specified in Table 3. Table 7 1.50 1.20 

Connections of transverse lower stool to double bottom girders and 
longitudinal lower stool to double bottom floors as indicated in Fig. 5. 
The connection of lower hopper to transverse lower stool structure as 
indicated in Fig. 5. The connection of topside tank to inner side as 
indicated in Fig. 6. The connection of corrugation and upper supporting 
structure to upper stool as indicated in Fig. 7. 

yl  0.75 yperml  

Hatch corner area. yl  0.95 yperml  

Outside midship cargo hold region 

Hopper knuckle 

yl  

0.65 yperml  

Side frame end bracket 0.85 yperml  

Large openings (2) 0.85 yperml  

Connections of corrugation to adjoining structure 
y

csc
sc R

K sl  
=

(1) 
1.50ff 1.20ff 

where: 

yl : Coarse mesh yield utilisation factor, as defined in Ch 7, Sec 2, 5.2.4. 

yperml : Coarse mesh permissible yield utilisation factor, as defined in Ch 7, Sec 2, 5.2.4. 

Ksc: Screening stress concentration factor, taken as: 

CM

FM
scK

s
s

=  

FMs : Von Mises fine mesh stress, in N/mm2, for the considered detail calculated in the midship cargo hold region 

according to 2. 
CMs : Von Mises coarse mesh stress, in N/mm2, for the considered detail calculated in the midship cargo hold region 

according to Ch 7, Sec 2. 
Cs : Von Mises coarse mesh stress, in N/mm2, for the area in way of considered detail. 

ff : Fatigue factor defined in 6.2.1.
(1) For each screened detail, FMs  and CMs  are to be taken from the corresponding elements in the same plane position. 

(2) The representative element which has maximum yield utilisation factor around the manhole and the large opening is to 

be verified against criterion. 
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Table 5 Screening Factor for Openings in Primary Supporting Members 

scl : Screening factor taken as 

23522
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Ch: Coefficient taken as (2): 
・ For opening in web of PSM. 
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Ch  

・ For opening in web of main bracket and buttress (see figures below). 
0.1=hC  

r: Radius of opening, in mm.

h0: Height of opening parallel to depth of web, in mm. 
0l : Length of opening parallel to girder web direction, in mm. 

h: Height of web of girder in way of opening, in mm. 
xs : Axial stress in element x-direction determined from cargo hold FE analysis according to the coordinate system 

shown, in N/mm2. 
ys : Axial stress in element y-direction determined from cargo hold FE analysis according to the coordinate system 

shown, in N/mm2. 
xyt :  Element shear stress determined from cargo hold FE analysis (1), in N/mm2. 

 

 

(1) The element shear stress is to be adjusted using the formula given in Ch 7, Sec 2, 5.2.6 prior to the evaluation of yield 

utilisation factor for verification against the screening criteria. 

(2) Where the geometry of the opening is required to be modelled in accordance with Ch 7, Sec 2, 2.4.9, fine mesh FE 

analysis is to be carried out to determine the stress level and the screening criteria are not applicable. 
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Table 6 Screening Factor for Bracket Toes of Primary Supporting Members 

scl : Screening factor taken as: 

235
50.068.0
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Ca: Coefficient taken as: 
2

1400
2.00.1  

ø
ö

ç
è
æ-= a

a
RC  

b1, b2: Height of shell element in way of bracket toe in cargo hold FE model, in mm.

Abeam-n50: Sectional area of beam or rod element in cargo hold FE model representing the face plate of bracket, in mm2. 
beams : Beam or rod element axial stress determined from cargo hold FE analysis, in N/mm2. 

vms : Von Mises stress of shell element in way of bracket toe determined from cargo hold FE analysis, in N/mm2. 

tn50: Net thickness of shell element in way of bracket toe, in mm.

Ra: Leg length, in mm, not to be taken as greater than 1400mm. 

 

 

 

3.3.2 Screening criteria
 Stresses in areas defined in 3.1, calculated for all applicable FE load combinations given in 5, are to be checked 
against the following screening criteria. 

scpermsc ll £  

where:
scl :  Screening factor defined in 3.3.1 

scperml : Permissible screening factor defined in 3.3.1 

 Where the screening criteria are not met, fine mesh analysis of the corresponding structural detail is required and 
to be performed according to 1.1.3.
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Table 7 Screening Factor for Heels of Transverse Bulkhead Horizontal Stringers 

scl : Screening factor taken as: 

・ For heels at side horizontal girder and transverse bulkhead horizontal stringer, at the locations 1, 2 and 3 in 
figure below. 

235
67.1 k

vmsc sl =  

・ For heel at longitudinal bulkhead horizontal stringer, at the location 4 in figure below. 

235
2.3 k

xsc sl =  

xs : Axial stress in element x direction determined from cargo hold FE analysis in accordance with the coordinate 

system shown, in N/mm2.  
vms : Von Mises stress of shell element in way of heel determined from cargo hold FE analysis, in N/mm2. 

 

 Individual element in web to be verified against criteria. 

 

4. Structural Modelling 

4.1 General
4.1.1
 Evaluation of detailed stresses requires the use of refined finite element mesh in way of areas of high stress. This 
fine mesh analysis can be carried out by fine mesh zones incorporated into the cargo hold model. Alternatively, 
separate local FE model with fine mesh zones in conjunction with the boundary conditions obtained from the cargo 
hold model may be used. 

4.2 Extent of Model
4.2.1
 If a separate local fine mesh model is used, its extent is to be such that the calculated stresses at the areas of 
interest are not significantly affected by the imposed boundary conditions. The boundary of the fine mesh model is to 
coincide with primary supporting members in the cargo hold model, such as web frame, girders, stringers and floors. 
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4.3 Mesh Size
4.3.1
 The mesh size in the fine mesh zones is not to be greater than 50   50 mm. 
4.3.2
 The extent of the fine mesh zone is not to be less than 10 elements in all directions from the area under 
investigation. A smooth transition of mesh density from fine mesh zone to the boundary of the fine mesh model is to 
be maintained. 

4.4 Elements
4.4.1
 All plating within the fine mesh zone is to be represented by shell elements. The aspect ratio of elements within 
the fine mesh zone is to be kept as close to 1 as possible. Variation of mesh density within the fine mesh zone and the 
use of triangular elements are to be avoided. In all cases, the elements within the fine mesh model are to have an 
aspect ratio not exceeding 3. Distorted elements, with element corner angles of less than 45 degrees or greater than 
135 degrees, are to be avoided. Stiffeners inside the fine mesh zone are to be modelled using shell elements. 
Stiffeners outside the fine mesh zones may be modelled using beam elements.
4.4.2
 Where fine mesh analysis is required for main bracket end connections, including the end connection of hold 
frames of single skin bulk carriers, the fine mesh zone is to be extended at least 10 elements in all directions from the 
area subject to assessment, see Fig. 9.
4.4.3
 Where fine mesh analysis is required for an opening, the first two layers of elements around the opening are to 
be modelled with mesh size not greater than 50   50 mm. A smooth transition from the fine mesh to the coarser mesh 
is to be maintained. Edge stiffeners which are welded directly to the edge of an opening are to be modelled with shell
elements. Web stiffeners close to an opening may be modelled using rod or beam elements located at a distance of at 
least 50 mm from the edge of the opening. Example of fine mesh zone around an opening is shown in Fig. 10.
4.4.4
 Face plates of openings, primary supporting members and associated brackets are to be modelled with at least 
two elements across their width on either side.
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Fig. 9 Fine Mesh Zone Around Bracket Toes 

 
 

    
 

Fig. 10 Fine Mesh Zone around an Opening 
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4.5 Transverse Web Frames
4.5.1
 In addition to the requirements of 4.2 to 4.4, the modelling requirements in this sub-section are applicable to the 
analysis of a typical transverse web frame.
4.5.2
 Where a FE sub model is used, the model is to have an extent of at least 1+1 web frame spaces, i.e. one web 
frame space extending either side of the transverse web frame under investigation. For bulk carriers, the web frame 
space is the longer space of web frames in the upper wing and the lower hopper tanks. The transverse web frames 
forward and aft of the web frame under investigation need not be included in the sub model.
4.5.3
 The full depth and full breadth of the ship are to be modelled, see Fig. 11.
 Fig. 12 shows a close up view of the finite element mesh at the lower part of the vertical web and backing 
brackets.
 

Fig. 1 Example of Extent of Local Model for Fine Mesh Analysis of Web Frame Bracket Connections and Openings 
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Fig. 12 Close-up View of Finite Element Mesh at the Lower Part of a Transverse Web Frame 

 
 

 
 

4.6 Transverse Bulkhead Stringers, Buttress and Adjacent Web Frame
4.6.1
 In addition to the requirements of 4.2 to 4.4, the modelling requirements in this sub-section are applicable to the 
analysis of transverse bulkhead structures and adjacent web frame.
4.6.2
 Due to the structural interaction among the transverse bulkhead, horizontal stringers, web frames, deck and 
double bottom, it is recommended that the FE local model represents a full section of the hull. Longitudinally, the 
ends of the model should be extended at least one web frame space beyond the areas that require investigation, see 
Fig. 13.
4.6.3
 Alternatively, it is acceptable to use a number of local models, as shown in Fig. 14, to analyse different parts of 
the structure. For the analysis of the transverse bulkhead horizontal stringers the full breadth of the ship are to be 
modelled. For the analysis of buttress structure, the local model width should be at least 4+4 longitudinal spaces, i.e. 
four longitudinal spaces at each side of the buttress. 
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Fig. 13 Example of Local Model for Fine Mesh Analysis of Transverse Bulkhead and Adjacent Structure 

 
 

Fig. 14 Example of Local Analysis of Transverse Bulkhead Structure Using Local Models 
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4.6.4
 Fig. 15 shows the finite element mesh on a transverse bulkhead horizontal stringer. Fig. 16 shows the local 
model for the analysis of buttress connections to transverse bulkhead and double bottom structure, and openings.

 
Fig. 15 Example of Finite Element Mesh on Transverse Bulkhead Horizontal Stringer 

 
 

Fig. 16 Example of Local Model for the Analysis of Buttress Connections to Bulkhead and Double Bottom 
Structure, Showing Port Half of Model 
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4.7 Deck, Double Bottom Longitudinal and Adjoining Transverse Bulkhead Vertical Stiffeners
4.7.1
 In addition to the requirements of 4.2 to 4.4, the modelling requirements in this sub-section are applicable 
specifically to the analysis of longitudinal and vertical stiffener end connections and attached web stiffeners.
4.7.2
 Where a local FE model is used, each end of the model is to be extended longitudinally at least two web frame 
spaces from the areas under investigation. The model width is to be at least 2+2 longitudinal spaces. Fig. 17 shows 
the longitudinal extent of the local model for the analysis of deck and double bottom longitudinal stiffeners and 
adjoining transverse bulkhead vertical stiffener.
4.7.3
 The web of the longitudinal stiffeners outside of the fine mesh zone should be represented by at least 3 shell 
elements across its depth. Similar size elements should be used to represent the plating of the bottom shell and inner 
bottom. The flange of the longitudinal stiffeners and face plate of brackets should be modelled with at least two shell 
elements across its width at one side.
4.7.4
 The mesh size and extent of the fine mesh zone is to be in accordance with 4.3.1, see also Fig. 17. 

4.8 Corrugated Bulkheads
4.8.1
 In addition to the requirements of 4.2 to 4.4, the modelling requirements in this sub-article are applicable to the 
analysis of connections of corrugated bulkheads to lower stool and the connection between lower stool and inner 
bottom.
4.8.2
 The minimum extents of the local model are as follows, see also Fig. 18:

(a) Vertically, the model is to be extended from the bottom of the ship to a level at least 2 m above the 
corrugation and lower stool connection. The upper boundary of the local model is to coincide with the 
horizontal mesh line of the cargo hold FE model for the purpose of applying boundary displacements, see 
4.2. 

(b) For transverse corrugated bulkheads, the local model is to be extended transversely to the nearest 
diaphragm web in the lower stool on each side of the fine mesh zone (i.e. the local model covers two lower 
stool transverse web/diaphragm spaces). The end diaphragms need not be modelled. 

(c) For the longitudinal corrugated bulkheads, the local model is to be extended to the nearest web frame on 
each side of the fine mesh zone (i.e. the local model covers two frame spaces). The end web frames need 
not be modelled. 

(d) For the corrugation and lower stool connection located close to the intersection of transverse and 
longitudinal corrugated bulkheads, such as for product tanker, the local model is to cover the structure 
between the diaphragms (in transverse direction) and web frames (in longitudinal direction) closest to the 
detail, whichever is relevant. In addition the local model is to be extended at least one diaphragm/web 
frame outside the intersection between the transverse stool and the longitudinal stool. 

(e) For lower stool to inner bottom connection, the connection between inner bottom, lower stool plate, 
diaphragm and double bottom girder, where applicable, is the centre of the fine mesh zone. 
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Fig. 17 Example of Local Model for Fine Mesh Analysis of End Connections and Web Stiffeners of Deck and 
Double Bottom Longitudinals 
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4.8.3
 For corrugation connection, the fine mesh zone is to cover at least the corrugation flange under investigation, the 
adjacent corrugation webs and a further extension of 500 mm from each end of the corrugation web, i.e. the fine mesh 
zone covers at least four corrugation knuckles, see Fig. 18 and Fig. 19. The mesh size within the fine mesh zone is 
not to be greater than 50   50 mm.

 
Fig. 18 Extent of Local Model and Fine Mesh Zone for the Analysis of Corrugated Bulkhead Connection to 

Lower Stool and Inner Bottom 

 
 

Above figures show extent of local model and fine mesh zone on longitudinal corrugated bulkhead connection to lower stool. 
Similar extent applies to transverse corrugated bulkhead.
The model extents shown above are the minimum extents.  

 
Fig. 19 Example of Partial Local Model for the Analysis of Connection of Corrugated Bulkhead to Lower Stool 
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4.8.4
 Diaphragm webs, brackets inside the lower stool and all stiffeners on the stool plate and diaphragm are to be 
modelled at their actual positions within the extent of the local model. Shell elements are to be used for modelling of 
diaphragm, web and flange of vertically orientated stiffeners, and brackets in the fine mesh zone.
4.8.5
 Horizontally orientated stiffeners within the fine mesh zone are to be represented by either shell or beam 
elements.
4.8.6
 Fig. 19 shows the details of finite element local model for the fine mesh analysis of longitudinal bulkhead to 
lower stool connection.
4.8.7
 Fig. 20 shows the details finite element local model for the fine mesh analysis of lower stool to inner bottom 
connection.

 
Fig. 20 Example of Partial Local Model for the Analysis of Connection of Lower Stool to Inner Bottom  

 
 

4.9 Hatch Corner Structures
4.9.1
 In addition to the requirements of 4.2 to 4.4, the modelling requirements in this sub-article are applicable to the 
analysis of hatch corner structures.
4.9.2
 The high stress areas, such as the hatch coaming end bracket, the hatch corner and the hatch end beam 
connection, need to be analysed by fine mesh model. The fine mesh zones should cover these areas, see Fig. 21.

 
Fig. 21 Example of Local Model for the Analysis of Hatch Opening Structures  
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5. FE Load Combinations 

5.1 General
5.1.1
 The fine mesh detailed stress analysis is to be carried out for all FE load combinations applied to the 
corresponding cargo hold analysis. 

5.2 Application of Loads and Boundary Conditions
5.2.1 General
 Where a separate local model is used for the fine mesh detailed stress analysis, the nodal displacements from the 
cargo tank model are to be applied to the corresponding boundary nodes on the local model as prescribed 
displacements. Alternatively, equivalent nodal forces from the cargo tank model may be applied to the boundary 
nodes.
 Where there are nodes on the local model boundaries which are not coincident with the nodal points on the 
cargo tank model, it is acceptable to impose prescribed displacements on these nodes using multi-point constraints. 
The use of linear multi-point constraint equations connecting two neighbouring coincident nodes is considered 
sufficient.
 All local loads, including any loads applied for hull girder bending moment and/or shear force adjustments, in 
way of the structure represented by the separate local finite element model are to be applied to the model. 

6. Analysis Criteria 

6.1 Stress Assessment
6.1.1 General
 Stress assessment of the fine mesh analysis is to be carried out for the FE load combinations specified in Ch 4, 
Sec 8.
6.1.2 Reference stress
 Reference stress is von Mises stress, vms , which is to be calculated based on the membrane normal and shear 
stresses of the shell element evaluated at the element centroid. The stresses are to be evaluated at the mid plane of the 
element.
6.1.3 Permissible stress
 The maximum permissible stresses are based on the mesh size of 50   50mm as specified in 4.1 to 4.4. Where a 
smaller mesh size is used, an area weighted von Mises stress calculated over an area equal to the specified mesh size 
may be used to compare with the permissible stresses. The averaging is to be based only on elements with their entire 
boundary located within the desired area. The average stress is to be calculated based on stresses at element centroid; 
stress values obtained by interpolation and/or extrapolation are not to be used. Stress averaging is not to be carried 
across structural discontinuities and abutting structure. 

6.2 Acceptance Criteria
6.2.1
 Verification of stress results against the acceptance criteria is to be carried out in accordance with 6.1.
 The structural assessment is to demonstrate that the stress complies with the following criteria: 

fpermf ll £  

where: 
fl : Fine mesh yield utilisation factor. 

Y

vm
f R

sl =  or shell elements in general 

Y

axial
f R

sl =  for rod or beam elements in general 

vms : Von Mises stress in N/mm2. 

axials : Axial stress in rod element, in N/mm2. 
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fperml : Permissible fine mesh utilisation factor, taken as:
・ Element not adjacent to weld: 

・ fperml  = 1.70ff for S+D 
・ fperml  = 1.36ff  for S 

・ Element adjacent to weld: 

・ fperml  = 1.50ff  for S+D 
・ fperml  = 1.20ff for S 

ff :  Fatigue factor, taken as: 
・ ff = 1.0 in general,
・ ff = 1.2 for details assessed by very fine mesh analysis complying with the fatigue assessment 
criteria given in Ch 9, Sec 2. 

Note 1: The maximum permissible stresses are based on the mesh size of 50   50mm. Where a smaller mesh size is used, an average von 

Mises stress calculated in accordance with 6.1 over an area equal to the specified mesh size may be used to compare with the 

permissible stresses. 

Note 2: Average von Mises stress is to be calculated based on weighted average against element areas: 

å
å -

- = n
i

n
ivmi

avvm
A

A

1

1
s

s
 

where: 

avvm-s  is the average von Mises stress. 

Note 3: Stress averaging is not to be carried across structural discontinuities and abutting structure. 

6.2.2 Lower stool not fitted to a transverse or longitudinal corrugated bulkhead
 Where a lower stool is not fitted to a transverse or longitudinal corrugated bulkhead, the permissible stresses 
given in 6.2.1 are to be reduced by 10% for the areas under investigation by fine mesh analysis. 
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Chapter 8 BUCKLING 

Section 1 GENERAL 

1. Introduction 

1.1 Assumption
1.1.1
 This chapter contains the strength criteria for buckling and ultimate strength of local supporting members, 
primary supporting members and other structures such as pillars, corrugated bulkheads and brackets. These criteria 
are to be applied as specified in Ch 6 for hull local scantlings and in Ch 7 for direct strength analysis.
1.1.2
 For each structural member, the characteristic buckling strength is to be taken as the most unfavourable/critical 
buckling failure mode.
1.1.3
 Unless otherwise specified, the scantling requirements of structural members in this chapter are based on net 
scantling obtained by removing tc from the gross offered thickness, where tc is defined in Ch 3, Sec 3.
1.1.4
 In this chapter, compressive and shear stresses are to be taken as positive, tension stresses are to be taken as 
negative. 

2. Application 

2.1 Scope
2.1.1
 The buckling checks are to be performed according to:

・ Ch 8, Sec 2 for the slenderness requirements of plates, longitudinal and transverse stiffeners, primary 
supporting members and brackets. 

・ Ch 8, Sec 3 for the prescriptive buckling requirements of plates, longitudinal and transverse stiffeners, 
primary supporting members and other structures. 

・ Ch 8, Sec 4 for the buckling requirements of the FE analysis for the plates, stiffened panels and other 
structures. 

・ Ch 8, Sec 5 for the buckling capacity of prescriptive and FE buckling requirements.
2.1.2 Stiffener
 The buckling check of the stiffeners referred to in this Chapter is applicable to the stiffener fitted along the long 
edge of the buckling panel.
2.1.3 Enlarged stiffener
 Enlarged stiffeners, with or without web stiffening, used for Permanent Means of Access (PMA) are to comply 
with the following requirements: 

(a) Slenderness requirements for primary supporting members as follows: 
・ For enlarged stiffener web, see item (a) of Ch 8, Sec 2, 4.1.1.
・ For enlarged stiffener flange, see item (b) of Ch 8, Sec 2, 4.1.1 and Ch 8, Sec 2, 5.1.
・ For stiffeners fitted on enlarged stiffener web, see Ch 8, Sec 2, 3.1.1 and Ch 8, Sec 2, 3.1.3. 

(b) Buckling strength of prescriptive requirements as follows: 
・ For enlarged stiffener web, see Ch 8, Sec 3, 3.2.
・ For stiffeners fitted on enlarged stiffener web, see Ch 8, Sec 3, 3.1 and Ch 8, Sec 3, 3.3. 

(c) All structural elements used for PMA are to be complied with for the buckling requirements of the FE 
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analysis in Ch 8, Sec 4 when applicable. 
(d) Buckling strength of longitudinal PMA platforms without stiffeners fitted on enlarged stiffener web is to be 

checked using the criteria for local supporting members in Ch 8, Sec 3, 3.1 and Ch 8, Sec 3, 3.3. 

3. Definitions 

3.1 General
3.1.1 Buckling definition
  Buckling  is used as a generic term to describe the strength of structures, generally under in-plane compressions 
and/or shear and lateral load. The buckling strength or capacity can take into account the internal redistribution of 
loads depending on the load situation, slenderness and type of structure.
3.1.2 Buckling capacity
 Buckling capacity based on this principle gives a lower bound estimate of ultimate capacity, or the maximum 
load the panel can carry without suffering major permanent set. 
 Buckling capacity assessment utilises the positive elastic post-buckling effect for plates and accounts for load 
redistribution between the structural components, such as between plating and stiffeners. For slender structures, the 
capacity calculated using this method is typically higher than the ideal elastic buckling stress (minimum Eigen value). 
Accepting elastic buckling of structural components in slender stiffened panels implies that large elastic deflections 
and reduced in-plane stiffness will occur at higher buckling utilisation levels.
3.1.3 Assessment methods
 The buckling assessment is carried out according to one of the two methods taking into account different 
boundary condition types: 

・ Method A: 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/neighbouring plates. 

・ Method B: The edges of the elementary plate panel are not forced to remain straight due to low in-plane 
stiffness at the edges and/or no surrounding structure/neighbouring plates. 

3.2 Buckling Utilisation Factor
3.2.1
 The utilisation factor, h , is defined as the ratio between the applied loads and the corresponding ultimate 
capacity or buckling strength.
3.2.2
 For combined loads, the utilisation factor, acth , is to be defined as the ratio of the applied equivalent stress and 
the corresponding buckling capacity, as shown in Fig. 1, and is to be taken as: 

cu

act
act W

W
g

h
1

==  

where:
Wact : Applied equivalent stress, in N/mm2: 

222 tss ++= yxactW  for plate 

wbaactW sss ++=  for stiffener 
Wu : Equivalent buckling capacity, in N/mm2, to be taken as: 

222
ccycxuW tss ++=  for plate 

S
RW SeH

u
-=  for stiffener 

cg  : Stress multiplier factor at failure. 
 For each typical failure mode, the corresponding capacity of the panel is calculated by applying the actual stress
combination and then increasing or decreasing the stresses proportionally until collapse.
 Fig. 1 illustrates the buckling capacity and the buckling utilisation factor of a structural member subject to xs  
and ys  stresses. 
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Fig. 1 Example of Buckling Capacity and Buckling Utilisation Factor 

 

3.3 Allowable Buckling Utilisation Factor
3.3.1 General structural elements
 The allowable buckling utilisation factor is defined in Table 1.

 
Table 1 Allowable Buckling Utilisation Factor 

Structural component allh , Allowable buckling utilisation factor 

Plates and stiffeners
Stiffened and unstiffened panels
Vertically stiffened side shell plating of single side skin bulk 
carrier
Web plate in ways of openings 

1.00 for load combination: S+D
0.80 for load combination: S 

Struts, pillars and cross ties 
0.75 for load combination: S+D
0.65 for load combination: S 

Corrugation of vertically corrugated bulkheads with lower 
stool and horizontally corrugated bulkhead, under lateral 
pressure from liquid loads, for shell elements only.
Supporting structure in way of lower end of corrugated 
bulkheads without lower stool. 

0.90 for load combination: S+D
0.72 for load combination: S 

Corrugation of vertically corrugated bulkheads without lower 
stool under lateral pressure from liquid loads, for shell 
elements only. 

0.81 for load combination: S+D
0.65 for load combination: S 

Note 1 : Supporting structure for a transverse corrugated bulkhead refers to the structure in longitudinal direction within half a web 

frame space forward and aft of the bulkhead, and within a vertical extent equal to the corrugation depth. 

Note 2 : Supporting structure for a longitudinal corrugated bulkhead refers to the structure in transverse direction within three 

longitudinal stiffener spacings from each side of the bulkhead, and within a vertical extent equal to the corrugation depth. 

 

3.4 Buckling Acceptance Criteria
3.4.1
 A structural member is considered to have an acceptable buckling strength if it satisfies the following criterion: 

allact hh £  
where:

acth  : Buckling utilisation factor based on the applied stress, defined in 3.2.2. 

allh  : Allowable buckling utilisation factor as defined in 3.3. 
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Section 2 SLENDERNESS REQUIREMENTS 

Symbols 

For symbols not defined in this section, refer to Ch 1, Sec 4.
bf-out : Maximum distance, in mm, from mid thickness of the web to the flange edge, as shown in Fig. 1.
hw : Depth of stiffener web, in mm, as shown in Fig. 1. 

bl  : Effective length of edge of bracket, in mm, as defined in Table 3. 
seff : Effective width of attached plate of stiffener, in mm, taken equal to: 

sseff 8.0=  

tf : Net flange thickness, in mm.
tp : Net thickness of plate, in mm.
tw : Net web thickness, in mm. 

1. Structural Elements 

1.1 General
1.1.1
 All structural elements are to comply with the applicable slenderness and proportion requirements given in 2 to 
4. 

2. Plates 

2.1 Net Thickness of Plate Panels
2.1.1
 The net thickness of plate panels is to satisfy the following criteria: 

235
eH

p
R

C
bt ³  

where:
C : Slenderness coefficient taken as: 

100=C  for hull envelope and cargo and tank boundaries. 
125=C  for other structures. 

ReH : Specified minimum yield stress of the plate material, in N/mm2.
 A lower specified minimum yield stress may be used in this slenderness criterion provided the 

requirements specified in Sec 3 and Sec 4 are satisfied for the strake assumed in the same lower 
specified minimum yield stress value. 

 This requirement does not apply to the bilge plates within the cylindrical part of the ship and radius gunwale. 

3. Stiffeners 

3.1 Proportions of Stiffeners
3.1.1 Net thickness of all stiffener types
 The net thickness of stiffeners is to satisfy the following criteria:

(a) Stiffener web plate: 

235
eH

w

w
w

R
C
ht ³  

(b) Flange: 
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235
eH

f

outf
f

R
C

b
t -³  

where:
Cw, Cf : Slenderness coefficients given in Table 1. 

 
Fig. 1 Stiffener Scantling 

 
 

Table 1 Slenderness Coefficients 

Type of Stiffener Cw Cf 

Angle, L2 and L3 bars 75 12 

T-bars 75 12 

Bulb bars 45 - 

Flat bars 22 - 

3.1.2 Net dimensions of angle and T-bars
 The total flange breadth bf in mm, for angle and T-bars is to satisfy the following criterion: 

wf hb 25.0³  

3.1.3 Bending stiffness of stiffeners
 The net moment of inertia, in cm4, of the stiffener with the effective width of attached plate, about the neutral
axis parallel to the attached plating is not to be less than the minimum value given by: 

235
2 eH

effst
RACI l³  

where:
Aeff : Net sectional area of stiffener including effective attached plate, seff, in cm2.
ReH : Specified minimum yield stress of the material of the attached plate, in N/mm2.
C : Slenderness coefficient taken as: 

43.1=C  for longitudinal stiffeners including sniped stiffeners.
72.0=C  for other stiffeners. 

① 

① 
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4. Primary Supporting Members 

4.1 Proportions and Stiffness
4.1.1 Proportions of web plate and flange
 The net thicknesses of the web plates and flanges of primary supporting members are to satisfy the following 
criteria: 

(a) Web plate: 

235
eH

w

w
w

R
C
st ³  

(b) Flange: 

235
eH

f

outf
f

R
C

b
t -³  

where:
sw : Plate breadth, in mm, taken as the spacing of the web stiffeners.
Cw : Slenderness coefficient for the web plate taken as: 

100=wC  
Cf : Slenderness coefficient for the flange taken as: 

12=fC  

4.1.2 Deck transverse primary supporting members
 The net moment of inertia for deck transverse primary supporting members, Ipsm-n50, in cm4, supporting deck 
longitudinals subject to axial compressive hull girder stress, is to comply, within its central half of the bending span, 
with the following criterion: 

st
bdg

npsm I
sS

I 3

4

50 300
l

³-  

where:
Ipsm-n50 : Net moment of inertia, in cm4, of deck transverse primary supporting member, with effective 

width of attached plate equal to 0.8S. 
bdgl  : Effective bending span of deck transverse primary supporting member, in m, as defined in Ch 3, 

Sec 7. 
S : Spacing of deck transverse primary supporting members, in m, as defined in Ch 3, Sec 7.
Ist : Moment of inertia of deck stiffeners within the central half of the bending span, in cm4, as given 

in 3.1.3. 

4.2 Web Stiffeners of Primary Supporting Members
4.2.1 Proportions of web stiffeners
 The net thickness of web and flange of web stiffeners fitted on primary supporting members is to satisfy the 
requirements specified in 3.1.1 and 3.1.2.
4.2.2 Bending stiffness of web stiffeners
 The net moment of inertia, in cm4, of web stiffener, Ist, fitted on primary supporting members, with effective 
attached plate, seff, is not to be less than the minimum moment of inertia defined in Table 2.

 



－424－

2019 Rules for the Survey and Construction of Steel Ships (Part CSR-B&T Part 1 Chapter 8 Section 2)

Table 2 Stiffness Criteria for Web Stiffeners 

Stiffener arrangement Minimum moment of inertia of web stiffeners, in cm4 

A 

Web stiffeners fitted along the PSM span 

 

235
2 eH

effst
RACI l³  

B 

Web stiffeners fitted normal to the PSM span 

 

52 10
2351000

210005.214.1 - 
ø

ö
ç
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l
l  

where:

C : Slenderness coefficient to be taken as: 
43.1=C  for longitudinal stiffeners including sniped stiffeners.
72.0=C  for other stiffeners. 

l  : Length of web stiffener, in m. 
For web stiffeners welded to local supporting members, the length is to be measured between the flanges of the local 
support members.
For sniped web stiffeners, the length is to be measured between the lateral supports, e.g. the total distance between 
the flanges of the primary supporting member as shown for stiffener arrangement B. 

Aeff : Net section area of web stiffener including effective attached plate, seff, in cm2.

tw : Net web thickness of the primary supporting member, in mm.

ReH : Specified minimum yield stress of the material of the web plate of the primary supporting member, in N/mm2. 

 

5. Brackets 

5.1 Tripping Brackets
5.1.1 Unsupported flange length
 The unsupported length of the flange of the primary supporting member, in m, i.e. the distance between tripping 
brackets, is not to be greater than: 
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50 , but need not be less than Sb-min. 

where:
bf : Flange breadth of primary supporting members, in mm.
C : Slenderness coefficient taken as: 

022.0=C  for symmetrical flanges. 
033.0=C  for asymmetrical flanges. 

Af-n50 : Net cross sectional area of flange, in cm2.
Aw-n50 : Net cross sectional area of the web plate, in cm2.
ReH : Specified minimum yield stress of the PSM material, in N/mm2.
Sb-min : Minimum unsupported flange length taken as: 

mSb 0.3min =-  for the cargo tank/hold region, on tank/hold boundaries or the hull envelope 

including external decks. 
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mSb 0.4min =-  for other areas. 
5.1.2 Edge stiffening
 Tripping brackets on primary supporting members are to be stiffened by a flange or edge stiffener if the effective 
length of the edge, bl  as defined in Table 3, in mm, is greater than: 

bb t75=l  

where:
tb : Bracket net web thickness, in mm. 

5.2 End Brackets
5.2.1 Proportions
 The net web thickness of end brackets, in mm, subject to compressive stresses is not to be less than: 

235
eHb

b
R

C
dt =  

where:
db : Depth of brackets, in mm, as defined in Table 3.
C : Slenderness coefficient as defined in Table 3.
ReH : Specified minimum yield stress of the end bracket material, in N/mm2. 

5.3 Edge Reinforcement
5.3.1 Edge reinforcements of bracket edges
 The depth of stiffener web, hw in mm, of edge stiffeners in way of bracket edges is not to be less than: 

2351000
eHb

w
RCh l

=  or 50 mm, whichever is greater. 

where:
C : Slenderness coefficient taken as: 

75=C  for end brackets. 
50=C  for tripping brackets. 

ReH : Specified minimum yield stress of the stiffener material, in N/mm2. 
5.3.2 Proportions of edge stiffeners
 The net thickness of the web plate and flange of the edge stiffener is to satisfy the requirements specified in 
3.1.1 and 3.1.2.
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Table 3 Buckling Coefficient, C, for Proportions of Brackets 

Mode C 

Brackets without edge stiffener 

 

1620 + 
ø

ö
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è

æ
=

b
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where: 

0.125.0 ££
b

bd
l

 

Brackets with edge stiffener 

 

70=C  

 

6. Other Structures 

6.1 Pillars
6.1.1 Proportions of I-section pillars
 For I-sections, the thickness of the web plate and the flange thickness are to comply with requirements specified 
in 3.1.1 and 3.1.2.
6.1.2 Proportions of box section pillars
 The thickness of thin walled box sections is to comply with the requirements specified in item (a) of 3.1.1.
6.1.3 Proportions of circular section pillars
 The net thickness, t, of circular section pillars, in mm, is to comply with the following criterion: 

50
rt ³  

where:
r : Mid thickness radius of the circular section, in mm. 

6.2 Edge Reinforcement in way of Openings
6.2.1 Depth of edge stiffener
 When fitted as shown in Fig. 2, the depth of web, hw in mm, of edge stiffeners in way of openings is not to be 
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less than: 

235
eH

w
RCh l=  or 50 mm, whichever is greater. 

C : Slenderness coefficient taken as: 
50=C  

ReH : Specified minimum yield stress of the edge stiffener material, in N/mm2. 
6.2.2 Proportions of edge stiffeners
 The net thickness of the web plate and flange of the edge stiffener is to satisfy the requirements specified in 
3.1.1 and 3.1.2.
 

Fig. 2 Typical Edge Reinforcements 
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Section 3 PRESCRIPTIVE BUCKLING REQUIREMENTS 

Symbols 

allh  : Allowable buckling utilisation factor, as defined in Ch 8, Sec 1, 3.3. 
EPP : Elementary Plate Panel as defined in Ch 3, Sec 7, 2.1.
LCP : Load calculation point as defined in Ch 3, Sec 7, 2.2.2 and Ch 3, Sec 7, 3.2. 

1. General 

1.1 Scope
1.1.1
 This section applies to plate panels including curved plate panels and stiffeners subject to hull girder 
compression and shear stresses. In addition the following structural members subject to compressive stresses are to be 
checked: 

・ Corrugation of transverse vertically corrugated bulkhead.
・ Corrugation of longitudinal corrugated bulkhead.
・ Strut.
・ Pillar.
・ Cross tie.

1.1.2
 The hull girder buckling strength requirements apply along the full length of the ship.
1.1.3 Design load sets
 The buckling checks are to be performed for all design load sets defined in Ch 6, Sec 2, 2, both in intact and in 
flooded conditions with pressure combination defined in Ch 6, Sec 2, 1.3.
 For each design load set, for all dynamic load cases, the lateral pressure is to be determined according to Ch 4 at 
the load calculation point defined in Ch 3, Sec 7, and is to be applied together with the hull girder stress 
combinations given in 2.2. 

1.2 Equivalent Plate Panel
1.2.1
 In longitudinal stiffening arrangement, when the plate thickness varies over the width b, of a plate panel, the 
buckling check is to be performed for an equivalent plate panel width, combined with the smaller plate thickness, t1. 
The width of this equivalent plate panel, beq, in mm, is defined by the following formula: 

5.1

2

1
21  
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ö
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+=

t
tbeq ll  

where: 
1l  : Width of the part of the plate panel with the smaller net plate thickness, t1, in mm, as defined in Fig. 1. 

2l  : Width of the part of the plate panel with the greater net plate thickness, t1, in mm, as defined in Fig. 1. 

 
Fig. 1 Plate Thickness Change over the Width 
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1.2.2
 In transverse stiffening arrangement, when an EPP is made with different thicknesses, the buckling check of the 
plate and stiffeners is to be made for each thickness considered constant on the EPP, the stresses and pressures being 
estimated for the EPP at the LCP.
1.2.3 Materials
 When the plate panel is made of different materials, the minimum yield strength is to be used for the buckling 
assessment. 

2. Hull Girder Stress 

2.1 General
2.1.1
 The hull girder bending stresses, hgs , in N/mm2, are determined according to Ch 6, Sec 2. 

2.1.2
 The hull girder shear stresses, hgt , in N/mm2, in the plate i are determined as follows: 

( ) 3

50

10
ni

viTot
hg t

qxQ

-

=t  

where:
QTot(x) : Total vertical shear force, in kN, at the ship longitudinal location x, taken as follows: 

・ For the design load combination S+D 
・ For seagoing operations: 

( ) LCwvswTot QQxQ -+=  

・ For flooded conditions at sea for bulk carriers having a length LCSR of 150 m or above: 
( ) LCwvfswTot QQxQ -- +=  

・ For the design load combination S 
・ For harbour/sheltered water operations: 

( ) pswTot QxQ -=  

qvi : Contribution ratio in way of the plate i, as defined in Ch 5, Sec 1, 3.2.1.
ti-n50 : Net thickness of the plate i, in mm as defined in Ch 5, Sec 1, 3.2.1, used for shear stress 

calculation. 
Qsw : Permissible positive or negative still water shear force for seagoing operation, in kN, at the hull 

transverse section considered, as defined in Ch 4, Sec 4, 2.3.3. 
Qsw-p : Permissible positive or negative still water shear force for harbour/sheltered operation, in kN, at the 

hull transverse section considered, as defined in Ch 4, Sec 4, 2.3.4. 
Qsw-f : Permissible positive or negative still water shear force in flooded condition at sea, in kN, at the hull 

transverse section considered, as defined in Ch 4, Sec 4, 2.3.5. 
Qwv-LC : Vertical wave shear force in seagoing condition, in kN, in intact or flooded conditions at the hull 

transverse section considered for the considered dynamic load case, defined in Ch 4, Sec 4, 3.5.3. 

2.2 Stress Combinations
2.2.1
 Each elementary plate panel and stiffeners are to satisfy the criteria defined in 3 with the following stress 
combinations: 

(a) Longitudinal stiffening arrangement: 
・ Stress combination 1 with: 

hg

y

hgx

tt

s

ss

7.0
0

=

=

=

 

・ Stress combination 2 with: 
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hg

y

hgx
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=
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=

0
7.0

 

(b) Transverse stiffening arrangement: 
・ Stress combination 1 with: 

hg

hgy

x

tt

ss
s

7.0

0

=

=
=

 

・ Stress combination 2 with: 

hg

hgy

x

tt

ss
s

=

=
=

7.0
0

 

where:
hgs  : Hull girder bending stress in the elementary plate panel or stiffener, as defined in 2.1.1, in N/mm2. 

hgt  : Hull girder shear stress, in N/mm2, in the elementary plate panel or stiffener attached plate as 

defined in 2.1.2. 

3. Buckling Criteria 

3.1 Overall Stiffened Panel
3.1.1
 The buckling strength of overall stiffened panels is to satisfy the following criterion: 

allOverall hh £  

where:
Overallh  : Maximum utilisation factor as defined in Ch 8, Sec 5, 2.1. 

3.2 Plates
3.2.1
 The buckling strength of elementary plate panels is to satisfy the following criterion: 

allPlate hh £  

where:
Plateh  : Maximum plate utilisation factor calculated according to SP-A, as defined in Ch 8, Sec 5, 2.2. 

 For the determination of Plateh  of the vertically stiffened side shell plating of single side skin bulk carrier 
between hopper and topside tanks, the cases 12 and 16 of Ch 8, Sec 5, Table 3 corresponding to the shorter edge of 
the plate panel clamped are to be considered together with a mean ys  stress and 1=yy . 

3.3 Stiffeners
3.3.1
 The buckling strength of stiffeners or of side frames of single side skin bulk carriers is to satisfy the following 
criterion: 

allStiffener hh £  

where:
Stiffenerh  : Maximum stiffener utilisation factor, as defined in Ch 8, Sec 5, 2.3. 

Note 1 : This capacity check can only be fulfilled when the overall stiffened panel capacity, as defined in 3.1.1, is satisfied. 

3.4 Vertically Corrugated Transverse and Longitudinal Bulkheads
3.4.1
 The shear buckling strength of vertically corrugated transverse and longitudinal bulkheads is to satisfy the 
following criterion: 

allShear hh £  

where: 



－431－

2019 Rules for the Survey and Construction of Steel Ships (Part CSR-B&T Part 1 Chapter 8 Section 3)

Shearh  : Maximum shear corrugated bulkhead utilisation factor. 

c

bhd
Shear t

t
h =  

bhdt  : Shear stress, in N/mm2, in the bulkhead taken as 
・ For longitudinal bulkheads: hull girder shear stress defined in 2.1.2
・ For transverse bulkheads: shear stress in the corrugation defined in Pt 2, Ch 1, Sec 3, 3.2.1. 

ct  : Shear critical stress, in N/mm2, as defined in Ch 8, Sec 5, 2.2.3. 

3.5 Horizontally Corrugated Longitudinal Bulkhead
3.5.1
 Each corrugation, within the extension of half flange, web and half flange, is to satisfy the following criterion: 

allhh £  

where:
h  : Overall column utilisation factor, as defined in Ch 8, Sec 5, 3.1. 

3.6 Struts, Pillars and Cross Ties
3.6.1
 The compressive buckling strength of struts, pillars and cross ties is to satisfy the following criterion: 

allhh £  

where:
h  : Maximum buckling utilisation factor of struts, pillars or cross ties, defined in Ch 8, Sec 5, 3.1. 
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Section 4 BUCKLING REQUIREMENTS FOR DIRECT STRENGTH 
ANALYSIS 

Symbols 

allh : Allowable buckling utilisation factor, as defined in Ch 8, Sec 1, 3.3. 
a : Aspect ratio of the plate panel, defined in Ch 8, Sec 5. 

1. General 

1.1 Scope
1.1.1
 The requirements of this Section apply for the buckling assessment of direct strength analysis subjected to 
compressive stress, shear stress and lateral pressure.
1.1.2
 All structural elements in the FE analysis carried out according to Ch 7 are to be assessed individually. The 
buckling checks have to be performed for the following structural elements: 

・ Stiffened and unstiffened panels, inclusive curved panels.
・ Web plate in way of openings.
・ Corrugated bulkhead.
・ Vertically stiffened side shell of single side skin bulk carrier.
・ Struts, pillars and cross ties. 

2. Stiffened and Unstiffened Panels 

2.1 General
2.1.1 
 The plate panel of hull structure is to be modelled as stiffened or unstiffened panel. Method A and Method B as 
defined in Ch 8, Sec 1, 3 are to be used according to Table 1 and Fig. 1 to Fig. 9.
2.1.2 Average thickness of plate panel
 Where the plate thickness along a plate panel is not constant, the panel used for the buckling assessment is to be 
modelled according to Ch 7 with a weighted average thickness taken as: 

å

å
= n

i

i

n

i

avr

A

tA
t

1

1  

Ai： Area of the i-th plate element.
ti： Net thickness of the i-th plate element.
n： Number of finite elements defining the buckling plate panel. 
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Table 1  Structural Members 

Structural elements Assessment method Normal panel definition 

Longitudinal structure, see Fig. 1, Fig. 5 and Fig. 7 

Longitudinally stiffened panels
Shell envelope
Deck
Inner hull
Hopper tank side
Longitudinal bulkheads 

SP-A 
Length:  between web frames 
Width:  between primary supporting members  

Double bottom longitudinal girders in line 
with longitudinal bulkhead or connected to 
hopper tank side 

SP-A 
Length:  between web frames
Width:  full web depth 

Web of double bottom longitudinal girders 
not in line with longitudinal bulkhead or 
not connected to hopper tank side 

SP-B 
Length:  between web frames
Width:  full web depth 

Web of horizontal girders in double side 
space connected to hopper tank side 

SP-A 
Length:  between web frames
Width:  full web depth 

Web of horizontal girders in double side 
space not connected to hopper tank side 

SP-B 
Length:  between web frames
Width:  full web depth 

Web of single skin longitudinal girders or 
stringers 

UP-B Plate between local stiffeners/face plate/PSM 

Transverse structure, see Fig. 2, Fig. 6 and Fig. 8 

Web of transverse deck frames including 
brackets 

UP-B Plate between local stiffeners/face plate/PSM 

Vertical web in double side space  SP-B 
Length:  full web depth 
Width:  between primary supporting members  

Irregularly stiffened panels, e.g. web 
panels in way of hopper tank and bilge  

UP-B Plate between local stiffeners/face plate/PSM 

Double bottom floors SP-B 
Length:  full web depth 
Width:  between primary supporting members 

Vertical web frame including brackets UP-B 
Plate between vertical web stiffeners/face 
plate/PSM 

Cross tie web plate UP-B 
Plate between vertical web stiffeners/face 
plate/PSM 

Transverse oil-tight and watertight bulkheads, see Fig. 3 and transverse wash bulkheads, see Fig. 4 

Regularly stiffened bulkhead panels 
inclusive the secondary buckling stiffeners 
perpendicular to the regular stiffener (such 
as carlings) 

SP-A 
Length:  between primary supporting members
Width:  between primary supporting members 

Irregularly stiffened bulkhead panels, e.g. 
web panels in way of hopper tank and 
bilge 

UP-B Plate between local stiffeners/face plate 
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Table 1  Structural Members (Continued) 

Structural elements Assessment method Normal panel definition 

Web plate of bulkhead stringers including 
brackets 

UP-B Plate between web stiffeners /face plate 

Transverse corrugated bulkheads and cross deck, see Fig. 9 

Upper/lower stool including stiffeners SP-A 
Length:  between internal web diaphragms
Width:  length of stool side 

Stool internal web diaphragm UP-B Plate between local stiffeners /face plate / PSM 

Cross deck SP-A Plate between local stiffeners/ PSM 

Note 1: SP and UP stand for stiffened and unstiffened panel respectively.

Note 2: A and B stand for Method A and Method B respectively. 

2.1.3 Yield stress of the plate panel
 The panel yield stress ReH_P is taken as the minimum value of the specified yield stresses of the elements within 
the plate panel. 

2.2 Stiffened Panels
2.2.1
 To represent the overall buckling behaviour, each stiffener with attached plate is to be modelled as a stiffened 
panel of the extent defined in Table 1.
2.2.2
 If the stiffener properties or stiffener spacing varies within the stiffened panel, the calculations are to be 
performed separately for all configurations of the panels, i.e. for each stiffener and plate between the stiffeners. Plate 
thickness, stiffener properties and stiffener spacing at the considered location are to be assumed for the whole panel. 

 
Fig. 1 Longitudinal Plates for Oil Tankers 
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Fig. 2 Transverse Web Frames for Oil Tankers 

 
 

Fig. 3 Transverse Bulkhead for Oil Tankers 

 
 

Fig. 4 Cross Tie 
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Fig. 5 Longitudinal Plates for Single Hull Bulk Carrier 

 
 

Fig. 6 Transverse Web Frames for Single Hull Bulk Carrier 
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Fig. 7 Longitudinal Plates for Double Hull Bulk Carrier 

 
 

Fig.8 Transverse Web Frames for Double Hull Bulk Carrier 
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Fig. 9 Corrugated Bulkhead and Cross Deck for Bulk Carriers 
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2.3 Unstiffened Panels
2.3.1 Irregular plate panel
 In way of web frames, stringers and brackets, the geometry of the panel (i.e. plate bounded by web 
stiffeners/face plate) may not have a rectangular shape. In this case, an equivalent rectangular panel is to be defined 
according to 2.3.2 for irregular geometry and 2.3.3 for triangular geometry and to comply with buckling assessment.
2.3.2 Modelling of an unstiffened panel with irregular geometry
 Unstiffened panels with irregular geometry are to be idealised to equivalent panels for plate buckling assessment 
according to the following procedure: 

(a) The four corners closest to a right angle, 90 deg, in the bounding polygon for the plate are identified.. 

 
(b) The distances along the plate bounding polygon between the corners are calculated, i.e. the sum of all the 

straight line segments between the end points. 

 
(c) The pair of opposite edges with the smallest total length is identified, i.e. minimum of d1+d3 and d2+d4

(d) A line joins the middle points of the chosen opposite edges (i.e. a mid point is defined as the point at half 
the distance from one end). This line defines the longitudinal direction for the capacity model. The length 
of the line defines the length of the capacity model, a measured from one end point. 

 
(e) The length of shorter side, b in mm, is to be taken as: 

aAb =  

where:
A： Area of the plate, in mm2 
a： length defined in (d), in mm 

 
(f) The stresses from the direct strength analysis are to be transformed into the local coordinate system of the 

equivalent rectangular panel. These stresses are to be used for the buckling assessment. 
2.3.3 Modelling of an unstiffened plate panel with triangular geometry
 Unstiffened panels with triangular geometry are to be idealised to equivalent panels for plate buckling 
assessment according to the following procedure: 

(a) Medians are constructed as shown below. 

 
(b) The longest median is identified. This median the length of which is 1l  in mm, defines the longitudinal 

direction for the capacity model. 
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(c) The width of the model, 2l , in mm, is to be taken as: 

12 ll A=  
where:
A： Area of the plate, in mm2 

 
(d) The lengths of shorter side, b, and of the longer side, a, in mm, of the equivalent rectangular plate panel are 

to be taken as: 

triC
b 2l

=  

triCa  = 1l  
where: 

6.04.0
1

2 +=
l

l
triC  

(e) The stresses from the direct strength analysis are to be transformed into the local coordinate system of the 
equivalent rectangular panel and are to be used for the buckling assessment of the equivalent rectangular 
panel. 

2.4 Reference Stress
2.4.1
 The stress distribution is to be taken from the direct strength analysis and applied to the buckling model.
2.4.2
 The reference stresses are to be calculated using the Stress based reference stresses as defined in App 1. 

2.5 Lateral Pressure
2.5.1
 The lateral pressure applied to the direct strength analysis is also to be applied to the buckling assessment.
2.5.2
 Where the lateral pressure is not constant over a buckling panel defined by a number of finite plate elements, an 
average lateral pressure, N/mm2, is calculated using the following formula: 

å

å
= n

i

i

n

i

avr

A

PA
P

1

1  

where:
Ai： Area of the i-th plate element, in mm2.
Pi： Lateral pressure of the i-th plate element, in N/mm2.
n： Number of finite elements in the buckling panel. 

2.6 Buckling Criteria
2.6.1 UP-A
 The compressive buckling strength of UP-A is to satisfy the following criterion: 

allAUP hh £-
 

where: 
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AUP-h ： Maximum plate utilisation factor, calculated according to Method A as defined in Ch 8, Sec 5, 2.2. 

2.6.2 UP-B
 The compressive buckling strength of UP-B is to satisfy the following criterion: 

allBUP hh £-
 

where: 
BUP-h ： Maximum plate utilisation factor, calculated according to Method B as defined in Ch 8, Sec 5, 2.2. 

2.6.3 SP-A
 The compressive buckling strength of SP-A is to satisfy the following criterion: 

allASP hh £-
 

where: 

ASP-h : Maximum stiffened panel utilisation factor taken as the maximum of: 
・ The overall stiffened panel capacity as defined in Ch 8, Sec 5, 2.1.
・ The plate capacity calculated according to Method A as defined in Ch 8, Sec 5, 2.2.
・ The stiffener buckling strength as defined in Ch 8, Sec 5, 2.3 considering separately the 

properties (thickness, dimensions), the pressures defined in 2.5.2 and the reference stresses of 
each EPP at both sides of the stiffener. 

Note 1: The stiffener buckling capacity check can only be fulfilled when the overall stiffened panel capacity, as defined 
in Ch 8, Sec 5, 2.1, is satisfied. 

2.6.4 SP-B
 The compressive buckling strength of SP-B is to satisfy the following criterion: 

allBSP hh £-  

where: 
BSP-h : Maximum stiffened panel utilisation factor taken as the maximum of: 

・ The overall stiffened panel capacity as defined in Ch 8, Sec 5, 2.1.
・ The plate capacity calculated according to Method B as defined in Ch 8, Sec 5, 2.2.
・ The stiffener buckling strength as defined in Ch 8, Sec 5, 2.3 considering separately the 

properties (thickness, dimensions), the pressures defined in 2.5.2 and the reference stresses of 
each EPP at both sides of the stiffener. 

Note 1: The stiffener buckling capacity check can only be fulfilled when the overall stiffened panel capacity, as defined 
in Ch 8, Sec 5, 2.1, is satisfied. 

2.6.5 Web plate in way of openings
 The web plate of primary supporting members with openings is to satisfy the following criterion: 

allopening hh £  

where:
openingh : Maximum web plate utilisation factor in way of openings, as defined in Ch 8, Sec 5, 2.4. 

3. Corrugated Bulkhead 

3.1 General
3.1.1 
 Three buckling failure modes are to be assessed on corrugated bulkheads:

・ Corrugation overall column buckling.
・ Corrugation flange panel buckling.
・ Corrugation web panel buckling. 

3.2 Reference stress
3.2.1 
 Each corrugation flange and web panel is to be assessed.
3.2.2 
 The membrane stresses at element centroid are to be used. 
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3.2.3 
 The maximum normal stress parallel to the corrugation, xs , is the maximum of the 2 following stresses: 

・ The normal stress parallel to the corrugation taken at b/2 from the corrugation ends, 
・ The normal stress parallel to the corrugation within the mid span of the corrugation.

 When the corrugation end is fitted with a shedder plate, the normal stress parallel to the corrugation at end is to 
be taken at b/2 from the intersection of the shedder plate with the point at mid breadth of the flange or of the web, as 
the case may be.
 The maximum shear stress is the shear stress which is maximum at the corrugation flange or web at the point b/2 
from ends as defined above for the normal stress parallel to the corrugation.
 The in plane stresses, xs  and ys , and shear stress, t , are to be taken as the element stresses averaged over 

the width of the considered member (flange or web) at the considered location.
 When the stress value at b/2 from ends cannot be obtained directly from FE element, the stress at this location is 
to be obtained by interpolation. This interpolation is to be made on elements extending over a distance equal to 3b to 
a point located at b/2 from the end of the corrugation or from the intersection of the shedder plate if fitted, measured 
at the mid breadth of the flange or of the web. The interpolation of the in plane stresses, xs  and ys , are to be made 

in accordance with Ch 8, App 1, 2.1.
 The shear stress at b/2 is obtained by linear interpolation between the elements most close to 'b/2' location.
 For the application of this requirement, b is defined as follows: 

b： Width of the considered member of the corrugation, i.e. flange or web. 
3.2.4 
 Where more than one plate thicknesses are used for flange panel, maximum stress is to be obtained for each 
thickness range and to be checked with the buckling criteria for each thickness. 

3.3 Overall Column Buckling
3.3.1 
 The overall buckling failure mode of corrugated bulkheads subjected to axial compression is to be checked for 
column buckling (e.g. horizontally corrugated bulkheads and vertically corrugated bulkheads subjected to local 
vertical forces).
 

Table 2 Application of Overall Column Buckling for Corrugated Bulkhead 
 

Bulkhead orientation 
Corrugation Orientation 

Horizontal Vertical 

Longitudinal bulkhead Required Required, when subjected to local vertical 
forces (e.g. crane loads) Transverse bulkhead Required 

3.3.2 
 Each corrugation unit within the extension of half flange, web and half flange (i.e. single corrugation as shown 
in grey in Fig. 10) is to satisfy the following criterion: 

allOverall hh £  
where:

Overallh ：Maximum overall column utilisation factor, as defined in Ch 8, Sec 5, 3.1.1 and Ch 8, Sec 5, 3.1.2, 

considered as a pillar with a unsupported length taken as the length of the corrugation. 
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Fig. 10 Single Corrugation 

 

3.3.3 
 End constraint factor, fend corresponding to pinned ends is to be applied except for fixed end support to be used 
in way of stool with width exceeding 2 times the depth of the corrugation. 

3.4 Local Buckling
3.4.1 
 The compressive buckling strength of a unit flange and a unit web of corrugation bulkheads is to satisfy the 
following criterion: 

allCorr hh £  
where:

Corrh ： Maximum unit flange or unit web utilisation factor, as defined in Ch 8, Sec 5, 3.2.1. 

 Two stress combinations are to be considered for the application of the above criterion:
・ The maximum normal stress parallel to the corrugation, xs , combined with the stress perpendicular to the 

corrugation, 
ys , and with the shear stress,  t , at the location where the maximum normal stress parallel to 

the corrugation occurs. 
・ The maximum shear stress,  t , combined with the normal stress parallel to the corrugation, xs , and with 

the stress perpendicular to the corrugation, 
ys , at the location where the maximum shear stress occurs. 

 The buckling assessment is to be performed for an aspect ratio a  equal to 2, and for the thicknesses of the 
member where the maximum compressive/shear stress occurs (see 3.2.4). 

4. Vertically Stiffened Side Shell of Single Side Skin Bulk Carrier 

4.1 Buckling Criteria
4.1.1 Side shell plating
 The compressive buckling strength of the vertically stiffened side shell plating of single side skin bulk carrier is 
to satisfy the following criterion: 

allvss hh £  
where:

vssh ： Maximum vertically stiffened side shell plating utilisation factor calculated according to Method A 

as defined in Ch 8, Sec 5, 2.2.1 considering the following boundary conditions and stress 
combinations:
・ 4 edges simply supported (cases 1, 2 and 15 of Ch 8, Sec 5, Table 3): 

・ Pure vertical stress: 
・ The maximum vertical stress of stress elements is used with 1=a and 1=xy  

・ Maximum vertical stress combined with longitudinal and shear stress: 
・ The maximum vertical stress in the buckling panel plus the shear and longitudinal 

stresses at the location where the maximum vertical stress occurs is used with 2=a  
and 1== yx yy  

・ The plate thickness to be considered in the buckling strength check is the one where 
the maximum vertical stress occurs. 

・ Maximum shear stress combined with longitudinal and vertical stress: 
・ The maximum shear stress in the buckling panel plus the longitudinal and vertical 
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stresses at the location where maximum shear stress occurs is used with 2=a  
and 1== yx yy  

・ The plate thickness to be considered in the buckling strength check is the one where 
the maximum shear stress occurs. 

・ The 2 shorter edges of the plate panel clamped (cases 11, 12 and 16 of Ch 8, Sec 5, Table 3): 
・ Distributed longitudinal stress associated with vertical and shear stress: 

・ The actual size of the buckling panel is used to define a . 
・ The average values for longitudinal, vertical and shear stresses are to be used.
・ 1== yx yy  

・ The plate thickness to be considered in the buckling strength check is the minimum 
thickness of the buckling panel. 

4.1.2 Side frames
 The buckling strength of side frames of single side skin bulk carriers is to satisfy the following criterion: 

allStiffener hh £  

where:
Stiffenerh ： Maximum stiffener utilisation factor, as defined in Ch 8, Sec 5, 2.3. 

5. Struts, Pillars and Cross Ties 

5.1 Buckling Criteria
5.1.1
 The compressive buckling strength of struts, pillars and cross ties is to satisfy the following criterion: 

allPillar hh £  
where:

Pillarh ： Maximum utilisation factor of struts, pillars or cross ties, as defined in Ch 8, Sec 5, 3.1. 
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Section 5 BUCKLING CAPACITY 

Symbols 

For symbols not defined in this section, refer to Ch 1, Sec 4.
As： Net sectional area of the stiffener without attached plating, in mm2.
a： Length of the longer side of the plate panel, in mm.
b： Length of the shorter side of the plate panel, in mm.
beff : Effective width of the attached plating of a stiffener, in mm, as defined in 2.3.5.
beff1: Effective width of the attached plating of a stiffener, in mm, without the shear lag effect taken as: 

・ For 0>xs  
・ For prescriptive assessment: 

2
2211

1
bCbCb xx

eff
+

=  

・ For FE analysis: 
bCb xeff =1  

・ For 0£xs  
bbeff =1  

bf : Breadth of the stiffener flange, in mm.
b1, b2: Width of plate panel on each side of the considered stiffener, in mm.
Cx1, Cx2: Reduction factor defined in Table 3 calculated for the EPP1 and EPP2 on each side of the considered 

stiffener according to case 1. 
d： Length of the side parallel to the axis of the cylinder corresponding to the curved plate panel as shown in Table 

4, in mm. 
de： Distance from upper edge of web to the top of the flange, in mm, as defined in Ch 3, Sec 2, Fig. 3.
ef : Distance from attached plating to centre of flange, in mm, as shown in Fig.1 to be taken as: 

wf he =   for flat bar profile. 

fwf the 5.0-=   for bulb profile. 

fwf the 5.0+=  for angle, L2 and Tee profiles. 

fewf tdhe 5.0--=  for L3 profile. 

Flong: Coefficient defined in 2.2.4.
Ftran:Coefficient defined in 2.2.5.
hw: Depth of stiffener web, in mm, as shown in Fig.1. 
l : Span, in mm, of stiffener equal to spacing between primary supporting members or span of side frame equal to 

the distance between the hopper tank and top wing tank as defined in Pt 2, Ch 1, Sec 2, Fig.2. 
R: Radius of curved plate panel, in mm.
ReH_P: Specified minimum yield stress of the plate in N/mm2.
ReH_S: Specified minimum yield stress of the stiffener in N/mm2.
S: Partial safety factor to be taken as: 

・ S = 1.1 for structures which are exposed to local concentrated loads (e.g. container loads on hatch covers, 
foundations). 

・ S = 1.15 for bulk carrier stiffeners located on the hatchway coamings, the sloping plate of the topside and 
hopper tanks, the inner bottom, the inner side if any, the side shell of single side skin construction and the 
top and bottom stools of transverse bulkheads. 

・ S = 1.0 for all other cases. 
tp: Net thickness of plate panel, in mm.
tw: Net stiffener web thickness, in mm.
tf: Net flange thickness, in mm. 

① 

① 
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x axis: Local axis of a rectangular buckling panel parallel to its long edge.
y axis: Local axis of a rectangular buckling panel perpendicular to its long edge. 
a : Aspect ratio of the plate panel, defined in Table 3 to be taken as: 

b
a

=a  

b : Coefficient taken as: 

a
yb -

=
1  

w : Coefficient taken as: 
);3min( aw =  

xs : Stress applied on the edge along x axis of the buckling panel, in N/mm2. 

ys : Stress applied on the edge along y axis of the buckling panel, in N/mm2. 

1s : Maximum stress, in N/mm2. 

2s : Minimum stress, in N/mm2. 

Es : Elastic buckling reference stress, in N/mm2 to be taken as: 
・ For the application of plate limit state according to 2.2.1: 

( )
2

2

2

112  
ø

ö
çç
è

æ
-

=
b
tE p

E n
ps  

・ For the application of curved plate panels according to 2.2.6 
2

2

2

)1(12  
ø

ö
çç
è

æ
-

=
d
tE p

E n
ps  

t : Applied shear stress, in N/mm2.
ct : Buckling strength in shear, in N/mm2, as defined in 2.2.3. 

y : Edge stress ratio to be taken as: 

1

2

s
sy =  

g : Stress multiplier factor acting on loads. When the factor is such that the loads reach the interaction formulae, 

cgg = . 

cg : Stress multiplier factor at failure. 

 
Fig. 1 Stiffener Cross Sections 

 

1. General 

1.1 Scope
1.1.1
 This section contains the methods for determination of the buckling capacity of plate panels, stiffeners, primary 
supporting members, struts, pillars, cross ties and corrugated bulkheads.
1.1.2
 For the application of this section, the stresses xs , ys and t  applied on the structural members are defined 

① 
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in: 
・ Ch 8, Sec 3 for prescriptive requirements.
・ Ch 8, Sec 4 for FE analysis requirements.

1.1.3 Ultimate buckling capacity
 The ultimate buckling capacity is calculated by applying the actual stress combination and then increasing or 
decreasing the stresses proportionally until the interaction formulae defined in 2.1.1, 2.2.1, and 2.3.4 are equal to 1.0.
1.1.4 Buckling utilisation factor
 The buckling utilisation factor of the structural member is equal to the highest utilisation factor obtained for the 
different buckling modes.
1.1.5 Lateral pressure
 The lateral pressure is to be considered as constant in the buckling strength assessment. 

2. Buckling Capacity of Plates and Stiffeners 

2.1 Overall Stiffened Panel Capacity
2.1.1 
 The elastic stiffened panel limit state is based on the following interaction formula: 

1=
f

Z

c
P  

where cf and Pz are defined in 2.3.4. 

2.2 Plate capacity
2.2.1 Plate limit state
 The plate limit state is based on the following interaction formulae: 

1
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with  
( )4321 ,,,min ccccc ggggg =  

where: 
xs , ys : Applied normal stress to the plate panel, in N/mm2, to be taken as defined in 2.2.7. 

t : Applied shear stress to the plate panel, in N/mm2. 
¢

cxs : Ultimate buckling stress, in N/mm2, in direction parallel to the longer edge of the buckling panel as 
defined in 2.2.3. 

¢
cys : Ultimate buckling stress, in N/mm2, in direction parallel to the shorter edge of the buckling panel as 

defined in 2.2.3. 
ct : Ultimate critical shear stresses, in N/mm2, as defined in 2.2.3. 

1cg , 2cg , 3cg , 4cg : Stress multiplier factors at failure for each of the above different limit states. 1cg  and 

2cg  are only to be considered when 0³xs  and 0³ys  respectively. 

B: Coefficient given in Table 1
e0: Coefficient given in Table 1 

pb : Plate slenderness parameter taken as: 
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E
R

t
b PeH

p
p

_=b  

 
Table 1 Definition of Coefficients B and e0 

Applied Stress B e0 
0³xs  and 0³ys  23.07.0 ab p-  25.02 pb  

0<xs  or 0<ys  1.0 2.0 

2.2.2 Reference degree of slenderness
 The reference degree of slenderness is to be taken as: 

E

PeH

K
R

s
l _=  

where:
K: Buckling factor, as defined in Table 3 and Table 4.  

2.2.3 Ultimate buckling stresses
 The ultimate buckling stresses of plate panels , in N/mm2, are to be taken as: 

PeHxcx RC _'=s  

PeHycy RC _'=s  

 The ultimate buckling stress of plate panels subject to shear, in N/mm2, is to be taken as: 

3
' _ PeH

c

R
Ctt =  

where:
Cx, Cy, tC : Reduction factors, as defined in Table 3. 

・ For the 1st Equation of 2.2.1, when 0<xs  or 0<ys , the reduction factors are to taken as: 
1=== tCCC yx  

・ For the other cases: 
・ For SP-A and UP-A, Cy is calculated according to Table 3 by using  

0111 ³ 
ø
ö

ç
è
æ -=

a
c  

・ For SP-B and UP-B, Cy is calculated according to Table 3 by using  
11 =c  

・ For vertically stiffened single side skin of bulk carrier, Cy is calculated according to Table 3 by 
using 

0111 ³ 
ø
ö

ç
è
æ -=

a
c  

・ For corrugation of corrugated bulkheads, Cy is calculated according to Table 3 by using  

0111 ³ 
ø
ö

ç
è
æ -=

a
c  

 The boundary conditions for plates are to be considered as simply supported, see cases 1, 2 and 15 of Table 3. If 
the boundary conditions differ significantly from simple support, a more appropriate boundary condition can be 
applied according to the different cases of Table 3 subject to the agreement of the Society.
2.2.4 Correction factor Flong

 The correction factor Flong depending on the edge stiffener types on the longer side of the buckling panel is 
defined in Table 2. An average value of Flong is to be used for plate panels having different edge stiffeners. For 
stiffener types other than those mentioned in Table 2, the value of c is to be agreed by the Society. In such a case, 
value of c higher than those mentioned in Table 2 can be used, provided it is verified by buckling strength check of 
panel using non-linear FE analysis and deemed appropriate by the Society.
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Table 2 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 (1) 
1+= cFlong  for 1>

p

w

t
t  

1
3

+ 
ø

ö
ç
ç
è

æ
=

p

w
long t

tcF  for 1£
p

w

t
t  

0.10 

Bulb profile 0.30 

Angle, L2 and L3 profiles 0.40 

T profile 0.30 

Girder of high rigidity (e.g. 
bottom transverse) 

1.4 N/A 

U type profile fitted on hatch 
cover (2) 

・ Plate on which the U type profile is fitted 

・ For b2 < b1 : Flong =1

・ For b2 ³ b1 : 

ú
ú

û

ù

ê
ê

ë

é

 
ø

ö
ç
ç
è

æ
+ 

ø

ö
çç
è

æ
-=

3

2

1 155.055.1
p

w
long t

tc
b
bF  

・ Other plate of the U type profile: Flong =1 

0.2 

(1) tw is the net web thickness, in mm, without the correction defined in 2.3.2.

(2) b1 and b2 are defined in Pt 2, Ch 1, Sec 5, Fig. 1. 

2.2.5 Correction factor Ftran

 The correction factor Ftran is to be taken as:
・ For transversely framed EPP of single side skin bulk carrier, between the hopper and top wing tank: 

・ Ftran = 1.25 when the two adjacent frames are supported by one tripping bracket fitted in way of the 
adjacent plate panels. 

・ Ftran = 1.33 when the two adjacent frames are supported by two tripping brackets each fitted in way of 
the adjacent plate panels. 

・ Ftran = 1.15 elsewhere. 
・ For other cases: Ftran = 1

2.2.6 Curved plate panels
 This requirement for curved plate limit state is applicable when 2500£ptR . Otherwise, the requirement for 

plate limit state given in 2.2.1 is applicable.
 The curved plate limit state is based on the following interaction formula: 

0.135.0
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PeH

c

PeHtg

tgc

PeHtg

tgc

PeHax

axc

PeHax

axc

RC
S

RC
S

RC
S

RC
S

RC
S

t

tgsgsgsgsg  

where: 
axs : Applied axial stress to the cylinder corresponding to the curved plate panel, in N/mm2. In case of tensile 

axial stresses, 0=axs . 

tgs : Applied tangential stress to the cylinder corresponding to the curved plate panel, in N/mm2. In case of 
tensile tangential stresses, 0=tgs . 

tCCC tgax ,, : Buckling reduction factor of the curved plate panel, as defined in Table 4. 
 The stress multiplier factor, cg , of the curved plate panel need not be taken less than the stress multiplier factor, 

cg , for the expanded plane panel according to 2.2.1. 

① 
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Table 3 Buckling Factor and Reduction Factor for Plane Plate Panels 

Case 
Stress 
ratio 
y  

Aspect 
ratio a  

Buckling factor K Reduction factor C 

1 
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Edge boundary conditions: 
  Plate edge free.
  Plate edge simply supported.
  Plate edge clamped. 

Note 1: Cases listed are general cases. Each stress component ( xs , ys ) is to be understood in local coordinates. 
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Table 4 Buckling and Reduction Factor for Curved Plate Panel with 2500£ptR  

Case Aspect ratio Buckling factor K Reduction factor C 

1 
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2
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l
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For curved single fields, e.g. bilge 
strake, which are bounded by plane 
panels as shown in Ch 6, Sec 4,
Fig.1: 
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As in load case 2a. 
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Explanations for boundary conditions: 
  Plate edge free.
  Plate edge simply supported.
  Plate edge clamped. 
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2.2.7 Applied normal stress to plate panel
 The normal stress, xs  and ys , in N/mm2, to be applied for the plate panel capacity calculation as given in 

2.2.1 are to be taken as follows:
・ For FE analysis, the reference stresses as defined in Ch 8, Sec 4, 2.4.
・ For prescriptive assessment, the axial or transverse compressive stresses calculated according to Ch 8, Sec 

3, 2.2.1, at load calculation points of the considered elementary plate panel, as defined in Ch 3, Sec 7, 2. 
・ For grillage analysis where the stresses are obtained based on beam theory, the stresses taken as: 

21 n
nss

s
-

+
= ybxb

x  

21 n
nss

s
-

+
= xbyb

y  

where: 
xbs , ybs : Stress, in N/mm2, from grillage beam analysis respectively along x or y axis of the attached 

buckling panel. 
 The shear stress t , in N/mm2, to be applied for the plate panel capacity calculation as given in 2.2.1 are to be 
taken as follows: 

・ For FE analysis, the reference shear stresses as defined in Ch 8,Sec 4, 2.4.
・ For prescriptive assessment, the shear stresses calculated according to Ch 8, Sec 3, 2.2.1, at load 

calculation points of the considered elementary plate panel, as defined in Ch 3, Sec 7, 2. 
・ For grillage beam analysis, 0=t  in the attached buckling panel. 

2.3 Stiffeners
2.3.1 Buckling modes

・ Stiffener induced failure (SI).
・ Associated plate induced failure (PI).

2.3.2 Web thickness of flat bar
 For accounting the decrease of the stiffness due to local lateral deformation, the effective web thickness of flat bar 
stiffener, in mm, is to be used in 2.3.4 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: 
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2.3.3 Idealisation of bulb profile
 Bulb profiles are to be considered as equivalent angle profiles, as defined in Ch 3, Sec 7, 1.4.1
2.3.4 Ultimate buckling capacity
 When 0>++ wba sss , the ultimate buckling capacity for stiffeners is to be checked according to the following 
interaction formula: 

1=
++ S

ReH

wbac sssg
 

where: 
as : Effective axial stress, in N/mm2, at mid span of the stiffener, acting on the stiffener with its attached 

plating. 

speff

sp
xa Atb

Ast
+

+
=

1

ss  

xs : Nominal axial stress, in N/mm2, acting on the stiffener with its attached plating. 
・ For FE analysis, xs  is the FE corrected stress as defined in 2.3.6 in the attached plating in the 

direction of the stiffener axis. 
・ For prescriptive assessment, xs  is the axial stress calculated according to Ch 8, Sec 3, 2.2.1 at 

load calculation point of the stiffener, as defined in Ch 3, Sec 7, 3.  
・ For grillage beam analysis, xs  is the stress acting along the x axis of the attached buckling panel. 

ReH: Specified minimum yield stress of the material, in N/mm2: 
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SeHeH RR _=  for stiffener induced failure (SI). 

PeHeH RR _=  for plate induced failure (PI). 

bs : Bending stress in the stiffener, in N/mm2: 

Z
MM

b 1000
10 +

=s  

Z: Net section modulus of stiffener, in cm3, including effective width of plating according to 2.3.5, to be 
taken as:
・ 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). 

CPI: Plate induced failure pressure coefficient: 
CPI = 1 if the lateral pressure is applied on the side opposite to the stiffener.
CPI = -1 if the lateral pressure is applied on the same side as the stiffener. 

CSI: Stiffener induced failure pressure coefficient: 
CSI = -1 if the lateral pressure is applied on the side opposite to the stiffener.
CSI = 1 if the lateral pressure is applied on the same side as the stiffener. 

M1: Bending moment, in Nmm, due to the lateral load P: 

3

2

1 1024  
=

lsP
CM i   for continuous stiffener 

3

2

1 108 
=

lsP
CM i   for sniped stiffener 

3

2

1 102.14  
=

lsP
CM i   for stiffener sniped at one end and continuous at the other end 

P: Lateral load, in kN/m2. 
For FE analysis, P is the average pressure as defined in Ch 8, Sec 4, 2.5.2 in the attached plating.
For prescriptive assessment, P is the pressure calculated at load calculation point of the stiffener, as 
defined in Ch 3, Sec 7, 3. 

Ci: Pressure coefficient: 
Ci = CSI  for stiffener induced failure (SI).
Ci = CSI   for plate induced failure (PI). 

M0: Bending moment, in Nmm, due to the lateral deformation w of stiffener: 
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ö
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ç
è

æ

-
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zf

z
E Pc

wPFM 0  with 0>- zf Pc  

FE: Ideal elastic buckling force of the stiffener, in N. 

4
2

10EIFE  
ø
ö

ç
è
æ=

l

p  

I: Moment of inertia, in cm4, of the stiffener including effective width of attached plating according to 2.3.5. 
I is to comply with the following requirement: 

4

3

1012  
³ pst

I  

tp: Net thickness of plate, in mm, to be taken as  
・ For prescriptive requirements: the mean thickness of the two attached plating panels,
・ For FE analysis: the thickness of the considered EPP on one side of the stiffener. 

Pz: Nominal lateral load, in N/mm2, acting on the stiffener due to stresses, xs , ys  and t , in the attached 

plating in way of the stiffener mid span: 
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A1gss  but not less than 0 
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ø
ö

ç
è
æ +-= 2

2
2
1

_1 b
m

a
mERt peHptgt  but not less than 0 

ys : Stress applied on the edge along y axis of the buckling panel, in N/mm2, but not less than 0. 
・ For FE analysis, ys  is the FE corrected stress as defined in 2.3.6 in the attached plating in the 

direction perpendicular to the stiffener axis. 
・ For prescriptive assessment, ys  is the maximum compressive stress calculated according to Ch 8, 

Sec 3, 2.2.1, at load calculation points of the stiffener attached plating, as defined in Ch 3, Sec 7, 2. 
・ For grillage beam analysis, ys  is the stress acting along the y axis of the attached buckling panel. 

t ： Applied shear stress, in N/mm2.
・ For FE analysis, t  is the reference shear stress as defined in Ch 8, Sec 4, 2.4.2 in the attached 

plating. 
・ For prescriptive assessment, t  is the shear stress at the attached plate calculated according to Ch 

8, Sec 3, 2.2.1 at the following load calculation point: 
・ At the middle of the full span, l , of the considered stiffener 
・ At the intersection point between the stiffener and its attached plate. 

・ For grillage beam analysis, 0=t  in the attached buckling panel. 
m1, m2: Coefficients taken equal to: 

49.0,47.1 21 == mm   for 2³a  
37.0,96.1 21 == mm   for 2<a  

c: Factor taking into account the stresses in the attached plating acting perpendicular to the stiffener s axis: 
)1(5.0 y+=c   for 10 ££y  

)1(2
1

y-
=c   for 0<y  

y : Edge stress ratio for case 2 according to Table 3. 

w: Deformation of stiffener, in mm: 
10 www +=  

w0: Assumed imperfection, in mm, to be taken as: 
10000 l=w   in general. 

naww -=0   for stiffeners sniped at one or both ends considering stiffener induced failure (SI). 

naww =0   for stiffeners sniped at one or both ends considering plate induced failure (PI). 
wna: Distance from the mid-point of attached plating to the neutral axis of the stiffener calculated with the 

effective width of the attached plating according to 2.3.5. 
w1: Deformation of stiffener, in mm, at mid-point of stiffener span due to lateral load P. In case of uniformly 

distributed load, w1 is to be taken as: 

EI
sP

Cw i 7

4

1 10384  
=

l
 in general 

EI
sP

Cw i 7

4

1 10384
5

 
=

l
 for stiffeners sniped at both ends 

EI
sP

Cw i 7

4

1 10384
2

 
=

l
 for stiffeners sniped at one end and continuous at the other end. 

cf: Elastic support provided by the stiffener, in N/mm2: 

)1(
2

pEf cFc + 
ø
ö

ç
è
æ=

l

p  

 
ø

ö
ç
ç
è

æ
-+

=

1101291.01

1

4
3
pxa

p

st
I

c

c  

cxa: Coefficient to be taken as: 
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ø
ö

ç
è
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l

l s
s

cxa   for s2³l  
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ws : Stress due to torsional deformation, in N/mm2, to be taken as: 
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  for stiffener induced failure (SI). 

0=ws       for plate induced failure (PI). 
yw: Distance, in mm, from centroid of stiffener cross section to the free edge of stiffener flange, to be taken 

as: 

2
w

w
ty =    for flat bar. 

s

ffww
fw A

btth
by

2

22 +
-=   for angle and bulb profiles. 

( )
s

ffffww
woutfw A
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2
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5.0
22 -+

-+= -  for L2 profile 

( )
s

wffwfw
woutfw A
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tby

2
)(

5.0
22 ++-

-+= -  for L3 profile 

2
f

w

b
y =    for T profile. 

0F : Coefficient taken as: 

3
0 10-=F

wh
l  

ETs : Reference stress for torsional buckling, in N/mm2: 
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IP: Net polar moment of inertia of the stiffener, in cm4, about point C as shown in Fig. 1, as defined in Table 
5. 

IT: Net St. Venant s moment of inertia of the stiffener, in cm4, as defined in Table 5. 
wI : Net sectional moment of inertia of the stiffener, in cm6, about point C as shown in Fig.1, as defined in 

Table 5. 
e : Degree of fixation. 
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Aw: Net web area, in mm2.
Af: Net flange area, in mm2. 
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Table 5 Moments of Inertia 

 Flat bars (1) Bulb, angle, L2, L3 and T profiles 
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 for bulb, angle, L2 and L3 profiles. 

6

23

1012  
fff etb

  for T profiles. 

(1) tw is the net web thickness, in mm. tw_red as defined in 2.3.2 is not to be used in this table. 

2.3.5 Effective width of attached plating
 The effective width of attached plating of stiffeners, beff, in mm, is to be taken as:

・ For 0>xs : 
・ For FE analysis, 

),min( sbCb sxeff c=  

・ For prescriptive assessment,  

),
2

min( 2211 sbCbCb s
xx

eff c
+

=  

・ For 0£xs : 
・ sb seff c=  

where: 
sc : Effective width coefficient to be taken as: 
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s
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c  for 1³
s
effl

 

s
eff

s

l
407.0=c  for 1<

s
effl

 

effl :  Effective length of the stiffener, in mm, taken as: 

3
l

l =eff   for stiffener fixed at both ends. 

ll 75.0=eff   for stiffener simply supported at one end and fixed at the other. 
ll =eff  for stiffener simply supported at both ends. 

2.3.6 FE corrected stresses for stiffener capacity
 When the reference stresses xs  and ys  obtained by FE analysis according to Ch 8, Sec 4, 2.4 are both 

compressive, they are to be corrected according to the following formulae: 
・ If yx nss <  : 

0=corxs  

yycor ss =  
・ If xy nss <  : 

xxcor ss =  

① 
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0=ycors  

・ In the other cases: 
yxxcor nsss -=  

xyycor nsss -=  

2.4 Primary Supporting Members
2.4.1 Web plate in way of openings
 The web plate of primary supporting members with openings is to be assessed for buckling based on the 
combined axial compressive and shear stresses.
 The web plate adjacent to the opening on both sides is to be considered as individual unstiffened plate panels as 
shown in Table 6.
 The interaction formula of 2.2.1 is to be used with:

・ avx ss =  
・ 0=ys  
・ avtt =  

where: 
avs : Weighted average compressive stress, in N/mm2, in the area of web plate being considered, i.e. P1, P2,or 

P3 as shown in Table 6. 
 For the application of the Table 6, the weighted average shear stress is to be taken as:

・ Opening modelled in primary supporting members:  
avt : Weighted average shear stress, in N/mm2, in the area of web plate being considered , i.e. P1, P2,or P3 

as shown in Table 6. 
・ Opening not modelled in primary supporting members:  

avt : Weighted average shear stress, in N/mm2, given in Table 6. 

2.4.2 Reduction factors of web plate in way of openings
 The reduction factors, Cx or Cy in combination with, tC  of the plate panel(s) of the web adjacent to the 

opening is to be taken as shown in Table 6.
2.4.3
 The equivalent plate panel of web plate of primary supporting members crossed by perpendicular stiffeners is to 
be idealised as shown in Fig. 2.

 
Fig. 2 Web Plate Idealisation 

 
The correction of panel breadth is applicable also for other slot configurations provided that the web or collar plate is 
attached to at least one side of the passing stiffener. 
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Table 6 Reduction Factors 

Configuration Cx, Cy 

tC  

Opening modelled in 
PSM 

Opening not modelled 
in PSM 

(a) Without edge reinforcements: 

 

Separate reduction 
factors are to be 
applied to areas P1 
and P2 using case 
3 or case 6 in 
Table 3, with edge 
stress ratio: 

0.1=y  

Separate reduction 
factors are to be applied 
to areas P1 and P2 
using case 18 or case 19 
in Table 3 

When case 17 of Table 
3 is applicable:
A common reduction 
factor is to be applied to 
areas P1 and P2 using 
case 17 in Table 3 
with:
tav = tav (web) 

When case 17 of Table 
3 is not applicable:
Separate reduction 
factors are to be applied 
to areas P1 and P2 
using case 18 or case 19 
in Table 3 with:
tav = tav (web) h/(h-h0) 

(b) With edge reinforcements: 

 

Separate reduction 
factors are to be 
applied for areas 
P1 and P2 using 
Cx for case 1 or Cy

for case 2 in Table 
3 with stress ratio: 

0.1=y  

Separate reduction 
factors are to be applied 
for areas P1 and P2 
using case 15 in Table 
3. 

Separate reduction 
factors are to be applied 
to areas P1 and P2 
using case 15 in Table 
3 with:
tav = tav (web)  
h/(h-h0) 

(c) Example of hole in web:  

 

 

Panels P1 and P2 are to be evaluated in 
accordance with (a). Panel P3 is to be evaluated in 
accordance with (b). 

Where:
h : Height, in m, of the web of the primary supporting member in way of the opening.
h0: Height in m, of the opening measured in the depth of the web.
tav (web): Weighted average shear stress, in N/mm2, over the web height h of the primary supporting member.
Note 1: Web panels to be considered for buckling in way of openings are shown shaded and numbered P1, P2, etc. 
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3. Buckling Capacity of Other Structures 

3.1 Struts, Pillars and Cross Ties
3.1.1 Buckling utilisation factor
 The buckling utilisation factor, h , for axially compressed struts, pillars and cross ties is to be taken as: 

cr

av

s
s

h =  

where: 
avs : Average axial compressive stress in the member, in N/mm2. 

crs : Minimum critical buckling stress, in N/mm2, taken as: 

Ecr ss =  for SeHE R _5.0£s  

SeH
E

SeH
cr R

R
_

_

4
1  

ø

ö
çç
è

æ
-=

s
s  for SeHE R _5.0>s  

Es : Minimum elastic compressive buckling stress, in N/mm2, according to 3.1.2 to 3.1.4. 
ReH_S: Specified minimum yield stress of the considered member, in N/mm2. For built up members, the 

lowest specified minimum yield stress is to be used. 
3.1.2 Elastic column buckling stress
 The elastic compressive column buckling stress, ECs , in N/mm2 of members subject to axial compression is to 
be taken as: 

4
2

2 10-=
pill

endEC A
IEf
l

ps  

where:
I: Net moment of inertia about the weakest axis of the cross section, in cm4.
A: Net cross sectional area of the member, in cm2. 

pilll : Length of the member, in m, taken as: 

・ For pillar and strut: unsupported length of the member
・ For cross tie: 

・ In centre tank: distance between the flanges of longitudinal stiffeners on the starboard and port 
longitudinal bulkheads to which the cross tie s horizontal stringer is attached. 

・ In wing tank: distance between the flanges of longitudinal stiffeners on the longitudinal 
bulkhead to which the cross tie s horizontal stringer is attached, and the inner hull plating. 

fend: End constraint factor, taken as: 
・ For pillar and strut: 

・ fend = 1.0 where both ends are simply supported.
・ fend = 2.0 where one end is simply supported and the other end is fixed.
・ fend = 4.0 where both ends are fixed. 

・ For cross tie: 
・ fend = 2.0  

 A pillar end may be considered fixed when brackets of adequate size are fitted. Such brackets are to be 
supported by structural members with greater bending stiffness than the pillar.
3.1.3 Elastic torsional buckling stress
 The elastic torsional buckling stress, ETs , in N/mm2, with respect to axial compression of members is to be 
taken as: 

4
2

2

10-+=
pillpol

warpend

pol

sv
ET I

Ecf
I
GI

l

p
s  

where:
Isv: Net St. Venant s moment of inertia, in cm4, see Table 7 for examples of cross sections.
Ipol: Net polar moment of inertia about the shear centre of cross section, in cm4 

)( 22
oozypol zyAIII +++=  
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cwarp: Warping constant, in cm6, see Table 7 for examples of cross sections. 
pilll : Length of the member, in m as defined in 3.1.2. 

y0: Transverse position of shear centre relative to the cross sectional centroid, in cm, see Table 7 for 
examples of cross sections. 

z0: Vertical position of shear centre relative to the cross sectional centroid, in cm, see Table 7 for examples 
of cross sections. 

A: Net cross sectional area, in cm2, as defined in 3.1.2
Iy: Net moment of inertia about y axis, in cm4.
Iz: Net moment of inertia about z axis, in cm4. 

3.1.4 Elastic torsional/column buckling stress
 For cross sections where the centroid and the shear centre do not coincide, the interaction between the torsional 
and column buckling mode is to be examined. The elastic torsional/column buckling stress, ETFs , with respect to 
axial compression is to be taken as: 

( ) ( ) úû
ù

êë
é -+-+= ETECETECETECETF szsssss

z
s 4

2
1 2  

where: 
z : Coefficient taken as: 

( )
polI

Azy 2
0

2
01 +

-=z  

y0: Transverse position of shear centre relative to the cross sectional centroid, in cm, as defined in 3.1.3.
z0: Vertical position of shear centre relative to the cross sectional centroid, in cm, as defined in 3.1.3.
A: Net cross sectional area, in cm2, as defined in 3.1.2.
Ipol: Net polar moment of inertia about the shear centre of cross section, in cm4 as defined in 3.1.3. 

ECs : Elastic column compressive buckling stress, as defined in 3.1.2. 

ETs : Elastic torsional buckling stress, as defined in 3.1.3. 

3.2 Corrugated Bulkhead
3.2.1 
 The buckling utilisation factor of flange and web of corrugation of corrugated bulkheads is based on the 
combination of in plane stresses and shear stress.
 The interaction curve of 2.2.1 is to be used with the following coefficients:

・ 2=a  
・ 1== yx yy  
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Table 7 Cross Sectional Properties 
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Note 1:  All dimensions are in mm.
Note 2:  Cross sectional properties are given for typical cross sections. Properties for other cross sections are to be 

determined by direct calculation. 
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Appendix 1 STRESS BASED REFERENCE STRESSES 

Symbols 

For symbols not defined in this section, refer to Ch 1, Sec 4.
a: Length, in mm, of the longer side of the plate panel as defined in Sec 5.
b: Length, in mm, of the shorter side of the plate panel as defined in Sec 5.
Ai: Area, in mm2, of the i-th plate element of the buckling panel.
n: Number of plate elements in the buckling panel. 

xis : Actual stress, in N/mm2, at the centroid of the i-th plate element in x direction, applied along the shorter edge of 
the buckling panel. 

yis : Actual stress, in N/mm2, at the centroid of the i-th plate element in y direction, applied along the longer edge of 

the buckling panel. 
y : Edge stress ratio as defined in Sec 5. 

it : Actual membrane shear stress, in N/mm2, at the centroid of the i-th plate element of the buckling panel. 

1. Stress Based Method 

1.1 Introduction
1.1.1
 This section provides a method to determine stress distribution along edges of the considered buckling panel by 
2nd order polynomial curve, by linear distribution using least square method and by weighted average approach. This 
method is called Stress based Method.
 The reference stress is the stress components at centre of plate element transferred into the local system of the 
considered buckling panel.
1.1.2 Definition
 A regular panel is a plate panel of rectangular shape. An irregular panel is plate panel which is not regular, as 
detailed in Ch 8, Sec 4, 2.3.1. 

1.2 Stress Application
1.2.1 Regular panel
 The reference stresses are to be taken as defined in 2.1 for a regular panel when the following conditions are 
satisfied: 

・ At least, one plate element centre is located in each third part of the long edge a of a regular panel and
・ This element centre is located at a distance in the panel local x direction not less than a/4 to at least one of 

the element centres in the adjacent third part of the panel. 
 Otherwise, the reference stresses are to be taken as defined in 2.2 for an irregular panel.
1.2.2 Irregular panel and curved panel
 The reference stresses of an irregular panel or of a curved panel are to be taken as defined in 2.2. 

2. Reference Stresses 

2.1 Regular Panel
2.1.1 Longitudinal stress
 The longitudinal stress xs  applied on the shorter edge of the buckling panel is to be calculated as follows: 

・ For plate buckling assessment, the distribution of ( )xxs  is assumed as 2nd order polynomial curve as: 

EDxCxxx ++= 2)(s  
The best fitting curve ( )xxs  is to be obtained by minimising the square error P considering the area of 

each element as a weighting factor. 
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The unknown coefficients C, D and E must yield zero first derivatives, P  with respect to C,D and E 
respectively. 
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The unknown coefficients C, D and E can be obtained by solving the 3 above equations. 
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If -D/2C < b/2 or -D/2C > a-b/2, 3xs  is to be ignored. Otherwise, 3xs  is taken as: 

E
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DCbdxx
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x
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x
xx +-== ò 412
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3 ss  

where: 

C
Dbxx

22
)(min --=  

C
Dbxx

22
)(max -=  

The longitudinal stress is to be taken as: 
);;max( 321 xxxx ssss =  

The edge stress ratio is to be taken as: 
1=xy  

・ For stiffener buckling assessment, ( )xxs  applied on the shorter edge of the attached plate is to be taken 

as: 

å

å
= n

i

n

xii

x

A

A

1

1
s

s  

The edge stress ratio xy  for the stress xs  is equal to 1.0. 

2.1.2 Transverse stress
 The transverse stress ys  applied along the longer edges of the buckling panel is to be calculated by 

extrapolation of the transverse stresses of all elements up to the shorter edges of the considered buckling panel. 
 

Fig. 1 Buckling Panel 
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 The distribution of )(xys  is assumed as straight line. Therefore: 
BxAxy +=)(s  

 The best fitting curve )(xys  is to be obtained by the least square method minimising the square error P  

considering area of each element as a weighting factor. 
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 The unknown coefficients A and B must yield zero first partial derivatives, P  with respect to A and B, 
respectively. 
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 The unknown coefficients A and B are obtained by solving the 2 above equations and are given as follow: 
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2.1.3 Shear stress
 The shear stress t  is to be calculated using a weighted average approach, and is to be taken as: 
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2.2 Irregular Panel and Curved Panel
2.2.1 Reference stresses
 The longitudinal, transverse and shear stresses are to be calculated using a weighted average approach. They are 
to be taken as: 
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 The edge stress ratios are to be taken as: 
1=xy
1=yy  
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Chapter 9 FATIGUE 

Section 1 GENERAL CONSIDERATIONS 

Symbols 

For symbols not defined in this section, refer to Ch 1, Sec 4.
TDF: Design fatigue life, in year, specified by the designer, but not to be taken less than 25 years. 

1. Rule Application for Fatigue Requirements 

1.1 Scope
1.1.1 General
 This chapter provides requirements applicable to ships having rule length LCSR between 150m and 500m to 
evaluate fatigue strength of the ship s structural details considering an operation time in North Atlantic environment 
equal to the design fatigue life, TDF.
1.1.2 Assessed area
 Fatigue assessment is performed for structural details located in the ship s cargo hold region in order to prevent 
the following types of fatigue failure: 

・ Fatigue cracks initiating from the toe of the weld and propagating into the plate.
・ Fatigue cracks initiating from free edge of non-welded details.

1.1.3 Structural details to be assessed
 The structural details required for fatigue assessment are given in Ch 9, Sec 2:

・Structural details to be checked are listed in: 
・Ch 9, Sec 2, 1 for simplified stress analysis according to Ch 9, Sec 4, or
・Ch 9, Sec 2, 2 for finite element stress analysis according to Ch 9, Sec 5. 

・Structural details to be checked by screening fatigue assessment are listed in Ch 9, Sec 2, Table 2. 
Additional specific details may be requested to be checked on a case-by-case basis by the Society. 

1.1.4 Detail design standard
 Detail design standard given in Ch 9, Sec 6 provides welding requirement at critical structural details in order to 
prevent the following types of fatigue failure: 

・ Fatigue cracks initiating from the weld toe into the base material.
・ Fatigue cracks initiating from the weld root and propagating into the plate section under the weld.
・ Fatigue cracks initiating from the weld root and propagating through the weld throat.
・ Fatigue cracks initiating from surface irregularity or notch at the free edge into the base material.

1.1.5 Material
 The fatigue assessment is applicable for steel material with specified minimum yield stress less than or equal to 
390 N/mm2. For steel with specified minimum yield stress value higher than 390 N/mm2 and for steels with improved 
fatigue performance, the S-N curves to be used are considered by the Society on a case-by-case basis.
1.1.6 Wave loads
 Fatigue assessment is based on quasi-static wave loads. 
1.1.7 Loads other than wave loads
 Fatigue induced by low cycle loads such as cargo variations or impact loads such as sloshing in partially filled 
tanks which may induce fatigue damage is disregarded in this chapter.
1.1.8 Special consideration for the application of the Rules
 Notwithstanding the provisions in this chapter, relevant rule changes adopted by IACS may be applicable from 
their effective dates. 
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2. Definition 

2.1 Hot Spots
2.1.1
 Hot spots are locations in the structure where fatigue cracks may initiate due to the combined effect of nominal 
structural stress fluctuation and stress raising effects due to the weld geometry or similar effects due to notch in the 
base material.
 Hot spots may be located at:

・ Weld toe.
・ Weld root of partial penetration or fillet weld.
・ Base material at free edge of plate. 

2.2 Nominal Stress
2.2.1
 Nominal stress is the stress in a structural component taking into account macro-geometric effect but 
disregarding the stress concentration due to structural discontinuities and the presence of welds. Nominal stress is to 
be obtained either using coarse or fine mesh FE analysis, as required in Ch 9, Sec 5 or using analytical calculation 
based on beam theory, as required in Ch 9, Sec 4. 

2.3 Hot Spot Stress
2.3.1
 Hot spot stress is the stress at the weld toe taking into account the stress concentration due to structural 
discontinuities and presence of welded attachments but disregarding the non-linear stress peak caused by the notch at 
the weld toe. The hot spot stresses to be considered correspond to the two principal stresses on the surface plating at 
the weld toe. The first principal stress acts within  45 degrees, perpendicular to the weld and the second principal 
stress acts outside  45 degrees.
 The hot spot stress is to be obtained by multiplying the nominal stress by a Stress Concentration Factor (SCF), 
according to Ch 9, Sec 4, 5 or directly by a very fine mesh FE analysis, according to Ch 9, Sec 5, 3 and Ch 9, Sec 5, 
4. 

2.4 Local Stress at Free Edge
2.4.1
 Local stress at free edge is the stress at the plate free edge derived using finite element analysis according to Ch 
9, Sec 5, 3.2. 

2.5 Fatigue Stress
2.5.1
 Fatigue stress is the stress relevant for fatigue assessment purpose, i.e.:

・ Maximum of the two principal hot spot stress for weld toe with the mean stress effect and thickness effect 
corrections. 

・ Local stress at free edge with corrections due to the base material surface finishing, mean stress effect, 
thickness effect and material strength. 

3. Assumptions 

3.1 General
3.1.1
 The following assumptions are made in the fatigue assessment:

(a) A linear cumulative damage model, i.e. Palmgren-Miner s Rule, given in Ch 9, Sec 3, 5, has been used in 
connection with the design S-N curves, given in Ch 9, Sec 3, 4. 

(b) Design fatigue life, TDF, is taken not less than 25 years.
(c) Rule quasi-static wave induced loads are based on North Atlantic wave environment. They are determined 

at 10-2 probability level of exceedance by the Equivalent Design Wave (EDW) concept. 
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(d) Net thickness tn50 approach is used, according to 5.
(e) Type of stress used for crack initiating at the weld toe is the hot spot stress. Type of stress used for crack 

initiating at free edge of non-welded details is local stress at free edge. 
(f) Fatigue stress range FSsD may be calculated by simplified stress analysis or by finite element stress 

analysis for details with more complex geometry. 
(g) Long term distribution of stress range of a structural detail is assumed to follow a two-parameter Weibull 

distribution. Weibull shape parameter x  is equal to 1 and the fatigue stress range FSsD  is given at the 
reference probability level of exceedance equal to 10-2. 

(h) The acceptance criteria for fatigue checking are the total fatigue damage D to be less than 1 for the design 
fatigue life, as required in Ch 9, Sec 3, 2. 

4. Methodology 

4.1 Principles
4.1.1 General
 Appropriate fatigue strength of structural details is ensured by use of:

・ Detail design standards given in Ch 9, Sec 6, providing specific design requirements.
・ Fatigue strength assessment by fatigue life calculation, based on three different methods for hot spot stress 

calculation: simplified stress analysis, very fine mesh finite element stress analysis and fatigue screening 
assessment. 

4.2 Simplified Stress Analysis
4.2.1 
 Procedure based on simplified stress analysis, required in Ch 9, Sec 4, is used to determine the hot spot stress at 
weld toe of longitudinal stiffener end connections, given in Ch 9, Sec 2, 1.1.
 Nominal stresses are calculated by using analytical method based on beam theory according to Ch 9, Sec 4, 3
and Ch 9, Sec 4, 4. Hot spot stresses are obtained by multiplying nominal stresses by stress concentration factors 
(SCF) of the considered detail according to Ch 9, Sec 4, 5.2.  

4.3 Finite Element Stress Analysis
4.3.1
 Procedure based on finite element stress analysis, required in Ch 9, Sec 5, is used to determine hot spot stress at 
weld toe of specified structural details, from very fine mesh models.
 The hot spot stress is generally highly dependent on the finite element model used for representing the structure. 
 General procedure for the calculation of hot spot stress at weld toe for any welded details except for web 
stiffened cruciform joints is given in Ch 9, Sec 5, 3.1. Procedure for the calculation of hot spot stress at the flange 
connections for web stiffened cruciform joints is given in Ch 9, Sec 5, 4. Calculation of local stress for non-welded 
area is provided in Ch 9, Sec 5, 3.2.
 A list of details for which the fatigue assessment is to be made through a compulsory very fine mesh finite 
element analysis or through the compliance with the design standard given in Ch 9, Sec 6 if a very fine mesh finite 
element analysis is omitted, is given respectively in Ch 9, Sec 2, Table 1 and Ch 9, Sec 2, Table 3. 

4.4 Fatigue Screening Assessment
4.4.1
 A fatigue screening procedure is used to assess the fatigue strength of specified structural details, given in Ch 9, 
Sec 2, 2.1.3. The screening procedure is based on screening hot spot stress at weld toe of specified structural details 
determined by multiplying the stresses obtained from a local fine mesh finite element model, required in Ch 7, Sec 3, 
by stress magnification factor h  of the considered detail, given in Ch 9, Sec 5, Table 2.  

4.5 Fatigue Design Standards
4.5.1
 Detail design standards given in Ch 9, Sec 6 are provided to ensure improved fatigue performance of critical 
structural details. Alternative detail design configurations may be accepted subject to demonstration of satisfactory 
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fatigue performance. 

5. Corrosion Model 

5.1 Net Thickness
5.1.1 General
 The fatigue assessment should be performed based on net thicknesses according to Ch 3, Sec 2.
5.1.2 Stress correction 
 The hull girder stresses for simplified stress analysis and stresses calculated by FE analysis are to be corrected 
by multiplying the calculated stress by fc, correction factor taken as: 

95.0=cf  

6. Loading Conditions 

6.1 Description
6.1.1
 Fatigue analyses are to be carried out for representative loading conditions according to the intended ship s 
operation as given in 6.2 and 6.3. 

6.2 Loading Conditions for Oil Tankers
6.2.1
 The loading conditions to be considered for oil tankers and corresponding fraction of time for each loading 
condition, )( ja , are defined in Table 1. The standard loading conditions for fatigue assessment of oil tankers are 

provided in Ch 4, Sec 8, 5.1.

 
Table 1 Fraction of Time in Each Loading Condition for Oil Tanker 

Loading conditions )( ja  

Full Load condition (Homogeneous) 0.5 

Normal ballast condition 0.5 
 

6.3 Loading Conditions for Bulk Carriers
6.3.1
 The loading conditions to be considered for bulk carriers and corresponding fraction of time for each loading 
condition, )( ja , are defined respectively in Table 2 and Table 3 depending on the ship s type (BC-A, BC-B, BC-C). 

The standard loading conditions for fatigue assessment of bulk carriers are provided in Ch 4, Sec 8, 5.2. 
 

Table 2 Loading Conditions for Bulk Carriers 

Ship type 
Full load condition Ballast condition 

Homogeneous Alternate Normal ballast Heavy ballast 

BC-A X X X X 

BC-B X - X X 

BC-C X - X X 
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Table 3 Fraction of Time for Each Loading Condition of Bulk Carriers 

Ship length Loading conditions 
)( ja  

BC-A BC-B, BC-C 

LCSR < 200 m 

Homogeneous 0.60 0.70 

Alternate 0.10 - 

Normal ballast(1) 0.15 0.05 

Heavy ballast(1) 0.15 0.25 

LCSR   200 m 

Homogeneous 0.25 0.50 

Alternate 0.25 - 

Normal ballast 0.20 0.20 

Heavy ballast 0.30 0.30 

(1) For BC-B and BC-C without heavy ballast cargo hold, fraction of time )( ja  

for normal ballast is 0.30 and for heavy ballast 0. 

 

7. Load Cases 

7.1 Assumptions
7.1.1
 The load cases to be considered for fatigue assessment are given in Ch 4, Sec 2, 3.
 The design load scenario for fatigue assessment is defined in Ch 4, Sec 7, Table 3.
 For each loading condition defined in 6, all fatigue load cases are to be considered to generate the combination 
of dynamic loads for fatigue assessment 
7.1.2 Predominant load case
 The predominant load case for each loading condition (j) is defined as load case where the fatigue stress range 
for the critical location is the maximum among all fatigue load cases.

 
  

 

 



－473－

2019 Rules for the Survey and Construction of Steel Ships (Part CSR-B&T Part 1 Chapter 9 Section 2)

Section 2 STRUCTURAL DETAILS TO BE ASSESSED 

Symbols 

For symbols not defined in this section, refer to Ch 1, Sec 4.
EA: Empty cargo hold in alternate loading condition.
FA: Full cargo hold in alternate loading condition. 

1. Simplified Stress Analysis 

1.1 Structural Details to be Assessed
1.1.1
 Critical structural details to be checked over the full extent of the cargo region for fatigue assessment by 
simplified stress analysis according to Ch 9, Sec 1 are: 

･ End connections of longitudinal stiffeners to transverse bulkheads, including swash bulkheads,
･ End connections of longitudinal stiffeners to floors and web frames. 

2. Finite Element Analysis 

2.1 Structural Details to be Assessed
2.1.1 General
 Critical structural details to be checked for fatigue by finite element analysis according to Ch 9, Sec 5 are given 
in 2.1.2 to 2.1.4.
 Table 4 to Table 18 give the list of hot spots for structural details.
2.1.2 Details to be checked by very fine mesh analysis
 Critical structural details to be assessed for fatigue by very fine mesh analysis according to Ch 9, Sec 5, 1 to Ch 
9, Sec 5, 4 are provided in Table 1, irrespective of their compliance with the design standard given in Ch 9, Sec 6.
2.1.3 Details to be checked by screening fatigue assessment
 The structural details listed in Table 2 for which FE fine mesh models have been analysed according to yielding 
requirements given in Ch 7, Sec 3 are to be assessed using the screening fatigue procedure as given in Ch 9, Sec 5, 6
or to be assessed by very fine mesh analysis according to Ch 9, Sec 5, 1 to 4.
2.1.4 Details in accordance with detail design standard
 Table 3 gives critical structural details for which fatigue assessment by very fine mesh analysis can be omitted 
if their design is in accordance with detail design standard given in Ch 9, Sec 6. 
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Table 1 Structural Details to be Assessed by Very Fine Mesh Analysis 

No Critical detail 
Applicability 

Oil tanker Bulk carrier 

1 
Welded lower hopper knuckle connection (intersection of hopper 
sloping plate, inner bottom plate, longitudinal girder, floor and 
transverse web) at the most critical frame location.(1) 

One cargo tank(4) Ballast hold 

2 
Radiused lower hopper knuckle connection (intersection of 
knuckled inner bottom plate, longitudinal girder, floor and 
transverse web) at the most critical frame location.(1) 

One cargo tank(4) Ballast hold 

3 

Welded upper knuckle connection (intersection of hopper sloping 
plate, inner hull longitudinal bulkhead, transverse web and side 
stringer) where the angle between hopper plate and inner hull 
longitudinal bulkhead is less than 130 deg, at the most critical frame 
location.(1) 

One cargo tank(4) 
Ballast hold of double 
side bulk carrier 

4 
Connections of transverse bulkhead lower stools to the inner bottom 
plating in way of double bottom girders.(2) (3) 

One cargo tank(4) Ballast hold 

5 
Upper side frame bracket toe in case of flat bottom of top wing 
tank.(1) 

N/A 
FA hold(4), EA hold(4)

and ballast hold of 
single skin bulk carrier 

6 Deck plating and longitudinal hatch coaming end bracket toe. N/A 
Two aftermost holds, 
midship hold and two 
foremost holds 

(1) The most critical frame position is generally, but not necessarily, located closest to the mid length of the hold. Where a 

swash bulkhead is fitted, this is generally located closest to the mid length between the swash bulkhead and the 

oil-tight bulkhead. 

(2) Stool connections at each end of the hold are to be checked unless these are symmetrical about mid-hold.

(3) Position at the mid breadth location of the largest hold.

(4) Cargo hold located closest to the midship. 

 
Table 2 Structural Details for Screening Fatigue Assessment 

No Critical detail 
Applicability 

Oil tanker Bulk carrier 

1 Bracket toe of transverse web frame Applicable(1) N/A 

2 Toe of horizontal stringer Applicable(1) N/A 

3 
Lower hopper knuckle connection in EA hold(2)

and in FA hold(2) not assigned as a ballast hold 
N/A Applicable(1) 

4 
Connections of transverse bulkhead lower stool 
to inner bottom in EA hold(2) and in FA hold(2)

where the ballast hold is not assigned to the ship 
N/A Applicable(1) 

(1) For details assessed by fine mesh analysis according to Ch 7, Sec 3, 3.2.

(2) Cargo hold located closest to the midship 
① 
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Table 3 Structural Details to be Assessed by Very Fine Mesh Analysis if Not Designed in accordance with Detail 
Design Standard 

No Critical detail 
Corresponding 
detail design 

standard 

Applicability 

Oil tanker Bulk carrier 

1 
Radiused upper hopper knuckle connection (intersection 
of knuckled inner side plate, side girder and transverse 
web) at the most critical frame location.(1) 

Ch 9, Sec 6, 4 One cargo tank(4) 
Ballast hold of 
double side bulk 
carrier 

2 
Corrugations of bulkheads to lower stool or inner 
bottom plating connection.(2)(3) 

Ch 9, Sec 6, 6 and 
Ch 9, Sec 6, 7 

One cargo tank(4) Ballast hold 

3 Corrugations of transverse bulkheads to upper stool.(2)(3) Ch 9, Sec 6, 6 N/A Ballast hold 

4 

Cruciform heel connections between side stringers in 
double side and transverse bulkhead horizontal 
stringers, for the stringer closest to the mid depth and 
for the uppermost one. 

Ch 9, Sec 6, 5 One cargo tank(4) N/A 

5 
Lower and upper side frame bracket toes at the most 
critical frame position.(1) 

Ch 9, Sec 6, 8 N/A 

FA hold(4), EA
hold(4) and ballast 
hold of single 
skin bulk carrier 

6 
Cut out for longitudinal stiffeners in web-frame without 
web stiffener connection. 

Ch 9, Sec 6, 2.1 One cargo tank(4) 
FA hold(4), EA
hold(4) and ballast 
hold 

7 
Scallops in way of block joints on strength deck close to 
mid hold (and down to 0.1D from deck corner). 

Ch 9, Sec 6, 3 One cargo tank(4) 
FA hold(4), EA
hold(4) and ballast 
hold 

(1) The most critical frame position is generally, but not necessarily, located closest to the mid length of the hold. Where a 

swash bulkhead is fitted, this is generally located closest to the mid length between the swash bulkhead and the oil-tight 

bulkhead. 

(2) Stool connections at each end of the hold are to be checked unless these are symmetrical about mid-hold.

(3) Position at the mid breadth or length location of the largest hold in the considered transverse or longitudinal section.

(4) Cargo hold located closest to the midship. 

 

① 

① 
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Table 4 Hot Spots for Welded Lower Hopper Knuckle Connection 

Hot spot location 
Procedure for calculation of 

hot spot stress 

Hot spot 1: Inner bottom plate, on cargo tank side
Hot spot 2: Hopper sloping plate, on cargo tank side 

Ch 9, Sec 5, 4.2 

Hot spot 3: Hopper web, outboard of side girder
Hot spot 4: Double bottom floor, inboard the side girder
Hot spot 5: Side girder 

Ch 9, Sec 5, 4.3 

Hot spot 6: Scarfing bracket to the inner bottom plate Ch 9, Sec 5, 3.1, type  b  
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Table 5 Hot Spots for Radiused Lower Hopper Knuckle Connection 

Hot spot location 
Procedure for calculation of 

hot spot stress 

Hot spot 1: Inner bottom plate on ballast tank side, inboard of the side girder
Hot spot 2: Radiused hopper sloping plate on ballast tank side
outboard of the side girder
Hot spot 3: Radiused hopper sloping plate on ballast tank side, outboard of the side girder, 
towards transverse web
Hot spot 4: Hopper web, outboard of side girder
Hot spot 5: Double bottom floor, inboard of the side girder
Hot spot 6: Side girder 

Ch 9, Sec 5, 3.3 
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Table 6 Hot Spots for Welded Upper Knuckle Connection 

Hot spot location 
Procedure for calculation 

of hot spot stress 

Hot spot 1: Side stringer on ballast tank side
Hot spot 2: Hopper sloping plate, on ballast tank side 

Ch 9, Sec 5, 4.2 

Hot spot 3: Transverse web, below stringer.
Hot spot 4: Transverse side web, above stringer
Hot spot 5: Inner hull longitudinal bulkhead on ballast tank side 

Ch 9, Sec 5, 4.3 

 

 

 

 



－479－

2019 Rules for the Survey and Construction of Steel Ships (Part CSR-B&T Part 1 Chapter 9 Section 2)

Table 7 Hot Spots for Connections of Transverse Bulkhead Lower Stools to the Inner  
Bottom Plating in way of Double Bottom Girders 

Hot spot location 
Procedure for calculation of 

hot spot stress 

Hot spot 1: Inner bottom plate, on cargo hold side
Hot spot 2: Stool sloping plate, on cargo hold side 

Ch 9, Sec 5, 4.2 

Hot spot 3: Longitudinal girder, under hold, to supporting floor in line with stool plate
Hot spot 4: Longitudinal girder, under stool space to supporting floor in line with stool plate 
Hot spot 5: Double bottom supporting floor in line with stool plate 

Ch 9, Sec 5, 4.3 
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Table 8 Hot Spots for Corrugated Bulkhead to Lower Stool Connection 

Hot spot location 
Procedure for calculation of 

hot spot stress 

Hot spots 1 and 3: Corrugation web above shedder plate 
Hot spot 4: Corrugation web below shedder plate
Hot spot 5, 7 and 8: Corrugation flange
Hot spot 6: Gusset plate
Hot spot 9: Lower stool plate to stool top plate
Hot spot 10: Corrugation corner to stool top plate
Hot Spot 11: Gusset plate in way of corrugation corner 

Ch 9, Sec 5, 3.1, type  a  

Hot spot 2: Corrugation web below shedder plate Ch 9, Sec 5, 4.3 

 

 

① 
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Table 9 Hot Spots for Corrugated Bulkhead to Lower Stool - Intersecting Shedder Plates and Single Sided 
Shedder Plate  

Hot spot location 
Procedure for calculation of 

hot spot stress 

Intersecting shedder plates 

Hot spot 12: Intersection of shedder plates Ch 9, Sec 5, 3.1, type  a  

 

Single sided shedder plate 

Welded connection of web and flange of corrugation to lower stool top
For details of hot spots see Table 10, hot spots 1-3
If supported brackets are fitted, see Table 10 for hot spots 4 

Ch 9, Sec 5, 3.1, type  a  

 

 

① 
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Table 10 Hot Spots for Corrugated Bulkhead to Lower Stool or Inner Bottom Plating Connection 

Hot spot location 
Procedure for calculation of 

hot spot stress 

Hot spot 1: Inner bottom/lower stool top 
Hot spot 2: Corner of corrugation flange in way of inner bottom/lower stool top
Hot spot 3: Corner of corrugation web in way of inner bottom/lower stool top
Hot spot 4: Inner bottom/lower stool top in way of brackets supporting corrugation web  

Ch 9, Sec 5, 3.1, type  a  

Hot spot 5: Edge of supporting brackets Ch 9, Sec 5, 3.2 

 
 

 

 
Table 11 Hot Spots for Connections of Corrugated Longitudinal Bulkhead to Lower Stool Top 

Hot spot location 
Procedure for calculation of 

hot spot stress 

See Table 9 Ch 9, Sec 5, 3.1, type  a  

 

① 
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Table 12 Hot Spots for Connections of Corrugated Transverse Bulkhead to Upper Stool Bottom Plate or to Deck 
Plate for Tanker Design without Top Stool 

Hot spot location 
Procedure for calculation of 

hot spot stress 

See Table 8 and Table 9
Additional bending stresses in the deck stiffeners in way of corrugation flange induced by 
the bulkhead need to be considered 

 

Table 13 Hot Spots for Connection between Transverse Bulkhead and Inner Hull Longitudinal Bulkhead in way of 
Transverse Bulkhead Horizontal Stringer and Side Stringer without Backing Bracket at Stringer Heel 

Hot spot location 
Procedure for calculation of 

hot spot stress 

Hot spot 1: Inner hull longitudinal bulkhead plate on cargo tank side connection to plane 
side of transverse bulkhead (i.e. opposite side to stiffening) at heel of transverse bulkhead 
horizontal stringer
Hot spot 2: Transverse bulkhead plate on plane side (i.e. opposite stiffening) at heel of 
transverse bulkhead horizontal stringer 

Ch 9, Sec 5, 4.2 

Hot spot 3: Heel of transverse bulkhead horizontal stringer
Hot spot 4: Side stringer in double side diagonally opposite horizontal stringer
Hot spot 5: Side stringer in double side in line with horizontal stringer 

Ch 9, Sec 5, 4.3 
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Table 14 Hot Spots for Connection between Transverse Bulkhead and Inner Hull Longitudinal Bulkhead in way of 
Transverse Bulkhead Horizontal Stringer and Side Stringer, with Backing Bracket at Stringer Heel 

Hot spot location 
Procedure for calculation of 

hot spot stress 

Hot spot 1: Bracket edge where a face plate is not fitted to the bracket
Hot spot 4: Radius of bracket toe 

Ch 9, Sec 5, 3.2 

Hot spot 2: Inner longitudinal bulkhead at bracket toe
Hot spot 3: Transverse bulkhead at bracket toe
Hot spot 6: Side stringer, in way of bracket toe
Hot spot 7: Horizontal stringer in way of bracket toe 

Ch 9, Sec 5, 3.1, type  a  

Hot spot 5: Where a face plate is fitted to the bracket, the weld connection of face plate to 
bracket in way of the face plate termination 

Ch 9, Sec 5, 3.1, type  b  
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Table 15 Hot Spots for Lower Side Frame Bracket Toe 

Hot spot location 
Procedure for calculation of 

hot spot stress 

Hot spot 1: Hopper sloping plate in way of hold frame toe Ch 9, Sec 5, 3.1, type  a  

Hot spot 2: Hold frame toe in way of face plate termination Ch 9, Sec 5, 3.1, type  b  

 

 
Table 16 Hot Spots for Connection of Longitudinal Stiffener and Transverse Web Including Cut-outs and Lug 

Plates 

Hot spot location 
Procedure for calculation of 

hot spot stress 

The critical hot spot has to be decided for each design in agreement with the Society. 
Typically the following three hot spot types are to be considered: 

 

Hot spot 1: Corners of the cut-out edge Ch 9, Sec 5, 3.2 

Hot spot 2: Connection of transverse web/lug-plate to longitudinal stiffener web in way of 
slot
Hot spot 3: Overlapping connection between transverse web and lug plate 

Ch 9, Sec 5, 3.1, type  b  
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Table 17 Hot Spots for Scallops in way of Block Connections Joints at Deck 

Hot spot location 
Procedure for calculation of 

hot spot stress 

Hot spot 1: Butt weld in longitudinal stiffener web in way of scallop.
Hot spot 2: Deck plate in way of scallop. 

Ch 9, Sec 5, 3.1, type  a  

 

 
Table 18 Hot Spots for Deck Plating and Longitudinal Hatch Coaming End Bracket Toe 

Hot spot location 
Procedure for calculation of 

hot spot stress 

Hot spot 1: Hatch corner radiused edge
Hot spot 3: Radius of hatch coaming bracket toe 

Ch 9, Sec 5, 3.2 

Hot spot 2: Deck plating in way of hatch coaming bracket toe Ch 9, Sec 5, 3.1, type  a  

Hot spot 4: Where a face plate is fitted to the bracket, the weld connection of face plate to 
bracket in way of the face plate termination 

Ch 9, Sec 5, 3.1, type  b  
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Section 3 FATIGUE EVALUATION 

Symbols 

For symbols not defined in this section, refer to Ch 1, Sec 4.
(i)： Suffix which denotes load case HSM, FSM, BSR-P, BSR-S, BSP-P, BSP-S, OST-P or OST-S specified in 

Ch 4, Sec 2, 3.
 i1  denotes load case: HSM-1, FSM-1, BSR-1P, BSR-1S, BSP-1P, BSP-1S, OST-1P or OST-1S.
 i2  denotes load case: HSM-2, FSM-2, BSR-2P, BSR-2S, BSP-2P, BSP-2S, OST-2P or OST-2S. 

(j)： Suffix which denotes loading condition: 
Full load or normal ballast for oil tankers as defined in Ch 9, Sec 1, 6.2.
Full load homogeneous, full load alternate, normal ballast or heavy ballast for bulk carriers as defined in 
Ch 9, Sec 1, 6.3. 

TC： Time in corrosive environment, in years, according to Table 5.
TD： Design life, in years, to be taken as 25 years.
TDF： Design fatigue life, in year, as defined in Ch 9, Sec 1.
TF： Fatigue life, in year, calculated according to 5.
m： Inverse slope of the design S-N curve, as given in Table 2 for in-air environment and in Table 3 for 

corrosive environment.
The inverse slope for S-N curves in-air environment changes from m to m+2 at N = 107 cycles. 

nLC： Number of applicable loading conditions, as defined in Ch 9, Sec 1, 6.2 and Ch 9, Sec 1, 6.3.
fc： Correction factor as defined in Ch 9, Sec 1, 5.1.2.
fthick： Correction factor for plate thickness effect given in 3.3.
fmean, i(j)： Correction factor for mean stress effect given in 3.2. 

1. Fatigue Analysis Methodology 

1.1 Cumulative Damage
1.1.1
 The fatigue assessment of the structure is based on the application of the Palmgren-Miner cumulative damage D
taken as: 

å
=

=
totn

i i

i

N
n

D
1

 

where:
ni： Number of cycles at stress range isD . 
Ni： Number of cycles to failure at stress range isD . 
ntot： Total number of stress range blocks.
i： Stress range block index. 

1.1.2
 As the long term stress range distribution of a structural detail in a ship can be described by a two-parameter 
Weibull distribution, as given in Ch 9, Sec 1, 3.1.1, fatigue damage can be obtained by means of a closed-form 
equation, as given in 5. 

1.2 Fatigue Strength Assessment
1.2.1
 Assessment of the fatigue strength of structural members according to 2 includes the following three steps:

(a) Calculation of stress ranges, according to 3.
(b) Selection of the design S-N curve, according to 4.
(c) Calculation of the cumulative damage and the fatigue life calculation, according to 5. 
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2. Acceptance Criteria 

2.1 Fatigue Life and Acceptance Criteria
2.1.1
 The calculated fatigue life, TF, is to comply with the following formula: 

DFF TT ³  

3. Reference Stresses for Fatigue Assessment 

3.1 Fatigue Stress Range
3.1.1
 The fatigue stress range for each load case of each loading condition is defined in 3.1.2 for welded joints and in 
3.1.3 for base material free edge.
 The stress range of each loading condition (j) to be considered is the stress range obtained from the predominant 
load case, according to Ch 9, Sec 1, 7.1.2. 

( ))(,)(, max jiFSijFS ss D=D  

where: 
)(, jiFSsD : Fatigue stress range, in N/mm2, for load case (i) of loading condition (j), as defined in 3.1.2 for 

welded joints and in 3.1.3 for base material free edge. 
3.1.2 Welded joints
 For welded joints, the fatigue stress range )(, jiFSsD , in N/mm2, corrected for mean stress effect, thickness effect 

and warping effect, is taken as: 
・ For simplified stress analysis: 

)(,)(,)(, jiHSwarpthickjimeanjiFS fff ss D   =D  

・ For FE analysis: 
・ For web-stiffened cruciform joints: 

( ))(,2)(,1)(, ,max jiFSjiFSswjiFS ff sss DD  =D  

・ For other joints: 
( ) ( )[ ])(,2)(,1,)(, ,maxmax jiFSjiFSSideRSideLjiFS sss DD=D  

where:
fw : Correction factor for the effect of stress gradient along weld line given as 0.96
fs : Correction factor for the effect of supporting member given as 0.95 

)(, jiHSsD ： Hot spot stress range, in N/mm2, due to dynamic loads in load case (i) of loading condition (j) 

given in Ch 9, Sec 4, 2.1.1. 
)(,1 jiFSsD ： Fatigue stress range, in N/mm2, due to the principal hot spot stress range )(,1 jiHSsD  

)(,1)(,1)(,1 jiHScthickjimeanjiFS fff ss D   =D  

)(,2 jiFSsD ： Fatigue stress range, in N/mm2, due to the principal hot spot stress range )(,2 jiHSsD  

)(,2)(,2)(,2 9.0 jiHScthickjimeanjiFS fff ss D    =D  

SideL, SideR： Left and right side respectively of the line A-A as shown in Ch 9, Sec 5, Fig. 15 and Ch 9, 
Sec 5, Fig. 16. 

fmean1, i(j)： Correction factor for mean stress effect given in 3.2.
fmean2, i(j)： Correction factor for mean stress effect given in 3.2.
fwarp： Correction factor due to warping effect, taken as: 

・ fwarp = 1.07 for the deck longitudinal stiffener of bulk carrier, the closest to the 
longitudinal hatch coaming in way of the hatch corner as shown in Fig. 1, except fwarp

=1.0 when OST is not the dominant load case for all loading conditions, 
・ fwarp = 1.04 for following deck longitudinal stiffeners of bulk carrier, except fwarp =1.0 

when OST is not the dominant load case for all loading conditions:
・ The closest stiffener to the longitudinal hatch coaming at one web frame away from 

the hatch corner, in way of the hatch opening as shown in Fig. 1, 
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・ The second closest stiffener away from the longitudinal hatch coaming in way of the 
hatch corner as shown in Fig. 1, 

・ fwarp = 1.0 for the other cases. 
 

Fig. 1 Warping Effect on Deck Longitudinal Stiffeners of Bulk Carrier 

 
 

)(,1 jiHSsD ： Principal hot spot stress ranges, in N/mm2, due to dynamic loads for load case (i) of loading 

condition (j) which acts within  45 degrees of the perpendicular to the weld toe, determined in 
Ch 9, Sec 5, 3.1.2, Ch 9, Sec 5, 3.3.2 and Ch 9, Sec 5, 4.2.3 for the two types of shell elements 
(4-node or 8-node). 

)(,2 jiHSsD ： Principal hot spot stress ranges, in N/mm2, due to dynamic loads for load case (i) of loading 

condition (j) which acts outside  45 degrees of the perpendicular to the weld toe, determined in 
Ch 9, Sec 5, 3.1.2, Ch 9, Sec 5, 3.3.2 and Ch 9, Sec 5, 4.2.3 for the two types of shell elements 
(4-node or 8-node). 

3.1.3 Base material free edge
 For base material free edge, the fatigue stress range, )(, jiFSsD  in N/mm2, is taken as the local stress range at 
free edge, )(, jiBSsD , as defined in Ch 9, Sec 1, 2.4 with correction factors: 

)(,)(,)(, jiBScthickjimeanmaterialsfjiFS ffffK ss D     =D  

where:
Ksf： Surface finishing factor for base material given in 4.2.3.
fmaterial： Correction factor for material strength, taken as: 

eH
material R

f
+

=
965

1200  

)(, jiBSsD : Local stress range, in N/mm2, due to dynamic loads in load case (i) of loading condition (j) taken 

as: 

)(2,)(1,)(, jiBSjiBSjiBS sss -=D  

)(1, jiBSs , )(2, jiBSs ： Local stress, in N/mm2, in load case  i1  and  i2  of loading condition (j), obtained by very 

fine mesh FE analysis specified in Ch 9, Sec 5. 

3.2 Mean Stress Effect
3.2.1 Correction factor for mean stress effect
 The mean stress correction factor to be considered for each principal hot spot stress range of welded joint, 

)(, jiHSsD , or for local stress range at free edge, )(, jiBSsD , is taken as： 

(a) For welded joint： 
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(b) For base material： 
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where: 

ïî

ï
í
ì

>+-

£
=

eEqjimeaneEq

eEqjimean
jimCor RR

R

max)(,max

max)(,
)(, for

for
sss

ss
s  

ïî

ï
í
ì

+D

+D
=

materialbasefor)(max
jointweldedfor)(max

)(,)(,)(,

)(,)(,)(,
max

jimeanjiBSji

jimeanjiHSji

ss

ss
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( )eHeEq RR ;315max=  

)(, jimeans ：Fatigue mean stress, in N/mm2, for base material calculated according to 3.2.2 or welded joint 

calculated according to, 3.2.3 or 3.2.4 as applicable. 
3.2.2 Mean stress for base material free edge
 The fatigue mean stress for base material free edge, )(, jimeans , in N/mm2, due to static and dynamic loads case 

 i1  and  i2  of loading condition (j) is calculated by the following formula based on local stress: 

2
)(2,)(1,

)(,
jiBSjiBS

jimean

ss
s

+
=  

3.2.3 Mean stress for simplified method
 The fatigue mean stress to be considered for welded joint assessed by the simplified stress analysis is to be 
obtained from Ch 9, Sec 4, 2.2.
3.2.4 Mean stress for FE analysis
 The fatigue mean stresses for welded joint due to static and dynamic loads, pXjimean )(,s  and pYjimean )(,s , in 

N/mm², for load cases  i1  and  i2  of loading condition (j) ,belonging to the two principal hot spot stress range 
directions, pX and pY, is calculated by the following formula based on hot spot stress components as defined in Ch 9, 
Sec 5, 3.1.2, Ch 9, Sec 5, 3.3.2 and Ch 9, Sec 5, 4.2.3： 

q
ss

q
ssss

ssss
s

2sin
2

)()(
2cos

4
)()()()(

4
)()()()(

)(2,)(1,)(2,)(1,)(2,)(1,

)(2,)(1,)(2,)(1,
)(,

  
ø

ö
çç
è

æ +
+  

ø

ö
çç
è

æ --+

+
+++

=

xyjiHSxyjiHSyyjiHSyyjiHSxxjiHSxxjiHS

yyjiHSyyjiHSxxjiHSxxjiHS
pXjimean

 

q
ss

q
ssss

ssss
s

2sin
2

)()(
2cos

4
)()()()(

4
)()()()(

)(2,)(1,)(2,)(1,)(2,)(1,

)(2,)(1,)(2,)(1,
)(,

  
ø

ö
çç
è

æ +
- 

--+

-
+++

=

xyjiHSxyjiHSyyjiHSyyjiHSxxjiHSxxjiHS

yyjiHSyyjiHSxxjiHSxxjiHS
pYjimean

 

q ： Angle between the direction x of the element coordinate system and the principal direction pX of the 
principal hot spot stress range coordinate system (Ch 9, Sec 5, 3.1.2, Ch 9, Sec 5, 4.2.3). The direction x
of the element coordinate system is defined as the normal to the weld toe. 

 The one of the two mean stresses pXjimean )(,s  and pYjimean )(,s  which has a principal stress direction with an 
absolute value less than 45 degrees is defined as )(,1 jimeans , belonging to )(,1 jiHSsD . The other mean stress is defined 
as )(,2 jimeans  belonging to )(,2 jiHSsD . 
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3.3 Thickness Effect
3.3.1
 Plate thickness primarily influences the fatigue strength of welded joints through the effect of geometry, and 
through-thickness stress distribution. The correction factor, fthick, for plate thickness effect is taken as： 

・ For tn50 £  22 mm, 0.1=thickf  

・ For tn50 > 22 mm, ( )n
nthick tf 22/50=  

where:
tn50： Net thickness of the considered member in way of the hot spot for welded joints or base material free 

edge, in mm. 
・ For simplified stress analysis, the net thickness to be considered for stiffeners is as follows： 

・ Flat bar and Bulb profile：no correction,
・ Angle bar and T-bar：flange net thickness. 

・ For FE analysis, the net thickness to be considered is the net thickness of the member where the crack 
is likely to initiate and propagate.
For 90 degrees attachments, i.e. cruciform welded joints, transverse T-joints and plates with transverse 
attachment, the net thickness to be considered is to be taken as: 

 
ø

ö
ç
è

æ= 50150 ,
2

min nn tdt  

n： Thickness exponent provided in Table 1 and Table 4 respectively for welded and non-welded joints. 
n is to be selected according to the considered stress direction. For this selection, 1HSsD  and 2HSsD  
are considered perpendicular and parallel to the weld respectively. 

d： Toe distance, in mm, as shown in Fig. 2, taken as: 
legntd l2502 +=  

t1n50： Net thickness, in mm, of the continuous plate as shown in Fig. 2.
t2n50： Net thickness, in mm, of the transverse attach plate where the hot spot is assessed, as shown in Fig. 2. 
l leg： Fillet weld leg length, in mm. 

 When post-weld treatment methods are applied to improve the fatigue life of considered welded joint, the 
thickness exponent is provided in 6.

 
Fig. 2 Toe Distance for Cruciform Welded Joints, Transverse T-joints and Plates with Transverse Attachment  

 

4. S-N Curves 

4.1 Basic S-N Curves
4.1.1 Capacity
 The capacity of welded steel joints and steel base material with respect to fatigue strength is defined by S-N
curves which provide the relationship between the stress range applied to the detail and the number of constant 
amplitude load cycles to failure.
4.1.2 Design S-N curves
 The fatigue assessment is based on use of S-N curves which are obtained from fatigue tests. The design S-N 
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curves are established at two standard deviations below the mean S-N curves corresponding to 50% of probability of 
survival for relevant experimental data. Design S-N curves given in Table 2 and Table 3 correspond to a probability 
of survival of 97.7%.
4.1.3 S-N curve scope of application
 The S-N curves are applicable to normal and high strength steels up to a specified minimum yield stress equal to 
390 N/mm2.
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Table 1 Welded Joints: Thickness Exponents 

No Joint category 
description 

Geometry Condition n 

1 

Cruciform joints, 
transverse T-joints, plates 

with transverse 
attachments 

 

 

As-welded 0.25 

Weld toe treated by 
post-weld 

improvement method 
0.2 

2 Transverse butt welds 

 

 

As-welded 0.2 

Ground flush or weld 
toe treated by 

post-weld 
improvement method 

0.1 

3 
Longitudinal welds or 

attachments to plate edges 

 

 

 

Any 0.1 

Weld toe treated by 
post-weld 

improvement method 
0.1 

4 
Longitudinal attachments 

on the flat bar or bulb 
profile 

 

Any 0 

Weld toe treated by 
post-weld 

improvement method 
(1) 

0 
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Table 1 Welded Joints: Thickness Exponents (Continued) 

No Joint category 
description 

Geometry Condition n 

5 
Longitudinal attachments 

and doubling plates  

 

As-welded 0.2 

Weld toe treated by 
post-weld 

improvement method 
0.1 

6 
Longitudinal attachments 

and doubling plates 
supported longitudinally 

 

 
 

 
 

 

As-welded 0.1 

Weld toe treated by 
post-weld 

improvement method 
(1) 

0 

(1) No benefit applicable for post-weld treatment of longitudinal end connections. 
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4.1.4 In-air environment
 The basic design curves in-air environment shown in Fig. 3 are represented by linear relationships between 
log ( sD ) and log (N) as follows： 

( )sD -= log)log()log( 2 mKN   

where: 
)log(2)log()log( 12 d -= KK  

K1： Constant related to mean S-N curve, as given in Table 2.
K2： Constant related to design S-N curve, as given in Table 2. 
d ： Standard deviation of log (N), as given in Table 2. 

qsD ：Stress range at N = 107 cycles related to design S-N curve, in N/mm2, as given in Table 2. 

 
Table 2 Basic S-N Curve Data, In-air Environment 

Class 
K1 

m 

Standard deviation 
d  K2 

Design stress 
range at 107 cycles 

Design stress range 
at 2 106 cycles 

K1 log10K1 log10 d  K2 qsD  N/mm2 N/mm2 

B 2.343E15 15.3697 4.0 0.1821 1.01E15 100.2 149.9 

C 1.082E14 14.0342 3.5 0.2041 4.23E13 78.2 123.9 

D 3.988E12 12.6007 3.0 0.2095 1.52E12 53.4 91.3 

 
Fig. 3 Basic Design S-N Curves, In-air Environment  

 

4.1.5 Corrosive environment
 The basic design curves for corrosive environment shown in Fig. 4 are represented by linear relationships 
between log( sD ) and log(N) as follows: 

( )sD -= log)log()log( 2 mKN  
N： Predicted number of cycles to failure under stress range sD . 
K2： Constant related to design S-N curve as given in Table 3. 
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Table 3 Basic S-N Curve Data, Corrosive Environment 

Class K2 m Design stress range at 2 106 cycles, N/mm2 

Bcorr 5.05 1014 4.0 126.1 

Ccorr 2.12 1013 3.5 101.6 

Dcorr 7.60 1011 3.0 72.4 

 
Fig. 4 Basic Design S-N Curves, Corrosive Environment 

 

4.2 Selection of S-N curves
4.2.1 Welded joints
 For fatigue assessment of welded joints exposed to in-air environment, S-N curve D as defined in Table 2 is to 
be used. For corrosive environment, S-N curve Dcorr as defined in Table 3 is to be used.
4.2.2 Base material free edge
 For fatigue assessment of base material at free edge exposed to in-air environment, S-N curves B or C as defined 
in Table 2 are to be used. For corrosive environment, S-N curves Bcorr or Ccorr as defined in Table 3 are to be used.
4.2.3 Surface finishing factor
 The S-N curve C is applicable to most of non-welded locations taking into account the likelihood of some 
notching from corrosion, wear and tear in service with surface finishing factor as given in Table 4.
 Higher surface finishing quality may be applied in using S-N curve B as given in Table 4, provided adequate 
protective measures are taken against wear, tear and corrosion and finite element analysis according Sec 5, 2 is 
carried out. 
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Table 4 Non-welded Joints: Thickness Exponent and Surface Finishing Factor 

Joint configuration, fatigue crack location 
and stress direction 

Edge cutting 
process 

Edge 
treatment 

Surface finishing n Ksf 
S-N

curve 

1 

Rolled or extruded plates and 
sections as well as seamless pipes, 
no surface or rolling defects
 

 

N/A N/A 
No surface nor 
roll defect (1),(2) 

0 0.94 B 

2 

 
Cut edges 

 

Machine-cuttin
g e.g. by a 
thermal process
or sheared edge 
cutting. 

Cutting edges
chamfered or
rounded by
means of
Smooth
grinding, groove
direction parallel 
to the loading
direction. 

Smooth surface
free of cracks
and notches. (1),(2) 

0.1 1.00 B 

Cutting edges
broken or
rounded. 

Smooth surface 
free of cracks 
and notches (1),(2) 

0.1 1.07 B 

No edge 
treatment 

Surface free of 
cracks and 
severe notches 
(inspection 
procedure) (1),(2) 

0.1 1.0 C 

Manually 
thermally cut 
e.g. by flame 
cutting 

No edge 
treatment 

Surface free of 
cracks and 
severe notches 
(inspection 
procedure) (1),(2) 

0.1 1.24 C 

Note 1：Stress increase due to geometry of cut-outs to be considered.

Note 2：Fine mesh FE analysis according to Sec 5, 2. 

 

5. Fatigue Damage Calculation 

5.1 General
5.1.1
 The design fatigue life is divided into a number of time periods due to different loading conditions and due to 
limitation of the corrosion protection.
 It is assumed that the corrosion protection (i.e. coating system) is only effective for a limited number of years 
during which the structural details are protected, i.e. in-air environment. During the remaining part of the design life 
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as specified in Table 5, the structural details are unprotected i.e. exposed to corrosive environment.
5.1.2
 The elementary fatigue damage, given in 5.2, is the damage accumulated during a specific loading condition (j) 
associated with a specific environmental condition either protected condition, i.e. in-air environment, or unprotected 
condition, i.e. corrosive environment.
 The combined fatigue damage, given in 5.3, is the combination of damage accumulated for a specific loading 
condition (j) for the in-air and corrosive environment time.
 Total fatigue damage, given in 5.4, is the sum of the combined fatigue damages obtained for all loading 
conditions. 

5.2 Elementary Fatigue Damage
5.2.1
 The elementary fatigue damage for each fatigue loading condition (j) is to be calculated independently for both 
protected in-air environment and unprotected corrosive environment, based on the fatigue stress range obtained for 
the predominant load case as follows: 
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where:
ND： Total number of wave cycles experienced by ship during the design fatigue life, taken as: 

)log4/()(10557.31 0
6

CSRDD LTfN  =  
f0： Factor taking into account time in seagoing operations excluding time in loading and unloading, 

repairs, etc.
f0 = 0.85. 

)( ja ： Fraction of time in each loading condition given in Ch 9, Sec 1, Table 1 for oil tanker and in Ch 9, 

Sec 1, Table 3 for bulk carrier. 
)(, jFSsD ： Fatigue stress range at the reference probability level of exceedance of 10-2, in N/mm2. 

NR： Number of cycles corresponding to the reference probability of exceedance of 10-2. 
NR = 100. 

x ： Weibull shape parameter,  
x  = 1. 

)(xG ： Complete Gamma function. 
K2： Constant of the design S-N curve, as given in Table 2 for in-air environment and in Table 3 for 

corrosive environment. 
)( jm ： Coefficient taking into account the change of inverse slope of the S-N curve, m,  

・ For in-air environment：  
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・ For corrosive environment: 
)( jm  = 1.0 

),a( xg ： Incomplete Gamma function. 

qsD ： Stress range, in N/mm2, corresponding to the intersection of the two segments of design S-N curve 

at N = 107 cycles, as given in Table 2. 
mD ： Change in inverse slope of S-N curve at N=107 cycles. 

mD  = 2 
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5.3 Combined Fatigue Damage
5.3.1
 The combined fatigue damage in protected in-air environment and unprotected corrosive environment for each 
loading condition (j) is to be calculated as follows: 

D

C
jcorrE

D

CD
jairEj T

TD
T

TTDD  +
-

 = )(,)(,)(  

where:
DE,air(j)： The elementary fatigue damage for in-air environment for loading condition (j) given in 5.2.1.
DE,corr(j)： The elementary fatigue damage for corrosive environment for loading condition (j) as calculated in 

5.2.1. 
 

Table 5 Time in Corrosive Environment, TC 

Location of weld joint or structural detail 
Time in corrosive  

environment 
TC, in years 

Water ballast tank 

10 Oil cargo tank 

Lower part (1) of bulk cargo hold and water ballast cargo hold 

Bulk cargo hold and water ballast cargo hold except lower part (1) 
5 Void space

Other areas 

(1) Lower part means cargo hold part below a horizontal level located at a distance of 300 mm 
below the frame end bracket for holds of single side skin construction or 300 mm below the 
hopper tank upper end for holds of double side skin construction (see Pt 2, Ch 1, Sec 2, Fig.
1). 

 

5.4 Total Fatigue Damage
5.4.1
 The total fatigue damage for all applicable loading conditions is calculated as follows: 

å
=

=
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j
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1
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where:
D(j)： Combined fatigue damage for each applicable loading condition, as given in 5.3. 

5.5 Fatigue Life Calculation
5.5.1
 The fatigue life, TF, is taken as: 
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where：
Dair： Total fatigue damage for all loading conditions in-air environment taken as: 

å
=

=
LCn

j
jairEair DD

1
)(,  

Dcorr： Total fatigue damage for all loading conditions in corrosive environment taken as: 

å
=

=
LCn

j
jcorrEcorr DD

1
)(,  
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6. Weld Improvement Methods 

6.1 General
6.1.1
 Post-weld fatigue strength improvement methods are to be considered as a supplementary means of achieving 
the required fatigue life, and subjected to quality control procedures. The benefit from post-weld treatment can only 
be applied for corrosion free condition and may only be considered provided that a protective coating is applied after 
the post-weld treatment and maintained during the design life time. 
6.1.2 Limitation of the benefit of post-weld treatment
 For structural details where the benefit of post-weld treatment is applicable, the calculated fatigue life at the 
design stage for the considered structural detail excluding the post-weld treatment effects, is not to be less than 

47.1DFT . 
 However, for structural details inside a bulk cargo hold the calculated fatigue life at design stage excluding 
post-weld treatment effects is not to be less than 25 years.

Note 1： When TDF is taken equal to 25 years, the calculated fatigue life at the design stage for the considered structural detail excluding 

the post-weld treatment effects, is not to be less than 17 years. 

6.1.3 Post-weld treatment at fabrication stage
 There is one basic post-weld treatment method considered in these Rules to improve fatigue strength at the 
fabrication stage, i.e. weld geometry control and defect removal method by burr grinding.
6.1.4 Weld toe
 The improvement method is applied to the weld toe. Thus, it is intended to increase the fatigue life of the weld 
from the viewpoint of a potential fatigue failure arising at the weld toe. The possibility of failure initiation at other 
locations is always to be considered. If the failure is shifted from the weld toe to the root by applying post-weld 
treatment, there may be no significant improvement in the overall fatigue performance of the joint. Improvements of 
the weld root cannot be expected from treatment applied to weld toe.
 A brief description of the method and the degree of improvement which can be achieved is given in 6.2.
6.1.5 Weld type for post-weld treatment
 When weld improvements are planned, full or partial penetration welds with a minimum root face according to 
Ch 12, Sec 3, 2.4 are to be used to mitigate or to eliminate the possibility of cracking at the weld root. 

6.2 Weld Toe Burr Grinding
6.2.1
 The weld may be machined using a burr grinding tool to produce a favourable shape to reduce stress 
concentrations and remove defects at the weld toe, see Fig. 5. In order to eliminate defects, such as intrusions, 
undercuts and cold laps, the material in way of the weld toe is to be removed. The depth of grinding shall be at least 
0.5 mm below the bottom of any visible undercut. The total depth of the burr grinding is not to be greater than the 
lesser of 2 mm and of 7% the local gross thickness of the machined plate. Any undercut not complying with this 
requirement is to be repaired by an approved method.
6.2.2
 To avoid introducing a detrimental notch effect due to small radius grooves, the burr diameter is to be scaled to 
the plate thickness at the weld toe being ground. The diameter is to be in the 10 to 25 mm range for application to 
welded joints with plate thickness from 10 to 50 mm. The resulting root radius of the groove is to be no less than 0.25 
tas_built. The weld throat thickness and leg length after burr grinding must comply with the rule requirements or any 
increased weld sizes as indicated on the approved drawings.
 The inspection procedure is to include a check of the weld toe radius, the depth of burr grinding, and 
confirmation that the weld toe undercut has been removed completely.

 

① 
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Fig. 5 Details of Ground Weld Toe Geometry  

 

 

6.3 Fatigue Improvement Factor
6.3.1
 The benefit of burr grinding corresponds to an increase in fatigue strength by a factor of 1.3 (i.e. a reduction of 
the effective stress range by 1.3), reducing the damage in air to Dair / 2.2, 

where:
Dair： Fatigue damage in air as given in Ch 9, Sec 3, 5.3.1. 

6.4 Applicability
6.4.1
 The application of post-weld improvement and fatigue improvement factor provided in this section is subject to 
following limitations: 

・ The weld type complies with 6.1.5.
・ The weld improvement is effective in improving the fatigue strength of structural details under high cycle 

fatigue conditions therefore the fatigue improvements factors do not apply to low-cycle fatigue conditions, 
i.e. when N £ 5 104, where N is the number of life cycles to failure. 

・ Unless otherwise specifically stated, the fatigue improvement factor is to be used for welds, joining steel 
plates which are between 6 and 50 mm thick. 

・ This benefit can only be achieved in a corrosion free condition and may only be considered provided that a 
suitable protective coating is applied after the post-weld treatment and maintained during the design life 
time. 

・ Fatigue improvement factor is to be applied to as-welded transverse butt welds, as-welded T-joint and 
cruciform welds and as-welded longitudinal attachment welds excluding longitudinal end connections. 

・ In way of areas prone to mechanical damage, fatigue improvement may only be granted if these are 
adequately protected. 

・ Treatment of inter-bead toes is required for large multi-pass welds as shown in Fig. 6.
・ The builder is to provide the list of details and their locations on the ship for which the post-weld treatment 

has been applied. 
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Fig. 6 Extent of Weld Toe Burr Grinding to Remove Inter-bead Toes on Weld Face 

 
legl ： Weld leg length. 

w： Width of groove.

d： Depth of grinding. 

7. Workmanship 

7.1 Application
7.1.1
 In general, the fatigue performance of structural details can be improved by adopting enhanced workmanship 
standards, which include building alignment and weld control. 

7.2 Workmanship Control for Construction Details
7.2.1 Building alignment and tolerance control
 Building alignment exceeding construction tolerance could introduce additional stress concentration for 
structural details, reducing the fatigue performance. The builder is responsible to comply with the construction 
requirements given in Ch 12, Sec 1.
7.2.2 Weld profile control
 Poor weld geometry could introduce additional stress concentration; therefore special attention should be given 
to achieving a favourable geometry and smooth transition at the weld toe. Weld profile control, i.e. enhanced 
workmanship may be required by the Society in way of critical weld toe locations.
 The weld notch stress concentration is a direct function of the weld flank angle and the weld toe radius. 
 The validity of the aforementioned S-N curves is based on a weld flank angle with a maximum mean value of 50 
deg and on a weld toe radius with a minimum mean value of 0.5 mm. Welding details may be requested to be 
submitted for approval for some critical areas considering the calculated fatigue life.
7.2.3 Post-weld treatment methods
 Post-weld treatment methods may be used to improve fatigue resistance of structural detail, as specified in 6.
 At the design stage, the calculated fatigue life should not generally take into account any benefit that may be 
derived from such treatment. This benefit should only be considered in exceptional cases when the design fatigue life 
can not reasonably be achieved by adopting alternative design measures such as improvement of the shape of the 
cut-outs, soft brackets toes, local increase in thickness or other changes in geometry of the structural detail. This is to 
be considered on a case-by-case basis by the Society.
7.2.4 Detail design standard
 Requirements for improved design of structural details are provided in Ch 9, Sec 6. The detail design standard 
also includes workmanship and welding requirements. 

① 
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Section 4 SIMPLIFIED STRESS ANALYSIS 

Symbols 

 For symbols not defined in this section, refer to Ch 1, Sec 4.
(i): Suffix which denotes dynamic load case HSM, FSM, BSR-P, BSR-S, BSP-P, BSP-S, OST-P or OST-S 

specified in Ch 4, Sec 2, 3.1.
 i1  denotes dynamic load case HSM-1, FSM-1, BSR-1P, BSR-1S, BSP-1P, BSP-1S, OST-1P or OST-1S
 i2  denotes dynamic load case HSM-2, FSM-2, BSR-2P, BSR-2S, BSP-2P, BSP-2S, OST-2P or OST-2S. 

(j): Suffix which denotes loading condition: 
 Full load  or  Normal ballast  for oil tankers, as defined in Ch 9, Sec 1, 6.2.
 Full load homogeneous ,  Full load alternate ,  Normal ballast  or  Heavy ballast  for bulk carriers, as 
defined in Ch 9, Sec 1, 6.3. 

bdgl : Effective bending span of stiffener, in m, as defined in Ch 3, Sec 7. 

Iy-n50: Net vertical hull girder moment of inertia, at the longitudinal position being considered, in m4.
Iz-n50: Net horizontal hull girder moment of inertia, at the longitudinal position being considered, in m4.
y: Transverse coordinate of the load calculation point under consideration, in m.
z: Vertical coordinate of the load calculation point under consideration, in m.
zn: Distance from the baseline to the horizontal neutral axis, in m.
fc: Correction factor as defined in Ch 9, Sec 1, 5.1.2.
fNA: Correction factor taken as: 

・ For bulk carrier:
・ fNA = 1.0 for 20 Dz £<  
・ fNA = 0.95 for Dz =  
・ fNA: linear interpolation for other values of z

・ For oil tanker: fNA = 1.0 
Ka: Geometrical stress concentration factor for stress due to axial load given in 5.2.
Kb: Geometrical stress concentration factor for stress due to lateral pressure given in 5.2.
Kn: Stress concentration factor due to unsymmetrical stiffener geometry, as defined in 5.1. 

1. General 

1.1 Application
1.1.1
 This section defines the procedure for a simplified stress assessment which is to be used to evaluate the fatigue 
strength of the longitudinal stiffener end connections.
1.1.2
 The hot spot stress ranges and hot spot mean stresses in way of each end connection of longitudinal stiffener, as 
shown in Fig. 2 are to be evaluated at the flange of the longitudinal stiffener in the following locations: 

(a) Transverse webs or floors other than those located  
・ At transverse bulkhead including swash bulkhead of cargo hold or 
・ In way of stool, 
such that additional hot spot stress due to the relative displacement is not to be considered. 

(b) Transverse webs or floors located  
・ At transverse bulkhead including swash bulkhead of cargo hold or 
・ In way of stool, 
such that additional hot spot stress due to the relative displacement are to be considered. 

 Stress concentration factors due to unsymmetrical stiffener geometry according 5.1 and due to the stiffener end 
connection geometry at point  A  and  B  according to 5.2 are to be applied. 
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1.2 Assumptions
1.2.1
 The following assumptions are made in the fatigue assessment for longitudinal stiffener end connections:

(a) The hot spot stress is based on: 
・ Nominal stresses.
・ Stress concentration factors given in 5.
・ Loading conditions specified in Ch 9, Sec 1, 6. 

(b) The longitudinal stiffener end connection types are described in 5.2.
1.2.2
 The end connections given in 5.2 are based on typical joint geometry under axial and lateral loadings. When a 
structural detail is different from those shown in Table 4, a finite element analysis is to be used to demonstrate the 
adequacy of the detail in terms of fatigue strength, according to 5.3. 

2. Hot Spot Stress 

2.1 Hot Spot Stress range
2.1.1
 The hot spot stress range, in N/mm2, due to dynamic loads for load case (i) of loading condition (j) is obtained 
from the following formula: 

( ) ( ) ( ))(2,)(2,)(2,)(1,)(1,)(1,, jidDjiLDjiGDjidDjiLDjiGDjiHS sssssss ++-++=D  

where: 
)(1, jiGDs , )(2, jiGDs : Stresses due to global hull girder wave bending moments, in N/mm2, as defined in 3.1.1. 

)(1, jiLDs , )(2, jiLDs : Stresses due to local dynamic pressure, in N/mm2, as defined in 4.1.1. 

)(1, jidDs , )(2, jidDs : Stresses due to relative displacement in wave, in N/mm2, as defined in 4.2.4 and 4.2.5. 

2.2 Hot Spot Mean Stress
2.2.1
 The hot spot mean stress, in N/mm2, due to static and dynamic loads for load case (i) of loading condition (j) is 
obtained from the following formula: 

( ) )(,)(,)(,)(,)(,, jimGDjimLDjdSjLSjGSjimean ssssss ++++=  

where for the load case (i) of loading condition (j): 
)(, jGSs : Stress due to still water hull girder bending moment, in N/mm2, as defined in 3.2.1. 

)(, jLSs : Stress due to local static pressure, in N/mm2, as defined in 4.1.2. 

)(, jdSs : Stress due to relative displacement in still water, in N/mm2, as defined in 4.2.7. 

)(, jimLDs : Mean stress due to local dynamic pressure, in N/mm2, as defined as: 

2
)(2,)(1,

)(,
jiLDjiLD

jimLD

ss
s

+
=  

)(1, jiLDs , )(2, jiLDs : Stress due to local dynamic pressure, in N/mm2, as defined in 4.1.1. 

)(, jimGDs : Mean stress due to global wave bending moment, in N/mm2, as defined as: 

2
)(2,)(1,

)(,
jiGDjiGD

jimGD

ss
s

+
=  

)(1, jiGDs , )(2, jiGDs : Stress due to global wave bending moment, in N/mm2, as defined in 3.1.1. 

3. Hull Girder Stress 

3.1 Stress due to Hull Girder Wave Bending Moments
3.1.1
 The hull girder hot spot stress, in N/mm2, for load cases i1 and i2 of loading condition (j) is obtained from the 
following formula: 
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where:
Mwv-LC, ik: Vertical wave bending moment, in kNm, of the considered dynamic load case, as defined in Ch 4, 

Sec 4, at the hull girder load calculation point of the considered longitudinal position for the 
loading condition (j) for ik being equal to i1 and i2. 

Mwh-LC, ik: Horizontal wave bending moment, in kNm, of the considered dynamic load case, as defined in Ch 
4, Sec 4, at the hull girder load calculation point of the considered longitudinal position for the 
loading condition (j) for ik being equal to i1 and i2. 

3.2 Stress due to Still Water Hull Girder Bending Moment
3.2.1
 The hull girder hot spot stress due to still water bending moment, in N/mm2, in loading condition (j) is obtained 
from the following formula: 

( ) 3
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where: 
Msw: Permissible still water vertical bending moment, in kNm, as defined in Ch 4, Sec 4 at the hull girder 

load calculation point of the considered longitudinal position. 
)( jb : Fraction of permissible still water vertical bending moment, as defined in Table 1. 

 
Table 1 Fraction of Permissible Still Water Vertical Bending Moments, )( jb  

Ship type Loading conditions 
Longitudinal position  

on the considered section 
)( jb  

Oil tankers 
Homogeneous 

N/A 

0.60 in sagging condition 

Normal ballast 0.80 in hogging condition 

Bulk carriers 

Homogeneous 0.40 in sagging condition 

Alternate 0.75 in hogging condition 

Normal ballast 0.80 in hogging condition 

Heavy ballast 
(See Fig. 1) 

Ballast hold 0.75 in sagging condition 

Cargo holds adjacent to 
ballast hold 

Linear interpolation between 0.75 
in sagging condition and 0.45 in 
hogging condition 

Other cargo holds 0.45 in hogging condition 
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Fig. 1 Distribution of Still Water Bending Moment for Fatigue Assessment in way of Ballast Hold  

 
 

4. Local Stiffener Stress 

4.1 Stress due to Stiffener Bending
4.1.1 Stress due to dynamic pressure
 The hot spot stress, in N/mm2, due to local dynamic pressure in load case i1 and i2 for loading condition (j) is 
obtained from the following formula: 
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where:
PW, ik(j): Dynamic wave pressure, at the mid span, in kN/m2, specified in Ch 4, Sec 5, 1.4, in load case i1 

and i2 for loading condition (j). 
Pld, ik(j): Dynamic liquid tank pressure, at the mid span, in kN/m2, as specified in Ch 4, Sec 6, 1.1.1, in 

load case i1 and i2 for loading condition (j).
Pressure acting on both sides of the stiffener, i.e. applied on the attached plate on stiffener side 
or on opposite side to the stiffener, could be simultaneously considered if relevant in the 
loading condition.
For the deck longitudinal stiffeners of bulk carriers, no internal pressure from the topside tank 
is considered. 

Pbd, ik(j): Dynamic dry bulk cargo pressure at the mid span, in kN/m2, as specified in Ch 4, Sec 6, 2.4.1, 
in load case i1 and i2 for loading condition (j). 

Wh , Idh , bdh : Pressure normal coefficients, taken as: 
h  = 1 when the considered pressure is applied on the stiffener side, 
h  = -1 otherwise. 

fNL: Correction factor for the non-linearity of the wave pressure taken as: 
1=NLf  for wLC hTz 2+>  
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1=NLf  for wLC hTz -£  
hw:  Water head equivalent to the pressure at waterline, in m, as defined in Ch 4, Sec 5.
xe: Distance, in m, to the hot spot from the closest end of the span bdgl , as defined in Fig. 2. 

Zeff-n50: Net section modulus, in cm3, of the considered stiffener calculated considering an effective 
breadth beff of attached plating. 

beff: Effective breadth, in mm, of attached plating specified at the ends of the span and in way of 
end brackets and supports, taken as: 
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Fig. 2 Definition of Effective Span and xe for Hot Spot  
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4.1.2 Stress due to static pressure
 The hot spot stress due to local static pressure, in N/mm2, for loading condition (j) is obtained from the following 
formula: 
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where:
PS, (j): Static external pressure, in kN/m2, in loading condition (j) specified in Ch 4, Sec 5, 1.2.
Pls, (j): Static liquid tank pressure, in kN/m2, in loading condition (j) specified in Ch 4, Sec 6, 1.1.1. 

Pressure acting on both sides could be simultaneously considered if relevant in the loading condition. 
Pbs, (j): Static dry bulk cargo pressure, in kN/m2, in loading condition (j) specified in Ch 4, Sec 6, 2.4.1. 

Sh , Ish , bsh : Pressure normal coefficients, taken as: 
h  = 1 when the considered pressure is applied on the stiffener side, 
h  = -1 otherwise. 

4.2 Stress due to Relative Displacement
4.2.1 General
 For longitudinal stiffener end connections fitted on transverse web or floor located 

・ At transverse bulkhead including swash bulkhead of cargo hold or
・ In way of stool,

 the additional hot spot stress due to the relative displacement is to be considered. 
4.2.2 Relative displacement definition
 The relative displacement is defined as follows.

・ For longitudinals penetrating floors in way of stool the relative displacement is defined as the displacement 
of the longitudinal measured at the first floor forward (Fwd) or afterward (Aft) relative to the displacement of 
the longitudinal at the floor in way of stool. 

・ For other longitudinals, the relative displacement is defined as the displacement of the longitudinal 
measured at the first transverse web frame (or floor) forward (Fwd) or afterward (Aft) relative to the 
displacement of the longitudinal at the transverse bulkhead including swash bulkhead. 

4.2.3 Sign convention
 Where the stress at the hot spot location, i.e. at the flange of longitudinal, due to relative displacement is in 
tension, the sign of the relative displacement is positive.
4.2.4 Oil tankers
 The additional hot spot stress due to relative displacement for load case i1 and i2 of loading condition (j) for an 
oil tanker is to be accounted for either using finite element method as described in 4.2.6 or by applying a stress factor
on the local dynamic stress component as described in the following: 

( ) )(,)(, 1 jikLDdjikdD K ss  -=  

where: 
)(, jikLDs : Local dynamic stress defined in 4.1.1. 

Kd: Bending stress factor for longitudinal stiffeners caused by relative displacement between supports, 
shown on Fig. 3, as given in Table 2. 
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Table 2 Bending Stress Factor of Longitudinals due to Relative Displacement between Transverse Bulkhead 
(Including Swash Bulkhead) and Adjacent Web Frames (Floors) 

Location 

Kd factor 

Full load 
condition 

Ballast 
condition 

Bottom longitudinal 

Mid position between longitudinal bulkhead, bottom girders or 
buttress structure 

1.50 

At longitudinal bulkhead, bottom girders (except centre line girder) 
or buttress structure 

1.15 

At centre line girder 1.30 

Intermediate position between above bottom positions Linear interpolation 

Side longitudinals 

Mid position between lowest side stringer and deck at side 1.30 1.15 

Lowest side stringer and deck at side 1.15 1.15 

Intermediate positions 
Linear 

interpolation 
1.15 

Other longitudinals  1.15 

 
Fig. 3 Kd Factor in Full Load Condition for Oil Tanker with Two Longitudinal Bulkheads  

 

4.2.5 Bulk carriers
 The additional hot spot stress due to relative displacement for load case i1 and i2 of loading condition (j) for a 
bulk carrier is to be calculated using finite element method as described in 4.2.6.
4.2.6 Stress due to relative displacement derived using FE method
 The following procedure is based on a cargo hold model complying with Ch 7, Sec 2, 2 to calculate the stress 
due to relative displacements. The stress due to relative displacements, in N/mm2, for load case i1 and i2 of loading 
condition (j) for both locations  a  and  f   is to be calculated directly using the following expression: 
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where:
a, f : Suffix which denotes the location as indicated in Fig. 4.
Aft, Fwd: Suffix which denotes the direction, afterward (Aft) or forward (Fwd), from the transverse 
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bulkhead. as shown in Fig. 4. 
Kb: Stress concentration factor due to bending for the location  a  or  f   which may correspond to 

points  A  or  B  as defined in Table 4. 
)(, jikadFwd -s , )(, jikadAft-s , )(, jikfdFwd -s , )(, jikfdAft-s : 

Additional stress at location  a  and  f  , in N/mm2, due to the relative displacement between the 
transverse bulkhead including swash bulkhead or floors in way of stool and the forward (Fwd) 
and afterward (Aft) transverse web or floor respectively for load case i1 and i2 of loading 
condition (j), taken as: 

( )
5

505050

5050)(,
)(, 1015.11

9.3 -

---

--
-  

ø

ö
çç
è

æ
-

+
=

Aft

eAft

nAftFwdnFwdAftFwdnAft

nFwdnAftjikFwd
jikadFwd

x
IIZ

IEI
llll

d
s  

( )
5

3
50

50)(,

505050

5050)(,
)(, 10

9.0
15.11

9.3 -

-

-

---

--
- ú

û

ù
ê
ë

é
- 

ø

ö
çç
è

æ
-

+
=

AftnAft

eAftnAftjikAft

Aft

eAft

nAftFwdnFwdAftAftnAft

nFwdnAftjikAft
jikadAft Z

xEIx
IIZ

IEI
lllll

dd
s

 

( )
5

3
50

50)(,

505050

5050)(,
)(, 10

9.0
15.11

9.3 -

-

-

---

--
- ú

û

ù
ê
ë

é
- 

ø

ö
ç
è

æ
-

+
=

FwdnFwd

eFwdnFwdjikFwd

Fwd

eFwd

nAftFwdnFwdAftFwdnFwd

nFwdnAftjikFwd
jikfdFwd Z

xEIx
IIZ

IEI
lllll

dd
s  

( )
5

505050

5050)(,
)(, 1015.11

9.3 -

---

--
-  

ø

ö
ç
è

æ -
+

=
Fwd

eFwd

nAftFwdnFwdAftAftnFwd

nFwdnAftjikAft
jikfdAft

x
IIZ

IEI
llll

d
s  

IFwd-n50, IAft-n50: Net moment of inertia, in cm4, of forward (Fwd) and afterward (Aft) longitudinal.
ZFwd-n50, ZAft-n50: Net section modulus of forward (Fwd) and afterward (Aft) stiffener, in cm3. 

Fwdl , Aftl : Span, in m, of forward (Fwd) and afterward (Aft) longitudinal, as shown in Fig. 4. 

xeFwd, xeAft: Distance, in m, as shown in Fig. 2, to the hot spot in location  a  or  f   from the closest 
end of Fwdl  and Aftl  respectively. 

)(, jikFwdd , )(, jikAftd : Relative displacement in the direction perpendicular to the attached plate, in mm, 

between the transverse bulkhead (including swash bulkhead or floor in way of stools) 
and the forward (Fwd) or afterward (Aft) transverse web (or floor) as shown in Fig. 4.  

 
Fig. 4 Definition of the Relative Displacement (Example of the Side Longitudinal) 

  

 
4.2.7 Stress due to relative displacement in still water
 The additional hot spot stress, in N/mm2, in still water, due to the relative displacement in the direction 
perpendicular to the attached plate between the transverse bulkhead including swash bulkhead or floor in way of 
stools and the adjacent transverse web or floor is to be obtained according to procedures of 4.2.4 and 4.2.5 for oil 
tankers and bulk carriers respectively, replacing dynamic local stress LDs  and dynamic pressure with static local 
stress LSs  and static pressure. 
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5. Stress Concentration Factors 

5.1 Unsymmetrical Stiffener
5.1.1
 The stress concentration factor Kn for unsymmetrical flange of built-up and rolled angle stiffeners under lateral 
load, calculated at the web s mid-thickness position, as shown in Fig. 5, is to be taken as: 
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bg-n50: Eccentricity of the stiffener equal to the distance from flange s edge to web s centreline, in mm, as 
shown in Fig. 6. 

bf-n50: Net breadth of flange, in mm, as shown in Fig. 6.
tf-n50: Net flange thickness, in mm, as shown in Fig. 6.
hstf-n50: Net stiffener height, including face plate, in mm, as shown in Fig. 6.
tw-n50: Net web thickness, in mm, as shown in Fig. 6.
hw-n50: Net web s height stiffener, in mm, as shown in Fig. 6.
tp-n50: Net thickness of attached plating, in mm, as shown in Fig. 6. 

zy : Coefficient given as: 
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Zn50: Net section modulus, in cm3, of stiffener with an attached plating breadth equal to the stiffener 
spacing. 

 
Fig. 5 Bending Stress in Stiffener with Symmetrical and Unsymmetrical Flange 
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Fig. 6 Stiffener - Net Scantling 

 

5.1.2 Bulb profiles
 For bulb profiles Kn factor is to be calculated using the equivalent built-up profile as shown in Fig. 7. The flange 
of the equivalent built-up profile is to have the same properties as the bulb flange, i.e. same cross sectional area and 
moment of inertia about the vertical axis and neutral axis position. 
 For HP bulb profiles, examples of the equivalent built up profile dimensions are listed in Table 3.

 
Fig. 7 Bulb Profile and Equivalent Built-up Profile 

 
 

Table 3 HP Equivalent Built-up Profile Dimensions
HP-bulb Equivalent built-up flange in gross thickness 

Height (mm) Gross web thickness, tw-gr (mm) bf (mm) tf-gr (mm) bg (mm) 

200 9   13 tw-gr + 24.5 22.9 (tw-gr + 0.9)/2 

220 9   13 tw-gr + 27.6 25.4 (tw-gr + 1.0)/2 

240 10   14 tw-gr + 30.3 28.0 (tw-gr + 1.1)/2 

260 10   14 tw-gr + 33.0 30.6 (tw-gr + 1.3)/2 

280 10   14 tw-gr + 35.4 33.3 (tw-gr + 1.4)/2 

300 11   16 tw-gr + 38.4 35.9 (tw-gr + 1.5)/2 

320 11   16 tw-gr + 41.0 38.5 (tw-gr + 1.6)/2 

340 12   17 tw-gr + 43.3 41.3 (tw-gr + 1.7)/2 

370 13   19 tw-gr + 47.5 45.2 (tw-gr + 1.9)/2 

400 14   19 tw-gr + 51.7 49.1 (tw-gr + 2.1)/2 

430 15   21 tw-gr + 55.8 53.1 (tw-gr + 2.3)/2 
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5.2 Longitudinal Stiffener End Connections
5.2.1
 The stress concentration factors Ka and Kb are given in Table 4 for end connection of stiffeners subjected to 
axial and lateral loads. The values given in Table 4 for soft toe are valid provided the toe geometry complies with the 
requirements given in 5.2.5. The stress concentration factor Kb given for lateral loads are to be used also for stress 
due to relative displacements.
5.2.2 Other connection types
 When connection types other than those given in Table 4 are proposed, the fatigue strength for the proposed 
connection type is to be assessed either by performing a very fine mesh FE analysis as described in Ch 9, Sec 5 to 
obtain directly the hot spot stress, or by calculating the stress concentration factor using FE analysis according to 5.3.
5.2.3 Overlapped connection
 Overlapped connection types for longitudinal stiffeners, i.e. attachments welded to the web of the longitudinals, 
are not to be used in the cargo hold region.
5.2.4 End stiffener without connection to web stiffener 
 Where the web stiffener is omitted or not connected to the longitudinal flange in way of:

・ Side shell below 1.1Tsc.
・ Bottom.
・ Inner hull longitudinal bulkhead below 1.1Tsc.
・ Hopper.
・ Topside tank sloping plating below 1.1Tsc.
・ Inner bottom.

 the following is required:
・ A complete collar as defined in Fig. 8 (i.e. connection type ID 31 of Table 4), or,
・ A detail design for cut-outs as described in Ch 9, Sec 6, 2.1.

 Equivalence to cut-outs given in Ch 9, Sec 6, 2.1 may be accepted provided it is assessed for fatigue by using 
comparative FE analysis which is based on hot spot stress around the cut-out in the web plate of the primary 
supporting member inclusive of the collar, as given in Ch 9, Sec 6, 2.2.

 
Fig. 8 Complete Collar  

 

5.2.5 Soft toe of web stiffener and backing bracket
 The toe geometry end connection of web stiffener and backing bracket is to comply with the following: 

£q 20 
htoe £  max (tbkt-gr; 15) 
where: 
q : Angle of the toe, in deg, as shown in Fig. 9. 
htoe: Height of the toe, in mm, as shown in Fig. 9.
tbkt-gr: Gross thickness of the bracket, in mm. 

5.2.6 Recommended detail designs
 Recommended detail designs for longitudinal end connections with soft toes and backing brackets are given in 
Fig. 9. 
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Fig. 9 Detail Design for Soft Toes and Backing Brackets 
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Table 4 Stress Concentration Factors 

ID Connection type (2) (3) 
Point  A  Point  B  

Ka Kb Ka Kb 

1 (1) 

 

1.28 
for d £ 150 

 
1.36 for  

150 < d £ 250 
1.45

for d > 250 

1.40 
for d £ 150 

 
1.50 for  

150 < d £ 250 
1.60

for d > 250 

1.28
for d £ 150 

 
1.36 for  

150 < d £ 250 
1.45

for d > 250 

1.60 

2 (1) 

 

1.28
for d £ 150 

 
1.36 for  

150 < d £ 250 
1.45

for d > 250 

1.40
for d £ 150 

 
1.50 for  

150 < d £ 250 
1.60

for d > 250 

1.14  
for d £ 150 

 
1.24 for  

150 < d £ 250 
1.34

for d > 250 

1.27 

3 

 

1.28 1.34 1.52 1.67 

4 

 

1.28 1.34 1.34 1.34 

5 

 

1.28 1.34 1.28 1.34 
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Table 4 Stress Concentration Factors (Continued) 

ID Connection type (2) (3) 
Point  A  Point  B  

Ka Kb Ka Kb 

6 

 

1.52 1.67 1.34 1.34 

7 

 

1.52 1.67 1.52 1.67 

8 

 

1.52 1.67 1.52 1.67 

9 

 

1.52 1.67 1.28 1.34 

10 

 

1.52 1.67 1.52 1.67 
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Table 4 Stress Concentration Factors (Continued) 

ID Connection type (2) (3) 
Point  A  Point  B  

Ka Kb Ka Kb 

11 

 

1.28 1.34 1.52 1.67 

12 

 

1.52 1.67 1.28 1.34 

13 

 

1.52 1.67 1.52 1.67 

14 

 

1.52 1.67 1.34 1.34 

15 

 

1.52 1.67 1.52 1.67 
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Table 4 Stress Concentration Factors (Continued) 

ID Connection type (2) (3) 
Point  A  Point  B  

Ka Kb Ka Kb 

16 

 

1.52 1.67 1.28 1.34 

17 

 

1.28 1.34 1.52 1.67 

18 

 

1.28 1.34 1.34 1.34 

19 

 

1.28 1.34 1.28 1.34 

20 

 

1.28 1.34 1.52 1.67 

 

① 

① 

① 

① 
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Table 4 Stress Concentration Factors (Continued) 

ID Connection type (2) (3) 
Point  A  Point  B  

Ka Kb Ka Kb 

21 

 

1.28 1.34 1.52 1.67 

22 

 

1.28 1.34 1.34 1.34 

23 

 

1.28 1.34 1.28 1.34 

24 

 

1.28 1.34 1.52 1.67 

25 (1) 

 

1.28 
for d £ 150 

1.36 for  
150 < d £ 250 

1.45 
for d > 250 

1.40 
for d £ 150 

1.50 for  
150 < d £ 250 

1.60 
for d > 250 

1.14 
for d £ 150 

1.24 for  
150 < d £ 250 

1.34 
for d > 250 

1.25 
for d £ 150 

1.36 for  
150 < d £ 250 

1.47 
for d > 250 

 

① 

① 

① 

① 
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Table 4 Stress Concentration Factors (Continued) 

ID Connection type (2) (3) 
Point  A  Point  B  

Ka Kb Ka Kb 

26 

 

1.28 1.34 1.34 1.47 

27 

 

1.52 1.67 1.34 1.47 

28 

 

1.52 1.67 1.34 1.47 

29 

 

1.28 1.34 1.34 1.47 

30 

 

1.28 1.34 1.34 1.47 

 

① 

① 
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Table 4 Stress Concentration Factors (Continued) 

ID Connection type (2) (3) 
Point  A  Point  B  

Ka Kb Ka Kb 

31 (4) 

 

1.13 1.20 1.13 1.20 

32 (4) 

(5) (6) 

 

1.13 1.14 N/A N/A 

(1) The attachment length d, in mm, is defined as the length of the welded attachment on the longitudinal stiffener 

flange without deduction of scallop. 

(2) Where the longitudinal stiffener is a flat bar and there is a web stiffener/bracket welded to the flat bar stiffener, the 

stress concentration factor listed in the table is to be multiplied by a factor of 1.12 when the thickness of 

attachment is thicker than the 0.7 times thickness of flat bar stiffener. This also applies to unsymmetrical profiles 

where there is less than 8mm clearance between the edge of the stiffener flange and the attachment, e.g. bulb or 

angle profiles where the clearance of 8 mm cannot be achieved. 

(3) Designs with overlapped connection / attachments, see 5.2.3.

(4) ID. 31 and 32 refer to details where web stiffeners are omitted or not connected to the longitudinal stiffener flange. 

See 5.2.4 

(5) For connection type ID. 32 with no collar and/or web plate welded to the flange, the stress concentration factors 

provided in this table are to be used irrespective of slot configuration. 

(6) The fatigue assessment point  A  is located at the connection between the stiffener web and the transverse web 

frame or lug plate. 

 

5.3 Alternative Design
5.3.1 Derivation of alternative stress concentration factors
 Upon agreement by the Society, the geometrical stress concentration factors for alternative designs are to be 
calculated by a very fine mesh FE analysis according to the requirements given in Ch 9, Sec 5. Additional 
requirements for derivation of geometrical stress concentration factors for stiffener end connections using very fine 
mesh FE analysis are given below: 

(a) FE model extent: the FE model, as shown in Fig. 10, is to cover at least four web frame spacings in the 
longitudinal stiffener direction with the detail to be considered located at the middle frame. The same type 
of end connection is to be modelled at all the web frames. In the transverse direction, the model may be 
limited to one stiffener spacing. 

(b) Load application: in general, two loading cases are to be considered: 
・ Axial loading by enforced displacement applied to the model ends and 
・ Lateral loading by unit pressure load applied to the shell plating. 
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(c) Boundary conditions: 
・ Symmetry conditions are applied along the longitudinal cut of the plate flange, along transverse and 

vertical cuts on web frames and on top of the web stiffener. 
・ For lateral pressure loading: the model is to be fixed in all degrees of freedom at both forward and aft 

ends. 
・ For axial loading: the model is to be fixed for displacement in the longitudinal direction at the aft end of 

the model while enforced axial displacement is applied at the forward end, or vice versa. 
(d) FE mesh density: At the location of the hot spots under consideration, the element size is to be in the order 

of the thickness of the stiffener flange or 10 mm depending on the type of stiffener. In the remaining part of 
the model, the element size is to be in the order of s/10, where s is the stiffener spacing. 

 
Fig. 10 Fine Mesh Finite Element Model for Derivation of Geometrical Stress Concentration Factor 

(Example of Stiffener with Flange) 

 

 For the 2 loading cases specified above, the stress concentration factors are determined as follows:
・ For the axial loading case: 

NomAx

HSAx
aK

s
s

=  

・ For the bending loading case: 

NomBd

HSBd
bK

s
s

=  

HSAxs : Hot spot stress, in N/mm2, determined at the stiffener flange for the axial load. 

NomAxs : Nominal axial stress, in N/mm2, calculated at the stiffener flange according to 3.1 for the axial 
load applied for the FE calculation. 

HSBds : Hot spot stress, in N/mm2, determined at the stiffener flange for the unit pressure load. 

NomBds : Nominal bending stress, in N/mm2, calculated at the stiffener flange according to 4.1 in way 

of the hot spot for the unit pressure load applied for the FE calculation. 
 The derivation of geometrical stress concentration factors for alternative designs is to be documented and 
provided to the Society. 
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Section 5 FINITE ELEMENT STRESS ANALYSIS 

1. General 

1.1 Applicability
1.1.1
 This section applies to fatigue assessment by finite element stress analysis. The methods are based on the hot 
spot stress approach and requirements are given for both welded and non-welded hot spots. The hot spot stress takes 
into account structural discontinuities due to the structural detail of the welded joint, but not taking into account the 
notch effect at the weld toe.
1.1.2
 The hot spot stress is generally highly dependent on the finite element model used for representation of the 
structure and the procedure used to calculate the hot spot stress. No other methods than those described in this 
Section is to be adopted for calculation of FE based hot spot stress.
1.1.3
 Two types of hot spots, denoted  a  and  b  are described in Table 1. These are defined according to their 
location on the plate and their orientation to the weld toe as illustrated in Fig. 1. 

 
Table 1 Types of Hot Spots 

Type Description 

a Hot spot at the weld toe on plate surface 

b Hot spot at the weld toe around the plate edge 

 
 

Fig. 1 Types of Hot Spots 

 

1.1.4
 The method for calculation of hot spot stress at weld toe for any welded details is given in 3.1 except for 
web-stiffened cruciform joints. The method for calculation of local stress for non-welded area is given in 3.2.
1.1.5
 The method for calculation of hot spot stress at web-stiffened cruciform joints such as hopper knuckle 
connection, transverse bulkhead lower stool to inner bottom connection and horizontal stringer heel is given in 4.
1.1.6
 Attention is to be given to limitations of the hot spot stress methodology for simple connections given in 5. 
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2. FE Modelling 

2.1 General
2.1.1
 Evaluation of hot spot stresses for fatigue assessment requires the use of very fine finite element meshes in way 
of areas of high stress concentration. These very fine mesh zones may be incorporated into the global model as 
shown in Fig. 2. The coarse mesh model of the cargo holds is to be made according to Ch 7, Sec 2, 2.4. Alternatively, 
this very fine mesh analysis can be carried out by means of separate local finite element models with very fine mesh 
zones in conjunction with the boundary conditions obtained from a global model of the cargo holds. Typical local 
finite element models of a hopper knuckle with very fine mesh are shown in Fig. 3, Fig. 4, and Fig. 5.
2.1.2 Corrosion model
 The very fine mesh finite element models used for fatigue assessment are to be made using net thickness, 50nt , 
in accordance with Ch 9, Sec 1, 5.1.
2.1.3 Separate local FE model
 Where a separate local finite element model is used, the extent of the local model is to be such that the 
calculated stresses are not significantly affected by the imposed boundary conditions and application of loads. The 
boundary of the fine mesh model is to be taken at adjacent primary supporting members such as girders, stringers and 
floors in the cargo hold model as far as practicable. Transverse web frames, stringer plates and girders at the 
boundaries of the local model need not be represented in the local model.
2.1.4
 The evaluation of hot spot stress for  a  type hot spot is to be based on shell element of mesh size 5050 nn tt  , 
where 50nt  is the net thickness of the plate in way of the considered hot spot. The evaluation of hot spot stress for a 
 b  type hot spot is to be based on shell element of mesh size 10 10 mm. The aforementioned mesh size is to be 
maintained within the very fine mesh zone, extending over at least 10 elements in all directions from the fatigue hot 
spot position. The transition of element size between the coarser mesh and the very fine mesh zone is to be done 
gradually and an acceptable mesh quality is to be maintained. This transition mesh is to be such that a uniform mesh 
with regular shape gradually transitions from smaller elements to larger ones. An example of the mesh transition in 
way of the side frame bracket toe is shown in Fig. 6.
2.1.5
 Four-node shell elements with adequate bending and membrane properties are to be used inside the very fine 
mesh zone. The four node element is to have a complete linear field of in-plane stresses and hence pure in-plane 
bending of the element can be exactly represented. In case of steep stress gradients, 8 node thin shell elements are to 
be used if deemed practical. The shell elements are to represent the mid plane of the plating. For practical purposes, 
adjoining plates of different thickness may be assumed to be median line aligned, i.e. no staggering in way of 
thickness change is required. The geometry of the weld and construction misalignment is not required to be modelled.
2.1.6
 All structure in close proximity to the very fine mesh zones is to be modelled explicitly with shell elements. 
Triangular elements are to be avoided where possible. Use of extreme aspect ratio (e.g. aspect ratio greater than 3) 
and distorted elements (e.g. element s corner angle less than 60 degrees or greater than 120 degrees) are to be 
avoided.
2.1.7
 Where stresses are to be evaluated on a free edge, such as cut-outs for stiffener connections at web frames, edge 
of plating and hatch corners, beam elements having the same depth as the adjoining plate thickness and negligible 
width is to be used to obtain the required local edge stress values. 

2.2 Hopper Knuckle Welded Connection
2.2.1
 In addition to the general requirements in 2.1, the modelling requirements in this sub-article are applicable to the 
modelling of bilge hopper lower-knuckle and upper-knuckle welded connections.
2.2.2
 Where a separate local finite element model is used, the minimum extent of the local model is to be according to 
the following: 
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(a) Longitudinally, the model is to cover two web frame spaces (i.e. one web frame space extending either side 
of the transverse web frame of interest). Transverse web frames at the end of the local model need not be 
represented in the local model. 

(b) Vertically, the model is to extend from the baseline to the lower stringer in the double side water ballast 
tank for tankers and double skin bulk carriers. For single skin bulk carriers, the model is to extend from the 
baseline to the top of the hopper ballast tank. Where a fatigue assessment is also carried out for the upper 
knuckle connection, the model is to be extended to four longitudinal spaces above the lower stringer in the 
double side ballast tank. 

(c) Transversely, for the hopper lower knuckle, the model is to extend from the ship side to 4 longitudinal 
spaces inboard of the double bottom side girder. For the upper hopper knuckle, the model is to extend from 
the ship side to the double bottom side girder. 

2.2.3
 Any scarfing brackets on the web frame adjoining the inner bottom plating, the first longitudinal stiffeners away 
from the knuckle hot spot as well as any carlings and brackets offset from the main frames are to be modelled 
explicitly using shell elements. Longitudinal stiffeners further away from the knuckle may be modelled by beam 
elements. The inner bottom plate  overhang  outboard of the girder is to be modelled using shell elements up to the 
extent of the scarfing bracket. Away from the scarfing bracket in longitudinal direction, the inner bottom plate 
 overhang  may be modelled using line elements of equivalent the area. Any perforations, such as cut-outs for cabling, 
pipes and access that are within one stiffener space from the knuckle point are to be modelled explicitly.
2.2.4
 Fig. 3, Fig. 4 and Fig. 5 show typical local finite element models of the hopper knuckle connection and close-up 
views of the 5050 nn tt   mesh zone. 

2.3 Horizontal Stringer Heel Connection
2.3.1
 In addition to the general requirements in 2.1, the modelling requirements in this sub-article are applicable to the 
modelling of horizontal stringer heel connections.
2.3.2
 Where a separate local finite element model is used, the minimum extent of the local model is to be according to 
the following: 

(a) Longitudinally, the model is to cover one web frame space away from the stringer heel to at least one web 
frame space ahead of the stringer toe. Transverse web frames at the end of the local model need not be 
represented in the local model. 

(b) Vertically, the model is to extend at least to the next stringer level above and below the concerned stringer 
heel location. 

(c) Transversely, the model is to extend from the ship side to a half of the tank width in case of a stringer heel 
located at the inner hull longitudinal bulkhead. In case of stringer heel located at other longitudinal 
bulkheads the model is to extend transversely up to half the tank width on either side of the concerned 
stringer heel. 

2.3.3
 Shell elements are to be used for modelling the stringer heel connection and adjacent stiffeners. The first 
longitudinal and vertical stiffeners away from the heel hot spot are to be modelled explicitly using shell elements. 
Longitudinal and vertical stiffeners further away from the hot spot may be modelled by beam elements. Fig. 7 shows 
a typical finite element model of the stringer heel connection with the very fine mesh zone having 5050 nn tt   mesh 
size. 

2.4 Lower Stool   Inner Bottom Connection
2.4.1
 In addition to 2.1, the modelling requirements in this sub-article are applicable to the assessment of the 
connection between lower stool plate and inner bottom plate.
2.4.2
 The minimum extent of the local model is as follows: 
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(a) Vertically, from the bottom shell to a level at least 2m above the inner bottom or up to the connection of the 
corrugation to the upper shelf plate of the lower stool, whichever is greater. 

(b) The local model is to be extended transversely to the nearest diaphragm web in the lower stool on each side 
of the fine mesh zone (i.e. to the adjacent double bottom girder). The end diaphragms need not be 
modelled. 

(c) Longitudinally, the model is to cover one floor space aft of the aft lower stool   inner bottom connection 
and one floor space forward of the forward lower stool   inner bottom connection. 

2.4.3
 Diaphragm webs, brackets inside the lower stool and stiffeners on the stool plates are to be modelled at their 
actual positions within the extent of the local model. Shell elements are to be used for modelling of diaphragms and 
brackets. The first vertical or horizontal stiffeners on the lower stool plate and the first longitudinal stiffeners on the 
inner bottom are to be represented by shell elements, other stiffeners may be represented by beam elements. Fig. 8
shows a typical finite element model of the lower stool - inner bottom connection with very fine mesh zone having 

5050 nn tt   mesh size. 

2.5 Lower Stool   Corrugated Bulkhead Connection
2.5.1
 In addition to 2.1, the modelling requirements in this sub-article are applicable to the assessment of the 
connection between lower stool plate and corrugated bulkhead.
2.5.2
 The minimum extent of the local model is as follows:

(a) Vertically, from the bottom of the lower stool to a level at least 2m above the upper shelf plate of the lower 
stool. 

(b) The local model is to be extended transversely to the nearest diaphragm web in the lower stool on each side 
of the fine mesh zone (i.e. to the adjacent double bottom girder). The end diaphragms need not be 
modelled. 

(c) Longitudinally, the model is to cover one floor space aft of the aft lower stool   inner bottom connection 
and one floor space forward of the forward lower stool   inner bottom connection. 

2.5.3
 Diaphragm webs, brackets inside the lower stool and stiffeners on the stool plates are to be modelled at their 
actual positions within the extent of the local model. Shell elements are to be used for modelling of diaphragms, and 
bracket. The first vertical or horizontal stiffeners on the lower stool plate are to be represented by shell elements, 
other stiffeners may be represented by beam elements. Fig. 9 shows a typical finite element model of the lower stool 
- corrugated bulkhead connection with very fine mesh zone having 5050 nn tt   mesh size. 

2.6 Side Frame Bracket to Hopper Sloping Plate Connections
2.6.1
 In addition to the general requirements in 2.1, the modelling requirements in this sub-article are applicable to the 
modelling of a side frame to hopper sloping plate bracket connections.
2.6.2
 Shell elements are to be used for modelling the side frame bracket, hopper tank sloping plate and adjacent 
stiffeners. Fig. 10 shows a typical finite element model of the side frame bracket to hopper sloping plate connection 
with the very fine mesh zone having 5050 nn tt   mesh size. 
2.6.3
 Where a separate local finite element model is used, the minimum extent of the local model is to be according to 
the following: 

(a) Longitudinally, the model is to cover two web frame spaces (i.e. one web frame space extending either side 
of the bracket connection of interest). Transverse web frames at the end of the local model need not be 
represented in the local model. 

(b) Vertically, the model is to extend from the baseline to the bottom of the topside tank sloping plate.
(c) Transversely, the model is to extend from the ship side to the adjacent double bottom side girder. 
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2.7 Side Frame Bracket to the Upper Sloping / Flat Bottom Wing Tank Connections
2.7.1
 In addition to the general requirements in 2.1, the modelling requirements in this sub-article are applicable to the 
modelling of a side frame bracket to upper sloping/flat bottom wing tank connections.
2.7.2
 Shell elements are to be used for modelling the side frame bracket, upper sloping or flat bottom plate and 
adjacent stiffeners. Fig. 11 shows a typical finite element model of the side frame bracket to upper sloping wing tank 
with the very fine mesh zone having 5050 nn tt   mesh size.  

2.7.3
 Where a separate local finite element model is used, the minimum extent of the local model is to be according to 
the following:  

(a) Longitudinally, the model is to cover two web frame spaces (i.e. one web frame space extending either side 
of the bracket connection of interest). Transverse web frames at the end of the local model need not be 
represented in the local model. 

(b) Vertically, the model is to extend from the deck level to the top of the hopper sloping plate. 
(c) Transversely, the model is to extend from the ship side to the end of upper sloping/flat bottom wing tank.  

2.8 Hatch Corners and Hatch Coaming End Bracket
2.8.1
 In addition to the general requirements in 2.1, the modelling requirements in this sub-article are applicable to the 
modelling of hatch corners/hatch coaming end bracket. The selection of hatch corners / hatch coaming end bracket 
for fatigue analysis is to be determined based on the level of stresses obtained from the cargo hold FE analysis.
2.8.2
 Where separate local finite element models are used, the model extents are to be according to the following:

(a) Transversely, over the half-breadth of the ship,
(b) Longitudinally, from the midpoint of the cargo hold in which the concerned hatch corners/hatch coaming 

end bracket is located to the adjacent cargo hold up to and including the full width of the cross deck nearest 
to the concerned hatch corners/hatch coaming end bracket. 

(c) Vertically, from the top plate of coaming to the intersection of the topside tank sloping plate with the side 
or inner side shell. 

2.8.3
 The primary supporting members and coaming stays are to be represented by shell finite elements having both 
membrane and bending properties. Fig. 12 shows a typical FE model of the toe connection of a longitudinal hatch 
coaming end bracket to the deck plating with the very fine mesh zone having 5050 nn tt   mesh size.  
2.8.4
 The level of FE mesh refinement is to be such as to enable stress concentrations arising from the hatch corner 
geometry to be captured in the hot spot stress. The plate edge of hatch opening corners at the level of upper deck and 
cross deck structure is to be assessed. The free edge of hatch coaming end bracket and bracket toe welded connection 
to the deck plating are also to be assessed. Beam elements having the same depth as the adjoining plate thickness and 
negligible width are to be used at a plate edge of hatch opening corners or free edge of the hatch coaming end bracket 
to obtain the required local edge stress values as outlined in 2.1.7.
2.8.5
 The local structural geometry, particularly in the areas of concern, is to be represented. The hatch corner area is 
to be meshed using elements with a sufficiently small size to capture the local stress on the edge. In general, a 
minimum of 15 elements in a 90 degree arc are to be used to describe the curvature of the hatchway radius plating for 
a rounded corner (see Fig. 13). For an elliptical or parabolic corner, a minimum of 15 elements are to be used from 
the inboard radius end to a point on the edge located at half the longitudinal distance of the semi- major axis. A total 
of 20 elements are to be used at the elliptical edge of the hatch corner (see Fig. 14). However, the element edge 
dimensions along the free edge of the radius need not be less than the thickness of the plating being represented and 
also should not be greater than 5 times the thickness of the plating being represented. Except where necessary from 
practical meshing considerations, this level of idealisation is to be maintained over the bracket plating and is to 
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extend into the stringer plating, deck plating and coaming. Mesh transitions should not be arranged close to bracket 
toes. 

2.9 Boundary Conditions
2.9.1 Cargo hold model
 The boundary conditions to be applied to the ends of the cargo hold model are to be in accordance with Ch 7, 
Sec 2, 2.5.
2.9.2 Separate local finite element model
 Where a separate local finite element model is used for evaluating the hot spot stress range, the boundary 
conditions and application of loads are to be in accordance with Ch 7, Sec 3, 4.2. 

 
Fig. 2 Very Fine Mesh Areas Incorporated Directly into the Cargo Hold Model 
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Fig. 3 Local Very Fine Mesh Model ( 5050 nn tt  ) of Hopper Knuckle Connection between Inner Bottom and Hopper 
Plate 

 
 

Fig. 4 Local Very Fine Mesh Model ( 5050 nn tt  ) of Hopper Knuckle Connection between Inner Bottom, Hopper 
Plate, Web Frame, Girder and Bracket 
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Fig. 5 Local Very Fine Mesh Model ( 5050 nn tt  ) of Upper Hopper Knuckle Connection between Inner Side 
Shell and Hopper Plate 

 
 

Fig. 6 Transition Area Between Coarse and Very Fine Mesh 
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Fig. 7 Finite Element Model of Stringer Heel Connection 

 
 

Fig. 8 Local FE Model of Lower Stool Connection between Inner Bottom and Lower Stool Plate, 5050 nn tt   
Mesh 
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Fig. 9 Local Finite Element Model of Lower Stool - Corrugated Bulkhead Connection between Corrugated 
Bulkhead and Lower Stool Plate, 5050 nn tt   Mesh 

 
 

Fig. 10 Local Finite Element Model of Side Frame Bracket, 5050 nn tt   Mesh 
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Fig. 11 Local FE Model of Upper Side Frame Bracket, 5050 nn tt   Mesh 

 
 

Fig. 12 Local FE Model of Longitudinal Hatch Coaming End Bracket to the Deck Plating with Very Fine Mesh 
Zone, 5050 nn tt   Mesh 
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Fig. 13 Mesh Density for Rounded Hatch Corner 

 
 

Fig. 14 Mesh Density for Elliptical Hatch Corner 

 
 

3. Hot Spot Stress for Details Different from Web-stiffened Cruciform Joints 

3.1 Welded Details
3.1.1
 For hot spot type  a , the structural hot spot stress, HSs , is calculated from a finite element analysis with 

5050 nn tt   mesh density and is obtained by the following formula:  
ss  = 12.1HS  

where: 
s : Surface principal stress, in N/mm2, read out at a distance 2/50nt  away from the intersection line. 

50nt : Plate net thickness, in mm, in way of the weld toe. 
 At structural details where the hot spot type  a  is classified as a web-stiffened cruciform joint, the stress read 
out procedure of 4.2 is to be applied.
 For hot spot type  b , the stress distribution is not dependent on the plate thickness; the structural hot spot stress, 

HSs , is derived from a finite element analysis with mesh density 10 10 mm and is obtained by the following 
formula:  

ss  = 12.1HS  
where: 
s : Surface principal stress, in N/mm2, read out at an absolute distance from the intersection line of 5 mm. 

3.1.2 Stress read out methods
 Depending on the element type, one of the following stress read out method is to be used:

･ With 4-node shell element: 
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Element surface stress components at the centre points are linearly extrapolated to the line A-A as shown in 
Fig. 15 to determine the stress components for load case  i1  and  i2  at the stress read out point located at 
a distance 2/50nt  from the intersection line for type  a  hot spot. Two principal hot spot stress ranges are 
determined at the stress read out point from the stress components tensor differences (between load case 
 i1  and  i2 ) calculated from each side (side L, side R) of line A-A. The angle q  between the direction x 
of the element co-ordinate system and the principal direction pX of the principal hot spot stress range 
co-ordinate system has to be determined. 

･ With 8-node shell element: 
With a 5050 nn tt   element mesh using 8-node element type, the element mid-side node is located on the 
line A-A at a distance 250nt  for type  a  hot spots. This node coincides with the stress read out point. 
The element surface stress components for load case  i1  and  i2  can be used directly without 
extrapolation within each adjacent element located on each side (side L, side R) of the line A-A as 
illustrated in Fig. 16. Two principal hot spot stress ranges are determined at the stress read out point from 
the stress components tensor difference (between load case  i1  and  i2 ) calculated from each side of line 
A-A. The angle q  between the direction x of the element coordinate system and the principal direction pX 
of the principal hot spot stress range coordinate system has to be determined. 

 For fatigue assessment of type  b  hot spots, a beam element is to be used to obtain the fatigue stress range. The 
stress range is to be based on axial and bending stress in the beam element. The beam element is to have the same 
depth as the connecting plate thickness while the in-plane width is negligible. 

 
Fig. 15 Determination of Stress Read out Points and Hot Spot Stress for 4-node Element 

 
 

Fig. 16 Determination of Stress Read out Points and Hot Spot Stress for 8-node Element 

 
 

3.1.3
 The above read out procedure is based on element surface stresses. Generally, in FE software the element 
stresses are calculated at the Gaussian integration points located inside the element. Depending on the element type 
implemented in the FE software, it may be necessary to perform several interpolations in order to determine the 
actual stress at the considered stress read out point at the surface of the element mid-point or element edge. 
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3.2 Base Material
3.2.1
 For fatigue assessment at a free plate edge, a beam element is to be used to obtain the fatigue stress range. The 
beam element is to have the same depth as the connecting plate thickness while the in-plane width should be 
negligible. 

3.3 Bent Hopper Knuckle
3.3.1
 The hot spot stress at the inner bottom/hopper sloping plate in transverse and longitudinal directions (i.e. hot 
spots 1, 2 and 3 defined in Ch 9, Sec 2, Table 5) of a bent hopper knuckle is to be taken as the surface principal 
stress read out from a point shifted away from the intersection line between the considered member and abutting 
member by the weld leg length. 
 The hot spot stress, in N/mm2, is obtained by the following formula:  

shiftHS ss =  

where: 
shifts : Surface principal stress, in N/mm2, at the shifted read out position as defined in 4.2.1 and taken as: 

)()( shiftbendingshiftmembraneshift xx sss +=  
)( shiftbending xs : Bending stress, in N/mm2, at shiftx  position. 

)( shiftmembrane xs : Membrane stress at shiftx  position, in N/mm2. 

3.3.2
 The procedure for calculation of hot spot stress at flange such as inner bottom /hopper sloping plate is the same
that for web-stiffened cruciform joints as described in 4.2.1. The procedure that applies for hot spots on the ballast 
tank side of the inner bottom/hopper plate in way of a bent hopper knuckle is in principle the same as that applied on 
the cargo tank side of the inner bottom plate for welded knuckle in Fig. 18 and Fig. 19. The intersection line is taken 
at the mid-thickness of the joint assuming median alignment. The plate angle correction factor and the reduction of 
bending stress as applied for a web-stiffened cruciform joint in 4.2.2 are not to be applied for the bent hopper knuckle 
type.
3.3.3
 The stress at hot spots located in way of the web such as transverse web and side girder (i.e. hot spots 4, 5 and 6 
defined in Ch 9, Sec 2, Table 5) at a bent hopper knuckle type is to be derived as described for web-stiffened 
cruciform joints in 4.3.1. 

4. Hot Spot Stress for Web-stiffened Cruciform Joint 

4.1 Applicability
4.1.1
 Among the structural details to be assessed listed in Ch 9, Sec 2, Table 3 the following structural details are 
considered as a web-stiffened cruciform joint: 

(a) Welded hopper knuckle connection, shown in Fig. 17.
(b) Heel of horizontal stringer, shown in Fig. 17.
(c) Lower stool   inner bottom connection.

 Two kinds of hot spots relative to the web-stiffened cruciform joints are to be assessed:
･ Hot spots at the flange of web-stiffened cruciform joint,
･ Hot spots in way of the web of web-stiffened cruciform joint.

4.1.2
 The procedure for calculating hot spot stress at flange of web-stiffened cruciform joint is given in 4.2.
4.1.3
 The procedure for calculating hot spot stress in way of the web of the web-stiffened cruciform joint is given in 
4.3. 
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Fig. 17 Web-stiffened Cruciform Joints 

 

4.2 Calculation of Hot Spot Stress at the Flange
4.2.1
 For hot spot at the flange of web-stiffened cruciform joints, the surface principal stress is to be read out from a 
point shifted away from the intersection line between the considered member and abutting member to the position of 
the actual weld toe and multiplied by 1.12. The intersection line is taken at the mid-thickness of the cruciform joint 
assuming a median alignment.
 The hot spot stress, in N/mm2, is to be obtained as: 

shiftHS ss 12.1=  

where: 
shifts : Surface principal stress, in N/mm2, at shifted stress read out position. 

 The stress read out point shifted away from the intersection line is obtained as: 

wt
n

shift xtx += -

2
501  

where: 
501 nt - : Net plate thickness of the plate number 1, in mm, as shown in Fig. 18 

wtx : Extended fillet weld leg length, in mm, as defined in Fig. 18, not taken larger than 501 nt - . 
4.2.2
 The stress at the shifted position is derived according to the following formula and illustrated in Fig. 19: 

[ ] bsss   += )(60.0)( shiftbendingshiftmembraneshift xx  

where: 
)( shiftbending xs : Bending stress, in N/mm2, at the shifted position taken as: 

)()()( shiftmembraneshiftsurfaceshiftbending xxx sss -=  
)( shiftsurface xs : Total surface stress at shiftx  position (including membrane stress and bending stress), 

in N/mm2. 
)( shiftmembrane xs : Membrane stress at shiftx  position, in N/mm2. 

b : Plate angle hot spot stress correction factor, taken as: 
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a : Angle, in deg, between the plates forming a web-stiffened cruciform joint as shown in Fig. 19. 
 Correction factors for connections with plate angles intermediate to those given should be derived based on a 
linear interpolation of the above values. The calculated hot spot stress is to be used in conjunction with the hot spot 
S-N curve for weld toe connections according to Ch 9, Sec 3, 4.2. 
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Fig. 18 Geometrical Parameters of Web-stiffened Cruciform Connections 

 
 

Fig. 19 Procedure for Calculation of Hot Spot Stress at Web-stiffened Cruciform Connections 

 
 

Fig. 20 Determination of Stress Read out Points for Web-stiffened Cruciform Connections 

 

4.2.3
 Surface principal stresses at the centre point of the two first elements on left and right side of the line A-A are 
averaged and taken as the surface principal stresses in way of the web position (line A-A). The surface principal 
stresses for load case  i1  and  i2  are linearly interpolated along the line A-A in order to determine hot spot 
principal stresses at the stress read out point located at the shiftx  position as shown in Fig. 20. The two principal hot 

spot stress ranges are determined at the stress read out point between load case  i1  and  i2 . 

4.3 Calculation of Hot Spot Stress in the Web
4.3.1
 Hot spots located in way of the web as indicated in Fig. 21 are to be checked with the hot spot stress defined 
from the maximum principal surface stress at the intersection offset by the distance shiftx  from the vertical and 

horizontal element intersection lines as illustrated in Fig. 21. The intersection line is taken at the mid thickness of the 
cruciform joint assuming a median alignment. The hot spot stress, in N/mm2, is to be obtained as: 

shiftHS ss =  

where: 
shifts : Maximum principal surface stress, in N/mm2, at the intersection offset by the distance shiftx . 

 The stress read out point at the intersection offset is obtained as: 
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wt
n

shift x
t

x += -

2
503  

where: 
503 nt - : Net plate thickness of the web, in mm, as shown in Fig. 21 

wtx :  Extended fillet weld leg length, in mm, taken as: 
),min( 21 leglegwtx ll=  

21, legleg ll : Leg length, in mm, of the vertical and horizontal weld lines as shown in Fig. 21. 

 
Fig. 21 Hot Spots in way of Web 

 
),min( 21 leglegwtx ll=  

5. Limitations of Hot Spot Stress Approach 

5.1 Scope of Application of Hot Spot Stress Approach
5.1.1
 The hot spot stress approach given in Ch 9, Sec 1, 2.3.1 is not applicable for simple cruciform joints and simple 
T-joints when the stress flow in direction I as shown in Fig. 22 is considered. For stresses in the direction normal to 
the weld at hot spot location  c  (direction I) there is no stress flow into the transverse plating as it is represented 
only by one plane in the shell model. However, it attracts stresses for in-plane direction (direction II) at hot spot 
location  a .
 In situations where a bracket is fitted behind the transverse plate as shown in Fig. 1, acting with stiffness in the 
direction normal to the transverse plate, stresses flow also into the transverse plate and the hot spot methodology is 
considered applicable.
5.1.2
 The hot spot stress at position  c  for simple cruciform joints and simple T-joints is to be determined by the 
stress read out procedure given in 3.1 multiplied by a geometrical stress concentration factor of 1.3 and is taken as: 

ss 12.13.1  =HS  
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Fig. 22 Illustration of Check Points in way of a Welded Attachment under Orthogonal Applied in Plane Loads 

 

6. Screening Fatigue Assessment 

6.1 Screening Procedure
6.1.1 Assumptions
 The screening fatigue procedure is based on:

･ Screening hot spot stress obtained by multiplying the stresses calculated from fine mesh analysis according 
to Ch 7, Sec 3 by the stress magnification factor of the considered structural detail. 

･ Mean stress effect and thickness effect are used according to Ch 9, Sec 3, 3.2 and Ch 9, Sec 3, 3.3.
6.1.2 Procedure 
 The screening fatigue procedure includes the following three phases:

(a) Phase 1: Calculation of fatigue stress. 
･ Stresses are calculated at the stress read out point from the fine mesh element analysis with elements 

size of 50   50 mm, according to Ch 7, Sec 3 for all fatigue load cases defined in Ch 9, Sec 1, 7, for 
all loading conditions. Stresses to be used are element average membrane components stress defined in 
6.2.3. 

･ Hot- spot surface stress components are calculated for each load case  i1  and  i2  from the stresses 
multiplied by the stress magnification factor h , taken as: 
･ )(1,)(1, jisjiHS hss =  
･ )(2,)(2, jisjiHS hss =  

･ Hot spot principal surface stress ranges are the difference of hot spot stress components obtained for 
each load case  i1  and  i2 . 

･ Fatigue stress ranges for welded joints are determined from hot spot principal surface stress ranges 
with correction factor for mean stress and thickness effect. 

where: 
)(1, jiss : Stress calculated from the fine mesh analysis in load case  i1  of loading condition (j) defined in 

6.2. 
)(2, jiss : Stress calculated from the fine mesh analysis in load case  i2  of loading condition (j) defined in 

6.2. 
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h  : Stress magnification factor given in Table 2. 
(b) Phase 2: Selection of S-N curve. 

The S-N curve D defined in Ch 9, Sec 3, 4 is to be used with the fatigue stress range of weld toe in 
screening fatigue procedure. 

(c) Phase 3: Calculation of fatigue damage and fatigue life according to 6.1.3. 
 

Table 2 Stress Magnification Factor 
Ship type Structural detail category Bulk hold Stress magnification 

factor 
Oil tanker Toe of stringer - 2.45 

Bracket toe of transverse web frame - 1.65 
Bulk carrier Lower hopper welded knuckle FA(1) 2.28 

EA or C(1) 2.00 
Lower stool -
Inner bottom 

Non vertical 
(knuckle angle > 90 ) 

FA(1) 1.81 
EA or C(1) 1.47 

Vertical 
(knuckle angle = 90 ) 

FA(1) 2.09 
EA or C(1) 2.75 

(1)  FA and EA means  full cargo hold in alternate loading condition  and  empty cargo hold in alternate loading 
condition  respectively, C means cargo hold of BC-B and BC-C bulk carriers. 

6.1.3 Screening fatigue criteria
 The total fatigue damage and the fatigue life of screened details are to comply with the criteria given in Ch 9, 
Sec 3, 2.
 Structural details that do not comply with the acceptance criteria are to be checked with respect to fatigue 
strength using a very fine mesh finite element analysis as described in Ch 9, Sec 5. 

6.2 Stress Read out Procedure
6.2.1 Bracket toe
 For bracket toe, the stress read out point is located at a 50 mm distance away from the bracket toe as shown in 
Fig. 23. 

 
Fig. 23 Stress Read out Point at Bracket Toe 

 

6.2.2 Knuckle detail
 For the lower hopper knuckle and for the connection between transverse bulkhead lower stool and inner bottom, 
the stress read out point is located at a 50 mm distance away from the knuckle line (i.e. model intersection line) as 
shown in Fig. 24.  
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Fig. 24 Stress Read out Point of Knuckle Detail 

 

6.2.3 Read out point stress
 The average of membrane stress components at the centre of four elements, modelled with elements size of 50   
50 mm connected to the stress read out point (or node) can be used as read out point stress.
 When the element size is less than 50   50 mm, the stress of read out point can be derived using elements in an 
equivalent area as shown in Fig. 25.

 
Fig. 25 Equivalent Area for Element Size less than 50   50 mm 
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Section 6 DETAIL DESIGN STANDARD 

Symbols 

For symbols not defined in this section, refer to Ch 1, Sec 4.
 

1. General 

1.1 Purpose
1.1.1
 Design standard provides fatigue resistant detail design at an early stage in the structural design process by 
giving consideration to the following aspects: 

･ Application of fatigue design principles.
･ Construction tolerances and other practical considerations.
･ In-service experience and fatigue performance.

1.1.2
 The design standard is to be applied to the design of ship structural details in following steps:

･ Highlighting potential critical areas within the ship structure.
･ Identification of the fatigue hot spot locations for each of the critical structural details.
･ Provision of a set of alternative improved configurations from which a suitable solution can be selected.
･ Requirements on geometrical configurations, scantlings, welding requirements and construction tolerances.
･ Post fabrication method of improving fatigue life, such as weld toe grinding. 

1.2 Application
1.2.1
 The structural details described in this section are to be designed according to the given design standard but 
alternative detail design configurations may be accepted subject to demonstration of satisfactory fatigue performance.
 For the details given in Ch 9, Sec 2, Table 3, the fatigue assessment by very fine mesh finite element analysis 
may be omitted if the detail is designed in accordance with the design standard given in this section. 

2. Stiffener-frame Connections 

2.1 Design Standard A
2.1.1
 Designs for cut outs in cases where web stiffeners are omitted or not connected to the longitudinals are required 
to adopt tight collar or the improved design standard  A  as shown in Table 1 or equivalent, for the following 
members: 

･ Side shell below 1.1Tsc.
･ Bottom.
･ Inner hull longitudinal bulkhead below 1.1Tsc.
･ Topside tank sloping plating below 1.1Tsc.
･ Hopper.
･ Inner bottom.

2.1.2
 Designs that are different from those shown in Table 1 are acceptable subject to demonstration of satisfactory 
fatigue performance, e.g. by using comparative finite element analysis. The comparative FE analysis is to be 
performed following the modelling guidance given in Fig. 1. 
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Fig. 1 Finite Element Model for Verification of Equivalent Design 

 
 

2.2 Equivalent Design of Stiffener-frame Connections
2.2.1
 If the required designs for stiffener-frame connections in 2.1 are not followed, the alternative design is to be 
verified to have equivalent fatigue strength to the design standard  A  or to be verified to have satisfactory fatigue 
performance. The alternative design is to be verified according to the procedure given in 2.2.2 to 2.2.5 and 
documentation of results is to be submitted to the Society.
2.2.2
 The procedure of 2.2.3 and 2.2.4 is provided to verify the alternative design to have equivalent fatigue strength 
with respect to any position in the transverse ring, i.e. double bottom and double side. The hot spot stress of the 
alternative design and that of the required design is to be compared to the critical hot spots in way of the cut-out. The 
critical hot spots depend on the detail design and are to be selected in agreement with the Society. The hot spot stress 
is to be derived according to Ch 9, Sec 5, 3.1 and Ch 9, Sec 5, 3.2. It is to be noted that welded hot spots at the free 
edge are classified as hot spot type  b . Example of typical hot spots for checking is shown in Ch 9, Sec 2, 2.
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Table 1 Design Standard A   Stiffener-frame Connection 

Cut outs for longitudinals in transverse webs where web stiffeners 
are omitted or not connected to the longitudinal flange 

Design standard A 

1 2 

  

3 4 

  

Note 1: Soft toes marked  *  are to be dimensioned to suit the weld leg length such that smooth transition from the 
weld to the curved part can be achieved. Maximum 15 mm or thickness of transverse web/collar plates/lug 
plates whichever is the greater. 

Note 2: Configurations 1 and 4 indicate acceptable lapped lug plate connections. 

Critical location 
Locations around cut-out with high stress concentration and locations in way of weld 
terminations. 

Detail design standard 
Improved slot shape to avoid high stress concentrations in transverse webs due to shear 
loads and local pressure loads transmitted via welded joints. 

Building tolerances 
Ensure alignment of all connecting members and accurate dimensional control of cut-outs 
according to IACS Recommendation No. 47. 

Welding requirements 
A wraparound weld, free of undercut or notches, around the transverse web connection to 
longitudinal stiffener web. 
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2.2.3
 The very fine mesh finite element models are made to analyse the behaviour in way of double side or double 
bottom. The models should have an extent of 3 stiffeners in cross section, i.e. 4 stiffener spacings, and the 
longitudinal extent is to be one half frame spacing in both forward and aft direction. A typical model is shown in 
Fig.1. No cut-outs for access openings are to be included in the models. Connection between the lug or the 
web-frame to the longitudinal stiffener web, connections of the lug to the web-frame and free edges on lugs and 
cut-outs in web-frame are to be modelled with elements of net plate thickness size (tn50  tn50). The mesh with net 
plate thickness size should extend at least five elements in all directions. Outside this area, the mesh size may 
gradually be increased in accordance with the requirements in Ch 9, Sec 5, 2. The eccentricity of the lapped lug 
plates is to be included in the model. Transverse web and lug plates are to be connected by eccentricity elements 
(transverse plate elements). The height of eccentricity element is to be the distance between mid-layers of transverse 
web and lug plates having a thickness equal to 2 times the net thickness of web-frame plate tw-n50. Eccentricity 
elements representing fillet welds are shown in Fig. 2.

 
Fig. 2 Modelling of Eccentric Lug Plate by Shell Elements 

 
2.2.4
 Three load cases are to be applied to the models of the design standard and alternative designs:

･ External pressure of unit value, fixed boundary conditions at top and bottom of model.
･ Shear stress by prescribed unit displacement at the model top and fixed boundary conditions at the model 

bottom. 
･ Axial load by prescribed unit displacement at the model top and fixed boundary conditions at the model 

bottom. 
 The forward and aft part of the model should have symmetry condition describing the behaviour in a double hull 
structure. Load application and boundary conditions are provided in Fig. 3.

 
Fig. 3 Load Application and Boundary Conditions   FE Model for Verification of Alternative Design 

 
2.2.5
 The alternative design may also be verified to have satisfactory fatigue performance using sub-modelling 
technique where a very fine mesh model of the alternative design located at the actual position of the stiffener-frame 
connection is analysed. The alternative design is considered acceptable if the fatigue acceptance criterion of Ch 9, 
Sec 1 is achieved. The fatigue acceptance criterion is checked by applying the methodology described in Ch 9, Sec 1, 
Ch 9, Sec 3 and Ch 9, Sec 5. The alternative design is considered acceptable only for the particular position where it 
is analysed. 

-n50 
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3. Scallops in way of Block Joints 

3.1 Design Standard B
3.1.1
 Scallops in way of block joints in the cargo tank/hold region, located on the stiffeners fitted on strength deck, 
and side above 0.9D from the baseline, are required to be designed according to the design standard B as shown in 
Table 2. 

4. Hopper Knuckle Connection 

4.1 Design Standard C to H
4.1.1
 The welded knuckle between hopper plating and inner bottom plating for double-hull oil tankers is to be 
designed according to the design standard C in Table 3. The design standard D in Table 4 may be used as an 
alternative to increase fatigue strength at the hopper connection.
4.1.2
 The welded knuckle between hopper plating and inner bottom plating for bulk carriers is to be designed 
according to the design standard E in Table 5.
4.1.3
 The radiused knuckle between hopper plating and inner bottom plating is to be designed according to the design 
standard F in Table 6 for double hull oil tankers.
 Alternative structural arrangements may be accepted based on verification in accordance with Ch 9, Sec 5, 3.3.
4.1.4
 The radiused knuckle between hopper plating and inner bottom plating for bulk carriers is to be designed 
according to the design standard G in Table 7.
4.1.5
 The radiused knuckle between hopper plating and inner side plating for oil tankers and double side bulk carriers 
is to be designed according to the design standard H in Table 8.
4.1.6
 In general, the prescribed minimum requirements for welding, weld dressing and building tolerances as given in 
Table 3 to Table 8 are to be followed. Alternative positioning and/or dispensation of some support structure, such as 
transverse and longitudinal brackets may be accepted subject to demonstration of acceptable fatigue lives. Inserts 
and/or weld dressing additional to those prescribed may be required as a consequence of hot spot fatigue analysis. 
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Table 2 Design Standard B   Scallops in way of Block Joints 

Welding of deck stiffeners in way of block joints 

Critical areas Design standard B 

 

 

 

 

 
 

Note 1 :  Alternative scallop geometry to that shown in option II may be 
accepted subject to demonstration of satisfactory fatigue life 
based on hull girder loads taking into account additional stress 
concentration factor in way of weld 

Critical locations 

 

Critical location 
Welding of deck stiffeners in way of block joints in cargo tank region, the strength deck and side 
above 0.9 D from the baseline. 

Detail design standard All scallops are to be fitted according to detail design standard B. 

Building tolerances Ensure alignment of all structural members according to IACS Recommendation No. 47. 

Welding requirements 
Full penetration butt weld, free of undercut or notches, around the web and flange of the 
longitudinal stiffener at block joints, particularly in way of the weld termination at the scallop for 
option II. 
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Table 3 Design Standard C   Hopper Knuckle Connection Detail, Welded, without Bracket, Double Hull Oil 
Tanker 

Connections of floors in double bottom tanks to hopper tanks 
Hopper corner connections employing welded inner bottom and hopper sloping plating 

Critical areas Design standard C 

 

 

Critical locations 

 

Minimum requirement  
As a minimum, detail design standard C or D is to be fitted. The ground surface is to be protected by a 
stripe coat of suitable paint composition, where the lower hopper knuckle region of cargo tanks is not 
coated. 

Critical location 
Hopper sloping plating connections to inner bottom plating in way of floors. Floor connections to 
inner bottom plating and side girder in way of hopper corners. 

Detail design standard 
Elimination of scallops in way of hopper corners, extension of inner bottom plating to reduce level of 
resultant stresses arising from cyclic external hydrodynamic pressure, cargo inertia pressure and hull 
girder loads. Scarfing bracket thickness is to be close to that of the inner bottom in way of the knuckle. 

Building tolerances 
Median line of hopper sloping plate is to be in line with the median line of the girder with an 
allowable tolerance of tas-built/3 or 5 mm, whichever is less, where tas-built is the as-built side girder 
thickness. The allowable tolerance is to be measured parallel to the inner bottom. 

Welding requirements  

Full or partial penetration welding is to be applied to hopper sloping plating and inner bottom plating 
connection. Partial penetration welding is to be applied to connections of side girder to inner bottom 
plating, to connections of floors to inner bottom plating and to side girder, to connections of hopper 
transverse webs to sloping plating, to inner bottom and to side girder in way of the hopper knuckle. 
Definition of full and partial penetration welding and their required extent are given in Ch 12, Sec 3
Weld between hopper plating and inner bottom plating to be enlarged and ground smooth. Visible 
undercuts are to be removed, see Ch 9, Sec 3, 6.
Weld enlargement and grinding are applicable to minimum 200 mm on each side of the floor. 
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Table 4 Design Standard D   Hopper Knuckle Connection Detail, Welded, with Bracket, Double Hull Oil Tanker 

Connections of floors in double bottom tanks to hopper tanks 
Hopper corner connections employing welded inner bottom and hopper sloping plating 

Critical areas Design standard D 

 

 

 

Note1:  Bracket to be fitted inside cargo tank.
Note2:  Bracket to extend approximately to the first longitudinal.
Note3:  The bracket toes are to have a soft nose design.
Note4:  Bracket material to be same as that of inner bottom.
Note5:  Slenderness of bracket to be in accordance with Ch 8, Sec 2, 5.2. 

Critical locations 

 

Minimum requirement  As a minimum, detail design standard C or D is to be applied. 

Critical location 
Hopper sloping plating connections to inner bottom plating in way of floors. Floor connections to 
inner bottom plating and side girder in way of hopper corners. The bracket connection to inner bottom 
and hopper sloping plate. 

Detail design standard 
Elimination of scallops in way of hopper corners, extension of inner bottom plating to reduce level of 
resultant stresses arising from cyclic external hydrodynamic pressure, cargo inertia pressure and hull 
girder loads. Scarfing bracket thickness similar to that of the inner bottom in way of the knuckle.  

Building tolerances 
Median line of hopper sloping plate is to be in line with the median line of girder with an allowable 
tolerance of tas-built /3 or 5 mm, whichever is less, where tas-built is the as-built side girder thickness.  

Welding requirements  

Partial penetration welding is to be applied to hopper sloping plating and inner bottom plating 
connection, to connections of side girder to inner bottom plating, to connections of floors to inner 
bottom plating and to side girder, to connections of hopper transverse webs to sloping plating, to inner 
bottom and to side girder in way of the hopper knuckle. 
Partial penetration welding is to be applied to the bracket connections to inner bottom and hopper 
sloping plate, full penetration welding is to be applied at bracket toes. Definition of full and partial 
penetration welding and their required extent are given in Ch 12, Sec 3. 
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Table 5 Design Standard E   Hopper Knuckle Connection Detail, Welded, Bulk Carrier 

Connections of floors in double bottom tanks to hopper tanks 
Welded knuckle connection of hopper tank sloping plating to inner bottom plating 

Critical areas Design standard E 

 

 

 

Critical locations 

 

Minimum requirement 

As a minimum, detail design standard E is to be fitted.
Ballast holds: No scallops or close scallops with collars; scarfing bracket; intermediate bracket if floor 
spacing greater than 2.5 m.
Dry holds: No scallop or close scallops with collars and scarfing bracket. 

Critical location 
Hopper sloping plating connections to inner bottom plating in way of the floors. Floor connections to 
inner bottom plating and side girder in way of the hopper knuckle. 

Detail design standard 

Elimination of scallops in way of hopper knuckle, extension of inner bottom plating to reduce level of 
resultant stresses arising from cyclic external hydrodynamic pressure, cargo inertia pressure and hull 
girder loads. Scarfing bracket net thickness is to be minimum 80% of that of the inner bottom in way of 
knuckle and steel material to be of the same yield strength. 

Building tolerances 
Median line of hopper sloping plate is to be in line with the median line of girder with an allowable 
tolerance of tas-built /3 or 5 mm, whichever is less, where tas-built is the as-built side girder thickness. 

Welding requirements 

Full or partial penetration welding is to be applied to hopper sloping plating and inner bottom plating 
connection for the length of the cargo hold. Partial penetration welding is to be applied to connections 
of side girder to inner bottom plating, to connections of floors to inner bottom plating and to side 
girder, to connections of hopper transverse webs to sloping plating, to inner bottom and to side girder 
in way of the hopper knuckle. Weld between hopper plating and inner bottom plating is to be enlarged 
and ground smooth. Visible undercuts are to be removed. Weld enlargement and grinding are 
applicable to minimum 200 mm on each side of the floor. Definition of full and partial penetration 
welding and their required extent are given in Ch 12, Sec 3. 
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Table 6 Design Standard F   Hopper Knuckle Connection Detail, Radiused Type, for Double Hull Oil Tanker 

Connections of floors in double bottom tanks to hopper tanks 
Hopper corner connections employing radiused knuckle between inner bottom and hopper sloping plating 

Critical areas Design standard F 

 

 
 

 
Note 1: Distance from side girder to centre of knuckle is to be as small as 

practicable, but is not to exceed 50 mm. 
Note 2: The knuckle radius is not to be less than 4.5tas-built or 100 mm, 

whichever is the greater, where tas-built is the as-built thickness of the 
knuckle part. 

Note 3: Additional transverse brackets offset at a suitable distance on either 
side of transverse floor/hopper connection. 

Note 4: Additional longitudinal bracket on the side of sloping plate.
Note 5: Longitudinal and/or transverse brackets may be omitted if it can be 

demonstrated that the girder provides sufficient support at the 
knuckle line, i.e. that fatigue requirements according to Ch 9, Sec 5
and local strength analysis requirements according to Ch 7, Sec 3
are fulfilled. 

Critical locations 

 

 

Critical location 
Floor and hopper transverse web connections to inner bottom plating and hopper sloping plate, 
respectively and to side girder in way of hopper knuckle. Side girder connections to inner bottom 
plating in way of floors.  
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Detail design standard 

Elimination of scallops in way of hopper/girder connection and additional transverse and longitudinal 
brackets to reduce peak and range of resultant stresses arising from cyclic external hydrodynamic 
pressure, cargo inertia pressure, and hull girder global loading, and provide additional support to 
sloping plate. 

Building tolerances 
The nominal distance between the centres of thickness of the two abutting members (e.g. floor and 
hopper web plate) is not to exceed 1/3 of the as-built thickness of the side girder. 

Welding requirements  

Full penetration welding is to be applied to connections of floors to hopper/inner bottom plating in 
way of radiused hopper knuckle. Partial penetration welding is to be applied to connections of 
floors/hopper transverse webs to the side girder in way of hopper corner, and to connections of side 
girder to hopper/inner bottom plating. Definition of full and partial penetration welding and their 
required extent are given in Ch 12, Sec 3. In order to improve the fatigue strength, weld enlargement 
and grinding are applicable to full and partial penetration welds with a minimum distance of 300 mm
from the intersection point between the radiused knuckle, the floor and the side girder. 
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Table 7 Design Standard G   Hopper Knuckle Connection Detail, Radiused Type, Bulk Carrier 

Connections of floors in double bottom tanks to hopper tanks 
Hopper corner connections employing radiused knuckle between inner bottom and hopper sloping plating 

Critical areas Design standard G 

 

 
Intermediate bracket arrangement (Section B-B).
Two intermediate brackets at both sides of floor/transverse web. 

 

Note 1: Distance from side girder to centre of knuckle is to be as small as 
practicable, but is not to exceed 50 mm. 

Note 2: The knuckle radius is not to be less than 4.5tas-built or 100 mm, 
whichever is the greater, in cases where tas-built is the as-built 
thickness of the knuckle part. 

Note 3: Additional transverse brackets on both side of transverse 
floor/hopper connection. 

Note 4: Transverse brackets may be omitted if it can be demonstrated that 
the girder provides sufficient support at the knuckle line, i.e. that 
fatigue requirements according to Ch 9, Sec 5 and local strength 
analysis requirements according to Ch 7, Sec 3 are fulfilled. 

Critical locations 

 

 

Critical location 
Side girder connections to inner bottom plating in way of floors. Floor and hopper transverse web 
connections to inner bottom plating and hopper sloping plate, respectively, and to side girder in way 
of hopper corners. 

Detail design standard 

Elimination of scallops in way of hopper/girder connection.
Ballast holds: Intermediate brackets fitted at approximately 0.5 floor space from floor/hopper web.
Dry holds: Intermediate brackets fitted at 0.5 floor space from floor/hopper web if floor spacing is 
equal to or greater than 2.5 m. 
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Building tolerances 
The nominal distance between the centres of thickness of the two abutting members (e.g. floor and 
hopper web plate and additional supporting brackets) should not exceed 1/3 of the as-built thickness of 
the side girder. 

Welding requirements 

Full penetration welding is to be applied to connections of floors to hopper /inner bottom plating in 
way of radiused hopper knuckle. Partial penetration welding is to be applied to connections of 
floors/hopper transverse webs to side girder in way of hopper corners, to connections of side girder to 
hopper /inner bottom plating. Definition of full and partial penetration welding and their required 
extent are given in Ch 12, Sec 3. 
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Table 8 Design Standard H   Upper Hopper Knuckle Connection Detail, Radiused Type, Oil Tankers and Double 
Side Bulk Carrier 

Connections of transverse webs in double side tanks to hopper tanks 
Hopper corner connections employing radiused knuckle between side longitudinal bulkhead and hopper sloping plating 

Critical areas Design standard H 

 

 
 

Note 1: Distance from side stringer to centre of knuckle is to be as small as 
practicable, but is not to exceed 50 mm. 

Note 2: The knuckle radius is not to be less than 4.5tas-built or 100 mm, 
whichever is the greater, where tas-built is the as-built thickness of the 
knuckle part, according to Ch 12, Sec 1, 3 and 4. 

Note 3: Additional transverse brackets offset at a suitable distance on either 
side of transverse floor/hopper connection. 

Note 4: Additional longitudinal bracket on the side of sloping plate.
Note 5: Longitudinal and/or transverse brackets may be omitted if it can be 

demonstrated that the girder provides sufficient support at the 
knuckle line, i.e. that fatigue requirements according to Ch 9, Sec 5
and local strength analysis requirements according to Ch 7, Sec 3
are fulfilled. 

Critical locations 

 

 

Critical location 
Side stringer connections to side longitudinal bulkhead in way of transverse webs. Double side tank 
transverse web and hopper transverse web connections to side longitudinal bulkhead and to side 
stringers in way of hopper corners. 

① 

① 
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Detail design standard 
Elimination of scallops in way of hopper corners, closer knuckle distance from side stringers. 
Additional longitudinal/transverse brackets to reduce peak and range of resultant stresses arising from 
cyclic external hydrodynamic pressure and cargo inertia pressure. 

Building tolerances 
The nominal distance between the centres of thickness of the two abutting members should not exceed
1/3 of the as-built thickness of the side stringer. 

Welding requirements  

Partial penetration welding is applied to connection of side stringers to side longitudinal bulkhead, 
connection of double side tank transverse webs to side longitudinal bulkhead and to side stringers, 
connection of hopper transverse webs to sloped side longitudinal bulkhead and to side stringers in way 
of hopper corners. Small scallops of suitable shape, which are to be closed by welding after 
completion of the continuous welding of side stringers to longitudinal bulkhead, are to be provided 
where scallops are eliminated. Definition of full and partial penetration welding and their required 
extent are given in Ch 12, Sec 3. 
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5. Horizontal Stringer Heel 

5.1 Design Standard I
5.1.1
 The horizontal stringer heel location between transverse oil-tight/swash bulkhead plating and inner hull 
longitudinal bulkhead plating for double hull oil tankers are required to be designed according to design standard I, as 
shown in Table 9.
 

Table 9 Design Standard I   Transverse Bulkhead Horizontal Stringer Heel 

Connections of horizontal stringer on plane oil-tight transverse bulkheads or 
wash bulkheads to inner hull longitudinal bulkheads 

Critical areas Design standard I 

 

 
 

 
Note 1: Where a face plate is considered necessary, it is 

recommended that design features be adopted to 
reduce the stress concentration at the face plate 
termination (e.g. taper and soft nose). Adequate 
fatigue life of the weld on the bracket edge in way 
of such terminations is to be confirmed. 

Note 2:  Slit type cut-outs are to be adopted in way of the 
bracket toe as shown. Alternatively, cut-outs with 
insert type collars will be accepted. Scallops are to 
be avoided.  

Critical locations 

 

Critical location 
Intersections of webs of transverse bulkhead horizontal stringer and double side tank side stringer
forming square corners. 

Detail design standard 

A soft toe backing bracket is to be fitted. The following bracket sizes are recommended: 
･ VLCC: 800 800 30, R600 with soft toe as shown in figure above,
･ Other tankers: 800 600 25, R550 with soft toe as shown in figure above, where the longer 

arm length is in way of the inner skin. 
The specified minimum yield stress for the bracket is not to be less than 315 N/mm2. The free edge is 
to be ground smooth with corners rounded. 

Building tolerances 
The nominal distance between the centres of thickness of the two abutting members should not 
exceed 1/3 of the as-built plate thickness of the inner hull longitudinal bulkhead. 

Welding requirements 

Vertical weld between the inner hull plating and transverse bulkhead plating, fillet welding having 
minimum weld factor 0.44.
Welding between the backing bracket and the adjoining plates is to be double sided fillet welding 
having minimum weld factor 0.44 except in way of the bracket toes. Full penetration welding is to be 
used for the connection of bracket toes to the inner hull and transverse bulkhead plating for a distance 
of 200 mm from the toes and the weld toes are to be ground smooth in way. 



－560－

2019 Rules for the Survey and Construction of Steel Ships (Part CSR-B&T Part 1 Chapter 9 Section 6)

6. Bulkhead Connection to Lower and Upper Stool 

6.1 Design Standard J, K and L
6.1.1
 The welded connection of bulkhead to lower stool of bulk carriers and oil tankers are to be designed according 
to the design standard J and K respectively, as shown in Table 10 and Table 11.
6.1.2
 The welded connection of bulkhead to upper stool of bulk carriers are to be designed according to the design 
standard L, as shown in Table 12.
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Table 10 Design Standard J   Transverse Bulkhead Connection Detail, Bulk Carrier (Ballast hold) 

Connections of transverse bulkhead with lower stool 

Critical areas Design standard J 

 

 

 

 

Critical locations 

 

Critical location 
Connections of lower stool shelf plate to lower stool and corrugated transverse bulkheads.
Connections of shedder plates to corrugated transverse bulkhead. 

Detail design standard 

The use of scallops is to be avoided on diaphragms/web at lower stool top plates.
Gusset plates are to be fitted to corrugated bulkheads.
Gusset plates are to be made out of the same material and have the same as-built thickness as 
corrugated bulkheads; and, the height of gusset plates is to be greater than half of breadth of the 
corrugation.
To reduce stress concentrations at the crossing of the shedder plates one plate is to be moved higher 
than the other (as shown in Figure). Alternatively, bracketed stiffener can be fitted at the crossing 
points underneath the shedder plating facing the ballast hold. 

Building tolerances 
Ensure alignment between lower stool sloping plates and corrugation faces according to IACS 
Recommendation No. 47. 

Welding requirement 

Full penetration welding is to be applied between lower stool top plates and the side plating of lower 
stools and corrugated bulkheads.
Partial or full penetration welding is to be applied around gusset plates. However, full penetration 
welding is to be applied between lower stool top plates and gusset plates.
Ensure start and stop of welding is as far away as practicable from the critical corners. 
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Table 11 Design Standard K   Transverse or Longitudinal Corrugated Bulkhead Connection Detail, Oil Tanker 

Connections of transverse or longitudinal bulkhead with lower stool - oil tanker 

Critical areas Design standard K 

 

 

 

 

Critical locations 

 

 

Critical location Connections of lower stool top plate to corrugated transverse or longitudinal bulkheads. 

Detail design standard 
The use of scallops is to be avoided on diaphragms/web at lower stool top plates.
Supporting brackets are to be fitted in line with corrugation web as required in Ch 6, Sec 4, 2.6.2. 
Scallop is not permitted in the supporting bracket. 

Building tolerances 
Ensure alignment between lower stool side plates and corrugation faces according to IACS
Recommendation No. 47. 

Welding requirement  

Full or partial penetration welding is to be applied between lower stool top plates and the side plating 
of lower stools.
Full penetration welding is to be applied between lower stool top plates and vertical corrugated 
bulkheads.
Full or partial penetration welding is to be applied between lower stool top plates and supporting 
brackets.
Ensure start and stop of welding is as far away as practicable from the critical corners.
Connection  J , as shown in the figure, of in line supporting bracket to stool top plate and side plate of 
lower stool is to be full or partial penetration welding, on minimum 300 mm from the corner. 

 

① 

① 

① 
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Table 12 Design Standard L   Transverse Bulkhead Connection Detail, Bulk Carrier (Ballast hold) 

Connections of transverse bulkhead with sloped plate of upper stool 

Critical areas Design standard L 

 

 

 

Critical locations 

 

Critical location Connections of corrugated transverse bulkhead to the topside tank sloping plating and upper stool. 

Detail design standard 

The use of scallops is to be avoided on diaphragms/web at upper stool bottom plates.
Gusset plates are to be fitted between the face plates of corrugated bulkheads in way of heavy ballast 
hold.
In way of heavy ballast hold, a deep transverse web or well-stiffened backing stiffener is to be 
provided in the topside tank in line with the face plate of the bulkhead corrugations to ensure that the 
loads are effectively dissipated.
Gusset plates are to have a thickness and material properties not less than those required for 
corrugation flanges. 

Building tolerances 
Ensure alignment between the face plates of corrugated bulkheads with the stool side plates as well as 
the watertight bulkheads and deep transverse web (or well-stiffened backing stiffener) in the topside 
tanks according to IACS Recommendation No. 47. 

Welding requirement 

･ Partial or full penetration welding is to be applied between upper stool bottom plates and 
corrugation. 

･ Fillet welding having minimum weld factor of 0.44 is to be applied between upper stool 
bottom plates and upper stool side plating. 

･ Fillet welding having minimum weld factor of 0.44 is to be applied between upper stool 
bottom plates and diaphragms/web rings. 

Ensure start and stop of welding is as far away as practicable from the critical corners in all holds. 
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Table 13 Design Standard M   Connection Details for Vertically Corrugated Bulkheads in Cargo Tanks and 
Heavy Ballast Hold 

Connections of vertically corrugated bulkhead to inner bottom/hopper plating without stool 

Critical areas Design standard M 

 

Detail of in line bracket: 

 
Note 1: Brackets are to be arranged below inner bottom and hopper 

tank plating in line with corrugation webs. 
Note 2: Where gusset plate with shedder plate according to Ch 6, Sec 4, 

2.6.4 item b, is provided, in line bracket may be omitted on the 
side of gusset plate. 

Critical locations 

 

Critical location - 

Material and scantling 
requirement 

Inner bottom and hopper tank plating in way of corrugations is to be in accordance to Ch 6, Sec 4, 
2.6.4.
Floors/girders and hopper web that support corrugation flange is to be in accordance to Ch 6, Sec 4, 
2.6.4.
Supporting bracket aligned with corrugation web is to be in accordance with Ch 8, Sec 2, 5.2 and Ch 
6, Sec 4, 2.6.4. 

Detail design standard 
Supporting brackets are to be fitted in line with corrugation web as required in Ch 6, Sec 4, 2.6.2. 
Scallop is not permitted in the supporting bracket. 

Building tolerances 
Median line of corrugation is to be in line with the median line of the supporting members with an 
allowable tolerance of tas-built /3 or 5 mm, whichever is less, where tas-built is the inner bottom 
thickness. 

Welding requirement 

For the connection of vertically corrugated bulkheads to the inner bottom/hopper plating, full 
penetration welding is to be provided in according to Ch 12, Sec 3, 2.4.
For the connection of supporting structures to inner bottom/hopper plating, partial or full penetration 
welding is to be provided in accordance with Ch 12, Sec 3, 2.4.
Partial or full penetration welding is also to be applied for the connection of in line brackets below 
corrugation web in accordance with Ch 12, Sec 3, 2.4 on minimum 300 mm from the corner. 
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7. Bulkhead Connection to Inner Bottom 

7.1 Design Standard M
7.1.1
 The connection of vertically corrugated bulkhead to inner bottom/hopper plating of cargo tanks and heavy 
ballast hold are to be designed according to the design standard M, as shown in Table 13. 

8. Lower and Upper Toe of Hold Frame 

8.1 Design Standard N
8.1.1
 The welded connections of lower and upper bracket toes of hold frame of bulk carriers are to be designed 
according to design standard N, as shown in Table 14.

 
Table 14 Design Standard N   Lower and Upper Toe Detail of Hold Frame - Bulk Carrier 

Lower and upper hold frame connections 

Critical areas Design standard N 

  
 

Examples of the soft and extended toes at the end of hold frames. 
 

 
 

Connection of lower and upper end bracket of hold frame. 

Critical locations 

 

 

Minimum requirement 
As a minimum the detail design standard N is to be applied. Tapered extended toes are more effective and 
are to be considered for high tensile steel side shell frame. 

Critical location 
Toe connection of side shell frame lower and upper brackets to the hopper and topside sloping plates, 
including face plate terminations. 
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Detail design standard 

Alternative geometries than stipulated above are permissible subject to demonstration of satisfactory fatigue 
performance. However, the maximum angles shown on the figures for thickness chamfering and face width 
tapering are not to be exceeded. Bracket toe height and the distance between the face plate termination and 
start of the toe radius (or toe taper) are to be kept to a minimum.
The face plates of hold frames at lower or upper brackets are to be tapered and chamfered as shown. While 
chamfering may be dispensed with if the thickness of the face plates is less than 25 mm, it is nevertheless a 
recommended practice, with a larger gradient if necessary.
Frames are to be built-up symmetrical sections with integral upper and lower brackets and are to be 
arranged with soft or elongated toes as shown. The side frame flange is to be curved (not knuckled) at the 
connection with the end brackets.
Where the frame upper brackets are not positioned directly below a ring web, supporting brackets are to be 
provided. In the design ensure that if a topside tank stiffener is positioned above the end of frame upper 
bracket, the stiffener cut-out is avoided or closed with a full collar. Increasing the size of supporting 
brackets will reduce stress concentrations in the critical area.
Where the frame lower brackets are not positioned directly above a ring web, supporting brackets are to be 
provided. In the design ensure that if a hopper tank stiffener is positioned below the end of the frame lower 
bracket, the stiffener cut-out is avoided or closed with a full collar. Increasing the size of supporting 
brackets will reduce stress concentrations in the critical area. 

Building tolerances 

Ensure alignment between side shell frame lower and upper bracket and transverse ring webs or supporting 
brackets according to IACS Recommendation No. 47. Maximum misalignment is to be not greater than 
tas-built /3 where tas-built is the thinner as-built thickness of the webs to be aligned and misalignment is the 
overhang of the as-built thinner thickness. 

Welding requirement 
Welding is to comply with Ch 12, Sec 3, 3.
In way of the wrap around weld at the face plate termination, care should be taken to ensure no over- run 
onto the radius part and the toe is free from notches and undercut. 
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9. Hatch Corner 

9.1 Design Standard O
9.1.1
 Hatch corners in the cargo hold region, located on the strength deck of bulk carriers are required to be designed 
according to design standard O, as shown in Table 15.

 
Table 15 Design Standard O   Hatch Corner of Bulk Carriers 

Hatch corner (bulk carriers) 

Design standard O 

 

 without insert plate with insert plate 

Critical location Hatch corner curve 
Curved Radius 

Transition insert plate to deck plating 

Detail design standard 
Shape of hatch corner as required by  

Pt 2, Ch 1, Sec 2 

Radius and insert plate dimensions and 
thickness as required by Pt 2, Ch 1, Sec 2.
Insert plate has to be tapered for smooth 
thickness transition to deck plating, the 
transition taper length has to be not less than 
3 times the offset. 

Post-treatment Grinding of cut edge within the radius Grinding of cut edge within the radius 
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Chapter 10 OTHER STRUCTURES 

Section 1 FORE PART 

Symbols 

For symbols not defined in this section, refer to Ch 1, Sec 4. 
pa ： Correction factor for the panel aspect ratio to be taken as： 

a
b

p 1.2
2.1 -=a  but not to be taken as greater than 1.0. 

fbdg： Bending moment factor taken as： 

 
ø

ö
ç
è

æ +=
2

18 s
bdg

n
f  

ns： End fixation factor taken as： 
ns = 0 for both ends with low end fixity (simply supported).
ns = 1 for one end fixed and one end simply supported.
ns = 2 for continuous members or members with bracketed fitted at both ends 

1. General 

1.1 Application
1.1.1
 The requirements of this section apply to the following structures of the fore part as defined in Ch 1, Sec 1, 
2.4.2：

・ Fore peak structures.
・ Stem.

 In addition, the requirements of this section apply to structure subjected to impact loads：
・ Flat bottom forward, according to 3.2.
・ Bow area, according to 3.3. 

2. Structural Arrangement 

2.1  Floors and Bottom Girders
2.1.1 Floors
 In case of transverse framing, solid floors are to be fitted at each web frame location.
 In case of longitudinal framing, the spacing of solid floors is not to be greater than 3.5 m or four transverse 
frame spaces, whichever is smaller.
 The minimum depth of the floor at the centreline is not to be less than the required depth of the double bottom of 
the foremost cargo hold. See Ch 2, Sec 3, 2.3.
2.1.2 Bottom girders
 A supporting structure is to be provided at the centreline either by extending the centreline girder to the stem or 
by providing a deep girder or centreline bulkhead.
 Where a centreline girder is fitted, the minimum depth and thickness is not to be less than that required for the 
depth of the double bottom in the neighbouring cargo hold region, and the upper edge is to be stiffened.
 In case of transverse framing, the spacing of bottom girders is not to exceed 2.5 m.
 In case of longitudinal framing, the spacing of bottom girders is not to exceed 3.5 m.
2.1.3 Alternative design verification
 This spacing, defined in 2.1.1 and 2.1.2 may be increased, if the designer performs a verification of the bottom 
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structure by means of grillage analysis or FE analysis and provides their full documentation. The acceptance criteria 
to be applied are defined in Ch 6, Sec 6, 3. A FE analysis is to be performed under consideration of the requirements 
provided in Ch 7. 

2.2 Wash Bulkheads
2.2.1
 Where a centreline wash bulkhead is fitted, the lowest strake is to have thickness not less than required for a 
centreline girder.
 Where a longitudinal wash bulkhead supports bottom transverses, the details and arrangements of openings in 
the bulkhead are to be configured to avoid areas of high stresses in way of the connection of the wash bulkhead with 
bottom transverses. 

2.3 Side Shell Supporting Structure
2.3.1 Web frames
 The spacing of web frames, S, in m as defined in Ch 1, Sec 4, Table 5, is to be taken as： 

S = 2.6 + 0.005LCSR, but not to be taken greater than 3.5 m. 
 Perforated flats are to be fitted to limit the effective span of web frames to not greater than 10 m.
2.3.2 Stringers
 The transverse framing forward of the collision bulkhead stringers are to be spaced approximately 3.5 m apart. 
Stringers are to have an effective span not greater than 10 m, and are to be adequately supported by web frame 
structures.
2.3.3 Alternative design verification
 The spacing of web frames and stringers may be increased, if the designer performs a verification of the side 
shell supporting structure by means of beam analysis or FE analysis and provides their full documentation.
 The acceptance criteria to be applied are defined in Ch 6, Sec 6, 3. A FE analysis is to be performed under 
consideration of the requirements provided in Ch 7. 

2.4 Tripping Brackets
2.4.1
 For side shell and tank walls, located forward of the collision bulkhead and vertically framed, tripping brackets 
spaced not more than 2.6 m are to be fitted, according to Fig. 1, between primary supporting members, decks and/or 
platforms.
 The as-built thickness of the tripping brackets is not to be less than the as-built thickness of the side frame webs 
to which they are connected.

 
Fig. 1 Tripping Brackets 

 

2.5 Bulbous Bow
2.5.1 General
 Where a bulbous bow is fitted, the structural arrangements are to be such that the bulb is adequately supported 
and integrated into the fore peak structure.
2.5.2 Diaphragm plates
 At the forward end of the bulb the structure is generally to be supported by horizontal diaphragm plates spaced 
about 1 m apart in conjunction with a deep centreline web.
 In general, vertical transverse diaphragm plates are to be arranged in way of the transition from the peak framing 
to the bulb framing.
2.5.3 Special bulbous bow designs
 In way of a wide bulb, additional strengthening in the form of a centreline wash bulkhead is generally to be 
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fitted.
 In way of a long bulb, additional strengthening in the form of transverse wash bulkheads or substantial web 
frames is to be fitted.
2.5.4 Strengthening for anchor and chain cable contact
 The shell plating is to be increased in thickness at the forward end of the bulb and also in areas likely to be 
subjected to contact with anchors and chain cables during anchor handling. The increased plate thickness is to be the 
same as that required for plated stems given in 4.1.1. 

3. Structure subjected to Impact Loads 

3.1 General
3.1.1 Application
 The requirements of this sub-section cover the strengthening requirements for local impact loads that may occur 
in the forward structure. The impact loads to be applied in 3.2 and 3.3 are described in Ch 4, Sec 5, 3.
3.1.2 General scantling requirements
 The requirements of 3.2 and 3.3 are to be applied in addition to applicable scantling requirements in Ch 6. Local 
scantling increases due to impact loads are to be made with due consideration given to details and avoidance of hard 
spots, notches and other harmful stress concentrations. 

3.2 Bottom Slamming
3.2.1 Application
 Where the minimum draughts forward, TF-e or TF-f, as specified in Ch 4, Sec 5, 3.2.1, are less than 0.045LCSR, the 
bottom forward is to be additionally strengthened to resist bottom slamming pressures.
 The draughts for which the bottom has been strengthened are to be indicated on the shell expansion plan and 
loading guidance information, as required in Ch 1, Sec 5.
 The load calculation point of the primary supporting members is specified in Ch 3, Sec 7, 4.
3.2.2 Extent of strengthening
 The strengthening is to extend forward of 0.3LCSR from the FP over the flat of bottom and adjacent plating with 
attached stiffeners up to a height of 500 mm above the baseline, see Fig. 2.

 
Fig. 2 Extent of Strengthening against Bottom Slamming  

 
 Outside the region strengthened to resist bottom slamming the scantlings are to be tapered to maintain continuity 
of longitudinal and/or transverse strength.
3.2.3 Design to resist bottom slamming loads
 The design of end connections of stiffeners in the bottom slamming region is to provide end fixity, either by 
making the stiffeners continuous through supports or by providing end brackets complying with Ch 3, Sec 6, 3.2. 
Where it is not practical to comply with this requirement, the net plastic section modulus, Zpl-alt, in cm3, for alternative 
end fixity arrangements is not to be less than： 

bdg

pl
altpl f

Z
Z

16
=-  

where：
Zpl： Net plastic section modulus, in cm3, as required by 3.2.5. 

 Scantlings and arrangements of primary supporting members, including bulkheads in way of stiffeners, are to 
comply with 3.2.7. 
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3.2.4 Shell plating
 The net thickness of the hull envelope plating, t, in mm, is not to be less than： 

eHa

SL

d

p

RC
P

C
b

t
a0158.0

=  

where：
Cd： Plate capacity correction coefficient taken as： 

3.1=dC  
Ca： Permissible bending stress coefficient taken as： 

Ca = 1.0 for acceptance criteria set AC-I. 
3.2.5 Shell stiffeners
 The shell stiffeners within the strengthening area defined in 3.2.2 are to comply with the following criteria：

(a) The net plastic section modulus, Zpl, in cm3, is not to be less than： 

eHsbdg

bdgSL
pl RCf

sP
Z

2
l

=  

where：
Cs： Permissible bending stress coefficient taken as：  

Cs = 0.9 for acceptance criteria set AC -I. 
(b) The net web thickness, tw, in mm, is not to be less than： 

eHtshr

shrSL
w Cd

sPt
t2

l
=  

where：
Ct： Permissible shear stress coefficient taken as： 

Ct = 1.0 for acceptance criteria set AC-I. 
(c) The slenderness ratio is to comply with Ch 8, Sec 2.

3.2.6 Bottom slamming load area for primary supporting members
 The scantlings of primary supporting members according to 3.2.7 are based on the application of the slamming 
pressure defined in Ch 4, Sec 5, 3.2 to an idealised slamming load area of hull envelope plating, ASL, in m2, given by： 

1000
1.1 bCSR

SL
CBLA =  

3.2.7 Primary supporting members
 The size and number of openings in web plating of the floors and girders is to be minimised considering the 
required shear area as given in (a)： 

(a) Net shear area 
The net shear area, Ashr-n50, in cm2, of each primary supporting member web at any position along its span is 
not to be less than： 

eHt

SL
nshr C

QA
t

1050 =-  

where：
QSL： The greatest shear force due to slamming for the position being considered, in kN, based on the 

application of a patch load, FSL to the most onerous location, as determined in accordance with (b)
or (c). 

Ct： Permissible shear stress coefficient taken as： 
Ct = 0.9 for acceptance criteria set AC-I. 

(b) Simplified calculation of slamming shear force 
For simple arrangements of primary supporting members, where the grillage effect may be ignored, the 
shear force, QSL, in kN, is given by： 

SLdistptSL FffQ =  

where：
fpt： Correction factor for the proportion of patch load acting on a single primary supporting member, 

taken as 
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( )225.0 23 +-= SLSLpt fff  

fSL: Patch load modification factor taken as： 

S
bf SL

SL 5.0=
 

fdist: Factor for the greatest shear force distribution along the span, according to Fig. 3.
FSL: Patch load, in kN, taken as： 

SLSLSLSL bPF l=  

SLl : Extent of slamming load area along the span, in m, taken as： 

SLSL A=l  but not to be greater than 0.5 shrl . 

bSL: Breadth of impact area supported by primary supporting member, in m, taken as： 

SLSL Ab =  but not to be greater than S. 

ASL: Surface defined in 3.2.6. 

 
Fig. 3 Distribution of fdist along the Span of Simple Primary Supporting Members 

 
(c) Direct calculation method for slamming shear force 

For complex arrangements of primary supporting members, the greatest shear force, QSL, at any location 
along the span of each primary supporting member is to be derived by direct calculation in accordance with 
Table 1. 

(d) Web thickness of primary supporting member 
The net web thickness, tw, in mm, of primary supporting members adjacent to the shell is not to be less 
than： 

23570
eHW

w
Rst =  

where：
sW： Plate breadth, in mm, taken as the spacing between the web stiffening. 
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Table 1 Direct Calculation Methods for Derivation of QSL 

Type of analysis Model extent Assumed end fixity of floors 

Beam theory 
Overall span of member between 
effective bending supports. 

Fixed at ends 

Double bottom grillage 

Longitudinal extent to be one 
cargo tank length.
Transverse extent to be between 
inner hopper knuckle and 
centreline. 

Floors and girders to be fixed at 
boundaries of the model. 

Note 1： The envelope of greatest shear force along each primary supporting member is to be derived by applying the 
load patch on a square area as defined in 3.2.6, to a number of locations along the span. 

Note 2： A more extensive model in length and breadth can be considered. 

 

3.3 Bow Impact
3.3.1 Application
 The side structure in the ship forward area is to be strengthened against bow impact pressures. The strengthening 
is to extend forward of 0.1LCSR from the FP and vertically above the minimum design ballast draught, TBAL, defined in 
Ch 1, Sec 4, 3.1.5 and forecastle deck if any. See Fig. 4.

 
Fig. 4 Extent of Strengthening against Bow Impact 

 
 Outside the strengthening area the scantlings are to be tapered to maintain continuity of longitudinal and/or 
transverse strength.
3.3.2 Design to resist bow impact loads

(a) In the bow impact strengthening area, longitudinal framing is to be carried as far forward as practicable. 
The design of end connections of stiffeners in the bow impact region are to ensure end fixity, either by 
making the stiffeners continuous through supports or by providing end brackets complying with 
Ch 3, Sec 6, 3.2. Where it is not practical to comply with this requirement, the net plastic section modulus, 
Zpl-alt, in cm3, for alternative end fixity arrangements is not to be less than： 

bdg

pl
altpl f

Z
Z

16
=-  

where：
Zpl： Effective net plastic section modulus, in cm3, required by 3.3.4. 

(b) Scantlings and arrangements of primary supporting members, including decks and bulkheads, in way of the 
stiffeners, are to comply with 3.3.6. In areas of the greatest bow impact load, the web stiffeners arranged 
perpendicular to the hull envelope plating and the double sided lug connections are to be provided.
The main stiffening direction of decks and bulkheads supporting shell framing is to be arranged parallel to 
the span direction of the supported shell frames, to protect against buckling. 
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3.3.3 Side shell plating
 The net thickness of the side shell plating, t, in mm is not to be less than： 

eHa

FB
p RC

Pbt a0158.0=  

where：
Ca： Permissible bending stress coefficient taken as： 

Ca = 1.0 for acceptance criteria set AC-I. 
3.3.4 Side shell stiffeners
 The side shell stiffeners within the strengthening area defined in 3.3.1 are to comply with the following criteria：

(a) The effective net plastic section modulus, Zpl, in cm3 in association with the effective plating to which it is 
attached, is not to be less than： 

eHsbdg

bdgFB
pl RCf

sP
Z

2
l

=  

where：
Cs： Permissible bending stress coefficient taken as： 

Cs = 0.9 for acceptance criteria set AC-I. 
(b) The net web thickness, tw, in mm, is not to be less than： 

eHtshr

shrFB
w Cd

sPt
t2

l
=  

where：
dshr： Effective web depth of stiffener, in mm, as defined in Ch 3, Sec 7, 1.4.3.
Ct： Permissible shear stress coefficient taken as： 

Ct = 1.0 for acceptance criteria set AC-I. 
(c) The slenderness ratio is to comply with Ch 8, Sec 2.

3.3.5 Bow impact load area for primary supporting members
 The scantlings of primary supporting members according to 3.3.6 are based on the application of the bow impact 
pressure, as defined in Ch 4, Sec 5, 3.3.1, to an idealised bow impact load area of hull envelope plating, ABI, in m2, is 
given by： 

1000
1.1 bCSR

BI
CBLA =  

3.3.6 Primary supporting members
(a) The section modulus of the primary supporting member is to apply along the bending span clear of end 

brackets and cross sectional areas of the primary supporting member are to be applied at the ends/supports 
and may be gradually reduced along the span and clear of the ends/supports following the distribution of 
fdist indicated in Fig. 3. 

(b) Primary supporting members in the bow impact strengthening area are to be configured to provide effective 
continuity of strength and the avoidance of hard spots. 

(c) End brackets of primary supporting members are to be suitably stiffened along their edge. Consideration is 
to be given to the design of bracket toes to minimise abrupt changes of cross section. 

(d) Tripping arrangements are to comply with Ch 8, Sec 2, 5.1.1. In addition, tripping brackets are to be fitted 
at the toes of end brackets and at locations where the primary supporting member flange is knuckled or 
curved. 

(e) The net section modulus of each primary supporting member, Zn50, in cm3, is not to be less than： 

eHSbdg

bdgBIBIFBptbdg
n RCf

fbPf
Z

2

50 1000
l-=  

where：
fbdg-pt： Correction factor for the bending moment at the ends and considering the patch load taken as： 

BIBIBIptbdg ffff 683 23 +-=-  

fBI： Patch load modification factor taken as： 
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bdg

BI
BIf

l

l
=

 
BIl ： Extent of bow impact load area, in m, along the span： 

BIBI A=l  but not to be taken as greater than bdgl . 

bBI： Breadth of impact load area, in m, supported by the primary supporting member, to be taken as 
the spacing between primary supporting members, S, as defined in Ch 1, Sec 4, Table 5, but not 
to be taken as greater than BIl . 

ABI： Bow impact load area, in m2, as defined in 3.3.5.
fbdg： Bending moment factor taken as： 

fbdg = 12 for primary supporting members with end fixed continuous flange or where brackets at 
both ends are fitted in accordance with Ch 3, Sec 6, 4.4. 

Cs： Permissible bending stress coefficient taken as： 
Cs = 0.8 for acceptance criteria set AC -I. 

(f) The net shear area of the web, Ashr-n50, in cm2, of each primary supporting member at the support/toe of end 
brackets is not to be less than： 

eHt

shrBIFBPL
nshr C

bPfA
t

l5
50 =-  

where：
fPL： Patch load modification factor taken as： 

shr

BI
PLf

l

l
=  

BIl ： Extent of bow impact load area, in m, along the span taken as, 

BIBI A=l  but not greater than shrl . 

Ct： Permissible shear stress coefficient taken as： 
Ct = 0.75 for acceptance criteria set AC -I. 

(g) The net web thickness of each primary supporting member, tw, in mm including decks/bulkheads in way of 
the side shell is not to be less than： 

crW

BIFB
w

bPt
sjsin

=  

where：
Wj ： Angle, in deg, between the primary supporting member web and the shell plate, see Fig. 5. 

crs ： Critical buckling stress in compression of the web of the primary supporting member or 

deck/bulkhead panel in way of the applied load given by Ch 8, Sec 5, 2.2.3, in N/mm2. In the 
calculation, both xs  and ys  given in Ch 8, Sec 5, 2.2.3 are to be considered and UP-B is to 

be applied. 
 

Fig. 5 Angle between Shell Primary Member and Shell Plate 

 

① 

① 
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4. Additional Scantling Requirements 

4.1 Plate Stem
4.1.1
 The net thickness, tStm in mm, is not to be less than： 

( )( ) kLSt CSRBStm 7.208.04.06.0 ++=   but need not be greater than 122 -k  
where：
SB： Spacing, in m, between horizontal stringers (partial or not), breasthooks, or equivalent horizontal 

stiffening members. 
 Starting from 0.6 m above the summer load waterline up to TSC + Cw, the net thickness may gradually be reduced 
to 0.8tStm.
4.1.2 Breasthooks and diaphragm plating
 The net thickness of breasthooks/diaphragm plates in way of bow impact strengthening area defined in 3.3.1, tw, 
in mm, is not to be less than： 

23570
eH

w
Rst =  

where：
s： Spacing of stiffeners on the web, as defined in Ch 1, Sec 4, Table 5, in mm. Where no stiffeners are 

fitted, s is to be taken as the depth of the web. 

4.2 Thruster Tunnel
4.2.1
 The net thickness of the tunnel plating, ttun, in mm, is not to be less than the net required thickness for the shell 
plating in the vicinity of the bow thruster.
 In addition, ttun is not to be taken less than： 

8.1008.0 += tuntun dt  
where：
dtun： Inside diameter of the tunnel, in mm, but not to be taken less than 970 mm. 

 Where the outboard ends of the tunnel are provided with bars or grids, the bars or grids are to be effectively 
secured. 

① 
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Section 2 MACHINERY SPACE 

1. General 

1.1 Application
1.1.1
 The requirements of this section apply to the scantlings and arrangement of structures located in the machinery 
space. It is the shipyard responsibility to design the ship in accordance with the machinery manufacturer s 
requirements. 

2. Machinery Space Arrangement 

2.1 Structural Arrangement
2.1.1
 Where openings in decks/bulkheads are provided in the machinery space, the arrangements are to support the 
deck, side, and bottom structure.
2.1.2
 All parts of the machinery, shafting, etc, are to be supported to distribute the loads into the ship s structure. The 
adjacent structure is to be suitably stiffened.
2.1.3
 Primary supporting members are to be positioned giving consideration to the provision of through stiffeners and 
in line pillar supports to achieve an efficient structural design.
2.1.4
 The spacing of web frames in way of transversely framed machinery spaces is generally not to exceed five 
transverse frame spaces. Web frames are to be connected at the top and bottom to members of suitable stiffness, and 
supported by deck transverses.
2.1.5
 End connections of side longitudinals at transverse bulkheads are to provide fixity, lateral support, and when not 
continuous are to be provided with soft-toe brackets. Brackets lapped onto the longitudinals are not to be fitted.
2.1.6
 Where a transverse framing system is adopted, deck stiffeners are to be supported by a suitable arrangement of 
longitudinal girders in association with pillars or pillar bulkheads. Where fitted, deck transverses are to be arranged in 
line with web frames to provide end fixity and transverse continuity of strength.
 Where a longitudinal framing system is adopted, deck longitudinals are to be supported by deck transverses in 
line with web frames in association with pillars or pillar bulkheads.
2.1.7
 Machinery casings are to be supported by a suitable arrangement of deck transverses and longitudinal girders in 
association with pillars or pillar bulkheads. In way of particularly large machinery casing openings, cross ties may be 
required. These are to be arranged in line with deck transverses.
2.1.8
 The foundations for main propulsion units, reduction gears, shaft and thrust bearings, and the structure 
supporting those foundations are to maintain the required alignment and rigidity under all anticipated conditions of 
loading. Consideration is to be given to the submittal of the following plans to the machinery manufacturer for 
review: 

(a) Foundations for main propulsion units.
(b) Foundations for reduction gears.
(c) Foundations for thrust bearings.
(d) Structure supporting (a), (b) and (c). 
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2.2 Double Bottom
2.2.1 Double bottom height
 The double bottom height at the centreline, irrespective of the location of the machinery space, is to be not less 
than the value defined in Ch 2, Sec 3, 2.3.1. This depth may need to be considerably increased in relation to the type 
and depth of main machinery seatings.
 The above height is to be increased by the shipyard where the machinery space is very large and where there is a 
considerable variation in draught between light ballast and full load conditions.
 Where the double bottom height in the machinery space differs from that in adjacent spaces, structural 
continuity of longitudinal members is to be provided by sloping the inner bottom over an adequate longitudinal extent. 
The knuckles in the sloped inner bottom are to be located in way of floors. Lesser double bottom height may be 
accepted in local areas provided that the overall strength of the double bottom structure is not thereby impaired.
2.2.2 Centreline girder
 The double bottom is to be arranged with a centreline girder. In way of any openings for manholes on the 
centreline girder, permitted only where absolutely necessary for double bottom access and maintenance, local 
strengthening is to be arranged.
2.2.3 Side bottom girders
 In the machinery space, the number of side bottom girders is to be adequately increased, with respect to the 
adjacent areas, to provide adequate rigidity of the structure. The side bottom girders in longitudinal stiffened double 
bottom, are to be a continuation of any bottom longitudinals in the areas adjacent to the machinery space and are 
generally to have a spacing not greater than 3 times that of longitudinals and in no case greater than 3m.
2.2.4 Girders in way of machinery seatings
 Additional side bottom girders are to be fitted in way of machinery seating.
2.2.5 Floors in longitudinally stiffened double bottom
 Where the double bottom is longitudinally stiffened, plate floors are to be fitted at every frame under the main 
engine and thrust bearing. Outboard of the engine and bearing seatings, the floors may be fitted at alternate frames.
2.2.6 Floors in transversely framed double bottom
 Where the double bottom in the machinery space is transversely stiffened, floors are to be arranged at every 
frame.
2.2.7 Manholes and wells
 The number and size of manholes in floors located in way of seatings and adjacent areas are to be kept to the 
minimum necessary for double bottom access and maintenance.
 In general, manhole edges are to be stiffened with flanges; failing this, the floor plate is to be adequately 
stiffened with flat bars at manhole sides.
 Manholes with perforated portable plates are to be fitted in the inner bottom in the vicinity of wells arranged 
close to the aft bulkhead of the engine room.
 Drainage of the tunnel is to be arranged through a well located at the aft end of the tunnel.
2.2.8 Inner bottom plating
 Where main engines or thrust bearings are bolted directly to the inner bottom, the net thickness of the inner 
bottom plating is to be at least 19 mm. Hold-down bolts are to be arranged as close as possible to floors and 
longitudinal girders. Plating thickness and the arrangements of hold-down bolts are also to consider the 
manufacturer s recommendations.
2.2.9 Heavy equipment
 Where heavy equipment is mounted directly on the inner bottom, the thickness of the floors and girders is to be 
suitably increased. 

3. Machinery Foundations 

3.1 General
3.1.1
 Main engines and thrust bearings are to be effectively secured to the hull structure by foundations of strength 
that is sufficient to resist the various gravitational, thrust, torque, dynamic, and vibratory forces which may be 
imposed on them. 
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3.1.2
 In the case of higher power internal combustion engines or turbine installations, the foundations are generally to 
be integral with the double bottom structure. Consideration is to be given to substantially increase the inner bottom 
plating thickness in way of the engine foundation plate or the turbine gear case and the thrust bearing, see Type 1 of 
Fig. 1.
3.1.3
 For main machinery supported on foundations of Type 2, as shown in Fig. 2, the forces from the engine into the 
adjacent structure are to be distributed as uniformly as possible. Longitudinal members supporting the foundation are 
to be aligned with girders in the double bottom, and transverse stiffening is to be arranged in line with the floors, see 
Type 2 of Fig. 2.
 

Fig. 1 Machinery Foundations Type 1 

 
 

Fig. 2 Machinery Foundations Type 2 

 
Note 1: Brackets are to be as large as possible. Brackets may be omitted to avoid interference with the girders of the 

engine foundation, in accordance with recommendations of the engine manufacturer. 
 

3.2 Foundations for Internal Combustion Engines and Thrust Bearings
3.2.1
 In determining the scantlings of foundations for internal combustion engines and thrust bearings, consideration 
is to be given to the general rigidity of the engine and to its design characteristics with regard to out of balance forces.
3.2.2
 Generally, two girders are to be fitted in way of the foundation for internal combustion engines and thrust 
bearings. 

3.3 Auxiliary Foundations
3.3.1
 Auxiliary machinery is to be secured on foundations that are of suitable size and arrangement to distribute the 
loads from the machinery evenly into the supporting structure. 
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Section 3 AFT PART 

Symbols 

For symbols not defined in this section, refer to Ch 1, Sec 4. 

1. General 

1.1 Application
1.1.1
 The requirements of this section apply for the scantlings and arrangement of structures located aft of the aft peak 
bulkhead. 

2. Aft Peak 

2.1 Structural Arrangement
2.1.1 Floors
 Floors are to be fitted at each frame space in the aft peak and carried to a height at least above the stern tube. 
Where floors do not extend to flats or decks, they are to be stiffened by flanges at their upper end.
 Heavy plate floors are to be fitted in way of the aft face of the horn and in line with the webs in the rudder horn. 
They may be required to be carried up to the first deck or flat. In this area, cut outs, scallops or other openings are to 
be kept to a minimum.
2.1.2 Platforms and side girders
 Platforms and side girders within the peak are to be arranged in line with those located in the area immediately 
forward.
 Where this arrangement is not possible due to the shape of the hull and access needs, structural continuity 
between the peak and the structures of the area immediately forward is to be ensured by adopting wide tapering 
brackets.
 Where the aft peak is adjacent to a machinery space whose side is longitudinally framed, the side girders in the 
aft peak are to be fitted with tapering brackets.
 Where the depth from the peak tank top to the weather deck is greater than 2.6 m and the side is transversely 
framed, one or more side girders are to be fitted, preferably in line with similar structures existing forward.
2.1.3 Longitudinal bulkheads
 A longitudinal non-tight bulkhead is to be fitted on the centreline of the ship, in general in the upper part of the 
peak, and stiffened at each frame spacing.
 Where either the stern overhang is very large or the maximum breadth of the space divided by watertight and 
wash bulkheads is greater than 20 m, additional longitudinal wash bulkheads may be required.
2.1.4 Alternative design verification
 The spacing and arrangement requirements, defined in 2.1.1, 2.1.2 and 2.1.3 may be increased, if the designer 
performs a verification by means of grillage analysis or FE analysis and provides their full documentation. The 
acceptance criteria to be applied are defined in Ch 6, Sec 6, 3. A FE analysis is to be performed under consideration 
of the requirements provided in Ch 7. 

2.2 Stiffening of Floors and Girders in Aft Peak
2.2.1
 Stiffeners on the floors and girders in aft peak ballast or fresh water tanks above propeller are to be designed in 
accordance with 2.2.2 and 2.2.3. This applies for stiffeners located in an area extending longitudinally between the 
forward edge of the rudder and the after end of the propeller boss and transversely within the diameter of the 
propeller. 

① 
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2.2.2
 The height of stiffeners, hstf, in mm, on the floors and girders are not to be less than: 

stfstfh l80=  for flat bar stiffeners. 

stfstfh l70=   for bulb profiles and flanged stiffeners. 

where:
stfl  : Length of stiffener, in m, as shown in Fig. 1. Length need not be taken greater than 5 m. 

2.2.3
 End brackets are to be provided as follows:

・ Brackets are to be fitted at the lower and upper ends when tstf -l  exceeds 4 m. 
・ Brackets are to be fitted at the lower end when tstf -l  exceeds 2.5 m. 

where: 
tstf -l : Total length of stiffener, in m, as shown in Fig. 1. 

 
Fig. 1 Stiffening of Floors and Girders in the Aft Peak Tank 

 
 

3. Stern Frames 

3.1 General
3.1.1
 Stern frames may be fabricated from steel plates or made of cast steel with a hollow section. For applicable 
material specifications and steel grades, see Ch 3, Sec 1. Stern frames of other material or construction will be 
specially considered.
3.1.2
 Cast steel and fabricated stern frames are to be strengthened by adequately spaced plates with gross thickness 
not less than 80% of required thickness for stern frames, t1 , as defined in Table 1 or Table 2. Abrupt changes of 
section are to be avoided in castings; all sections are to have adequate tapering radius.
3.1.3
 In the upper part of the propeller aperture, where the hull form is full and centreline supports are provided, the 
thickness of stern frames may be reduced to 80% of the applicable requirement in 3.2.1. 

3.2 Propeller Posts
3.2.1 Gross scantlings of propeller posts
 The gross scantlings of propeller posts are not to be less than those obtained from the formulae in Table 1 for 

① 
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single screw ships and Table 2 for twin screw ships.
 Scantlings and proportions of the propeller post which differ from those above may be considered acceptable 
provided that the section modulus of the propeller post section about its longitudinal axis is not less than that 
calculated with the propeller post scantlings in Table 1 or Table 2, as applicable.

 

 
 

Table 1 Single Screw Ships - Gross Scantlings of Propeller Posts 

Gross 
scantlings of 

propeller 
posts, in mm 

Fabricated propeller post 

 

Cast propeller post 

 

Bar propeller post, cast or forged, 
having rectangular section 

a 50L1
1/2 33L1

1/2 2562.710 -CSRL  

b 35L1
1/2 23L1

1/2 1646.410 -CSRL  

t1 2.5L1
1/2 3.2L1

1/2 - 

t2 - 4.4L1
1/2 - 

td 1.3L1
1/2 2.0L1

1/2 - 

R - 50 mm - 

 
Table 2 Twin Screw Ships - Gross Scantlings of Propeller Posts 

Gross scantlings of 
propeller posts, in mm 

Fabricated propeller post 

 
 

Cast propeller post Bar propeller post, cast or 
forged, having rectangular 

section 

a 25L1
1/2 12.5L1

1/2 2.4LCSR + 6 

b 25L1
1/2 25L1

1/2 0.8LCSR + 2 

t1 2.5L1
1/2 2.5L1

1/2 - 

t2 3.2L1
1/2 3.2L1

1/2 - 

t3 - 4.4L1
1/2 - 

td 1.3L1
1/2 2.0L1

1/2 - 

3.2.2 Section modulus below the propeller shaft bossing
 In the case of a propeller post without a sole piece, the section modulus of the propeller post may be gradually 
reduced below the propeller shaft bossing down to 85% of the value calculated with the scantlings in Table 1 or 
Table 2, as applicable.
 In any case, the thicknesses of the propeller posts are not to be less than those obtained from the formulae in the 
Table 1 and Table 2. 
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3.2.3  Propeller shaft bossing
 In single screw ships, the thickness of the propeller shaft bossing, included in the propeller post, is not to be less 
than 60% of the dimension b required in 3.2.1 for bar propeller posts with a rectangular section. 

3.3 Connections
3.3.1 Connections with hull structure
 Stern frames are to be effectively attached to the aft structure and the required scantling for the lower part of the 
propeller post is to be extended from the aft end of the propeller post, at the centerline of the propeller shaft, to a 
length not less than 1500 + 6L2 mm, in order to provide an effective connection with the keel. However, the stern 
frame need not extend beyond the aft peak bulkhead.
3.3.2 Connection with keel plate
 The thickness of the lower part of the stern frames is to be gradually tapered to that of the solid bar keel or keel 
plate.
 Where a keel plate is fitted, the lower part of the stern frame is to be designed to ensure an effective connection 
with the keel.
3.3.3 Connection with transom floors
 Rudder posts and propeller posts are to be connected with transom floors having height not less than that of the 
double bottom height and a net thickness not less than that obtained, in mm, from the following formula: 

1023.09 Lt +=  
3.3.4 Connection with centre girder
 Where the stern frame is made of cast steel, the lower part of the stern frame is to be fitted, as far as practicable, 
with a longitudinal web for connection with the centre girder. 

4. Special Scantling Requirements for Shell Structure 

4.1 Shell Plating
4.1.1 Shell plating connected with stern frame
 The net thickness of shell plating connected with the stern frame is not to be less than that obtained, in mm, from 
the following formula: 

( ) bLt 009.043094.0 2 +-=  
In way of the boss and heel plate, the net thickness, t, of shell plating, in mm, is not to be less than: 

( ) bLt 011.047105.0 2 +-=  
where:
b : Breadth of plate panel, in mm, as defined in Ch 3, Sec 7, 2.2.2. 

4.1.2 Heavy shell plates
 Heavy shell plates are to be fitted locally in way of the heavy plate floors as required by 2.1.1. The net thickness 
of heavy shell plates is not to be less than the value given in 4.1.1. Outboard of the heavy floors, the heavy shell 
plates may be reduced in thickness in as gradual a manner as practicable. Where the horn plating is radiused into the 
shell plating, the radius at the shell connection, r in mm, is not to be less than: 

28.0150 Lr +=  
4.1.3 Thruster tunnel plating
 The net thickness of the tunnel plating, ttun in mm, is to comply with the requirements in Ch 10, Sec 1, 4.2.1. 

① 

① 
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Section 4 TANKS SUBJECT TO SLOSHING 

Symbols 

For symbols not defined in this section, refer to Ch 1, Sec 4. 
pa : Correction factor for the panel aspect ratio to be taken as: 

a
b

p 1.2
2.1 -=a  but not to be taken as greater than 1.0. 

a: Length of plate panel, in mm, as defined in Ch 3, Sec 7, 2.1.1.
b: Breadth of plate panel, in mm, as defined in Ch 3, Sec 7, 2.1.1. 

bdgl : Effective bending span, as defined in Ch 3, Sec 7, 1.1.2, in m. 

slhl : Effective sloshing length, in m, as defined in Ch 4, Sec 6, 6.3.2. 
bslh: Effective sloshing breadth, in m, as defined in Ch 4, Sec 6, 6.4.2.
Iy-n50: Net horizontal hull girder moment of inertia, at the longitudinal position being considered, as defined in Ch 5, 

Sec 1, 1.5, in m4. 
Msw: Permissible hull girder hogging and sagging still water bending moment for seagoing operation at the 

location being considered, in kNm, as defined in Ch 4, Sec 4, 2.2.2. 
zn: Distance from the baseline to the horizontal neutral axis, as defined in Ch 5, Sec 1, in m.
z: Vertical coordinate of the load calculation point or at the reference point under consideration, in m. 

hgs : Hull girder bending stress, in N/mm2, calculated at the load calculation point defined in Ch 3, Sec 7, 2.2 or in 

Ch 3, Sec 7, 3.2, as the case may be: 
( ) 3

50

10-

-
 
ø

ö
ç
ç
è

æ -
=

ny

SWn
hg I

Mzz
s  

1. General 

1.1 Application
1.1.1
 The requirements of this section cover the strengthening requirements for localised sloshing loads that may 
occur in tanks carrying liquid.
 Sloshing loads due to the free movement of liquid in tanks are given in Ch 4, Sec 6, 6. 

1.2 General Requirements
1.2.1 Filling heights of cargo and ballast tanks
 The scantlings of all cargo and ballast tanks are to comply with the sloshing requirements given in this section 
for the following cases: 

・ Unrestricted filling height for ballast tanks,
・ Unrestricted filling height for cargo tanks with cargo density equal to Lr , as defined in Ch 4, Sec 6, 
・ All filling levels up to hpart for cargo tanks with cargo density equal to partr  taken as: 

part

CDLtk
part

fh
h

r
r   

=  

where:
hpart:  Maximum permissible filling height, in m, associated with a partial filling of the considered cargo 

tank with a high liquid density equal to partr . 

htk:  Maximum tank height, in m. 
Lr :  Cargo density as defined in Ch 4, Sec 6. 

fcd:  Factor defined in Ch 4, Sec 6. 
partr : Maximum permissible high liquid density as defined in Ch 4, Sec 6. 
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1.2.2 Cargo holds of bulk carrier intended for the carriage of ballast water
 Cargo holds of bulk carrier intended for the carriage of ballast water are assumed either full or empty in 
seagoing condition and are not required to be assessed for sloshing pressures.
1.2.3 Structural details
 Local scantling increases due to sloshing loads are to be made with due consideration given to details and 
avoidance of hard spots, notches and other harmful stress concentrations. 

1.3 Application of Sloshing Pressure
1.3.1 General
 The structural members of the following tanks are to be assessed for the design sloshing pressures Pslh-lng and 
Pslh-t in accordance with 1.3.4 and 1.3.5. 

(a) Cargo and slop tanks of oil tankers.
(b) Fore peak and aft peak ballast tanks.
(c) Other tanks which allow free movement of liquid, e.g. ballast tanks, fuel oil bunkering tanks and fresh 

water tanks, etc. 
 Where the effective sloshing length, slhl  is less than 0.03LCSR, calculations involving Pslh-lng are not required 
and where the effective sloshing breadth bslh is less than 0.32B, calculations involving Pslh-t are not required.
1.3.2 Minimum sloshing pressure
 The minimum sloshing pressure, Pslh-min, as defined in Ch 4, Sec 6, 6.2 is to apply to tanks in which the effective 
sloshing length, slhl  or breadth bslh, is less than defined in 1.3.1. 
1.3.3 Structural members to be assessed
 The following structural members are to be assessed:

(a) Plates and stiffeners forming boundaries of tanks.
(b) Plates and stiffeners on wash bulkheads.
(c) Web plates and web stiffeners of primary supporting members located in tanks.
(d) Tripping brackets supporting primary supporting members in tanks. 

1.3.4 Application of design sloshing pressure due to longitudinal liquid motion
 The design sloshing pressure due to longitudinal liquid motion, Pslh-lng, as defined in Ch 4, Sec 6, 6.3.3 is to be 
applied to the following members as shown in Fig. 1. 

(a) Transverse tight bulkheads.
(b) Transverse wash bulkheads.
(c) Stringers on transverse tight and wash bulkheads.
(d) Plating and stiffeners on the longitudinal bulkheads, deck and inner hull within a distance from the 

transverse bulkhead taken as:
・ 0.25 slhl , 
・ The distance between the transverse bulkhead and the first web frame if located inside the tank at the 

considered level, 
 whichever is less.

 In addition, the first web frame next to a transverse tight or wash bulkhead if the web frame is located within 
0.25 slhl  from the bulkhead, as shown in Fig. 1, is to be assessed for the web frame reflected sloshing pressure, Pslh-wf, 
as defined in Ch 4, Sec 6, 6.3.4.
 The minimum sloshing pressure, Pslh-min, as defined in Ch 4, Sec 6, 6.2 is to be applied to all other members. 
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Fig. 1 Application of Sloshing Loads due to Longitudinal Liquid Motion 

 

1.3.5 Application of design sloshing pressure due to transverse liquid motion
 The design sloshing pressure due to transverse liquid motion, Pslh-t, as defined in Ch 4, Sec 6, 6.4.3, is to be 
applied to the following members as shown in Fig. 2. 

(a) Longitudinal tight bulkhead.
(b) Longitudinal wash bulkhead.
(c) Horizontal stringers on longitudinal tight and wash bulkheads.
(d) Plating and stiffeners on the transverse tight bulkheads including stringers and deck within a distance from 

the longitudinal bulkhead taken as:
・ 0.25bslh,
・ The distance between the longitudinal bulkhead and the first girder if located inside the tank at the 

considered level, 
 whichever is less.

 In addition, the first girder next to the longitudinal tight or wash bulkhead if the girder is located within 0.25bslh

from the longitudinal bulkhead, as shown in Fig. 2, is to be assessed for the reflected sloshing pressure, 
Pslh-grd as defined in Ch 4, Sec 6, 6.4.4.
 The minimum sloshing pressure, Pslh-min, as defined in Ch 4, Sec 6, 6.2, is to be applied to all other members. 
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Fig. 2 Application of Sloshing Loads due to Transverse Liquid Motion 

 

1.3.6 Combination of transverse and longitudinal fluid motion
 The sloshing pressures due to transverse and longitudinal fluid motion are assumed to act independently. 
Structural members are therefore to be evaluated based on the greatest sloshing pressure due to longitudinal and 
transverse fluid motion.
1.3.7 Additional sloshing impact assessment
 For tanks with effective sloshing breadth, bslh, greater than 0.56B or effective sloshing length, slhl , greater than 
0.13LCSR, an additional sloshing impact assessment is to be carried out in accordance with the individual Society s 
procedures. 

2. Scantling Requirements 

2.1 Plating
2.1.1 Net thickness
 The net thickness of plating, t in mm, subjected to sloshing pressures is not to be less than: 

eHa

slh
p RC

P
bt a0158.0=

  
where: 
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Ca: Permissible bending stress coefficient to be taken as: 

eH

hg
aaa R

C
s

ab -=  with coefficients defined in Table 1, but not to be taken greater than Ca-max. 

hgs : Hull girder bending stress, in N/mm2, corresponding to the greatest of the sagging and hogging bending 

moment in absolute value. 
Pslh: The greater of Pslh-lng, Pslh-t or Pslh-min as specified in 1.3. 

 
Table 1 Definition ab , aa  and Ca-max 

Acceptance 
criteria set 

Structural member ab  aa  Ca-max 

AC-S 

Longitudinal strength members in the cargo hold 
region including but not limited to: 

・ Deck.
・ Longitudinal plane bulkhead.
・ Horizontal corrugated longitudinal 

bulkhead. 
・ Longitudinal girders and stringers. 

Longitudinally 
stiffened plating 

0.9 0.5 0.8 

Transversely or 
vertically stiffened 
plating 

0.9 1.0 0.8 

Other strength members including: 
・ Vertical corrugated longitudinal bulkhead.
・ Transverse plane bulkhead.
・ Transverse corrugated bulkhead.
・ Transverse stringers and web frames.
・ Plating of tank boundaries and primary supporting members 

outside the cargo hold region. 

0.8 0 0.8 

 

2.2 Stiffeners
2.2.1 Net section modulus
 The net section modulus, Z in cm3, of stiffeners subjected to sloshing pressures is not to be less than: 

eHsbdg

bdgslh

RCf
sP

Z
2

l
=  

where:
fbdg: Bending moment factor: 

fbdg = 12 for stiffeners fixed against rotation at each end. This is generally to be applied for 
scantlings of all continuous stiffeners. 

fbdg = 8 for stiffeners with one or both ends not fixed against rotation. This is generally to be 
applied to discontinuous stiffeners. 

Cs: Permissible bending stress coefficient to be taken as: 
・ For members subject to hull girder stress: coefficient to be taken as defined in Table 2.
・ Cs = Cs-max  for other cases 

Pslh: The greater of Pslh-ing, Pslh-t or Pslh-min as specified in 1.3.
Cs-max: Coefficient as defined in Table 3. 

① 

① 
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Table 2 Permissible Bending Stress Coefficient Cs hgs  

Sign of hull girder  
bending stress, hgs (1) 

Lateral pressure (2)  
acting on 

Stiffener 
boundary 

condition (3) 
fbdg Coefficient Cs 

Tension (positive) 

Stiffener side 

F - F 12 eH

hg
SSS R

C
s

ab -=  

but not to be taken greater than Cs-max 

F - S 8 eH

hg
SSS R

C
s

ab -=  

but not to be taken greater than Cs-max 

S - S 8 Cs = Cs-max 

Plate side 

F - F 12 Cs = Cs-max 

F - S 8 Cs = Cs-max 

S - S 8 eH

hg
SSS R

C
s

ab -=  

but not to be taken greater than Cs-max 

Compression (negative) 

Stiffener side 

F - F 12 Cs = Cs-max 

F - S 8 Cs = Cs-max 

S - S 8 eH

hg
SSS R

C
s

ab -=  

but not to be taken greater than Cs-max 

Plate side 

F - F 12 eH

hg
SSS R

C
s

ab -=  

but not to be taken greater than Cs-max 

F - S 8 eH

hg
SSS R

C
s

ab -=  

but not to be taken greater than Cs-max 

S - S 8 Cs = Cs-max 

(1) hgs  is to be considered for the hogging and sagging situations. 

(2) For primary supporting members located inside the considered tank and for wash bulkheads, the sloshing pressure is 

to be applied both on stiffener and plate sides. 

(3) F - F stands for both ends of the stiffener fixed against rotation 

F - S stands for one end of the stiffener fixed and the other not fixed against rotation

S - S stands for both ends of the stiffener not fixed against rotation 
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Table 3 Definition sb , sa  and Cs-max 

Acceptance 
criteria set 

Structural member sb  sa  Cs-max 

AC-S 

Longitudinal strength members in the cargo hold 
region including but not limited to: 

・ Deck stiffeners.
・ Stiffeners on longitudinal bulkheads.
・ Stiffeners on longitudinal girders and 

stringers. 

Longitudinal 
stiffeners 

0.85 1.0 0.75 

Transverse or 
vertical stiffeners 

0.7 0 0.7 

Other strength members including: 
・ Stiffeners on transverse bulkheads.
・ Stiffeners on transverse stringers and web frames.
・ Stiffeners on tank boundaries and primary supporting members 

outside the cargo hold region. 

0.75 0 0.75 

 

2.3 Primary Supporting Members
2.3.1 Web plating
 The web plating net thickness of primary supporting members, t in mm, is not to be less than: 

eHa

slh
p RC

P
bt a0158.0=  

where:
Pslh: The greater of Pslh-Ing, Pslh-t, Pslh-wf, Pslh-grd and Pslh-min as specified in 1.3. The pressure is to be calculated 

at the load application point, defined in Ch 3, Sec 7, 4.1, taking into account the distribution over the 
height of the member, as shown in Fig. 1 and Fig. 2. 

Ca: Permissible plate bending stress coefficient, as given in 2.1.1. 
2.3.2 Stiffeners on web plating
 The net section modulus, Z in cm3, of each individual stiffener on the web plating of primary supporting 
members subjected to sloshing pressures is not to be less than: 

eHsbdg

bdgslh

RCf
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=  

where:
Pslh: The greater of Pslh-Ing, Pslh-t, Pslh-wf, Pslh-grd and Pslh-min as specified in 1.3. The pressure is to be calculated 

at the load application point, defined in Ch 3, Sec 7, 3.2, taking into account the distribution over the 
height of the member, as shown in Fig. 1 and Fig. 2. 

Cs: Permissible bending stress coefficient as given in 2.2.1.
fbdg: Bending moment factor as given in 2.2.1. 

2.3.3 Tripping brackets supporting primary supporting members
 The net section modulus, Z in cm3 in way of the base within the effective length, d, of tripping brackets and net 
shear area, Ashr in cm2, after deduction of cut-outs and slots, of tripping brackets supporting primary supporting 
members is not to be less than: 
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=  
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where:
Pslh: The greater of Pslh-Ing, Pslh-t, Pslh-wf, Pslh-grd and Pslh-min as specified in 1.3. The average pressure may be 

calculated at mid point of the tripping bracket taking into account the distribution as shown Fig. 1 and
Fig. 2. 

strip: Mean spacing, between tripping brackets or other primary supporting members or bulkheads, in m. 
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h: Height of tripping bracket, see Fig. 3, in m.
Cs: Permissible bending stress coefficient for tripping brackets to be taken as 0.75.
Ct: Permissible shear stress coefficient for tripping brackets to be taken as 0.75. 

 The effective breadth of the attached plate to be used for calculating the section modulus of the tripping bracket 
is to be taken as h/3.
 

Fig. 3 Effective Length of Tripping Bracket 
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Chapter 11 SUPERSTRUCTURES, DECKHOUSES AND HULL OUTFITTING 

Section 1 SUPERSTRUCTURES, DECKHOUSES AND COMPANIONWAYS 

Symbols 

For symbols not defined in this section, refer to Ch 1, Sec 4.
P: Pressure applied on the considered superstructure side or deck, in kN/m2 

P = PD for external decks,
P = Pdl for unexposed deck,
P = PSI  for superstructure side. 

PD: Lateral pressure for exposed decks, in kN/m2, as defined in Ch 4, Sec 5, 2 and in Ch 4, Sec 5, 4.2.
Pdl: Lateral pressure for unexposed decks, in kN/m2, as defined in Ch 4, Sec 6, 5.
PSI: Lateral pressure for superstructure side, in kN/m2, as defined in Ch 4, Sec 5, 4.3.
PFB: Lateral pressure for side shell plating, in kN/m2, affected by bow impact requirements according to Ch 4, Sec 5, 

3.3.1. 
PA: External pressure for end bulkheads of superstructure and deckhouse walls, in kN/m2 according to Ch 4, Sec 5, 

4.4.1. 
bdgl : Effective bending span, in m, as defined in Ch 3, Sec 7. 

shrl : Effective shear span, in m, as defined in Ch 3, Sec 7. 
c: Coefficient taken as: 

c = 0.75 for beams, girders and transverses which are simply supported in one or both ends.
c = 0.55 in other cases. 

ma: Coefficient taken as: 
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1. General 

1.1 Application
1.1.1
 The requirements of this section are applicable to superstructures, deckhouses and companionways, made of 
steel.
 The requirements of Pt 1, Ch 6 apply in addition to those of this section for exposed decks of superstructure and 
the side of superstructure or deckhouse when this side is part of the side shell.
1.1.2
 For the application of this section, a superstructure is considered being located aft or forward 0.4LCSR amidships 
or having a length of less than 0.15LCSR.
1.1.3
 For the application of this section, the length of a deckhouse located within 0.4LCSR amidships is considered not 
exceeding 0.2LCSR. 

1.2 Gross Scantlings
1.2.1 
 With reference to Ch 3, Sec 2, 1.1.3, all scantlings and dimensions referred to in 3 are gross. 
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2. Structural Arrangement 

2.1 Structural Continuity
2.1.1 Bulkheads and sides of deckhouses
 The aft, front and side bulkheads are to be effectively supported by under deck structures such as bulkheads, 
girders and pillars.
 Sides and main longitudinal and transverse bulkheads are to be in line in the various tiers of deckhouses. Where 
such arrangement in line is not possible, other effective support is to be provided.
 Arrangements are to be made to minimise the effect of discontinuities in erections. All openings cut in the sides 
are to be framed and have well-rounded corners. Continuous coamings or girders are to be fitted below and above 
doors and similar openings.
2.1.2 Deckhouse corners
 At the corners where the deckhouse is attached to the strength deck, attention is to be given to the arrangements 
to transmit load into the under deck supporting structure. 

2.2 End Connections
2.2.1 Deck stiffeners
 Transverse beams are to be connected to side frames by brackets according to Ch 3, Sec 6, 3.2. Beams crossing 
longitudinal walls and girders may be attached to the stiffeners of longitudinal walls and the webs of girders 
respectively by welding without brackets.
2.2.2 Longitudinal and transverse deck girders
 Face plates are to be stiffened by tripping brackets according to Ch 3, Sec 6, 4.3.
2.2.3 End connections of superstructure frames
 Vertical frames are to be welded to the main frames below, or to the deck under provision of a sufficient 
supporting structure. 

2.3 Local Reinforcement on Bulkheads
2.3.1
 Local reinforcement is to be provided in way of large openings and areas supporting life saving appliances or 
high loads from other equipment, fittings, etc. 

3. Scantlings 

3.1 Superstructures Sides and Decks
3.1.1 Exposed sides and exposed deck plating
 Exposed sides and exposed deck plating inclusive their supporting structure are to comply with the requirements 
given in 3.2.1 to 3.2.5 and bow impact requirements in Ch 10, Sec 1, 3.3, if applicable.
3.1.2 Deck plating of unexposed decks
 The deck plating and supporting structures of unexposed decks of superstructures are to comply with 
requirements given in 3.2.2 to 3.2.5. 

3.2 Deckhouses
3.2.1 Plating
 The gross thickness of the plating, tgr-exp, in mm, is not to be less than 

std
gr s

kst 5.7exp =-  , on first tier. 

std
gr s

kst 0.7exp =-  , on second tier. 

std
gr s

kst 5.6exp =-

 
, on third tier and above. 

where: 
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sstd: Standard reference spacing of stiffeners or beams, in mm, taken as: 
167.1470 Lsstd +=  

 Where deck is protected by sheathing, the gross thickness of the deck plating may be reduced by 1.5mm, without 
being less than 5mm.
 Where sheathing other than wood is used, attention is to be paid that the sheathing does not affect the steel. The 
sheathing is to be effectively fitted to the deck.
3.2.2 Deck plating of unexposed decks
 The gross thickness of the unexposed deck plating, tgr-unexp, in mm, is not to be less than the greater value of: 

expexp 9.0 -- = grungr tt   at the tier considered, and 

kst ungr  
ø
ö

ç
è
æ +=- 1

1000
8.5exp  but not less than 5.5 mm. 

3.2.3 Beams and stiffeners
 The gross section modulus Zgr, in cm3, and the gross shear area Agr-sh, in cm2, of transverse beams and of 
stiffeners are not to be less than: 

2

1000 bdggr
sckPZ l=  

( ) shrashgr
skPmA l

1000
817.0105.0 -=-  

3.2.4 Girders and transverses
 The gross section modulus Zgr, in cm3, and the gross shear area Agr-sh, in cm2, of girders and transverses are not to 
be less than: 

2
bdggr ckPSZ l=

 
shrshgr kPSA l05.0=-  

 The girder depth is not to be less than l /25. The web depth of girders scalloped for continuous deck beams is to 
be at least 1.5 times the depth of the deck beams.
3.2.5 Alternative grillage analysis for girders and transverses
 Where arrangements of deck girders and transverses are such that these members act as a grillage structure, 
additional analysis may be carried out with a structural model based on the gross scantling.
 The resulting stresses are not to exceed the following permissible bending, shear and equivalent stresses, in 
N/mm2, taken as: 

kb /150=s  
k/100=t  

keqv /180=s  

3.3 Deckhouse Walls and End Bulkheads of Superstructure
3.3.1 Application
 The requirements in 3.3 apply to end bulkhead of superstructure and deckhouse walls forming the only 
protection for openings and for accommodations.
 Special consideration may be given to the bulkhead scantlings of deckhouses which do not protect openings in 
the freeboard deck, superstructure deck or in the top of a lowest tier deckhouse. Special consideration may also be 
given to the bulkhead scantlings of deckhouses which do not protect machinery casings, provided they do not contain 
accommodation or do not protect equipment essential to the operation of the ship.
3.3.2 Plate thickness
 The gross thickness of the plating tgr, in mm, is not to be less than the greater of: 

5.1
1000

9.0 += Agr kPst   

kLtgr  
ø

ö
ç
è

æ +=
100

0.5 2   , for the lowest tier. 

kLtgr  
ø

ö
ç
è

æ +=
100

0.4 2   , for the upper tiers, without being less than 5.0 mm. 
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3.3.3 Stiffeners
 The gross section modulus Zgr, in cm3, of the stiffeners is not to be less than: 

2

1000
35.0 l

skPZ Agr =  

 This requirement assumes the webs of lowest tier stiffeners to be efficiently welded to the decks. Scantlings for 
other types of end connections are to be specially considered.
 The section modulus of deckhouse side stiffeners needs not to be greater than that of side frames on the deck 
situated directly below, taking account of spacing s and span l . 

3.4 Companionways
3.4.1
 The scantlings of companionways are to be determined in accordance with 3.2 and 3.3.

 



－596－

2019 Rules for the Survey and Construction of Steel Ships (Part CSR-B&T Part 1 Chapter 11 Section 2)

Section 2 BULWARK AND GUARD RAILS 

1. General Requirements 

1.1 Application
1.1.1
 Bulwarks or guard rails are to be provided at the boundaries of exposed freeboard and superstructure decks, at 
the boundary of first tier of deckhouses and at the ends of superstructures. 

1.2 Minimum Height
1.2.1 
 Bulwarks, or guard rails, are to be a minimum of 1.0 m in height, measured above sheathing, and are to be 
constructed as required in 2.2 and 3.2. Where this height would interfere with the normal operation of the ship, a 
lesser height may be accepted, on the basis of justifying information to be submitted. 

2. Bulwarks 

2.1 General
2.1.1
 Plate bulwarks are to be stiffened at the upper edge by a suitable rail and supported either by stays or plate 
brackets spaced not more than 2.0 m apart.
 The free edge of the stay or the plate bracket is to be stiffened.
2.1.2
 Within 0.6LCSR amidships, bulwarks are to be arranged to ensure that they are free from hull girder stresses.
2.1.3
 Bulwarks are to be adequately strengthened and increased in thickness in way of mooring pipes.
 Cut-outs in bulwarks for gangways or other openings are to be kept clear of breaks of superstructures.
2.1.4
 Bulwark plating and stays are to be adequately strengthened in way of eye plates used for shrouds or other 
tackles in use for cargo gear operation, as well as in way of hawser holes or fairleads provided for mooring or towing.
2.1.5
 Openings in bulwarks are to be arranged so that the protection of the crew is to be at least equivalent to that 
provided by the horizontal courses in 3.1.2.
 For this purpose, vertical rails or bars spaced approximately 230 mm apart may be accepted in lieu of rails or 
bars arranged horizontally.
2.1.6
 In the case of ships intended for the carriage of timber deck cargoes, the provisions of 1.1.3-2 and 23.1.3-3, Part 
C are to be complied with.
2.1.7
 Where mooring fittings subject the bulwark to large forces, the stays are to be adequately strengthened.
2.1.8
 Constructions of bulwarks are to comply with the requirements in 23.1.3-4 to -6, Part C in addition to the 
requirements in this section. 

2.2 Construction of Bulwarks
2.2.1 Plating
 The gross thickness of bulwark plating, at the boundaries of exposed freeboard and superstructure decks, is not 
to be less than that given in Table 1. 
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Table 1 Thickness of Bulwark Plates 

Height of bulwark Gross thickness 

1.8 m or more 
Thickness required for a superstructure side in the same position, 
obtained from Ch11, Sec 1 3.2.1, but not to be less than 6.5 mm 

1.0 m  6.5 mm 

Intermediate height To be determined by linear interpolation 

2.2.2 Stays
 The gross section modulus of stays, Zstay-grs, in cm3, is not to be less than: 

stayblwkgrstay shZ 277=-  

where:
hblwk: Height of bulwark from the top of the deck plating to the top of the rail, in m.
sstay:  Spacing of the stays, in m. 

 In the calculation of the section modulus, only the material connected to the deck is to be included. The bulb or 
flange of the stay may be taken into account where connected to the deck. Where the bulwark plating is connected to 
the sheer strake, a width of attached plating, not exceeding 600 mm, may also be included.
2.2.3
 Where bulwarks are cut completely, stays or plate brackets of increased strength are to be fitted at the ends of 
openings.
 Bulwark stays are to be supported by, or are to be in line with, suitable under deck stiffening. The stiffening is to 
be connected by double continuous fillet welds in way of bulwark stay connections.
2.2.4
 At the ends of superstructures and for the distance over which their side plating is tapered into the bulwark, the 
latter is to have the same thickness as the side plating. Where openings are cut in the bulwark at these positions, 
adequate compensation is to be provided either by increasing the thickness of the plating or by other suitable means. 

3. Guard Rails 

3.1 General
3.1.1
 Where superstructures are connected by trunks, open rails are to be fitted for the whole length of the exposed 
parts of the freeboard deck.
3.1.2
 In Type B-100 and Type A ships, open rails on the weather parts of the freeboard deck for at least half the length 
of the exposed parts are to be fitted.
 Alternatively, freeing ports complying with ICLL are to be fitted. 

3.2 Construction of Guard Rails
3.2.1
 Stanchions of guard rails are to comply with the following requirements:

(a) Fixed, removable or hinged stanchions are to be fitted approximately 1.5 m apart.
(b) At least every third stanchion is to be supported by a bracket or stay.
(c) Removable or hinged stanchions are to be capable of being locked in the upright position.
(d) In the case of ships with rounded sheer strake, the stanchions are to be placed on the flat of the deck.
(e) In the case of ships with welded sheer strake, the stanchions are not to be attached to the sheer strake, 

upstand or a continuous gutter bar. 
3.2.2
 The size of openings, below the lowest course of rails and the deck or upstand, is to be a maximum of 230 mm. 
The distance between other courses is not to be greater than 380 mm. 
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3.2.3
 Wire ropes may be accepted, in lieu of guard rails, only in special circumstances and then only in limited lengths. 
In such cases, they are to be made taut by means of turnbuckles.
3.2.4
 Chains may be accepted, in lieu of guard rails, only where they are fitted between two fixed stanchions and/or 
bulwarks. if the opening is wide, the chains are to be fitted with vertical courses to prevent the horizontal courses 
from spreading apart.

 



－599－

2019 Rules for the Survey and Construction of Steel Ships (Part CSR-B&T Part 1 Chapter 11 Section 3)

Section 3 EQUIPMENT 

Symbols 

For symbols not defined in this section, refer to Ch 1, Sec 4. 

1. General 

1.1 Application
1.1.1
 The anchoring equipment specified in this section is intended for temporary mooring of a ship within a harbour 
or sheltered area when the ship is awaiting berth, tide, etc.
1.1.2
 The equipment specified is not intended to be adequate to hold a ship off fully exposed coasts in rough weather 
or to stop a ship that is moving or drifting. In such a condition, the loads on the anchoring equipment increase to such 
a degree that its components may be damaged or lost.
1.1.3
 The Equipment Number (EN) formula for the required anchoring equipment is based on an assumed maximum 
current speed of 2.5 m/s, maximum wind speed of 25 m/s and a maximum scope of chain cable of 6. The scope of 
chain cable is defined as the ratio between the length of chain paid out and the waters depth. For ships with length 
greater than 135 m, alternatively the required anchoring equipment can be considered applicable to a maximum 
current speed of 1.54 m/s, a maximum wind speed of 11 m/s and waves with maximum significant height of 2 m.
 It is assumed that under normal circumstances a ship uses only one bow anchor and chain cable at a time. 

2. Equipment Number Calculation 

2.1 Requirements
2.1.1
 Anchors and chains are to be in accordance with Table 1 and the quantity, mass and sizes of these are to be 
determined by the equipment number (EN), given by: 

ABhEN 1.023/2 ++D=  
where:
h: Effective height, in m, from the summer load waterline to the top of the uppermost house, to be obtained 

in accordance with the following formula: 
nFB hhh å+=  

When calculating h, sheer and trim are to be disregarded. For the lowest tier h is to be measured at 
centerline from the upper deck or from a notional deck line where there is local discontinuity in the upper 
deck, as shown in Fig. 1. 

hFB: Freeboard amidships from the summer load waterline to the upper deck, in m.
hn: Height, in m, at the centreline of superstructure or of deckhouse tier  n  having a breadth greater than B/4. 

Where a house having a breadth greater than B/4 is above a house with a breadth of B/4 or less, the upper 
house is to be included and the lower ignored. 

A: Side projected area, in m2, of the parts of the hull, superstructures and houses above the summer load 
waterline which are within the length LCSR and also have a breadth greater than B/4. 

 Fixed screens or bulwarks 1.5 m or more in height are to be regarded as parts of houses when determining h and 
A. In particular, the hatched area shown in Fig. 2 is to be included.
 The height of hatch coamings and that of any deck cargo, such as containers, may be disregarded when 
determining h and A. 

① 

① 

① 
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2.1.2
 For ships with EN greater than 16000, the determination of the equipment will be considered by the Society on a 
case-by-case basis.
 

Fig. 1 Measurement of heights 

 
 

Fig. 2 Profile Areas of Screens and Bulwarks 

 
 

Summer Load waterline 

hFB 

h1 

h2 

h3 

Notional 
deck line 

Upper deck 

① 
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Table 1 Equipment - Bower Anchors and Chain Cables 

Equipment
Number 

Stockless bower anchors Chain cable stud link bower chain 

Greater  
than 

Equal to or 
less than 

Number of 
anchors (1) 

Mass per  
anchor,
in kg 

Length,
in m 

Diameter, in mm 

Normal strength  
steel (Grade 1) 

High strength
steel (Grade 2) 

Extra high  
strength steel 

(Grade 3) 

150 175 2 480 275 22 19 * 

175 205 2 570 302.5 24 20.5 * 

205 240 2 660 302.5 26 22 20.5 

240 280 2 780 330 28 24 22 

280 320 2 900 357.5 30 26 24 

320 360 2 1020 357.5 32 28 24 

360 400 2 1140 385 34 30 26 

400 450 2 1290 385 36 32 28 

450 500 2 1440 412.5 38 34 30 

500 550 2 1590 412.5 40 34 30 

550 600 2 1740 440 42 36 32 

600 660 2 1920 440 44 38 34 

660 720 2 2100 440 46 40 36 

720 780 2 2280 467.5 48 42 36 

780 840 2 2460 467.5 50 44 38 

840 910 2 2640 467.5 52 46 40 

910 980 2 2850 495 54 48 42 

980 1060 2 3060 495 56 50 44 

1060 1140 2 3300 495 58 50 46 

1140 1220 2 3540 522.5 60 52 46 

1220 1300 2 3780 522.5 62 54 48 

1300 1390 2 4050 522.5 64 56 50 

1390 1480 2 4320 550 66 58 50 

1480 1570 2 4590 550 68 60 52 

1570 1670 2 4890 550 70 62 54 

1670 1790 2 5250 577.5 73 64 56 

1790 1930 2 5610 577.5 76 66 58 

1930 2080 2 6000 577.5 78 68 60 

2080 2230 2 6450 605 81 70 62 

2230 2380 2 6900 605 84 73 64 
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2380 2530 2 7350 605 87 76 66 

2530 2700 2 7800 632.5 90 78 68 

2700 2870 2 8300 632.5 92 81 70 

2870 3040 2 8700 632.5 95 84 73 

3040 3210 2 9300 660 97 84 76 

3210 3400 2 9900 660 100 87 78 

3400 3600 2 10500 660 102 90 78 

3600 3800 2 11100 687.5 105 92 81 

3800 4000 2 11700 687.5 107 95 84 

4000 4200 2 12300 687.5 111 97 87 

4200 4400 2 12900 715 114 100 87 

4400 4600 2 13500 715 117 102 90 

4600 4800 2 14100 715 120 105 92 

4800 5000 2 14700 742.5 122 107 95 

5000 5200 2 15400 742.5 124 111 97 

5200 5500 2 16100 742.5 127 111 97 

5500 5800 2 16900 742.5 130 114 100 

5800 6100 2 17800 742.5 132 117 102 

6100 6500 2 18800 742.5 * 120 107 

6500 6900 2 20000 770 * 124 111 

6900 7400 2 21500 770 * 127 114 

7400 7900 2 23000 770 * 132 117 

7900 8400 2 24500 770 * 137 122 

8400 8900 2 26000 770 * 142 127 

8900 9400 2 27500 770 * 147 132 

9400 10000 2 29000 770 * 152 132 

10000 10700 2 31000 770 * * 137 

10700 11500 2 33000 770 * * 142 

11500 12400 2 35500 770 * * 147 

12400 13400 2 38500 770 * * 152 

13400 14600 2 42000 770 * * 157 

14600 16000 2 46000 770 * * 162 

(1)  Spare anchors are not included in the number of required anchors.

Note 1:  *  chain grade not to be used at this diameter. 
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3. Anchoring Equipment 

3.1 General
3.1.1 General
 Two bower anchors are to be connected to chain cable and stowed in position ready for use.
3.1.2 Design
 The anchors are to be of an approved type and satisfy the testing conditions as per the Society s requirements. 

3.2 Ordinary Anchors
3.2.1 Anchor mass
 The mass per anchor of bower anchors given in Table 1 is for anchors of equal mass. The mass of individual 
anchors may vary 7% above or below the tabulated value, provided that the combined mass of all anchors is not less 
than that required for anchors of equal mass.
 Anchors are to be of the stockless type. The mass of the head of anchor, including pins and fittings, is not to be 
less than 60% of the total mass of the anchor. 

3.3 High and Super High Holding Power Anchors
3.3.1 General
 Where agreed by the owner, consideration will be given to the use of special types of anchors. High Holding 
Power (HHP), i.e. anchors for which a holding power higher at least twice that of ordinary anchors has been proved 
according to the applicable requirements of Part L, do not require prior adjustment or special placement on the sea 
bottom.
3.3.2 HHP anchor mass
 Where HHP anchors are used as bower anchors, the mass of each anchor is to be not less than 75% of the mass 
required for ordinary stockless anchors in Table 1.
3.3.3 Application
 High holding power anchors are to be of a design that will ensure that the anchors will take effective hold of the 
sea bed without undue delay and will remain stable, for holding forces up to those required by 3.3.4, irrespective of 
the angle or position at which they first settle on the sea bed when dropped from a normal type of hawse pipe. A 
demonstration of these abilities may be required.
 The design approval of high holding power anchors may be given as a general/type approval, and listed in a 
published document by the Society. 

3.4 Chain Cables
3.4.1 General
 The chain cables are classified as Grade 1, 2 or 3 depending on the type of steel used and its manufacture.
 The characteristics of the steel used and the method of manufacture of chain cables are to be approved by the 
Society for each manufacturer. The material from which chain cables are manufactured and the completed chain 
cables themselves are to be tested in accordance with the applicable requirements of Part K and Part L.
 Chain cables which are intended to form part of the equipment are not to be used as check chains when the ship 
is launched.
3.4.2 Application
 The total length of chain required to be carried onboard, as given in Table 1, is to be divided approximately 
equally between the two anchors.
 Where the owner requires equipment for anchoring at depths greater than 82.5 m, it is the owner s responsibility 
to specify the appropriate total length of the chain cable required. In such a case, consideration can be given to 
dividing the chain cable into two unequal lengths. 

3.5 Chain Lockers and stowed anchors
3.5.1 General
 The chain locker is to have adequate capacity and be of a suitable form to provide for the proper stowage of the 
chain cable, allowing an easy direct lead for the cable into the chain pipes when the cable is fully stowed. Port and 
starboard cables are to have separate spaces. 

① 

① 

① 

① 
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 The chain locker boundaries and access openings are to be watertight. Provisions are to be made to minimise the 
probability of the chain locker being flooded in bad weather. Adequate drainage facilities for the chain locker are to 
be provided.
 Chain or spurling pipes are to be of suitable size and provided with chafing lips.
3.5.2 Securing of the inboard ends of chain cables
 Provisions are to be made for securing the inboard ends of the chain to the structure. This attachment and its 
supporting structure are to be able to withstand a force of not less than 15% or more than 30% of the minimum 
breaking strength of the fitted chain cable.
 The fastening of the chain to the ship is to be arranged in such a way that in case of an emergency, when the 
anchor and chain have to be sacrificed, the chain can be readily released from an accessible position outside the chain 
locker.
3.5.3 Securing of stowed anchors
 Anchor lashings are to be designed to resist a load at least corresponding to twice the anchor mass plus 10 m of 
cable without exceeding 40% of the yield strength of the lashing material. 

3.6 Chain Stoppers
3.6.1 General
 Chain stoppers are to be provided to secure each chain cable once it is paid out.
3.6.2 Application
 Securing arrangements of chain stoppers are to be capable of withstanding a load equal to 80% of the breaking 
load of the chain cable as required by 3.4.1, without undergoing permanent deformation. 

3.7 Windlass
3.7.1 General
 A windlass of sufficient power and suitable for the size of chain is to be fitted to the ship in accordance with the 
requirements of Chapter 16, Part D. Where an owner requires equipment significantly in excess of Rule 
requirements, it is the owner s responsibility to specify increased windlass power.
 The windlass is to be capable of heaving in either cable.
3.7.2 Application
 The design of the windlass is to be such that access to the chain pipe is adequate to permit the fitting of a cover 
or seal of sufficient strength over the spurling pipe.
 Special consideration will be given to the acceptance of equivalent arrangements that minimise the probability 
of the chain locker or forecastle being flooded.
3.7.3 Anchor windlass trial
 Each windlass is to be tested under working conditions after installation onboard to demonstrate satisfactory 
operation. Each unit is to be independently tested for the following: 

(a) Braking.
(b) Clutch functioning.
(c) Lowering and hoisting of chain cable and anchor.
(d) Proper riding of the chain over the chain lifter.
(e) Proper transit of the chain through the hawse pipe and the chain pipe.
(f) Effecting proper stowage of the chain and the anchor.

 During trials onboard ship, the windlass is to be shown to:
(a) For all specified design anchorage depths, raise the anchor from a depth of 82.5 m to a depth of 27.5 m at a 

mean speed of 9 m/min. 
(b) For specified design anchorage depths greater than 82.5 m, in addition to (a), raise the anchor from the 

specified design anchorage depth to a depth of 82.5 m at a mean speed of 3 m/min. 
(c) Where the depth of the water in the trial area is inadequate, suitable equivalent simulating conditions will 

be considered as an alternative. 

3.8 Hawse Pipes
3.8.1 General
 Hawse pipes are to be of a suitable size and configuration to ensure adequate clearance and an easy lead of the 
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chain cable from the chain stopper through the ship s side.
 Hawse pipes are to be of sufficient strength.
 Their position and slope are to be so arranged as to create an easy lead for the chain cables and efficient housing 
for the anchors, where the latter are of the retractable type, avoiding damage to the hull during these operations.
 For this purpose, chafing lips of suitable form with ample lay-up and radius adequate to the size of the chain 
cable are to be provided at the shell and deck. The shell plating in way of the hawse pipes is to be reinforced as 
necessary.
 Where hawse pipes are not fitted, alternative arrangements will be specially considered.
3.8.2 Application
 Hawse pipes are to be securely attached to thick, doubling or insert plates, by continuous welds.
3.8.3 Stowage and deployment arrangements for anchors
 Hawse pipes and anchor pockets are to have full-rounded flanges or rubbing bars in order to minimise the nip on 
the cables and to minimise the probability of cable links being subjected to high bending stresses. The radius of 
curvature is to be such that at least three links of chain will bear simultaneously on the rounded parts of the upper and 
lower ends of the hawse pipes in those areas where the chain cable is supported during paying out and hoisting and 
when the ship is at anchor.
 On ships provided with a bulbous bow, where it is not possible to obtain a suitable clearance between shell 
plating and the anchors during anchor handling, local reinforcements of the bulbous bow are to be provided in the 
form of increased shell plate thickness. 

3.9 Tow lines and Mooring Line
3.9.1 General
 Mooring lines and towlines are not required as a condition of Classification.
 The designer is to provide the following information:

•  Towing line: 
•  Length, in m,
•  Breaking strength, in kN. 

•  Mooring lines: 
•  Number
•  Length of each, in m,
•  Breaking strength, in kN. 

 Side projected area including that of deck cargoes as given by the loading manual is to be taken into account for 
selection of towing/mooring lines.
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Section 4 SUPPORTING STRUCTURE FOR DECK EQUIPMENT AND 
FITTINGS 

Symbols 

For symbols not defined in this section, refer to Ch 1, Sec 4.
SWL: Safe working load as defined in 4.1.4.
Normal stress : The sum of bending stress and axial stress with the corresponding shearing stress acting 

perpendicular to the normal stress 

1. General 

1.1 Application
1.1.1
 Information pertaining to the supporting structure for deck equipment and fittings, as listed in this section, is to 
be submitted for approval.
 This section includes scantling requirements to the supporting structure and foundations of the following pieces 
of equipment and fittings: 

(a) Anchor windlasses.
(b) Anchoring chain stoppers.
(c) Mooring winches.
(d) Deck cranes, derricks and lifting masts.
(e) Bollards and bitts, fairleads, stand rollers, chocks and capstans.

1.1.2
 Where deck equipment is subject to multiple load cases, such as operational loads and green sea load, the loads 
are be applied independently for the evaluation of strength of foundations and support structure. 

1.2 Documents to be Submitted
1.2.1
 The documents to be submitted are indicated in Ch 1, Sec 3. 

2. Anchoring Windlass and Chain Stopper 

2.1 General
2.1.1
 The windlass is to be efficiently bedded and secured to the deck.
2.1.2
 The builder and the windlass manufacturer are to ensured that the foundation is suitable for the safe operation 
and maintenance of the windlass equipment.
2.1.3
 The supporting structure is to be dimensioned to ensure that for each of the load scenarios specified in 2.1.5 and 
2.1.6, the stresses do not exceed the permissible values given in 2.1.12 to 2.1.15.
2.1.4
 These requirements are to be assessed based on net scantlings.
2.1.5
 The following load cases are to be examined for the anchoring operation, as appropriate:

(a) Windlass where chain stoppers are fitted but not attached to the windlass: 45% of BS.
(b) Windlass where no chain stopper is fitted or the chain stopper is attached to the windlass: 80% of BS.
(c) Chain stopper: 80% of BS. 
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where:
BS: Minimum breaking strength of the chain cable. 

2.1.6
 The following forces are to be applied in the independent load cases that are to be examined for the design loads 
due to green sea over the forward 0.25LCSR, see Fig. 1: 

Px = 200Ax, in kN, acting normal to the shaft axis.
Py = 150Ayf, in kN, acting parallel to the shaft axis (inboard and outboard directions to be examined 
separately).
where:
Ax: Projected frontal area, in m2.
Ay: Projected side area, in m2.
f: Coefficient taken as: 

f = 1+ Bw/H, but not to be taken greater than 2.5. 
Bw: Breadth of windlass measured parallel to the shaft axis, in m, see Fig. 1.
H: Overall height of windlass, in m, see Fig. 1. 

 
Fig. 1 Directions of Forces and Weight 

 

2.1.7
 Forces resulting from green sea design loads in the bolts, chocks and stoppers securing the windlass to the deck 
are to be calculated. The windlass is supported by a number of bolt groups, N, each containing one or more bolts. See 
Fig. 2.
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Fig. 2 Bolting Arrangements and Sign Conventions 

 

2.1.8
 The axial forces, Rxi and Ryi, in bolt group (or bolt) i, positive in tension, are given by: 

xiixxi lAxhPR /=  

yiiyyi lAyhPR /=  

siyixii RRRR -+=  

where:
Px: Force acting normal to the shaft axis, in kN.
Py: Force acting parallel to the shaft axis, either inboard or outboard, whichever gives the greater force in 

bolt group i, in kN. 
h: Shaft centre height above the windlass mounting, in cm, see Fig. 1.
xi, y: x and y coordinates of bolt group i from the centroid of all N bolt groups, in cm. Positive in the direction 

opposite to that of the applied force. 
Ai: Cross sectional area of all bolts in group i, in cm2.
Ix Inertia in x direction for N bolt groups, in cm4, taken as: 

å= 2
iix xAI  

Iy: Inertia in y direction for N bolt groups, in cm4, taken as: 

å= 2
iiy yAI  

Rsi: Static reaction at bolt group i, due to the weight of windlass, in kN. 
2.1.9
 The shear forces, Fxi and Fyi, applied to the bolt group i, and the resultant combined force Fi, are given by: 

NmgCPF xxi /)( 1-=  
NmgCPF yyi /)( 1-=  

22
yixii FFF +=  

where:
C1: Coefficient of friction, taken equal to 0.5.
m: Mass of windlass, in t.
g: Acceleration due to gravity, taken equal to 9.81 m/sec2.
N: Number of bolt groups. 

2.1.10
 The resultant forces from the application of the loads specified in 2.1.5 and 2.1.6 are to be considered in the 
design of the supporting structure.
2.1.11
 Where a separate foundation is provided for the windlass brake, the distribution of resultant forces is to be 
calculated on the assumption that the brake is applied for load cases (a) and (b) defined in 2.1.5.
2.1.12
 The stresses resulting from anchoring design loads induced in the supporting structure are not to be greater than 
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the following permissible values: 
・ Normal stress, 1.00ReH

・ Shear stress, 0.60ReH 
2.1.13
 The tensile axial stresses resulting from green sea design loads in the individual bolts in each bolt group i are not 
to exceed 50% of the bolt proof strength. The load is to be applied in the direction of the chain cable. Where fitted 
bolts are designed to support shear forces in one or both directions, the von Mises equivalent stresses are not to 
exceed 50% of the bolt proof strength.
2.1.14
 The horizontal forces resulting from the green sea design loads, Fxi and Fyi may be supported by shear chocks. 
Where pourable resins are incorporated in the holding down arrangements, due account is to be taken in the 
calculation.
2.1.15
 The stresses resulting from green sea design loads induced in the supporting structure are not to be greater than 
the following permissible values: 

・ Normal stress, 1.00ReH

・ Shear stress, 0.60ReH 

3. Mooring Winches 

3.1 General
3.1.1
 Mooring winches are to be efficiently bedded and secured to the deck.
3.1.2 Foundation
 The builder and mooring winch manufacturer are to ensured that the foundation is suitable for the safe operation 
and maintenance of the mooring winch equipment.
3.1.3 Rated pull
 The Rated Pull is defined as the maximum load which the mooring winch is designed to exert during operation.
3.1.4 Holding load
 The Holding Load is defined as the maximum load which the mooring winch is designed to resist during 
operation and is to be taken as the design brake holding load or equivalent.
3.1.5 Supporting structure
 The supporting structure is to be dimensioned to ensure that for each of the load cases specified in 3.1.7, the 
stresses do not exceed the permissible values given in 2.1.12.
 For mooring winches situated within the forward 0.25LCSR, the supporting structure is to be dimensioned to 
ensure that for the load case specified in 2.1.6, the stresses do not exceed the permissible values given in 2.1.13 to 
2.1.15.
3.1.6 Corrosion model
 These requirements are to be assessed based on net scantlings.
3.1.7
 Each of the following load cases are to be examined for design loads due to mooring operation:

(a) Mooring winch at maximum pull: 100% of the Rated Pull.
(b) Mooring winch with brake effective: 100% of the Holding Load.
(c) Line strength: 125% of the breaking strength of the mooring line provided by the designer (refer to Sec 3, 

3.9). 
 Rated pull and holding load are defined in 3.1.3 and 3.1.4. The design load is to be applied through the mooring 
line according to the arrangement shown on the mooring arrangement plan.
3.1.8
 For mooring winches situated within the forward 0.25 LCSR, the resultant forces in the bolts obtained from green 
sea design loads are to be calculated in accordance with 2.1.6 to 2.1.9.
3.1.9
 Where a separate foundation is provided for the mooring winch brake, the distribution of resultant forces is to 
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take into account of the different load path. The brake is only to be considered in relation to the forces in 3.1.7 item 
(b). 

4. Cranes, Derricks, Lifting Masts and Life Saving Appliances 

4.1 General
4.1.1
 Supporting structure of life saving appliances and supporting structures of cranes, derricks and lifting masts with 
a Safe Working Load greater than 30 kN, or a maximum overturning moment to the supporting structure greater than 
100 kNm, are to comply with these requirements.
4.1.2
 These requirements apply to the connection to the deck and the supporting structure of cranes, derricks and 
lifting masts. Where the crane, derrick or lifting mast is to be certified by the Society, additional requirements may be 
applied by the Society.
4.1.3
 These requirements do not cover the following items:

(a) Supports of lifting appliances for personnel or passengers, except foundation for life saving appliances.
(b) The structure of the lifting appliance pedestals or post above the area of the deck connection.
(c) Holding down bolts and their arrangement, which are considered part of the lifting appliance.

 The term  lifting appliance  is defined as a crane, derrick or lifting mast. 
4.1.4 SWL Definition
 The Safe Working Load (SWL) is defined as the maximum load which the lifting appliance is certified to lift at 
any specified outreach.
4.1.5 Self weight
 The self weight is the calculated gross self weight of the lifting appliance, including the weight of any lifting 
gear.
4.1.6 Overturning moment
 The overturning moment is the maximum bending moment, calculated at the connection of the lifting appliance 
to the ship structure, due to the lifting appliance operating at Safe Working Load, taking into account outreach and 
self weight.
4.1.7
 The crane pedestal and derrick mast are as defined in Fig. 3.
4.1.8
 Deck plating and under deck structure is to provide adequate support for derrick masts and crane pedestals 
against the loads and maximum overturning moment. Where the deck is penetrated, the deck plating is to be suitably 
strengthened.
4.1.9
 Structural continuity of the deck structure is to be maintained.
 Under deck members are to be provided to support the crane pedestal and to comply with:

(a) Where the pedestal is directly connected to the deck, without above deck brackets, adequate under deck 
structure directly in line with the crane pedestal is to be provided. Where the crane pedestal is attached to 
the deck without bracketing or where the crane pedestal is not continuous through the deck, welding to the 
deck of the crane pedestal and its under deck support structure is to be made by suitable full penetration 
welding. The design of the weld connection is to be adequate for the calculated stress in the welded 
connection, in accordance with 4.1.15. 

(b) Where the pedestal is directly connected to the deck with brackets, under deck support structure is to be 
fitted to ensure a satisfactory transmission of the load, and to avoid structural hard spots. Above deck 
brackets may be fitted inside or outside of the pedestal and are to be aligned with deck girders and webs. 
The design is to avoid stress concentrations caused by an abrupt change of section. Brackets and other 
direct load carrying structure and under deck support structure are to be welded to the deck by suitable full 
penetration welding. The design of the connection is to be adequate for the calculated stress, in accordance 
with 4.1.15. 
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Fig. 3 Crane Pedestal and Derrick Mast 

 

4.1.10
 Deck plating are to be of a material strength compatible with the crane pedestal. Where necessary, a thicker 
insert plate is to be fitted. In no case are doublers to be used where structures are subject to tension.
4.1.11
 The supporting structure is to be dimensioned to ensure that for the load cases specified in 4.1.13 and 4.1.14, the 
stresses do not exceed those given in 4.1.15.
 The capability of the supporting structure to resist buckling failure is to be assured.
4.1.12
 These requirements are to be assessed based on gross scantlings.
4.1.13
 For lifting appliances which are limited to use in harbour, design load is to be taken equal to 1.3 times SWL
added to the lifting appliances self weight.
4.1.14
 For life saving appliances, design load is to be taken as 2.2 times SWL.
4.1.15
 The stresses induced in the supporting structure are not to exceed the following permissible values:

・ Normal stress, 0.67ReH

・ Shear stress, 0.39ReH 

5. Bollards and Bitts, Fairleads, Stand Rollers, Chocks and Capstans 

5.1 General
5.1.1
 Article 5 provides requirements applicable to the design and construction of shipboard fittings and supporting 
structures used for the normal towing at bow, side and stern and mooring operations as well as the strength of 
supporting structures of winches and capstans.
 Normal towing means towing operations necessary for manoeuvring in ports and sheltered waters associated 
with the normal operations of the ship.
 Where a ship is equipped with shipboard fittings intended to be used for other towing services, the strength of 
these fittings and their supporting structures are to comply with the requirements of this Article.
5.1.2
 Article 5 is not applicable to design and construction of shipboard fittings and supporting structures used for 
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special towing services defined as: 
(a) Escort towing: Towing service, in particular, for laden oil tankers required in specific estuaries. Its main 

purpose is to control the ship in case of failures of the propulsion or steering system. It should be referred to 
local escort requirements and guidance given by, e.g., the Oil Companies International Marine Forum 
(OCIMF) 

(b) Canal transit towing: Towing service for ships transiting, e.g. the Panama Canal. It should be refereed to 
local canal transit requirements. 

(c) Emergency towing for oil tankers: Towing service to assist tankers in case of emergency. For the 
emergency towing arrangements, ships subject to SOLAS regulation II-1/3-4 Paragraph 1 are to comply 
with that regulation and resolution MSC.35(63) as may be amended. 

5.1.3
 Where fairleads are fitted in bulwarks, the thickness of bulwarks may need to be increased. See Ch 11, Sec 2, 
2.2.
5.1.4
 The supporting structure is to be dimensioned to ensure that for the loads specified in 5.2.1 and 5.3.1, the 
stresses do not exceed the permissible values given in 5.5.
 The capability of the structure to resist buckling failure is to be assured according to Ch 8.
5.1.5
 These requirements are to be assessed based on net scantlings. 

5.2 Towing
5.2.1 Towing design loads
 The minimum design load applied to supporting structures for shipboard fittings is not to be less than the 
following values: 

(a) For normal towing operations, 125% of the intended maximum towing load (static bollard pull) as indicated 
on the towing and mooring arrangements plan, 

(b) For other towing service, the minimum breaking strength of the tow line provided by the designer (refer to 
Sec 3, 3.9), 

(c) For fittings intended to be used for, both, normal and other towing operations, the greater of the design 
loads according to (a) and (b). 

 When a safe towing load, TOW, greater than the value determined according to 5.2.4 is provided by the designer, 
the design load is to be increased in accordance with the appropriate TOW/design load relationship given in 5.2.1 and 
5.2.4.
 The design load is to be applied to fittings in all directions that may occur by taking into account the 
arrangement shown on the towing and mooring arrangements plan. Where the towing line takes a turn at a fitting the 
total design load applied to the fitting is equal to the resultant of the design loads acting on the line (see Fig. 4). 
However, the design load applied to the fitting needs not to be greater than twice the design load of the line.

 
Fig. 4 Design Load on Fitting 

 

5.2.2 Shipboard fittings
 Shipboard fittings may be selected from an industry standard accepted by the Society and at least based on the 
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following loads. 
(a) For normal towing operations, the intended maximum towing load (static bollard pull) as indicated on the 

towing and mooring arrangements plan, 
(b) For other towing service, the minimum breaking strength of the tow line provided by the designer (refer to 

Sec 3, 3.9), 
(c) For fittings intended to be used for, both, normal and other towing operations, the greater of the loads 

according to (a) and (b). 
 Towing bitts (double bollards) may be chosen for the towing line attached with eye splice if the industry 
standard distinguishes between different methods to attach the line, i.e. figure-of-eight or eye splice attachment.
 When the shipboard fitting is not selected from an accepted industry standard, the strength of the fitting and of 
its attachment to the ship is to be in accordance with the requirements of this Article.
 Towing bitts (double bollards) are required to resist the loads caused by the towing line attached with eye splice.
5.2.3 Towing force acting point
 The acting point of the towing force on shipboard fittings is to be taken at the attachment point of a towing line 
or at a change in its direction. For bollards and bitts the attachment point of the towing line is to be taken not less than 
4/5 of the tube height above the base (see Fig. 5).

 
Fig. 5 Attachment point of the towing line 

 

5.2.4 Safe Towing Load (TOW)
 The Safe Towing Load (TOW), in t, is the load limit for towing purpose.
 The following requirements for Safe Towing Load (TOW) apply for the use with no more than one line. If not 
otherwise chosen, for towing bitts (double bollards) TOW is the load limit for a towing line attached with eyesplice. 

(a) TOW used for normal towing operations is not to exceed 80% of the design load given in 5.2.1(a).
(b) TOW used for other towing operations is not to exceed 80% of the design load given in 5.2.1(b).
(c) For fittings used for both normal and other towing operations, the greater of the safe towing loads in (a) and 

(b) above is to be used. 
(d) For fittings intended to be used for, both, towing and mooring, 5.3 applies to mooring.

 TOW of each shipboard fitting is to be marked by weld bead or equivalent, on the deck fittings used for towing.
 For fittings intended to be used for, both, towing and mooring, SWL, in t, according to 5.3.4 is to be marked in 
addition to TOW. 

5.3 Mooring
5.3.1 Mooring design loads
 The minimum design load applied to supporting structures for shipboard fittings is not to be less than 115% of 
the minimum breaking strength of the mooring line provided by the designer (refer to Sec 3, 3.9).
 The minimum design load applied to supporting structures for winches is not to be less than 125% of the 
intended maximum brake holding load, where the maximum brake holding load is to be assumed not less than 80% 
of the minimum breaking strength of the mooring line provided by the designer (refer to Sec 3, 3.9).
 The minimum design load for the supporting structure for capstans is to taken as 125% of the maximum hauling 
in force. 

① 



－614－

2019 Rules for the Survey and Construction of Steel Ships (Part CSR-B&T Part 1 Chapter 11 Section 4)

 When a safe working load SWL greater than the value determined according to 5.3.4 is provided by the designer, 
the design load is to be multiplied by the ratio SWL/design load, where the design load is given above as appropriate.
 The design load is to be applied to fittings in all directions that may occur by taking into account the 
arrangement shown on the towing and mooring arrangements plan. Where the mooring line takes a turn at a fitting 
the total design load applied to the fitting is equal to the resultant of the design loads acting on the line (See Fig. 4). 
However, the design load applied to the fitting needs not to be greater than twice the design load on the line.
5.3.2 Shipboard fittings
 Shipboard fittings may be selected from an industry standard accepted by the Society and at least based on the 
minimum breaking strength of the mooring line provided by the designer (refer to Sec 3, 3.9).
 Mooring bitts (double bollards) are to be chosen for the mooring line attached in figure-of-eight fashion if the 
industry standard distinguishes between different methods to attach the line, i.e. figure-of-eight or eye splice 
attachment.
 When the shipboard fitting is not selected from an accepted industry standard, the strength of the fitting and of 
its attachment to the ship is to be in accordance with this Article.
 Mooring bitts (double bollards) are required to resist the loads caused by the mooring line attached in figure 
of-eight fashion.
5.3.3 Mooring force acting point
 The acting point of the mooring force on shipboard fittings is to be taken at the attachment point of a mooring 
line or at a change in its direction. For bollards and bitts the attachment point of the mooring line is to be taken not 
less than 4/5 of the tube height above the base (See Fig. 6(a)). However, if fins are fitted to the bollard tubes to keep 
the mooring line as low as possible, the attachment point of the mooring line may be taken at the location of the fins 
(See Fig. 6(b)).

 
Fig. 6 Attachment point of the mooring line 

 

5.3.4 Safe Working Load (SWL)
 The Safe Working Load (SWL), in t, is the load limit for mooring purpose.
 The following requirements on Safe Working Load apply for the use with no more than one mooring line.
 Unless a greater SWL is provided by the designer, the SWL is not to exceed the minimum breaking strength of 
the mooring line provided by the designer (refer to Sec 3, 3.9).
 The SWL of each deck fitting is to be marked (by weld bead or equivalent) on the deck fittings used for mooring.
 For fittings intended to be used for, both, mooring and towing, TOW, in t, according to 5.2.4 is to be marked in 
addition to SWL. 
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5.4 Supporting structure
5.4.1
 Shipboard fittings for towing and mooring, winches and capstans for mooring are to be located on stiffeners 
and/or girders, which are part of the deck construction so as to facilitate efficient distribution of the towing or 
mooring loads. Other arrangements may be accepted (for chocks in bulwarks, etc.) provided the strength is confirmed 
adequate for the intended service.
5.4.2
 The reinforced structural members beneath shipboard fittings are to be effectively arranged for any variation of 
direction (horizontally and vertically) of the towing/mooring forces acting upon the shipboard fittings (see Fig. 7). 

 
Fig. 7 Attachment point of the mooring line 

 

5.4.3
 Shipboard fittings (bollards and bitts, fairleads, stand rollers and chocks) and capstans used for mooring and/or 
towing operations are to be fitted to the deck or bulwark structures.
5.4.4
 The structural arrangement is to provide continuity of strength. Proper alignment of fittings and supporting 
structure is to be ensured.
 The structural arrangement of the ship s structure in way of the shipboard fittings and their seats and in way of 
capstans is to be such that abrupt changes of shape or section are to be avoided in order to minimise stress 
concentrations. Sharp corners and notches are to be avoided, especially in highly stressed areas. 

5.5 Acceptance criteria
5.5.1
 For the design load specified in 5.2.1 and 5.3.1, the stresses induced in the shipboard fittings, the supporting 
structure and welds are not to exceed the following permissible values defined in 5.5.3 and 5.5.4, as applicable:
5.5.2
 The strength assessment of the shipboard fittings can be performed by means of either beam theory or grillage 
analysis, or by finite element analysis.
 At the discretion of the Society, load tests of the fittings may be accepted as alternative to strength assessment 
by above mentioned analysis.
5.5.3
 For strength assessment with beam theory or grillage analysis, the permissible stresses to be considered are the 
following: 

・ Normal stress: 1.00 ReH.
・ Shear stress: 0.60 ReH.

 Normal stress is the sum of bending stress and axial stress with the corresponding shearing stress acting 
perpendicular to the normal stress. No stress concentration factors are taken into account.
5.5.4
 For strength assessment with finite element analysis, the von Mises equivalent stress to be considered is not to 
exceed ReH.
 For strength calculations by means of finite elements, the geometry is to be modelled as realistically as possible. 

① 
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The ratio of element length to width is not to exceed 3. Girders are to be modelled using shell or plane stress elements. 
Symmetric girder flanges may be modelled by beam or truss elements. The element height of girder webs must not 
exceed one-third of the web height. In way of small openings in girder webs the web thickness is to be reduced to a 
mean thickness over the web height. Large openings are to be modelled. Stiffeners may be modelled by using shell, 
plane stress, or beam elements. Stresses are to be read from the centre of the individual element. For shell elements 
the stresses are to be evaluated at the mid plane of the element. 

5.6 Corrosion addition of the fittings
5.6.1
 The corrosion addition, tc, of the fittings is not be less than the following values:

(a) For pedestals and foundations on deck which are not part of a fitting according to an accepted industry 
standard, 2.0 mm. 

(b) For shipboard fittings not selected from an accepted Industry standard, 2.0 mm.
5.6.2
 In addition to the corrosion addition the wear allowance, tw, for shipboard fittings not selected from an accepted 
Industry standard is not to be less than 1.0 mm, added to surfaces which are intended to regularly contact the line. 

5.7 Towing and mooring arrangements plan
5.7.1
 The SWL and TOW for the intended use for each deck fitting is to be stated in the towing and mooring 
arrangements plan available onboard for the guidance of the Master.
 It is to be noted that TOW is the load limit for towing purpose and SWL that for mooring purpose.
 For each deck fitting, the following is to be included on the arrangement plan:

(a) Location on the ship,
(b) Fitting type,
(c) SWL and or TOW,
(d) Purpose (mooring, harbour towing, other towing),
(e) Manner of applying towing or mooring line load including limiting fleet angles.

 Item (c) with respect to items (d) and (e), is subject to approval by the Society.
5.7.2
 The information provided on the plan is to include:

(a) The arrangement of mooring lines showing number of lines (N),
(b) The minimum breaking strength of each mooring line (MBL),
(c) The acceptable environmental conditions: 

・ 30 second mean wind speed from any direction
・ Maximum current speed acting on bow or stern ( 10 ). 

 This information is to be incorporated into the pilot card in order to provide the pilot with proper information on 
harbor and other towing operations.
5.7.3
 The towing and mooring arrangements plan is to define the method of use of towing lines and/or mooring lines. 

6. Miscellaneous Deck Fittings 

6.1 Support and Attachment
6.1.1
 The following requirements are to be considered in the design of the support and attachment of miscellaneous 
fittings which impose relatively small loads on the ship's structure. The arrangement of such details and their 
approval is considered on a case-by-case basis by the Society.
6.1.2
 Support positions are to be arranged so that the attachment to the ship structure is clear of deck openings and 
stress concentrations, such as the toes of end brackets. Design of supports is to be such that the attachment to the deck 
minimises the creation of hard points. 

① 
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Section 5 SMALL HATCHWAYS 

Symbols 

For symbols not defined in this section, refer to Ch 1, Sec 4. 

1. General 

1.1 Application
1.1.1
 The requirements in 1.2 to 1.6 apply to small hatchways at weather deck in positions 1 and 2 as defined in Ch 1, 
Sec 4, 3.2. The requirements in 2 apply to small hatchways fitted on the exposed fore deck over the forward 0.25LCSR.
 Hatchways of bulk carriers not covered by the definition of small hatchways in 1.4.1 are to comply with 
applicable requirements in Pt 2, Ch 1. 

1.2 Materials
1.2.1
 Materials used for the construction of steel hatch covers are to comply with the applicable requirements of Part 
K.
1.2.2
 The use of materials other than steel is considered by the Society on a case-by-case basis. 

1.3 Height of Hatch Coamings
1.3.1
 The height above the deck of hatch coamings is not to be less than:

・ 600 mm in position 1.
・ 450 mm in position 2. 

1.3.2
 The height, given in 1.3.1, of hatch coamings closed by steel covers provided with gaskets and securing devices 
may be reduced or the coamings may be omitted entirely, on condition that the Flag Administration is satisfied that 
the safety of the ship is not thereby impaired in any sea conditions.
 In such cases the scantlings of the covers, their gasketing, their securing arrangements and the drainage of 
recesses in the deck are considered by the Society on a case-by-case basis. 

1.4 Small Hatchways
1.4.1
 Small hatches are hatches designed for access to spaces below the deck and are capable to be closed 
weathertight or watertight, as applicable. Their opening is generally equal to or less than 2.5 m2.
 Hatch covers on exposed decks are to be weathertight.
 Hatch covers fitted in way of ballast tanks, fuel oil tanks or other tanks are to be watertight.
1.4.2
 Securing arrangements and stiffening of hatch cover edges are to be such that weathertightness can be 
maintained in any sea condition. At least one securing device is to be fitted at each side. Circular hole hinges are 
considered equivalent to securing devices.
1.4.3
 Hatchways of special design are considered by the Society on a case-by-case basis.
1.4.4
 The gross thickness of covers is to be not less than 8 mm. This thickness is to be increased or an efficient 
stiffening is to be fitted where the greatest horizontal dimension of the cover exceeds 0.6 m. 
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1.4.5
 The gross thickness of coaming plate is not to be less than the lesser of the following values:

・ The gross thickness for the deck in way of hatch coaming, assuming as spacing of stiffeners the lesser of 
the values of the height of the coaming and the distance between its stiffeners. 

・ 10 mm.
 Coamings are to be strengthened where their height exceeds 0.8 m or their greatest horizontal dimension exceeds 
1.2 m, unless their shape ensures an adequate rigidity. 

1.5 Cargo Tank Access Hatchways
1.5.1
 Requirements given in 1.2 to 1.4 have to be considered as minimum requirements for cargo tank hatchways.
 The requirements of 1.5.4 do not apply to dished covers or covers of other specially approved design.
1.5.2
 Covers for access hatches, tank cleaning and other openings for cargo tanks and adjacent spaces are to be 
manufactured from the following material: 

(a) Normal strength steel in accordance with Ch 3, Sec 1.
(b) Non-ferrous material may be considered, such as bronze or brass. Aluminium alloy is not to be used for 

covers of any opening to cargo tanks and spaces adjacent thereto. 
(c) Synthetic materials may be considered, taking into account their fire resistance and their physical and 

chemical properties in relation to the intended operating conditions. Details of the properties of the material, 
the design of the cover, and the method of manufacture are to be submitted for approval. 

 The hatch cover packing material is to be compatible with the cargoes that are intended to be carried and is to be 
effectively held in place.
1.5.3
 The height of the hatch coaming above the upper surface of the freeboard deck is not to be less than 600 mm. 
Lower heights may be permitted by the Flag Administration. In addition, the top of the hatch coaming is not to be 
lower than the highest point of the tank over which it is fitted and is to be of sufficient height for the purpose of 
damage stability.
 The gross thickness of the coaming plate is not to be less than 10 mm. Where the coaming height, as fitted, 
exceeds 600 mm, the thickness may be required to be increased or edge stiffening fitted. The scantlings of coaming 
plates of tank access coamings that enclose an area of 1.2 m2 or more, and/or those that are not configured with a well 
rounded shape, may be subject to additional requirements.
1.5.4
 The gross thickness of unstiffened plate covers with an area less than 1.2 m2 is not to be less than 12.5 mm. The 
gross thickness of covers of a larger area will need to be increased or the cover will require stiffening.
 Flat and unstiffened covers on circular hatchways are to be secured by fastenings with a spacing of not more 
than 600 mm.
 On rectangular hatchways, the spacing of fastenings is generally not to be greater than 450 mm and the distance 
between hatch corners and adjacent fastenings is not to be greater than 230 mm.
 Where the cover is hinged, adequate stiffening of the coaming and cover in way of the hinge is to be provided. 
In general, hinges are not to be considered securing devices for the cover and are to be designed so as to prevent the 
gasket from being over-tightened. 

1.6 Gaskets
1.6.1
 The sealing is to be obtained by a continuous gasket of relatively soft elastic material compressed to achieve the 
necessary weathertightness.
1.6.2
 Coamings and steel parts of hatch covers in contact with gaskets are to have no sharp edges. 
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2. Small Hatchways Fitted on the Exposed Fore Deck 

2.1 General
2.1.1
 These requirements apply to small hatchways (generally openings 2.5 m2 or less) on the exposed deck within 
0.25LCSR from the FP and located at a height less than 0.1LCSR or 22 m, whichever is less, from the summer load water 
line at the location of the hatch.
2.1.2
 Hatchways designed for emergency escape need not comply with the requirements 2.3.1 items (a) and (b), 2.4.3
and 2.5.1.
2.1.3
 Securing devices of hatches designed for emergency escape are to be of a quick-acting type (e.g. one action 
wheel handles are provided as central locking devices for latching/unlatching of hatch cover) operable from both 
sides of the hatch cover. 

2.2 Strength
2.2.1
 For small rectangular steel hatch covers, the gross plate thickness, stiffener arrangement and scantlings are to be 
not less than those obtained, in mm, from Table 1 and Fig. 2. Stiffeners, where fitted, are to be aligned with the 
metal-to-metal contact points, required in 2.4.1 and shown in Fig. 2. Primary stiffeners are to be continuous. All 
stiffeners are to be welded to the inner edge stiffener, see Fig. 1.
 

Table 1 Gross Scantlings for Small Steel Hatch Covers on the Fore Deck 

Nominal size, 
in mm 

Cover plate 
thickness, 
 in mm 

Primary stiffeners Secondary stiffeners 

Flat bar size, in mm ; number of stiffeners 

630   630 8 - - 

630   830 8 100   8 ; 1 - 

830   630 8 100   8 ; 1 - 

830   830 8 100   10 ; 1 - 

1030   1030 8 120   12 ; 1 80   8 ; 2 

1330   1330 8 150   12 ; 2 100   10 ; 2 

2.2.2
 The upper edge of the hatchway coaming is to be suitably reinforced by a horizontal member, normally not more 
than 190 mm from the upper edge of the coaming.
2.2.3
 For small hatch covers of circular or similar shape, the cover plate thickness and reinforcement is to provide 
strength and stiffness equivalent to the requirements for small rectangular hatches.
2.2.4
 For small hatch covers constructed of materials other than normal strength steel, the required scantlings are to 
provide equivalent strength and stiffness. 

2.3 Primary Securing Devices
2.3.1
 The primary securing devices are to be fitted such that the hatch cover can be secured in place and be made 
weathertight by means of a closing mechanism employing any one of the following methods: 

(a) Butterfly nuts tightening onto forks (clamps), 
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(b) Quick acting cleats, or
(c) A central locking device.

 Dogs (twist tightening handles) with wedges are not acceptable. 

2.4 Requirement to Primary Securing
2.4.1
 The hatch cover is to be fitted with a gasket of elastic material. This is to be designed to allow a metal to metal 
contact at a designed compression and to prevent over compression of the gasket by green sea forces that may cause 
the securing devices to be loosened or dislodged. The metal-to-metal contacts are to be arranged close to each 
securing device in accordance with Fig. 2 and of sufficient capacity to withstand the bearing force.
2.4.2
 The primary securing method is to be designed and manufactured such that the designed compression pressure is 
achieved by one person without the need of any tools.
2.4.3
 For a primary securing method using butterfly nuts, the forks (clamps) are to be of robust design. They are to be 
designed to minimise the risk of butterfly nuts being dislodged while in use; by means of curving the forks upward, a 
raised surface on the free end, or a similar method. The plate thickness of unstiffened steel forks is to be not less than 
16 mm. An example arrangement is shown in Fig. 1.
2.4.4
 For small hatch covers located on the exposed deck forward of the foremost cargo hatch, the hinges are to be 
fitted such that the predominant direction of green seas will cause the cover to close, which means that the hinges are 
normally to be located on the fore edge.
2.4.5
 On small hatches located between the main hatches, for example between No. 1 and No. 2, the hinges are to be 
placed on the fore edge or outboard edge, whichever is practicable for protection from green water in beam sea and 
bow quartering conditions. 

2.5 Secondary securing devices
2.5.1
 Small hatches on the fore deck are to be fitted with an independent secondary securing device, e.g. by means of 
a sliding bolt, a hasp or a backing bar of slack fit, which is capable of keeping the hatch cover in place, even in the 
event that the primary securing device became loosened or dislodged. It is to be fitted on the side opposite to the 
hatch cover hinges.
 

Fig. 1 Example or Primary Securing Device 
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Fig. 2 Arrangement of Stiffeners 
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Chapter 12 CONSTRUCTION 

Section 1 CONSTRUCTION AND FABRICATION 

1. General 

1.1 Workmanship
1.1.1
 All workmanship is to be of commercial marine quality and acceptable to the surveyor. Welding is to be in 
accordance with the requirements of Ch 12, Sec 2. Any defect is to be rectified to the satisfaction of the surveyor 
before the material is covered with paint, cement or any other composition. 

1.2 Fabrication Standard
1.2.1
 Structural fabrication is to be carried out in accordance with IACS Recommendation No. 47 or with a recognised 
fabrication standard which has been accepted by the Society prior to the commencement of fabrication/construction.
1.2.2
 The fabrication standard to be used during fabrication/construction is to be made available to the attending
representative of the Society prior to the commencement of the fabrication/construction.
1.2.3
 The fabrication standard is to include information, to establish the range and the tolerance limits, for the items 
specified as follows: 

(a) Cut edges: the slope of the cut edge and the roughness of the cut edges.
(b) Flanged stiffeners and brackets and built-up sections: the breadth of flange and depth of web, angle 

between flange and web, and straightness in plane of flange or at the top of face plate. 
(c) Pillars: the straightness between decks and cylindrical structure diameter.
(d) Brackets and flat bar stiffeners: the distortion at the free edge line of tripping brackets and flat bar 

stiffeners. 
(e) Sub-assembly stiffeners: details of sniped end of face plates and webs.
(f) Plate assembly: for flat and curved blocks, the dimensions (length and breadth), distortion and squareness, 

and the deviation of interior members from the plate. 
(g) Cubic assembly: in addition to the criteria for plate assembly, twisting deviation between upper and lower 

plates, for flat and curved cubic blocks. 
(h) Special assembly: the distance between upper and lower gudgeons, distance between aft edge of propeller 

boss and aft peak bulkhead, twist of stern frame assembly, breadth and length of top plate of main engine 
bed. Where boring out of the propeller boss and stern frame, skeg or solepiece are to be carried out after 
completing the major part of the welding of the aft part of the ship. Where block boring is used, the shaft 
alignment is to be carried out using a method and sequence submitted to and recognised by the Society. The 
fit-up and alignment of the rudder, pintles and axles are to be carried out after completing the major parts of 
the welding of the aft part of the ship. The contacts between the conical surfaces of pintles, rudder stocks 
and rudder axles are to be checked before the final mounting. 

(i) Butt joints in plating: alignment of butt joint in plating.
(j) Cruciform joints: alignment measured on the median line and measured on the heel line of cruciform joints.
(k) Alignment of interior members: alignments of flange of T profiles, alignment of panel stiffeners, gaps in T 

joints and lap joints, and distance between scallop and cut-outs for continuous stiffeners in assembly and in 
erection joints. 

(l) Keel and bottom sighting: deflections for whole length of the ship, and for the distance between two 
adjacent bulkheads, cocking-up of fore body and of aft body, and rise of floor amidships. 
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(m) Dimensions: length between perpendiculars, moulded breadth and depth at midship, and length between aft 
edge of propeller boss and main engine. 

(n) Fairness of plating between frames: deflections between frames of shell, tank top, bulkhead, upper deck, 
superstructure deck, deckhouse deck and wall plating. 

(o) Fairness of plating in way of frames: deflections of shell, tank top, bulkhead, strength deck plating and 
other structures measured in way of frames. 

2. Cut-outs, Plate Edges 

2.1 General
2.1.1 
 The free edges (cut surfaces) of cut-outs, hatch corners, etc are to be properly prepared and are to be free from 
notches. As a general rule, cutting draglines, etc are to be smoothly ground. All edges are to be broken or in cases of 
highly stressed parts, be rounded off.
 Free edges on flame or machine cut plates or flanges are not to be sharp cornered and are to be finished off as 
specified above. This also applies to cutting drag lines, etc, in particular to the upper edge of sheer strake and 
analogously to weld joints, changes in sectional areas or similar discontinuities.
2.1.2
 Corners in hatch opening are to be machine cut. 

3. Cold Forming 

3.1 Special Structural Members
3.1.1
 For highly stressed components of the hull girder where notch toughness is of particular concern (e.g. items
required to be Class III in Ch 3, Sec 1, Table 3, such as radius gunwales (bent sheer plates) and bilge strakes), the 
inside bending radius, in cold formed plating, is not to be less than 10 times the as-built plate thickness for 
carbon-manganese steels (see Ch 3, Sec 1). The allowable inside bending radius may be reduced provided the 
requirements stated in 3.3 are complied with. 

3.2 Corrugated Bulkheads and Hopper Knuckles
3.2.1
 For corrugated bulkheads and hopper knuckles, the inside bending radius, in cold formed plating, is not to be 
less than 4.5 times the as-built plate thickness for carbon-manganese steels (see Ch 3, Sec 1). The allowable inside 
bending radius may be reduced provided the requirements stated in 3.3 are complied with. 

3.3 Low Bending Radius
3.3.1
 When the inside bending radius is reduced below 10 times or 4.5 times the as-built plate thickness according to 
3.1 and 3.2 respectively, supporting data is to be provided. The bending radius is in no case to be less than 2 times the 
as-built plate thickness. As a minimum, the following additional requirements are to be complied with: 

(a) For all bent plates: 
・ 100% visual inspection of the bent area is to be carried out.
・ Random checks by magnetic particle testing are to be carried out. 

(b) In addition to (a), for bent plates at boundaries to tanks or ballast holds: 
・ The steel is to be of Grade D/DH or higher.
・ The material is impact tested in the strain-aged condition and satisfies the requirements stated herein. 

The deformation is to be equal to the maximum deformation to be applied during production, 
calculated by the formula tas-built /(2rbdg + tas-built), where tas-built is the as-built thickness of the plate 
material and rbdg is the bending radius. One sample is to be plastically strained at the calculated 
deformation or 5%, whichever is greater and then artificially aged at 250 C for one hour then subject 
to Charpy V-notch testing. The average impact energy after strain ageing is to meet the impact 
requirements specified for the grade of steel used. 
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4. Hot Forming 

4.1 Temperature Requirements
4.1.1
 Steel is not to be formed between the upper and lower critical temperatures. If the forming temperature exceeds 
650 C for as-rolled, controlled rolled, thermo-mechanical controlled rolled or normalised steels, or is not at least 
28 C lower than the tempering temperature for quenched and tempered steels, mechanical tests are to be made to 
assure that these temperatures have not adversely affected both the tensile and impact properties of the steel. Where 
curve forming or fairing, by line or spot heating, is carried out in accordance with 4.2.1 these mechanical tests are not 
required.
4.1.2
 After further heating, other than specified in 4.1.1, of Thermo-Mechanically Controlled Steels (TMCP plates) for 
forming and stress relieving, it is to be demonstrated that the mechanical properties meet the requirements specified 
by a procedure test using representative material. 

4.2 Line or Spot Heating
4.2.1
 Curve forming or fairing, by linear or spot heating, is to be carried out using approved procedures in order to 
ensure that the properties of the material are not adversely affected. Heating temperature on the surface is to be 
controlled so as not to exceed the maximum allowable limit applicable to the plate grade. 

5. Assembly and Alignment 

5.1 General
5.1.1
 The use of excessive force is to be avoided during the assembly of individual structural components or during 
the erection of sections. Major distortions of individual structural components are to be corrected before further 
assembly.
 After completion of welding, straightening and aligning are to be carried out in such a manner that the material 
properties are not influenced significantly. In case of doubt, the Society may require a procedure test or a working 
test to be carried out.
5.1.2
 Structural members are to be aligned following the provisions of IACS Recommendation No. 47, Table 7 or 
according to the requirements of a recognised fabrication standard that has been accepted by the Society. In the case 
of critical components, control drillings are to be made where necessary, which are then to be welded up again on 
completion. 



－625－

2019 Rules for the Survey and Construction of Steel Ships (Part CSR-B&T Part 1 Chapter 12 Section 2)

Section 2 FABRICATION BY WELDING 

1. General 

1.1 Application
1.1.1
 The requirements of this section apply to the preparation, execution and inspection of welded connections in hull 
structures. 

1.2 Limits of Application to Welding Procedures
1.2.1 Weld type, size and materials
 The requirements of this section for weld type, size and materials are based on the following considerations:

・ Joint type.
・ Criticality of the joint.
・ Magnitude, type and direction of the stresses in the joint.
・ Material properties of the parent and weld material.
・ Weld gap size.

1.2.2 Preparation, execution and inspection
 The requirements of this section are to be complemented by the general requirements relevant to fabrication by 
welding and qualification of welding procedures given by the Society when deemed appropriate by the Society. 

2. Welding Procedures, Welding Consumables and Welders 

2.1 General
2.1.1
 All welding is to be carried out by approved welders, in accordance with approved welding procedures, using 
approved welding consumables, in compliance with Part M.
 Personnel manning automatic welding machines and equipment are to be competent, sufficiently trained deemed 
as appropriate by the Society.. 

3. Weld Joints 

3.1 General
3.1.1
 Welding of connections is to be executed according to the approved plans.
3.1.2
 The quality standard adopted by the shipyard is to be submitted to the Society and it applies to all welded 
connections unless otherwise specified on a case-by-case basis.
3.1.3
 Consideration is to be given to the assembly sequence and the effect of the overall shrinkage of plate panels, 
assemblies, etc, resulting from the welding processes employed. Welding is to proceed systematically, with each 
welded joint being completed in correct sequence, without undue interruption. When practicable, welding is to 
commence at the centre of a joint and proceed outwards, or at the centre of assembly and progress outwards towards 
the perimeter so that each part has freedom to move in one or more directions.
3.1.4
 Completed welded joints are to be to the satisfaction of the attending surveyor. Edge preparations and root gaps 
are to be in accordance with the approved welding procedure. The gap between the members being joined should not 
exceed the maximum values given in IACS Recommendation No. 47 or as specified in recognised fabrication standard 
approved by the Society. Where the gap between members being joined exceeds the specified values, corrective 
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measures are to be taken in accordance with an approved welding procedure specification.
3.1.5
 Where small fillets are used to attach heavy plates or sections, welding is to be based on approved welding 
procedure specifications. Special precautions, such as the use of preheating, low-hydrogen electrodes or 
low-hydrogen welding processes, are accepted.
3.1.6
 When heavy structural members are attached to relatively light plating, the weld size and sequence may require 
modification.
3.1.7
 Where quality control systems are in place which ensure that the grade of welding consumable used is higher 
than the minimum required for the particular strength steel being welded, the welding consumables that are used may 
have a weld deposit material yield strength that is greater than the minimum specified in Ch 12, Sec 3, 2.5.2 and the 
size of the weld may be determined based on the yield strength of the higher grade welding consumable.
3.1.8
 In general, butt joints are to be welded from both sides. Before welding is carried out on the second side, 
unsound metal is to be removed at the root by a suitable method. Butt welding from one side will only be permitted 
for specific applications with an approved welding procedure specification.
3.1.9 Arrangements at junctions of welds
 Welds are to be made flush in way of the faying surface where stiffening members, attached by continuous fillet 
welds, cross the completely finished butt or seam welds. Similarly, butt welds in webs of stiffening members are to 
be completed and made flush with the stiffening member before the fillet weld is made. The ends of the flush portion 
are to run out smoothly without notches or sudden changes of section. Where these conditions can not be complied 
with, a scallop is to be arranged in the web of the stiffening member. Scallops are to be of the size, and in a position, 
that a satisfactory return weld can be made.
3.1.10 Leak stoppers
 Where structural members pass through the boundary of a tank, leakage into adjacent space could be hazardous 
or undesirable, and full penetration welding is to be adopted for the members for at least 150 mm on each side of the 
boundary. Alternatively, a small scallop of suitable shape may be cut in a member close to the boundary outside of 
the compartment, and carefully welded all around. 

4. Non-destructive Examination (NDE) 

4.1 General 

4.1.1
 The NDE plan to be submitted for approval has to contain the necessary data relevant to the locations and 
number of examinations, welding procedures applied, method of NDE applied, etc. Visual inspection of finished 
welds is to be carried out by the shipyard to ensure that all welding has been satisfactory completed. In addition to 
visual inspection, welded joints are to be examined using any one or a combination of ultrasonic, radiographic, 
magnetic particle, eddy current, dye penetrant or other acceptable methods appropriate to the configuration of the 
weld. Above inspections are to be carried out as per the requirements of the Society.
4.1.2
 NDE of welding is to be carried out at the positions indicated by the NDE plan in order to ensure that the welds 
are free from cracks and unacceptable internal defects with regards to the requirements of Part M. NDE is to be 
carried out by qualified personnel certified by recognised bodies in compliance with recognised standards. 
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Section 3 DESIGN OF WELD JOINTS 

Symbols 

Aweld : Effective fillet weld area, in cm2

f : Root face, in mm.
fweld : Weld factor.
fyd : Correction factor taking into account the yield strength of the weld deposit as defined in 2.5.2.

depl  : Total length of deposit of weld metal, in mm. 

legl  : Leg length of continuous, lapped or intermittent fillet weld, in mm. 

weldl  : Length of the welded connection in mm. 
ReH_weld : Minimum yield stress of weld deposit, in N/mm2.
tas-built : As-built thickness of the member being joined, in mm.
tgap : Allowance for fillet weld gap, is to be taken equal to 2.0 mm.
tthroat : Throat thickness of fillet weld in mm, as defined in 2.5.3. 

1. General 

1.1 Application
1.1.1
 The requirements of this section apply to the design of welded connections in hull structures and are based on 
the considerations mentioned in Ch 12, Sec 2, 1.2.1.
1.1.2
 Plans and/or specifications showing weld sizes and weld details are to be submitted for approval.
1.1.3
 The leg length of welds is to comply with the minimum leg length given in Table 1. 

1.2 Alternatives
1.2.1
 The requirements given in this section are considered minimum for electric-arc welding in hull construction, but 
alternative methods, arrangements and details will be specially considered for approval. 

2. Tee or Cross Joint 

2.1 Application
2.1.1
 The connection of primary supporting members, stiffener webs to plating as well as the plating abutting on 
another plating, are to be made by fillet or penetration welding, as shown on Fig. 1.
 

Fig. 1 Tee or Cross Joints 

 
tas-built : As-built thickness of the member being attached, mm.
q  : Connecting angle, in deg. 
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2.1.2
 Where the connection is highly stressed or otherwise considered critical, a partial or full penetration weld is to 
be achieved by bevelling the edge of the abutting plate. 

2.2 Continuous Fillet Welds
2.2.1
 Continuous welding is to be adopted in the following locations:

(a) Connection of the web to the face plate for all members.
(b) All fillet welds where higher strength steel is used.
(c) Boundaries of weathertight decks and erections, including hatch coamings, companionways and other 

openings. 
(d) Boundaries of tanks and watertight compartments.
(e) All structures inside tanks and cargo holds.
(f) Stiffeners and primary supporting members at tank boundaries.
(g) All structures in the aft peak and stiffeners and primary supporting members of the aft peak bulkhead.
(h) All structures in the fore peak.
(i) Welding in way of all end connections of stiffeners and primary supporting members, including end 

brackets, lugs, scallops, and at orthogonal connections with other members. 
(j) All lap welds in the main hull.
(k) Primary supporting members and stiffener members to bottom shell in the 0.3 LCSR forward region.
(l) Flat bar longitudinals to plating.
(m) The attachment of minor fittings to higher strength steel plating and other connections or attachments.
(n) Pillars to heads and heels.
(o) Hatch coaming stay webs to deck plating, see 2.4.5. 

2.3 Intermittent Fillet Welds
2.3.1
 Where continuous welding is not required, intermittent welding may be applied.
2.3.2
 Where beams, stiffeners, frames, etc, are intermittently welded and pass through slotted girders, shelves or 
stringers, there is to be a pair of matched intermittent welds on each side of every intersection. In addition, the beams, 
stiffeners and frames are to be efficiently attached to the girders, shelves and stringers.
 Where intermittent welding or one side continuous welding is permitted, double continuous welds are to be 
applied for one-tenth of their shear span at each end, in accordance with 2.5.2 and 2.5.3.
2.3.3 Deckhouses
 One side continuous fillet welding is acceptable in the dry spaces of deckhouses.
2.3.4 Size for one side continuous weld
 The size for one side continuous weld is to be of fillet required by 2.5.2 for intermittent welding, where f3 factor 
is to be taken as 2.0. 

2.4 Partial or Full Penetration Welds
2.4.1 High stress area definition
 For the application of this section, high stress area means an area where fine mesh finite element analysis is to 
be carried out and the fine mesh yield utilisation factor in elements adjacent to the weld is more than 90% of the fine 
mesh permissible utilisation factor, as defined in Ch 7, Sec 3, 6.2.
2.4.2 Partial or full penetration welding
 In areas with high tensile stresses or areas considered critical, full or partial penetration welds are to be used.
 In case of full penetration welding, the root face is to be removed, e.g. by gouging before welding of the back 
side.
 For partial penetration welds the root face, f, is, to be taken between 3 mm and tas-built /3.
 The groove angle made to ensure welding bead penetrating up to the root of the groove, a , is usually from 40 
degrees to 60 degrees.
 The welding bead of the full/partial penetration welds is to cover root of the groove. 

① 
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 Examples of partial penetration welds are given on Fig. 2.

 
Fig. 2 Partial Penetration Welds 

 

2.4.3 One side partial penetration weld
 For partial penetration welds with one side bevelling the fillet weld at the opposite side of the bevel is to satisfy 
the requirements given in 2.5.2.
2.4.4 Extent of full or partial penetration welding
 The extent of full or partial penetration welding in each particular location listed in 2.4.5 and 2.4.6 is to be 
approved by the Society. However, the minimum extent of full/partial penetration welding from the reference point 
(i.e. intersection point of structural members, end of bracket toe, etc.) is not to be taken less than 300 mm, unless 
otherwise specifically stated.
2.4.5 Locations required for full penetration welding
 Full penetration welds are to be used in the following locations and elsewhere as required by the rules, see Fig.
3: 

(a) Floors to hopper/inner bottom plating in way of radiused hopper knuckle.
(b) Radiused hatch coaming plate at corners to deck.
(c) Connection of vertical corrugated bulkhead to the lower hopper plate and to the inner bottom plate within 

the cargo hold region, when the vertical corrugated bulkhead is arranged without a lower stool. 
(d) Connection of structural elements in the double bottom in line with corrugated bulkhead flanges to the 

inner bottom plate, when the vertical corrugated bulkhead is arranged without a lower stool. 
(e) Connection of vertical corrugated bulkhead to the lower hopper plate, and connection of structural elements 

in the lower hopper area in line with corrugated bulkhead flanges to the lower hopper plate, where 
connections are clear of lower stools.  

(f) Connection of vertical corrugated bulkhead to top plating of lower stool.
(g) Corrugated bulkhead lower stool side plating to lower stool top plate.
(h) Corrugated bulkhead lower stool side plating to inner bottom.
(i) Connection of structural elements in double bottom to the inner bottom plate in holds intended for the 

carriage of liquid at sea with a distance of 300 mm from the side plating of the lower stool, see Fig. 3.  
(j) Edge reinforcement or pipe penetration both to strength deck, sheer strake and bottom plating within 

0.6LCSR amidships, when the dimensions of the opening exceeds 300 mm. 
(k) Abutting plate panels with as-built thickness less than or equal to 12 mm, forming outer shell boundaries 

below the scantling draught, including but not limited to: sea chests, rudder trunks, and portions of transom. 
For as-built thickness greater than 12 mm, partial penetration in accordance with 2.4.2. 

(l) Crane pedestals and associated bracketing and support structure.
(m) For toe connections of longitudinal hatch coaming end bracket to the deck plating, full penetration weld 

for a distance of 0.15 Hc from toe of side coaming termination bracket is required, where Hc is the hatch 
coaming height. 

(n) Rudder horns and shaft brackets to shell structure.
(o) Thick flanges of long transverse web frames to side web frames. Thick flanges of long longitudinal girder 

to bulkhead web frames. 
2.4.6 Locations required for partial penetration welding
 Partial penetration welding as defined in 2.4.2, is to be used in the following locations. (see examples in Fig. 3):

(a) Connection of hopper sloping plate to longitudinal bulkhead (inner hull). 

① 

① 

① 
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(b) Longitudinal/transverse bulkhead primary supporting member end connections to the double bottom.
(c) Corrugated bulkhead lower stool supporting floors to inner bottom.
(d) Corrugated bulkhead gusset and shedder plates.
(e) Lower 15% of the length of built-up corrugation of vertical corrugated bulkheads
(f) Structural elements in double bottom below bulkhead primary supporting members and stool plates, except 

in way of 2.4.5(i). 
(g) Lower hopper plate to inner bottom.
(h) Horizontal stringers on bulkheads in way of their bracket toe and the heel. 

 
Fig. 3 High Stress Areas Welding (examples) 

 

① 
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2.4.7 Fine mesh finite element analysis
 In high stress area, at least partial penetration welds as defined in 2.4.2 are to be used. The minimum extent of 
full or partial penetration welding in that case is to be the greater of the following: 

・ 150 mm in either direction from the element with the highest yield utilisation factor.
・ The extent covering all elements that exceed the above mentioned yield utilisation factor criteria.

2.4.8 Shedder plates
 In case where shedder plates are fitted at the lower end of corrugated bulkhead, the shedder plates are to be 
welded to the corrugation and the top plate of the transverse lower stool by one side penetration welds. 

2.5 Weld Size Criteria
2.5.1
 The required weld sizes are to be rounded to the nearest half millimetre.
2.5.2
 The leg length, legl  in mm, of continuous, lapped or intermittent fillet welds is not to be taken less than the 

greater of the following values: 
builtasleg tff -= 21l  

gapbuiltasweldydleg ttffff += -32l  

legl  as given in Table 1. 

where:
f1: Coefficient depending on welding type: 

30.01 =f  for double continuous welding. 
38.01 =f  for intermittent welding. 

f2: Coefficient depending on the edge preparation: 
0.12 =f  for welds without bevelling. 

70.02 =f  for welds with one/both side bevelling and f = tas-built /3.  
fyd: Coefficient not to be taken less than the following: 

0.750.5

_

1 235
yd

eH weld

f
k R

æ öæ ö= ç  ç  ç  è ø è ø
 

71.0=ydf  

ReH_weld : Specified minimum yield stress for the weld deposit in N/mm2, not to be less than: 
ReH_weld = 305 N/mm2 for welding of normal strength steel with ReH = 235 N/mm2. 

* Min.300mm 

Lower Stool 
Side Plate 

Full Penetration Weld 

Solid Floors 
(Intercostal Member) (Continuous Member) 

Bottom Side Girders 

* * * * * *

***
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ReH_weld = 375 N/mm2 for welding of higher strength steels with ReH from 265 to 355 N/mm2.
ReH_weld = 400 N/mm2 for welding of higher strength steel with ReH = 390 N/mm2. 

fweld: Weld factor dependent on the type of the structural member, see Table 2, Table 3 and Table 4.
k: Material factor of the abutting member.
f3: Correction factor for the type of weld: 

0.13 =f  for double continuous weld. 

weld3 /lctrsf =  for intermittent or chain welding. 
sctr: Distance between successive fillet welds, in mm. 

2.5.3
 The throat size tthroat, in mm, as shown in Fig. 4, is not to be less than: 

2
leg

throatt
l

=  

 
Fig. 4 Weld Scantlings 
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Table 1 Minimum Leg Size 

Area Type of space 
Minimum 

length, in mm 

Cargo hold region 

Cargo tanks and holds 

Welds within 3 m below 
top of compartment 

6.5 (1) 

Elsewhere 6.0 (1) 

Water ballast and fresh water 
tanks 

Welds within 3 m below 
top of compartment 

6.5 (1) 

Elsewhere 6.0 (1) 

Dry spaces and voids 5.0 

Other tanks 6.0 (1) 

Other areas 

Water ballast and fresh water 
tanks 

Welds within 3 m below 
top of compartment 

6.0 (1) 

Elsewhere 5.5 (1) 

Fuel oil, diesel oil and other 
tanks 

Welds within 3 m below 
top of compartment 

5.0 

Elsewhere 4.5 

Dry spaces and voids 

Welds within 3 m below 
top of compartment 

4.5 

Elsewhere 4.0 

(1) If the as-built thickness of the element is less than 12 mm, the minimum leg length may be reduced by 0.5 mm. 
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Table 2 Weld Factors for Different Structural Members 

Hull area 
Connection 

fweld 
Of To 

General, unless 
otherwise 

specified in the 
table 

Watertight plate Boundary plating 0.48 

Oil-tight plate Boundary plating 0.51 

Brackets at ends of members 0.48 

Ordinary stiffener and 
collar plates 

Deep tank bulkheads 0.24 

Web of primary supporting members and collar plates 0.38 

Web of stiffener 

Plating (except deep tank bulkhead) 0.20 

Face plates of 
built-up stiffeners 

At ends (15% of span) 0.38 

Elsewhere 0.20 

Bottom and 
double bottom 

Ordinary stiffener Bottom and inner bottom plating 0.24 

Centre girder 
Shell plates 0.38 

Inner bottom plate 0.38 

Side girder including 
intercostal plates 

Bottom and inner bottom plating 0.24 

Floor 

Shell plates and 
inner bottom plates 

At ends, on a length equal to two 
frame spaces 

0.38 

Centre girder and side girders in way of hopper tanks 0.38 

Elsewhere 0.24 

Bracket on centre girder Centre girder, inner bottom, floors and shell plates 0.38 

Web stiffener Floor and girder 0.20 

Side and inner 
side in double 
side structure 

Web of primary supporting 
members 

Side plating 0.30 

Inner side plating 
and web of primary 
supporting members 

in way of deck transverse and end 
connections 

0.43 

in way of cross tie 0.36 

elsewhere 0.30 

Deck 

Strength 
deck 

tas-built   13 
Side shell plating within 0.6LCSR midship PPW (3) 

Elsewhere 0.48 

tas-built < 13 Side shell plating 0.48 

Other deck 
Side shell plating 0.38 

Stiffeners 0.20 

Hatch coamings Deck plating 

At corners of hatchways for 15% of 
the hatch length 

FPW (4) (1) 

Elsewhere 0.38 

Web stiffeners Coaming webs 0.20 (2) 
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Table 2 Weld Factors for Different Structural Members (Continued) 

Hull area 
Connection 

fweld 
Of To 

Bulkheads 

Non-watertight bulkhead 
structure 

Boundaries Swash bulkheads 0.24 

Stiffener Bulkhead plating 
At ends (25% of span), where no end 

brackets are fitted 
0.48 

Aft peak Internal members 
Boundaries and each other: below waterline 0.38 

Above waterline 0.20 

Fore peak Internal members Boundaries and each other 0.20 

Machinery 
space 

Centre girder Keel and inner bottom 0.48 

Floor Centre girder 0.48 

Engine foundation girders Top plate and primary hull structure PPW (3) 

Floors and girders Inner bottom and shell plate 0.38 

Superstructure 

External bulkhead (first 
and second tier erections) 

Deck, external bulkhead 0.48 

External bulkheads and 
internal bulkheads 

Elsewhere 0.20 

(1) fweld =0.43 for hatch coaming other than in cargo holds.

(2) Continuous welding.

(3) PPW: Partial penetration welding in accordance with 2.4.2.

(4) FPW: Full penetration welding in accordance with 2.4.2. 
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Table 3 Weld Factors for Miscellaneous Fittings and Equipment
Item Connection to fweld 

Hatch cover Watertight/oil-tight joints 0.48(1) 
At ends of stiffeners 0.38 (2) 

Elsewhere 0.24 
Mast, derrick post, crane pedestal, etc. Deck / Underdeck reinforced structure 0.43 

Deck machinery seat Deck 0.24 
Mooring equipment seat Deck 0.43 

Ring for access hole type cover Anywhere 0.43 
Stiffening of side shell doors and weathertight doors Anywhere 0.24 

Frames of shell and weathertight doors Anywhere 0.43 
Coaming of ventilator and air pipe Deck 0.43 

Ventilators, etc., fittings Anywhere 0.24 
Ventilators, air pipes, etc., coaming to deck Deck 0.43 

Scupper and discharge Deck 0.55 
Bulwark stay Deck 0.24 

Bulwark plating Deck 0.43 
Guard rail, stanchion Deck 0.43 

Cleats and fittings Hatch coaming and hatch cover 0.60 (3) 
(1) For bulk carrier hatch covers fweld = 0.38 for watertight joints 
(2) For bulk carrier hatch covers fweld  = 0.24 at ends of stiffeners
(3) Minimum weld factor. Where tas-built >11.5 mm lleg need not exceed 0.62tas-built. Penetration welding may be required 

depending on design. 

2.5.4
 For primary supporting members connections not listed in Table 2 and Table 3, the weld factors from Table 4
are to be used.

 
Table 4 Weld Factors for Primary Supporting Members 

Hull 
structural 
member 

Connection 
fweld 

Of To 

Primary  
supporting 
 member 

Web plate 

Shell plating, deck 
plating, inner bottom 

plating, bulkhead 

Within end 15% of shear span and extending to end of 
member 

0.48 

Elsewhere 0.38 

Face plate 

In tanks/holds 
Members located within 0.125LCSR from fore peak 

0.38 

Elsewhere if cross section area of face plate exceeds 
65 cm2 

0.38 

Elsewhere 0.24 

End connections 
In way of boundaries of ballast and cargo tanks 0.48 

Elsewhere 0.38 
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2.5.5
 Where the as-built web thickness of the abutting longitudinal stiffener is greater than 15 mm and exceeds the 
thickness of the attached plating, the welding is to be double continuous and the leg length of the weld is not to be 
less than the largest of the following: 

(a) 0.30tas-built, where tas-built is the as-built thickness of the attached plating without being taken greater than 
30 mm. 

(b) 0.27tas-built + 1, where tas-built is the as-built thickness of the abutting member. The leg size resulting of this 
formula needs not to be taken greater than 8.0 mm. 

(c) Leg length given in the Table 1.
2.5.6
 Where the minimum weld size is determined by the requirements of second formula shown in 2.5.2, the weld 
connections to shell, decks or bulkheads are to take account of the material lost in the cut out, where stiffeners pass 
through the member. In cases where the width of the cut-out exceeds 15 % of the stiffener spacing, the size of weld 
leg length is to be multiplied by: 

W

s
l

85.0  

where:
s : Stiffener spacing in mm, as shown in Fig. 5. 

Wl  : Length of web plating between notches, in mm, as shown in Fig. 5. 

 
Fig. 5 Effective Material in Web Cut-outs for Stiffeners 

 

2.5.7 Shear area of primary supporting member end connections
 Welding of the end connections, inclusive 10% of shear span, of primary supporting members is to be such that 
the weld area is to be equivalent to the gross cross sectional area of the member. The weld leg length in mm, legl , is 

to be taken as: 

dep

reqgrw
ydleg

th
f

l
l -41.1=  

where:
hw: Web height of primary supporting members, in mm.
tgr-req: Required gross thickness of the web in way of the end connection, including 10% of shear span, based 

on the highest average usage factor for yield from cargo hold FE analysis or the shear area 
requirement for PSM outside cargo hold region, in mm. 

weldl : Length of the welded connection in mm, as shown in Fig. 6. 

depl : Total length of deposit of weld metal, in mm, see Fig. 6 taken as: 

welddep ll 2=  

 The size of weld is not to be less than the value calculated in accordance with 2.5.2.
2.5.8 Shear area of primary supporting member end connections
 Welding of longitudinals to plating is to be doubled continuous at the ends of the longitudinals at the extent of 
15 % of shear span as defined in Ch 3, Sec 7, 1.1.3.
 In way of primary supporting members, the length of the double continuous weld is to be equal to the depth of 
the longitudinal or the end bracket, whichever is greater. 
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Fig. 6 Shear Area of Primary Supporting Member 

 
Note 1: The length weldl  is the length of the welded connection. The total length of the weld deposit depl  if 

welded with double continuous fillet welds is twice the length of the welded connection weldl . 

2.5.9 Deck longitudinals
 For deck longitudinals, a matched pair of welds is required at the intersection of longitudinals with primary 
supporting members.
2.5.10 Longitudinal continuity provided by brackets
 Where a longitudinal strength member is to cut at a primary supporting structure and the continuity of strength is 
provided by brackets, the weld area Aweld is not to be less than the gross cross sectional area of the member. The weld 
area, Aweld in cm2, is to be determined by the following formula: 

100
depthroatyd

weld

tf
A

l
=  

2.5.11 Unbracketed stiffeners
 Where intermittent welding is permitted, unbracketed stiffeners of shell, watertight and oil-tight bulkheads, and 
deckhouse fronts are to have double continuous welds for one-tenth of their length at each end. Unbracketed 
stiffeners of non-tight structural bulkheads, deckhouse sides and aft ends are to have a pair of matched intermittent 
welds at each end.
2.5.12 Reduced weld size
 Where an approved automatic deep penetration procedure is used and quality control facilitates are working to a 
gap between members of 1 mm and less, the weld factors given in Table 2 may be reduced by 15% but not more than 
fillet weld leg size of 1.5 mm. Reductions of up to 20%, but not more than the fillet weld leg size of 1.5 mm, will be 
accepted provided that the shipyard is able to consistently meet the following requirements: 

(a) The welding is performed to a suitable process selection confirmed by welding procedure tests covering 
both minimum and maximum root gaps. 

(b) The penetration at the root is at least the same amount as the reduction into the members being attached.
(c) Demonstrate that an established quality control system is in place. 

2.5.13 Reduced weld size justification
 Where any of the methods for reduction of the weld size are adopted, the specific requirements giving 
justification for the reduction are to be indicated on the drawings. The drawings are to document the weld design and 
dimensioning requirements for the reduced weld length and the required weld leg length given by 2.5.2 without the 
leg length reduction. Also, notes are to be added to the drawings to describe the difference in the two leg lengths and 
the requirements for their application. 
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3. Butt Joint 

3.1 General
3.1.1
 Joints in the plate components of stiffened panel structures are generally to be joined by butt welds, see Fig. 7.

 
Fig. 7 Typical Butt Welds 

 

3.2 Thickness Difference
3.2.1 Taper
 In the case of welding of plates with difference in as-built thickness greater than 4 mm, the thicker plate is 
normally to be tapered. The taper has to have a length of not less than 3 times the difference in as-built thickness. If 
the width of groove is not less than 3 times the difference the transition taper is to be avoided. 

4. Other Types of Joints 

4.1 Lapped Joints
4.1.1 Areas
 Lap joint welds may be adopted in very specific cases subject to the approval of the Society. Lap joint welds 
may be adopted for the following: 

・ Peripheral connections of doublers.
・ Internal structural elements subject to very low stresses.

4.1.2 Overlap width
 Where overlaps are adopted, the width of the overlap is not to be less than three times, but not greater than four 
times the as-built thickness of the plates being joined, see Fig. 8. Where the as-built thickness of the thinner plate 
being joined has a thickness of 25 mm or more, the overlap will be subject to special consideration.

 
Fig. 8 Fillet Weld in Lapped Joint 

 
4.1.3 Overlaps for lugs
 The overlaps for lugs and collars in way of cut-outs for the passage of stiffeners through webs and bulkhead 
plating are not to be less than three times the thickness of the lug but need not be greater than 50 mm. 
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4.1.4 Lapped end connections
 Lapped end connections are to have continuous welds on each edge with leg length, legl  in mm, as shown on 

Fig. 8 such that the sum of the two leg lengths is not less than 1.5 times the as-built thickness of the thinner plate.
4.1.5 Overlapped seams
 Overlapped seams are to have continuous welds on both edges, of the sizes required by 2.5.2 for the boundaries 
of tank/hold or watertight bulkheads. Seams for plates with as-built thickness of 12.5 mm or less, which are clear of 
tanks/holds, may have one edge with intermittent welds in accordance with 2.5.2 for watertight bulkhead boundaries. 

4.2 Slot Welds
4.2.1
 Slot welds may be adopted in very specific cases subject to the approval of the Society. However, slot welds of 
doublers on the outer shell and strength deck are not permitted within 0.6LCSR amidships.
4.2.2
 Slots are to be well-rounded and have a minimum slot length, slotl  of 75 mm and width, wslot of twice the 
as-built plate thickness. Where used in the body of doublers and similar locations, such welds are in general to be 
spaced a distance, sslot of 2 slotl  to 3 slotl  but not greater than 250 mm, see Fig. 9. The size of the fillet welds is to be 
determined from second formula shown in 2.5.2 using tas-built of the thinner plate and a weld factor of 0.48.
 

Fig. 9 Slot Welds 

 
4.2.3 Closing plates
 For the connection of plating to internal webs, where access for welding is not practicable, the closing plating 
may be attached by slot welds to face plates fitted to the webs.
4.2.4
 Slots are to be well-rounded and have a minimum slot length, slotl  of 90 mm and a minimum width, wslot of 
twice the as-built plate thickness. Slots cut in plating are to have smooth, clean and square edges and are in general to 
be spaced a distance, sslot not greater than 140 mm. Slots are not to be filled with welding. 

4.3 Stud and Lifting Lug Welds
4.3.1
 Where permanent or temporary studs or lifting lugs are to be attached by welding to main structural parts in 
areas subject to high stress, the proposed locations are to be submitted for approval. 

5. Connection Details 

5.1 Bilge Keels
5.1.1
 The ground bar is to be connected to the shell with a continuous fillet weld, and the bilge keel to the ground bar 
with a continuous fillet weld in accordance with Table 4.
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Table 5 Connections of Bilge Keels 

Structural items being joined 
Leg length of weld, in mm 

At ends(1) Elsewhere 

Ground bar to the shell 0.62 t1as_built 0.48 t1as_built 

Bilge keel web to ground bar 0.48 t2as_built 0.30 t2as_built 

t1as_built : As-built thickness of ground bar, in mm.
t2as_built : As-built thickness of web of bilge keel, in mm. 
(1) Zone  B  in Fig. 19 and Fig. 20 in Pt 1 Ch 3 Sec 6 for definition of  ends  

5.1.2
 Butt welds, in the bilge keel and ground bar, are to be well clear of each other and of butts in the shell plating as 
shown in Fig. 10. In general, shell butts are to be flush in way of the ground bar and ground bar butts are to be flush 
in way of the bilge keel. Direct connection between ground bar butt welds and shell plating is not permitted. This 
may be obtained by use of removable backing.
5.1.3
 The ground bar is to be continuously fillet welded with a leg length as given in Table 5. At the ends of the 
ground bar, the leg length is to be increased as given in Table 5, without exceeding the as-built thickness of the 
ground bar as shown in Fig. 10. The welded transition at the ends of the ground bar to the plating connection should 
be formed with the weld flank angle of 45 deg or less.
5.1.4
 In general, scallops and cut-outs are not to be used. Crack arresting holes are to be drilled in the bilge keel butt 
welds as close as practicable to the ground bar. The diameter of the hole is to be greater than the width of the butt 
weld and is to be a minimum of 25 mm. Where the butt weld has been subject to non-destructive examination, the 
crack arresting hole may be omitted.

 
Fig. 10 Bilge Keel 

 
 

① 

① 
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5.2 Bulk Carrier Side Frames
5.2.1
 The following requirements are applicable to side frames, end brackets and tripping brackets of single side skin 
bulk carriers.
5.2.2
 For zones  a  and  b  as shown in Fig. 11, double continuous fillet welding should be used with leg lengths of 
0.62 tas-built and 0.57 tas-built respectively, where tas-built is the as-built thickness of the thinner of two connected 
members, in mm.
5.2.3
 Double continuous welding is to be adopted for the connections of tripping brackets with side shell frames and 
plating. The leg length, legl  in mm, for these connections should be taken as: 

・ 0.15.0 +-builtast  if 10<-builtast  
・ 0.24.0 +-builtast  if 2010 <£ -builtast  
・ 0.43.0 +-builtast  if 20³-builtast . 

 In these formulas tas-built is as-built thickness of the abutting plate. 

5.3 End Connections of Pillars and Cross Ties
5.3.1
 The end connections of pillars and cross ties are to have an effective fillet weld area, in cm2, (weld throat 
multiplied by weld length) not less than: 

F
R

fA
weldeH

weld

75.0

_
3

235
 
ø

ö
ç
ç
è

æ
=  

where:
F: Design load, for the structure under consideration, in kN.
f3: Coefficient equal to: 

05.03 =f  when pillar or cross tie is in compression only. 
14.03 =f  when pillar or cross tie is in tension. 

 



－643－

2019 Rules for the Survey and Construction of Steel Ships (Part CSR-B&T Part 1 Chapter 12 Section 3)

Fig. 11 Bulk Carrier Side Frames 
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5.4 Abutting Plates with Small Angles
5.4.1
 Where the angle q  between the abutting plate and the connected plate is less than 75 deg as shown in Fig. 12, 
the size of fillet welds ql , in mm, for the side of larger angle is to be increased in accordance with: 

2
sin2 qq
legl

l =  

where:
legl  : Leg length of fillet weld, in mm, as defined in 2.5.2. 

q  : Connecting angle, in deg, as shown in Fig. 12. 

 
Fig. 12 Connecting Angle 

 

5.4.2
 Connections of main strength members where q  is less than 45 deg, see Fig. 12, may be applied only in dry 
spaces and voids. 
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Chapter 13 SHIP IN OPERATION   RENEWAL CRITERIA 

Section 1 PRINCIPLES AND SURVEY REQUIREMENTS 

1. Principles 

1.1 Application
1.1.1
 The purpose of this chapter is to provide criteria for the allowable thickness diminution of ships  hull structures.
1.1.2
 The criteria apply only to ships in operation that are classed in accordance with these Rules.
1.1.3
 Thickness measurement is to be used to assess ships  hull structures against the specified renewal criteria.
1.1.4
 The hull survey requirements are those given, as applicable, in Part B which incorporate:

・ UR Z10.2 for single side skin bulk carriers.
・ UR Z10.4 for double hull oil tankers.
・ UR Z10.5 for double side skin bulk carriers. 

1.2 Corrosion Allowance Concept
1.2.1 Corrosion allowance
 Corrosion allowance is comprised of two aspects: local and global corrosion, as defined in Ch 3, Sec 2, 1.1.2.
1.2.2 Assessment
 Assessment against both local and global corrosion renewal criteria is required during the operational life of 
ships.
 Assessment against the newbuilding requirements which incorporate corrosion additions, given in Ch 3, Sec 3, 
and which consider all relevant loads and limit states, e.g. yielding, buckling, and fatigue is not required during the 
operational life of ships, provided that the measured thickness of any structural members remain greater than the 
renewal thickness specified in Ch 13, Sec 2, 2.
1.2.3 Steel renewal
 Steel renewal is required if either the local or global corrosion allowance is exceeded. 

1.3 Requirements for Documentation
1.3.1 Plans
 The plans to be supplied onboard the ship, as required in Ch 1, Sec 3, are to include, for each structural element, 
both the as-built and renewal thickness as defined in Ch 13, Sec 2. Any thickness for voluntary addition is also to be 
clearly indicated on the plans.
 For the list of plans and information to be supplied onboard the ship, reference is made to Part B which 
incorporate IACS UR Z10.2, Z10.4 or Z10.5 as applicable.
1.3.2 Hull girder sectional properties
 The Midship section plan to be supplied onboard the ship is to include the minimum required hull girder 
sectional properties, as defined in Ch 5, Sec 1, for the representative transverse sections of all cargo holds. 

2. Hull Survey Requirements 

2.1 General
2.1.1 Minimum hull survey requirements
 The minimum hull survey requirements including thickness measurements for the maintenance of class are 
given in Part B which incorporate IACS UR Z10.2, Z10.4 and Z10.5. 

① 
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Section 2 ACCEPTANCE CRITERIA 

Symbols 

tas-built: as built thickness, in mm.
tc: corrosion addition in mm, as defined in Ch 3, Sec 2.
tres: reserve thickness, taken equal to 0.5 mm.
tvol_add: thickness for voluntary addition, in mm. 

1. General 

1.1 Application
1.1.1
 This section gives requirements for the application of the acceptance criteria. 

1.2 Definition
1.2.1 Deck zone

The deck zone includes all the following items contributing to the hull girder strength:
・ For bulk carriers: elements above or crossed by the 0.9D level line above the baseline such as: 

・ Strength deck plating.
・ Deck stringer.
・ Sheer strake.
・ Side shell plating.
・ Inner hull and other longitudinal bulkhead plating, if any.
・ Topside tank sloped plating, including horizontal and vertical strakes.
・ Longitudinal stiffeners, girders and stringers connected to the above mentioned plating. 

・ For oil tankers: 
・ Strength deck plating.
・ Deck stringer.
・ Sheer strake.
・ Inner hull and other longitudinal bulkheads upper most strake.
・ Longitudinal stiffeners, girders and stringers connected to the above mentioned plating. 

1.2.2 Bottom zone
 The bottom zone includes the following items contributing to the hull girder strength: 

・ For bulk carriers: elements up to the upper level of the hopper sloping plating or up to and including the 
inner bottom plating if there is no hopper tank:
・ Keel plate.
・ Bottom plating.
・ Bilge plating.
・ Bottom girders.
・ Inner bottom plating.
・ Hopper tank sloping plating, and horizontal plating, if any.
・ Longitudinal stiffeners connected to the above mentioned plating.
・ Side shell plating. 

・ For oil tankers: 
・ Keel plate.
・ Bottom plating.
・ Bilge plating.
・ Longitudinal bulkheads lower strake. 
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・ Bottom girders.
・ Longitudinal stiffeners connected to the above mentioned plating. 

1.2.3 Neutral axis zone
 The neutral axis zone includes the following items between the deck zone and the bottom zone, as for example:

・ Side shell plating.
・ Inner hull plating and longitudinal bulkheads, if any.
・ Topside tank sloped plating.

 For the longitudinal strength members forming the web of the hull girder which are inclined to the vertical, the 
area of the member to be included in the zone area is to be based on the projected area onto the vertical plane. 

2. Renewal Criteria 

2.1 Local Corrosion
2.1.1 Renewal thickness of local structural elements
 Local structural elements include local supporting members and primary supporting members.
 Steel renewal is required if the measured thickness, tm in mm, is less than the renewal thickness, tren defined as: 

addvolcbuiltasren tttt _--= -  

2.1.2 Renewed area
 Areas which need to be renewed based on the renewal criteria in 2.1.1 are, in general, to be repaired with 
inserted material which is to have the same or greater grade and yield stress as the original, and to have a thickness, 
trepair in mm, not less than: 

addvolbuiltasrepair ttt _-= -  

2.1.3 Alternative solutions
 Alternative solutions may be adopted in accordance with the requirements of Part B which incorporate IACS
UR Z10.2, Z10.4 and Z10.5, where the measured thickness, tm is such as: 

resrenmren tttt +<£  

2.2 Global Corrosion
2.2.1 Application
 The ship s longitudinal strength is to be evaluated by using the thickness of structural members measured, 
renewed and reinforced, as appropriate, during special surveys, for ships over 10 years of age.
2.2.2 Renewal criteria
 The hull girder strength criteria are given as detailed below. 

(a) Deck and bottom zones: 
The current hull girder section modulus at deck and at bottom determined with the thickness measurements 
are not to be less than 90% of the section modulus calculated according to Ch 5, Sec 1 with the gross 
offered thickness.
Alternatively, the current sectional areas of the bottom zone and of the deck zone which are the sum of the 
measured item areas of the considered zones are not to be less than 90% of the sectional area of the 
corresponding zones determined with the gross offered thickness. 

(b) Neutral axis zone: 
The current sectional area of the neutral axis zone, which is the sum of the measured plating areas of this 
zone, is not to be less than the sectional area of the neutral axis zone calculated with the gross offered 
thickness minus 0.5 tc. 

 If the actual reduction of the gross offered thickness of all items, of a given transverse section, which contribute 
to the hull girder strength is less than 10% for the deck and bottom zones and 0.5tc for the neutral axis zone, the hull 
girder strength criteria of this transverse section is satisfied and the calculations of the different zone areas with 
measured thicknesses need not be carried out.
 The gross offered thickness is defined in Ch 3, Sec 2. 
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Part 2 SHIP TYPES 

Chapter 1 BULK CARRIERS 

Section 1 GENERAL ARRANGEMENT DESIGN 

1. Forecastle 

1.1 General
1.1.1
 An enclosed forecastle is to be fitted on the freeboard deck.
 The aft bulkhead of the enclosed forecastle is to be fitted in way or aft of the forward bulkhead of the foremost 
hold, as shown in Fig. 1.
 However, if this requirement hinders hatch cover operation, the aft bulkhead of forecastle may be fitted forward 
of the forward bulkhead of the foremost cargo hold provided the forecastle length is not less than 7% of ship length 
for freeboard as specified in Pt 1, Ch 1, Sec 4, 3.1.2 abaft the fore side of stem.

 
Fig. 1 Forecastle Arrangement 

 

1.1.2
 The forecastle height, HF above the main deck is not to be less than the greater of the following values:

・ The standard height of a superstructure as specified in Pt 1, Ch 1, Sec 4, 3.3.
・ HC + 0.5 m, where HC is the height of the forward transverse hatch coaming of the foremost cargo hold, i.e. 

cargo hold No. 1. 
1.1.3
 All points of the aft edge of the forecastle deck are to be located at a distance less than or equal to Fl , taken as: 

CFF HH -= 5l  

 from the hatch coaming plate.
1.1.4
 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 centreline 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 
Fig.1. 
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Section 2 STRUCTURAL DESIGN PRINCIPLES 

Symbols 

For symbols not defined in this section, refer to Pt 1, Ch 1, Sec 4. 

1. Application 

1.1
1.1.1
 This section applies to structures in all parts of bulk carriers, in addition to requirements given in Pt 1, Ch 3,
Sec 6. 

2. Corrosion Protection 

2.1 General
2.1.1 Void double side skin spaces
 Void double side skin spaces are to have a corrosion protective system fitted in accordance with 2.2.
2.1.2 Cargo holds and ballast holds
 Cargo holds and ballast holds are to have a corrosion protective system fitted in accordance with 2.3. 

2.2 Protection of Void Double Side Skin Spaces
2.2.1
 Void double side skin spaces in the cargo area for ships having a freeboard length LLL of not less than 150 m are 
to have an efficient corrosion prevention system, such as hard protective coatings or equivalent. 

2.3 Protection of Cargo Hold Spaces
2.3.1 Coating
 It is the responsibility of the builder and of the owner to choose coatings suitable for the intended cargoes, in 
particular for the compatibility with the cargo.
2.3.2 Application
 All internal and external surfaces of hatch coamings and hatch covers, and all internal surfaces of cargo holds 
(side and transverse bulkheads), excluding the inner bottom area and part of the hopper tank sloping plate and lower 
stool sloping plate, are to have an efficient protective coating, of an epoxy type or equivalent, applied in accordance 
with the manufacturer s recommendation.
 The side and transverse bulkhead areas to be coated are specified in 2.3.3 and 2.3.4 respectively.
2.3.3 Side areas to be coated
 The areas to be coated are the internal surfaces of:

・ The inner side plating.
・ The internal surfaces of the topside tank sloping plates.
・ The internal surfaces of the hopper tank sloping plates for a distance of 300 mm below the frame end 

bracket for holds of single side skin construction, or below the hopper tank upper end for holds of double 
side skin construction. 

 These areas are shown in Fig. 1 
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Fig.1 Side Areas to be Coated 

 

2.3.4 Transverse bulkhead areas to be coated
 The areas of transverse bulkheads to be coated are all the areas located above an horizontal level located at a 
distance of 300 mm below the frame end bracket for holds of single side skin construction or below the hopper tank 
upper end for holds of double side skin construction. 

3. Structural Detail Principles 

3.1 Double Bottom Structure
3.1.1 Application
 In addition to the requirements provided in Pt 1, Ch 2, Sec 3, 2, the requirements of this sub-article are 
applicable to the following ships: 

・ All bulk carriers of less than 150 m in length,
・ Bulk carriers with a length of 150 m or above, with one or more cargo holds arranged for carriage of water 

ballast. 
3.1.2 Double bottom height
 Height of double bottom in cargo area, dDB, in m, measured from keel line at mid-length of each cargo hold is 
not to be less than: 

SCDB TBd 19.0032.0 +=  

 A lower double bottom height may be accepted, provided all of the following requirements are satisfied:
・ The spacing of adjacent girders is not to be greater than 4.6 m or 5 times the spacing of bottom or inner 

bottom stiffeners, whichever is the smaller. 
・ The spacing of floors is not to be greater than 3.5 m or 4 times the side frame spacing, whichever is the 

smaller. Where side frames are not transverse, the nominal frame spacing as specified by the designer is to 
be used. 

3.1.3 Girder spacing
 The spacing of adjacent girders is generally not to be greater than 4.6 m or 5 times the spacing of bottom or 
inner bottom stiffeners, whichever is the smaller.
3.1.4 Floor spacing
 The spacing of floors is generally not to be greater than 3.5 m or 4 times the side frame spacing, whichever is the 
smaller. Where side frames are not transverse, the nominal frame spacing as specified by the designer is to be used. 

3.2 Single Side Structure
3.2.1 Application
 This article applies to the single side structure with transverse framing of single side bulk carrier. 
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 If single side structure is supported by transverse or longitudinal primary supporting members, the requirements 
in Pt 1, Ch 3, Sec 6, 8 apply to these primary supporting members as regarded to ones in double side skin.
3.2.2 General arrangement
 Side frames are to be arranged at every frame space.
 If air pipes are passing through the cargo hold, they are to be protected by appropriate measures to avoid a 
mechanical damage.
3.2.3 Side frames
 Frames are to be built-up symmetrical sections with integral upper and lower brackets and are to be arranged 
with soft toes.
 The side frame flange is to be curved (not knuckled) at the connection with the end brackets. The radius of 
curvature is not to be less than r, in mm, given by: 

cf

f

tt
b

r
+

=
24.0

 

where:
tc： Corrosion addition, in mm, specified in Pt 1, Ch 3, Sec 3.
bf, tf： Flange width and net thickness of the curved flange, in mm. The end of the flange is to be sniped. 

 In ships less than 190 m in length, mild steel frames may be asymmetric and fitted with separate brackets. The 
face plate or flange of the bracket is to be sniped at both ends. Brackets are to be arranged with soft toes.
 The dimensions of side frames are defined in Fig. 2. 

 
Fig. 2 Dimensions of Side Frames  
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3.2.4 Upper and lower brackets
 The face plates or flange of the brackets is to be sniped at both ends. Brackets are to be arranged with soft toes. 
The as-built thickness of the brackets is not to be less than the as-built thickness of the side frame webs to which they 
are connected.
 The dimensions (in particular the height and length) of the lower brackets and upper brackets are not to be less 
than those shown in Fig. 3. 

 
Fig. 3 Dimensions of Lower and Upper Brackets 

 

3.2.5 Tripping brackets
 In way of the foremost hold and in the holds of BC-A ships, side frames of asymmetrical section are to be fitted 
with tripping brackets at every two frames, as shown in Fig. 4.
 The as-built thickness of the tripping brackets is not to be less than the as-built thickness of the side frame webs 
to which they are connected.
 Double continuous welding is to be adopted for the connections of tripping brackets with side shell frames and 
plating.

 
Fig. 4 Tripping Brackets to be Fitted in way of Foremost Hold  
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3.2.6 Support structure
 Structural continuity with the lower and upper end connections of side frames is to be ensured within hopper and 
topside tanks by connecting brackets as shown in Fig. 5.
 

Fig. 5 Example of Support Structure for Lower End  

 
 

3.3 Deck Structures
3.3.1 Web frame spacing in topside tanks
 For bulk carriers less than 150 m in length, the spacing of web frames in topside tanks is generally not to be 
greater than 6 frame spaces.
3.3.2  Cross deck between hatches of bulk carriers
 Inside the line of openings, where a transversely framed structure is adopted for the cross deck structures, hatch 
end beams and cross deck beams are to be adequately supported by girders and extended outward to the second 
longitudinal from the hatch side girders towards the deck side. Where the extension of girders outward is 
impracticable, intercostal stiffeners are to be fitted between the hatch side girder and the second longitudinal and 
checks of the structure are to be performed in compliance with the requirements in Pt 1, Ch 7 or by means deemed 
appropriate by the Society.
 The transverse primary members supporting the cross deck are to be supported by side or topside tank primary 
supporting members.
 Smooth connection of the strength deck at side with the transversely framed cross deck is to be ensured by a 
plate of intermediate thickness.
3.3.3 Topside tank structures
 The topside tank sloping plates are to be longitudinally framed.
 Topside tank structures, where fitted, are to extend as far as possible within the machinery space and are to be 
adequately tapered.
 Where a double side primary supporting member is fitted outside the plane of the topside tank web frame, 
special attention is to be paid to structural continuity.
3.3.4 Openings in strength deck - Corner of hatchways
(a) Within the cargo hold region
 For cargo hatchways located within the cargo hold region, insert plates, the thicknesses of which are to be 
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determined according to the formula given after, are to be fitted in way of corners where the plating cut-out has a 
circular profile.
 The radius of circular corners is not to be less than 5% of the hatch width, where a continuous longitudinal deck 
girder is fitted below the hatch coaming.
 Corner radius, in the case of the arrangement of two or more hatchways athwartship, is considered by the 
Society on a case-by-case basis.
 For hatchways located within the cargo hold region, insert plates are, in general, not required in way of corners 
where the plating cut-out has an elliptical or parabolic profile and the half axes of elliptical openings, or the half 
lengths of the parabolic arch, are not less than: 

・ 1/20 of the hatchway width or 600 mm, whichever is the lesser, in the transverse direction.
・ Twice the transverse dimension, in the fore and aft direction.

 Where insert plates are required, their net thickness is to be obtained, in mm, from the following formula: 

offINS tbt  
ø
ö

ç
è
æ +=

l
4.08.0  

 without being taken less than toff or greater than 1.6 toff. 
where: 
l : Width, in m, in way of the corner considered, of the cross deck strip between two consecutive hatchways, 

measured in the longitudinal direction, see Pt 1, Ch 3, Sec 6, Fig. 15. 
b: Width, in m, of the hatchway considered, measured in the transverse direction, see Pt 1, Ch 3, Sec 6, 

Fig. 15. 
toff: Offered net thickness, in mm, of the deck at the side of the hatchways. 

 For the extreme corners of end hatchways, insert plates are required. The net thickness of these insert plates is to 
be 60% greater than the net offered thickness of the adjacent deck plating. A lower thickness may be accepted by the 
Society on the basis of calculations showing that stresses at hatch corners are lower than permissible values.
 Where insert plates are required, the arrangement is shown in Pt 1, Ch 9, Sec 6, Table 15, in which d1, d2, d3

and d4 are to be greater than the stiffener spacing.
 For ships having length LCSR of 150 m or above, the corner radius, the thickness and the extent of insert plate 
may be determined by the results of a direct strength assessment according to Pt 1, Ch 7, including buckling check 
and fatigue strength assessment of hatch corners according to Pt 1, Ch 8 and Pt 1, Ch 9 respectively. For such type 
of ships it is recommended to arrange circular hatch corners.
(b) Outside the cargo hold region
 For hatchways located outside the cargo hold region, a reduction in the thickness of the insert plates in way of 
corners may be considered by the Society on a case-by-case basis.
3.3.5 Protection against wire rope
 Wire rope grooving in way of cargo holds openings is to be prevented by fitting suitable protection such as 
half-round bar on the hatch side girders (i.e. upper portion of topside tank plates) or hatch end beams in cargo hold 
and upper portion of hatch coamings. 
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Section 3 HULL LOCAL SCANTLING 

Symbols 

For symbols not defined in this section, refer to Pt 1, Ch 1, Sec 4.
CXG，CYS，CYR，CYG，CZP，CZR : Load combination factors, as defined in Pt 1, Ch 4, Sec 2.
dshr : Effective shear depth of the stiffener as defined in Pt 1, Ch 3, Sec 7, 1.4.3.
FR : Resultant force, in kN, as defined in Pt 1, Ch 4, Sec 6, Table 7.
Fsc-ib-s : Static load, in kN, as defined in Pt 1, Ch 4, Sec 6, 4.3.1. l  is to be substituted by bdgl  for stiffeners. 
Fsc-ib : Total load, in kN, as defined in Pt 1, Ch 4, Sec 6, 4.2.1. l  is to be substituted by bdgl  for stiffeners. 
Fsc-hs-s : Static load, in kN, as defined in Pt 1, Ch 4, Sec 6, 4.3.2. l  is to be substituted by bdgl  for stiffeners. 
Fsc-hs : Total load, in kN, as defined in Pt 1, Ch 4, Sec 6, 4.2.2. l  is to be substituted by bdgl  for stiffeners. 

l  : Distance, in m, as defined in Pt 1, Ch 4, Sec 6. 
bdgl  : Effective bending span, in m, as defined in Pt 1, Ch 3, Sec 7, 1.1.2. 

lpl  : Distance, in m, as defined in Pt 1, Ch 4, Sec 6. 

SFl  : Side frame span l , in m, as defined in Ch 1, Sec 2, Fig. 2, not to be taken less than 0.25 D. 
P : Design pressure in kN/m2, for the design load set being considered according to Pt 1, Ch 6, Sec 2, 2 and 

calculated at the load calculation point defined in Pt 1, Ch 3, Sec 7, 3.2. 
PR : Resultant pressure, in kN/m2, as defined in Pt 1, Ch 4, Sec 6, Table 7.
sCW : Plate width, in mm, taken as the width of the corrugation flange a or the web c, whichever is greater, see 

Pt 1, Ch 3, Sec 6, Fig. 21. 
sC : Half pitch, in mm, of the corrugation flange as defined in Pt 1, Ch 3, Sec 6, Fig. 21. 

1. Cargo Hold Side Frames of Single Side Bulk Carriers 

1.1 Strength Criteria
1.1.1 Net section modulus and net shear sectional area
 The net section modulus Z, in cm3, and the net shear sectional area Ashr, in cm2, in the mid-span area of side 
frames subjected to lateral pressure are not to be taken less than: 

eHsbdg
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where: 
ma : Coefficient taken as: 

42.0=ma  for BC-A ships. 
36.0=ma  for other ships. 

fbdg: Bending coefficient taken as 10.
Cs: Permissible bending stress coefficient for the design load set being considered taken as: 

75.0=Cs  for acceptance criteria set AC-S. 
90.0=Cs  for acceptance criteria set AC-SD. 

Sa : Coefficient taken as: 
1.1=sa  for side frames of empty holds in alternate condition of BC-A ships. 
0.1=sa  for other side frames. 

Bl : Lower bracket length, in m, as defined in Fig. 1. 
P: Design pressures, in kN/m2, for design load sets as defined in Pt 1, Ch 6, Sec 2, Table 1.
Ct: Permissible shear stress coefficient for the design load set being considered, taken as: 
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75.0=tC  for acceptance criteria set AC-S. 
90.0=tC  for acceptance criteria set AC-SD. 

 
Fig. 1 Side Frame Lower Bracket Length 

 

1.1.2 Side frames in ballast holds
 In addition to 1.1.1, for side frames in cargo holds designed to carry ballast water in heavy ballast condition, the 
net section modulus Z, in cm3, and the net web thickness, tw, in mm, all along the span are to be in accordance with 
Pt1, Ch 6, Sec 5 where the span of the side frame is l  as defined in Pt 1, Ch 3, Sec 7, 1.1 with consideration to 
brackets at ends.
1.1.3 Additional strength requirements
 The net moment of inertia I, in cm4, of the three side frames located immediately abaft the collision bulkhead is 
not to be taken less than: 

n
PI SF

4

18.0 l
=  

where:
n : Frame number of considered side frame counted from the collision bulkhead to the frame in 

question, taken equal to 1, 2 or 3. 
 As an alternative, supporting structures, such as horizontal stringers, are to be fitted between the collision 
bulkhead and a side frame which is in line with transverse webs fitted in both the topside tank and hopper tank, 
maintaining the continuity of the forepeak stringers within the foremost hold. 

1.2 Lower Bracket of Side Frame
1.2.1
 At the level of the lower bracket as shown in Ch 1, Sec 2, Fig. 2, the net section modulus of the frame and 
bracket, or integral bracket, with associated shell plating, is not to be taken less than twice the required net section 
modulus Z, in cm3,for the frame mid-span area obtained from 1.1.1.
1.2.2
 For holds intended to carry ballast water in heavy ballast condition, the net section modulus Z, in cm3, at the 
level of the lower bracket is not to be taken less than twice the greater of the required net section moduli given in 
1.1.1 and 1.1.2.
1.2.3
 The net thickness tLB, in mm, of the lower bracket is not to be taken less than: 

5.1+= wLB tt  
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where tw is the net thickness of the side frame web, in mm. 
1.2.4
 The net thickness tLB of the lower bracket is to comply with the following formula:

・ For symmetrically flanged frames: 

k
t
h

LB

LB 87£  

・ For asymmetrically flanged frames: 

k
t
h

LB

LB 73£  

 The web depth hLB of lower bracket is to be measured from the intersection between the hopper tank sloping 
plating and the side shell plate, perpendicularly to the face plate of the lower bracket as shown in Ch 1, Sec 2, Fig. 5.
 For the three side frames located immediately abaft the collision bulkhead, where the frames are strengthened in 
accordance with 1.1.3 and the offered tLB is greater than 1.73 tw, the tLB applied in 1.2.4 may be taken as t'LB given by: 

( ) 3/12
wLBLB ttt =¢  

where tw is the net thickness of the side frame web, in mm, corresponding to Ashr determined in accordance to 
1.1.1. 

1.3 Upper Bracket of Side Frame
1.3.1
 At the level of the upper bracket as shown in Ch 1, Sec 2, Fig. 2 the net section modulus of the frame and 
bracket, or integral bracket, with associated shell plating, is not to be taken less than twice the net section modulus Z
required for the frame mid-span area obtained from 1.1.1.
1.3.2
 For holds intended to carry ballast water in heavy ballast condition, the net section modulus Z, in cm3, at the 
level of the upper bracket is not to be taken less than twice the greater of the required net sections modulus obtained 
from 1.1.1 and 1.1.2.
 The net thickness tUB of the upper bracket, in mm, is not to be less than the net thickness of the side frame web. 

1.4 Provided Support at Upper and Lower Connections of Side Frames
1.4.1 Net section modulus
 The net section modulus of the:

・ Side shell and hopper tank longitudinals supporting the lower connecting brackets.
・ Side shell and topside tank longitudinals supporting the upper connecting brackets. 

is to comply with the following formula: 

å ³
n eH

SF
Tipli R

PdZ
16

2
1

2 ll
a  

where:
n : Number of the longitudinal stiffeners on the side shell and hopper/topside tank supporting the 

lower/upper end connecting bracket of the side frame, as applicable. 
Zpl i : Net plastic section modulus, in cm3, of the i-th longitudinal stiffener on the side shell or hopper/topside 

tank supporting the lower/upper end connecting bracket of the side frame, as applicable. 
di : Distance, in m, of the above i-th longitudinal stiffener from the intersection point of the side shell and 

hopper/topside tank. 
1l  : Spacing, in m, of transverse supporting webs in hopper/topside tank, as applicable. 

ReH: Lowest value of specified yield stress, in N/mm2, among the materials of the longitudinal stiffeners of 
side shell and hopper/topside tanks that support the lower/upper end connecting bracket of the side 
frame. 

Ta : Coefficient taken as: 
150=Ta  for the longitudinal stiffeners supporting the lower connecting brackets. 
75=Ta  for the longitudinal stiffeners supporting the upper connecting brackets. 

1.4.2 Net connection area of brackets
 The net connection area of the lower or upper connecting bracket to the supporting longitudinal stiffener is to ① 
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comply with the following formula: 

å -
- ³

i
SFTibkteHii PsRdA 32

, 1002.0 la  

where:
Ai :  The offered net connection area of the bracket connecting with the i-th longitudinal stiffener, in cm2. 

Tid a, : As defined in 1.4.1. 

ibkteHR -, : The specified minimum yield stress of the bracket connecting with the i-th longitudinal stiffener, in 

N/mm2, 
s  :  The space of the side frame, in mm. 

2. Structure Loaded by Steel Coils on Wooden Dunnage 

2.1 General
2.1.1
 The net thickness of inner bottom plating, hopper side plating and inner hull plating for ships intended to carry
steel coils is to comply with 2.3.1 and 2.4.1 up to a height not less than the one corresponding to the top of upper tier 
in touch with hopper or inner hull plating.
 The net section modulus and the net shear sectional area of longitudinal stiffeners on inner bottom, hopper tank 
top and inner hull for ships intended to carry steel coils are to comply with 2.3.2 and 2.4.2 up to a height not less than 
the one corresponding to the top of upper tier in touch with hopper or inner hull plating.
 Standard terminology and means for securing of steel coils is described in Fig. 2.
 

Fig. 2 Inner Bottom Loaded by Steel Coils 

 
 

2.2 Load Application
2.2.1 Design load sets
 The static and dynamic load components are to be determined in accordance with Pt 1, Ch 4, Sec 7, Table 1.
 Radius of gyration, kr, and metacentric height, GM, are to be in accordance with Pt 1, Ch 4, Sec 3, Table 2 for 
the considered loading condition specified in the design load set. The design load sets for steel coil loading is given in 
Table 1.
 

Table 1 Design Load Sets 

Item 
Design
load set 

Load component Draught Design load Loading condition 

Inner bottom, hopper sloping 
plate and inner hull 

BC-9 Fsc-ib-s or Fsc-hs-s TSC S Steel Coil condition 

Inner bottom, hopper sloping 
plate and inner hull 

BC-10 Fsc-ib or Fsc-hs TSC S+D Steel Coil condition 

2.3 Inner Bottom
2.3.1 Inner bottom plating
 The net thickness t, in mm, of plating of longitudinally framed inner bottom is not to be taken less than: 

① 
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eHa

3

1 R
10

C
FKt sibsc --=  for design load set BC-9 

eHa

3

1 R
10

C
FKt ibsc-=  for design load set BC-10 

where:
K1 : Coefficient taken as: 

( )
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K2 : Coefficient taken as: 
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Ca : Permissible bending stress coefficient, as defined in Pt 1, Ch 6, Sec 4, 1.1.1. 
2.3.2 Stiffeners of inner bottom plating
 The net section modulus Z, in cm3, and the net web thickness, tw, in mm, of single span stiffeners located on 
inner bottom plating are not to be taken less than: 

3
3 10

8 eHs

sibsc

RC
FKZ --=  and 3105.0

eHtshr

sibsc
w Cd

Ft
t

--= , for design load set BC-9. 

3
3 10

8 eHs

ibsc

RC
FKZ -=  and 3105.0

eHtshr

ibsc
w Cd

Ft
t

-= , for design load set BC-10. 

where:
K3 : Coefficient as defined in Table 2. 

3/23 bdgK l= , when 102 >n . 

Cs : Permissible bending stress coefficient, as defined in Pt 1, Ch 6, Sec 5, 1.1.2.
Ct : Permissible shear stress coefficient for the design load set being considered, to be taken as: 

85.0=tC  for acceptance criteria set AC-S. 
00.1=tC  for acceptance criteria set AC-SD. 

n2 : Number of load points per EPP of the inner bottom, see Pt 1, Ch 4, Sec 6, 4.1.3. 
 

Table 2 Coefficient K3 

n2 1 2 3 4 5 6 7 8 9 10 

K3 bdgl  
bdg

IP
bdg
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l
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9
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l
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l
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3 2

-  
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27
11 2

-  

 

2.4 Hopper Tank and Inner Hull
2.4.1 Hopper sloping plating and inner hull plating
 The net thickness t, in mm, of plating of longitudinally framed bilge hopper sloping plate and inner hull is not to 
be taken less than: 

3
1 10

eHa

shssc

RC
FKt --= , applicable for design load set BC-9. 

3
1 10

eHa

hssc

RC
FKt -= , applicable for design load set BC-10. 

where:
K1 : Coefficient as defined in 2.3.1.
Ca : As defined in 2.3.1. 
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2.4.2 Stiffeners of hopper sloping plating and inner hull plating
 The net section modulus Z, in cm3, and the net web thickness, tw, in mm, of single span ordinary stiffeners 
located on bilge hopper sloping plate and inner hull plate are not to be taken less than: 

3
3 10

8 eHs

shssc

RC
FKZ --=  and 3105.0

eHtshr

shssc
w Cd

Ft
t

--= , applicable for design load set BC-9. 

3
3 10

8 eHs

hssc

RC
FKZ -=  and 3105.0

eHtshr

hssc
w Cd

Ft
t
-= , applicable for design load set BC-10. 

where:
K3 : Coefficient as defined in Table 2. 

3/23 bdgK l=  when 102 >n . 

Cs, Ct : As defined in 2.3.2. 

3. Transverse Vertically Corrugated Watertight Bulkheads Separating Cargo Holds in Flooded 
Condition 

3.1 Net Thickness of Corrugation
3.1.1 Cold formed corrugation
 The net plate thickness t, in mm, of transverse vertically corrugated watertight bulkheads separating cargo holds 
is not to be taken less than: 

eH

R
CW R

Pst 05.1109.14 3- =  

 The net thicknesses is also to comply with the requirements given in Pt 1, Ch 6, Sec 4, 1.2.1.
3.1.2 Built-up corrugation
 Where the thicknesses of the flange and web of built-up corrugations of transverse vertically corrugated 
watertight bulkheads separating cargo holds are different, the net plate thicknesses are not to be taken less than that 
obtained from the following formula.
 The net thickness tN, in mm, of the narrower plating is not to be taken less than: 

eH

R
NN R

Pst 05.1109.14 3- =  

sN : Plate width, in mm, of the narrower plating. 
 The net thickness tW, in mm, of the wider plating is not to be taken less than the greater of the following 
formulae: 

eH

R
CWW R

Pst 05.1109.14 3- =  

2
4

2

10
62.4

NO
eH

RCW
W t

R
Pst -=  

tNO : Net offered thickness of the narrower plating, in mm, not to be taken greater than: 

eH

R
CWNO R

Pst 05.1109.14 3- =  

 The net thicknesses is also to comply with the requirements given in Pt 1, Ch 6, Sec 4, 1.2.2.
3.1.3 Lower part of corrugation
 The net thickness of the lower part of corrugations is to be maintained for a distance of not less than 0.15 Cl  
measured from the top of the lower stool, or from the inner bottom where no lower stool is fitted. The span of the 
corrugations Cl , in m, is to be taken as given in Pt 1, Ch 3, Sec 6, 10.4.5. 
3.1.4 Middle part of corrugation
 The net thickness of the middle part of corrugations is to be maintained for a distance not greater than 0.3 Cl  
from the bottom of the upper stool, or from the deck if no upper stool is fitted. The net thickness is also to comply 
with the requirements in 3.2.1 and Pt 1, Ch 6, Sec 4, 1.2. 
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Fig. 3 Parts of Corrugation 

 
 

3.2 Bending, Shear and Buckling Check
3.2.1 Bending capacity and shear capacity
 The bending capacity and the shear capacity of the corrugations of transverse watertight corrugated bulkheads 
separating cargo holds are to comply with the following formulae: 

310
95.0

5.0
eH

MLE R
MWW ³+  

2
eHR

£t  

where:
M : Bending moment in a corrugation, in kNm, taken as: 

8
CRFM l

=  

FR : Resultant force, in kN, given in Pt 1, Ch 4, Sec 6, 3.1.7.
Cl  : Span of the corrugations, in m, as given in Pt 1, Ch 3, Sec 6, 10.4.5. 

WLE : Net section modulus, in cm3, of one half pitch corrugation, to be calculated at the lower end of the 
corrugations according to 3.3, not to be taken greater than: 

eH

RCGG
GMLE R

PshhQWW
23

,
5.010 -

+=  

WG : Net section modulus, in cm3, of one half pitch corrugation, to be calculated in way of the upper end of 
shedder or gusset plates, as applicable, according to 3.3. 

Q : Shear force, in kN, at the lower end of a corrugation, to be taken as: 
RFQ 8.0=  

hG : Height, in m, of shedders or gusset plates, as applicable as shown in Fig. 4 to Fig. 6.
PR : Resultant pressure, in kN/m2, to be calculated in way of the middle of the shedders or gusset plates, as 

applicable, according to Pt 1, Ch 4, Sec 6, 3.1.7. 
WM : Net section modulus, in cm3, of one half pitch corrugation, to be calculated at the mid-span of 

corrugations according to 3.3 without being taken greater than 1.15 WLE. 
t  : Shear stress, in N/mm2, in the corrugation to be taken as: 

shrA
Q10=t  

Ashr : Net shear area, in cm2, of one half pitch corrugation. The calculated net shear area is to consider 
possible reduced shear efficiency due to non-straight angles between the corrugation webs and flanges. 



－662－

2019 Rules for the Survey and Construction of Steel Ships (Part CSR-B&T Part 2 Chapter 1 Section 3)

In general, the reduced shear area may be obtained by multiplying the web sectional area by sin j .  
j  : Angle between the web and the flange, see Pt 1, Ch 3, Sec 6, Fig. 21. 

 The net section modulus of the corrugations in the upper part of the bulkhead, as defined in Fig. 3, is not to be 
taken less than 75% of that of the middle part complying with this requirement and Pt 1, Ch 6, Sec 4, 1.2, corrected 
for different minimum yield stresses.
3.2.2 Shear buckling check of the bulkhead corrugation webs
 The shear stress t , calculated according to 3.2.1, is to comply with the following formula: 

Ctt £

where:
Ct  : Critical shear buckling stress, in N/mm2, to be taken as: 

EC tt =  for 
32

eH
E

R
£t  
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Et  : Euler shear buckling stress, in N/mm2, to be taken as: 
2

9.0  
ø

ö
ç
è

æ=
c
tEk w

tEt  

kt : Coefficient, to be taken equal to 6.34.
tw : Net thickness, in mm, of the corrugation webs.
c : Width, in mm, of the corrugation webs as shown in Pt 1, Ch 3, Sec 6, Fig. 21. 

3.3 Net Section Modulus at the Lower End of the Corrugations
3.3.1 Effective flange width
 The net section modulus at the lower end of the corrugations is to be calculated with the compression flange 
having an effective flange width beff not larger than the following formula: 

aCb Eeff =  

where:
CE : Coefficient to be taken equal to: 

2

25.125.2
bb

-=EC  for 25.1>b  

0.1=EC  for 25.1£b  
b  : Coefficient to be taken equal to: 

E
R

t
a eH

f

=b  

a : Width, in mm, of the corrugation flange as shown in Pt 1, Ch 3, Sec 6, Fig. 21.
tf : Net flange thickness, in mm. 

3.3.2 Webs not supported by local brackets
 Unless welded to a sloping stool top plate as defined in 3.3.5, if the corrugation webs are not supported by local 
brackets below the stool top plate (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.
3.3.3 Effective shedder plates
 Provided that effective shedder plates are fitted as shown in Fig. 4, when calculating the section modulus at the 
lower end of the corrugations (Sections  1  in Fig. 4), the net area, in cm2, of flange plates may be increased by ISH to 
be taken as: 

SHfSH ttaI 3105.2 - =  without being taken greater than 3105.2 -
fat  

where:
a : Width, in mm, of the corrugation flange as shown in Pt 1, Ch 3, Sec 6, Fig. 21.
tSH : Net shedder plate thickness, in mm.
tf : Net flange thickness, in mm. 

 Effective shedder plates are those which: 
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・ are not knuckled, 
・ are welded to the corrugations and the lower stool top plate according to Pt 1, Ch 12,
・ are fitted with a minimum slope of 45 degrees, their lower edge being in line with the lower stool side 

plating,  
・ have net thickness not less than 75% of the net required for the corrugation flanges, 
・ have material properties not less than those required for the flanges. 

 
Fig. 4 Symmetrical and Unsymmetrical Shedder Plates 

 
 

Fig. 5 Symmetrical and Unsymmetrical Gusset / Shedder 
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Fig. 6 Asymmetrical Gusset / Shedder Plates 

 

3.3.4 Effective gusset plates
 Provided that effective gusset plates are fitted, when calculating the section modulus at the lower end of the 
corrugations (Sections  1  in Fig. 5 and Fig. 6), the net area, in cm2, of flange plates may be increased by IG to be 
taken as: 

fGG thI 7=  

where:
hg : Height, in m, of gusset plates as shown in Fig. 5 and Fig. 6 but not to be taken greater than: 

7
10 GUS  

SGU : Width, in m, of gusset plates.
tf : Net flange thickness, in mm. 

 Effective gusset plates are those which:
・ are in combination with shedder plates having thickness, material properties and welded connections as 

requested for shedder plates in 3.3.3, 
・ have a height not less than half of the flange width,
・ are fitted in line with the lower stool side plating,
・ are welded to the lower stool top plate, corrugations and shedder plates according to Pt 1, Ch 12, Sec 3, 

2.4.6, 
・ have net thickness and material properties not less than those net required for the flanges.

3.3.5 Sloping stool top plate
 Where the corrugation webs are welded to a sloping stool top plate which has an angle not less than 45 degrees
with the horizontal plane, the section modulus at the lower end of the corrugations may be calculated considering the 
corrugation webs fully effective. For angles less than 45 degrees, the effectiveness of the web may be obtained by 
linear interpolation between 30% efficient for 0 degrees and 100% efficient for 45 degrees.
 Where effective gusset plates are fitted, when calculating the net section modulus of corrugations, the net area of 
flange plates may be increased as specified in 3.3.4 above. No credit may be given to shedder plates only. 

4. Allowable Hold Loading for BC-A & BC-B Ships in Flooded Conditions 

4.1 Evaluation of Double Bottom Capacity and Allowable Hold Loading
4.1.1 Shear capacity of the double bottom
 The shear capacity of the double bottom is to be calculated as the sum of the shear strength at each end of:

・ Floors connected to hopper tanks, less one half of the shear strength of the two floors adjacent to each stool, 
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or transverse bulkhead if no stool is fitted as shown in Fig. 7. The shear strength of floors is to be 
calculated according to 4.1.2. 

・ Double bottom girders connected to stools, or transverse bulkheads if no stool is fitted. The shear strength 
of girders is to be calculated according to 4.1.3. 

 The floors and girders to be considered when calculating the shear capacity of the double bottom are those inside 
the hold boundaries formed by the hopper tanks and stools or transverse bulkheads if no stool is fitted. Where both 
ends of girders or floors are not directly connected to the hold boundaries, their strength is to be evaluated for the 
connected end only.
 The hopper tank side girders and the floors directly below the connection of the stools or transverse bulkheads if 
no stool is fitted to the inner bottom may not be included.
 For special double bottom designs, the shear capacity of the double bottom is to be calculated by means of direct 
calculations carried out in accordance with requirements specified in Pt 1, Ch 7, as applicable.
4.1.2 Floor shear strength
 The floor shear strength, in kN, is to be taken as given in the following formulae:

・ In way of the floor panel adjacent to the hopper tank: 
3

1
1 10-=

h
t A

ff AS  

・ In way of the openings in the outermost bay (i.e., that bay which is closer to the hopper tank): 
3

2
,2 10-=

h
t A

hff AS  

where:
Af : Net sectional area, in mm2, of the floor panel adjacent to the hopper tank.
Af, h : Net sectional area, in mm2, of the floor panels in way of the openings in the outermost bay (i.e., the 

bay which is closer to the hopper tank). 
At : Allowable shear stress, in N/mm2, to be taken as the lesser of: 

( ) 8.0

6.0

/
645.0

ts
ReH

A =t  and 
3

eH
A

R
=t  

 For floors adjacent to the stools or transverse bulkheads, At  is taken as: 

3
eHR  

t : Floor web net thickness, in mm.
s : Spacing, in m, of stiffening members of the panel considered. 

1h  : Coefficient to be taken equal to 1.1. 

2h  :Coefficient to be taken equal to 1.2. It may be reduced to 1.1 where appropriate reinforcements are 

fitted in way of the openings in the outermost bay, to be examined by the Society on a case-by-case 
basis. 

4.1.3 Girder shear strength
 The girder shear strength, in kN, is to be taken as given in the following formulae:

・ In way of the girder panel adjacent to the stool or transverse bulkhead, if no stool is fitted: 
3

1
1 10-=

h
t A

gg AS  

・ In way of the largest opening in the outermost bay (i.e., that bay which is closer to the stool) or transverse 
bulk-head, if no stool is fitted: 

3

2
,2 10-=

h
t A

hgg AS  

where:
Ag : Net sectional area, in mm2, of the girder panel adjacent to the stool (or transverse bulkhead, if no 

stool is fitted). 
Ag,h :Net sectional area, in mm2, of the girder panel in way of the largest opening in the outermost bay (i.e. 

that bay which is closer to the stool) or transverse bulkhead, if no stool is fitted. 
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At  :Allowable shear stress, in N/mm2, as defined in 4.1.2 where t is the girder web net thickness. 

1h  : Coefficient to be taken equal to 1.1. 

2h  :Coefficient to be taken equal to 1.15. It may be reduced to 1.1 where appropriate reinforcements are 
fitted in way of the largest opening in the outermost bay, to be examined by the Society on a 
case-by-case basis. 

4.1.4 Allowable hold loading
 The allowable hold loading, in t, is to be taken as: 

F
VW c

1r=  

where:
Cr  : Density of the dry bulk cargo, in t/m3, as defined Pt 1, Ch 4, Sec 6, 2.3.3. 

V : Volume, in m3, occupied by the cargo up to the level hB.
F : Coefficient to be taken as: 

1.1=F  in general
05.1=F  for steel mill products. 

hB : Level of cargo, in m, to be taken as: 

g
Ph
c

B r
=  

P : Pressure, in kN/m2, to be taken as: 
・ For dry bulk cargoes, the lesser of: 
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・ For steel mill products: 
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str  : Density of steel, in t/m3, to be taken as 7.85. 
D1 : Distance, in m, from the baseline to the freeboard deck at side amidships.
hF : Inner bottom flooded height, in m, measured vertically with the ship in the upright position, from the 

inner bottom to the flooded level zF. 
zF : Flooded level, in m, as defined in Pt 1, Ch 4, Sec 6, 3.1.3.
perm : Permeability of cargo, which need not be taken greater than 0.3.
Z : Pressure, in kN/m2, to be taken as the lesser of: 

HDB

H

A
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,

=  

EDB

E

A
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,

=  

CH : Shear capacity of the double bottom, in kN, to be calculated according to 4.1.1, considering, for each 
floor, the lesser of the shear strengths Sf1 and Sf2 as defined in 4.1.2 and, for each girder, the lesser of 
the shear strengths Sg1 and Sg2 as defined in 4.1.3. 

ADB,H : Area, in m2, taken as: 

å
=

=
n

i
iDBiHDB BSA

1
,,  

CE : Shear capacity of the double bottom, in kN, to be calculated according to 4.1.1, considering, for each 
floor, the shear strength Sf1 as defined in 4.1.2 and, for each girder, the lesser of the shear strengths Sg1

and Sg2 as defined in 4.1.3. 
ADB,E : Area, in m2, taken as: 

( )å
=

-=
n

i
DBiEDB sBSA

1
,  

① 
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n : Number of floors between stools or transverse bulkheads, if no stool is fitted.
Si : Space of i-th floor, in m.
BDB,i : Length, in m, to be taken equal to: 

sBB DBiDB -=,  for floors for which 21 ff SS <  

hDBiDB BB ,, =  for floors for which 21 ff SS ³  

BDB : Breadth, in m, of double bottom between the hopper tanks as shown in Fig. 8.
BDB,h : Distance, in m, between the two openings considered as shown in Fig. 8.
s : Spacing, in m, of inner bottom longitudinal ordinary stiffeners adjacent to the hopper tanks. 

 
Fig. 7 Double Bottom Structure 

 
 

Fig. 8 Dimensions BDB and BDB,h 
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Section 4 HULL LOCAL SCANTLINGS FOR BULK CARRIERS LCSR<150M 

Symbols 

For symbols not defined in this section, refer to Pt 1, Ch 1, Sec 4.
Ct-pr : Permissible shear stress coefficient for primary supporting members taken equal to: 

Ct-pr = 0.70 for AC-S.
Ct-pr = 0.85 for AC-SD. 

DBl  : Length of the double bottom within hold under consideration, in m. Where stools are provided at transverse 
bulkheads, DBl  may be taken as the distance between the toes. 

BDB : Distance between the toes of hopper tanks at centre of DBl  within hold under consideration, in m. 
xc : X coordinate, in m, of the centre of double bottom structure under consideration with respect to the reference 

coordinate system, as defined in Pt 1, Ch 1, Sec 4, 3.6. 
x, y, z : X, Y and Z coordinates, in m, of the evaluation point with respect to the reference coordinate system, as 

defined in Pt 1, Ch 1, Sec 4, 3.6. 
f  : Major diameter of the openings, in m. 
a  : The greater of a or S1, in m. 

1. General 

1.1 Application
1.1.1
 Unless otherwise defined, the requirements of this section define the strength criteria applicable to bulk carriers 
of less than 150 m in length. 

2. Struts Connecting Stiffeners 

2.1 Scantling Requirements
2.1.1 Net sectional area and moment of inertia
 The net sectional area ASR, in cm2, and the net moment of inertia ISR about the main axes, in cm4, of struts 
connecting stiffeners are not to be less than the values obtained from the following formulae: 

20000
lsPA SR

SR =  

( )
( )21

2
21

47200
75.0

SRSRASR

SRASRSRSR
SR PPsA

APPsI
+-

+
=

l

ll

 
where:
PSR : Pressure to be taken as the greater of the following values, in kN/m2: 

( )215.0 SRSRSR PPP +=  

SR3SR P=P
 

PSR1 : External pressure in way of the strut, in kN/m2, acting on one side, outside the compartment in which 
the strut is located. 

PSR2 : External pressure in way of the strut, in kN/m2, acting on the opposite side, outside the compartment in 
which the strut is located. 

PSR3 : Internal pressure at mid-span of the strut, in kN/m2, in the compartment in which the strut is located.
s : Spacing, in mm, of stiffeners, measured at mid-span along the chord. 
l  : Span, in m, of stiffeners connected by the strut defined in Pt 1, Ch 3, Sec 7, 1.1.5.

SRl  : Length of the strut, in m. 
AASR : Actual net sectional area of the strut, in cm2. 
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3. Transverse Corrugated Bulkheads of Ballast Holds 

3.1 Plate Thickness
3.1.1
 The net thickness of web and flange plating is not to be less than the values obtained in Pt 1, Ch 6, Sec 3, 1.1.1
and Pt 1, Ch 6, Sec 4, 1.2. 

3.2 Net Section Modulus
3.2.1
 The net section modulus Z, in cm3, of corrugated bulkhead of ballast holds, subjected to lateral pressure are not 
to be less than the values obtained from the following formula: 

Ysbdg

C

RCf
PsKZ

2l
=

 
where:
K : Coefficient given in Table 1 and Table 2, according to the type of end connection. When dH < 2.5 d0, 

both section modulus per half pitch of corrugated bulkhead and section modulus of lower stool at 
inner bottom are to be calculated. 

P : Design pressure for the design load set as defined in Pt 1, Ch 6, Sec 2, Table 1 and calculated at the 
load calculation point defined in Pt 1, Ch 3, Sec 7, 3.2, in kN/m2. 

sC : Half pitch length, in mm, of the corrugation, as defined in Pt 1, Ch 3, Sec 6, Fig. 21. 
l  : Length, in m, between the supports, as indicated in Fig. 1. 
Cs : Coefficient defined in Pt 1, Ch 6, Sec 5, 1.1.2.
fbdg : Coefficient defined in Pt 1, Ch 6, Sec 5, 1.1.2. 

 The effective width of the corrugation flange in compression is to be considered according to Ch 1, Sec 3, 3.3.1
when the net section modulus of corrugated bulkhead is calculated.

 
Table 1 Values of K, in case dH   2.5 d0 

Upper end support 

Welded directly to deck Welded to stool efficiently supported by ship structure 

1.00 0.83 

 
Table 2 Values of K, in case dH < 2.5 d0 

Section modulus of 
Upper end support 

Connected to deck Connected to stool 

Corrugated bulkhead 0.71 0.65 

Stool at bottom 1.25 1.13 
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Fig. 1 Measurement of l  

 
 

4. Primary Supporting Members 

4.1 Application
4.1.1
 The requirements of this section apply to the strength check of primary supporting members in cargo hold 
structures, subjected to lateral pressure for ships having a length LCSR less than 150 m.
4.1.2
 As an alternative to 4.1.1, the strength check may be verified by direct strength assessment deemed as 
appropriate by the Society. 

4.2 Design Load Sets
4.2.1 Application
 Design load sets as given in Table 3 are to be considered for primary supporting members on cargo hold 
boundaries of bulk carriers less than 150 m in length.
4.2.2 Loading conditions
 The severest loading conditions from the loading manual or otherwise specified by the designer are to be 
considered for the calculation of Pin in design load sets BC-11 to BC-12.
 If primary supporting members support deck structure or tank/watertight boundaries, applicable design load sets 
in Pt 1, Ch 6, Sec 2, Table 1 are also to be considered.
 

Table 3 Design Load Sets for Primary Supporting Members in Cargo Hold Region 

Item Design load set Load component Draught Design load Loading condition 

Bulk cargo hold 
assigned as ballast hold 

WB-4 Pin   Pex (1) TBAL-H (3) S+D Heavy ballast condition 

WB-6 Pin - S Harbour/test condition 

Bulk cargo hold 
BC-11 Pin  Pex (1) TSC S+D Cargo loading condition 

BC-12 Pin  Pex (1) - S Harbour condition 

Compartments not
carrying liquids 

FD-1 (2) Pin TSC S+D Flooded condition 

FD-2 (2) Pin  S Flooded condition 

(1) Pex is to be considered for external shell only.
(2) FD-1 and FD-2 are not applicable to external shell.
(3) Minimum draught among heavy ballast conditions is to be used. 
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4.3 Centre Girders and Side Girders
4.3.1 Net web thickness
 The net thickness of girders in double bottom structure, in mm, is not to be less than the greater of the value
t1 and t2 specified in the followings according to each location: 
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 where |x - xc| is less than 0.25 DBl , |x - xc| is to be taken as 0.25 DBl . 
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where:
P : Design pressure in kN/m2, for the design load set being considered according to Pt 1, Ch 6, Sec 2, 

2.1.3, calculated at mid-point of a floor located midway between transverse bulkheads or transverse 
bulkhead and toe of stool, where fitted. 

S : Distance between the centres of the two spaces adjacent to the centre or side girder under 
consideration, in m. 

d0 : Depth of the centre or side girder under consideration, in m.
d1 : Depth of the opening, if any, at the point under consideration, in m.
C1 : Coefficient given in Table 4 depending on DBDBB l/ . For intermediate values of DBDBB l/ , C1 is to 

be obtained by linear interpolation. 
a : Depth of girders at the point under consideration, in m. However, where horizontal stiffeners are fitted 

on the girder, a is the distance from the horizontal stiffener under consideration to the bottom shell 
plating or inner bottom plating, or the distance between the horizontal stiffeners under consideration. 

S1 : Spacing, in m, of vertical stiffeners or floors.
C 1 : Coefficient given in Table 5 depending on S1/a. For intermediate values of S1/a, C 1 is to be 

determined by linear interpolation. 
H : Value obtained from the following formulae: 

・ Where the girder is provided with an unreinforced opening:  

a
f5.01 +=H  

・ In other cases:  
0.1=H  

 
Table 4 Coefficient C1 

DBDBB l/  0.4 and under 0.6 0.8 1.0 1.2 1.4 1.6 and over 

C1 0.5 0.71 0.83 0.88 0.95 0.98 1.00 

 
Table 5 Coefficient C 1 

S1/a 0.3 and under 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.2 1.4 and over 

C 1 64 38 25 19 15 12 10 9 8 7 

 

4.4 Floors
4.4.1 Net web thickness
 The net thickness of floors in the double bottom structure, in mm, is not to be less than the greatest of values t1

and t2 specified in the following according to each location: 
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 where |x - xc| is less than 0.25 DBl ,|x - xc| is to be taken as 0.25 DBl , and where |y| is less than B DB /4, |y| is to be 
taken as B DB /4. 
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= - t

 

where:
P : Design pressure in kN/m2, for the design load set being considered according to Pt 1, Ch 6, Sec 2, 

2.1.3, calculated at mid-point of a floor located midway between transverse bulkheads or transverse 
bulkhead and toe of stool, where fitted. 

S : Spacing of solid floors, in m.
d0 : Depth of the solid floor at the point under consideration in m.
d1 : Depth of the opening, if any, at the point under consideration in m.
B DB: Distance between toes of hopper tanks at the position of the solid floor under consideration, in m.
C2 : Coefficient given in Table 6 depending on DBDBB l/ . For intermediate values of DBDBB l/ , C2 is to 

be obtained by linear interpolation. 
a : Depth of the solid floor at the point under consideration, in m. However, where horizontal stiffeners 

are fitted on the floor, a is the distance from the horizontal stiffener under consideration to the bottom 
shell plating or the inner bottom plating or the distance between the horizontal stiffeners under 
consideration. 

S1 : Spacing, in m, of vertical stiffeners or girders.
C 2 : Coefficient given in Table 7 depending on S1 /d0. For intermediate values of S1 /d0, C 2 is to be 

determined by linear interpolation. 
H : Value obtained from the following formulae: 

Where openings with reinforcement or no opening are provided on solid floors:
・ Where slots without reinforcement are provided: 

0.10.4
1

2 -=
S
dH   without being taken less than 1.0. 

・ Where slots with reinforcement are provided:  
H = 1.0. 

Where openings without reinforcement are provided on solid floors:
・ Where slots without reinforcement are provided: 

0.10.4
1

2 -=
S
dH   without being taken less than 

0

5.01
d
f

+  

・ where slots with reinforcement are provided: 

0

5.01
d

H f
+=

 
d2 : Depth of slots without reinforcement provided at the upper and lower parts of solid floors, in m, 

whichever is greater. 

 
Table 6 Coefficient C2 

DBDBB l/  0.4 and under 0.6 0.8 1.0 1.2 1.4 1.6 and over 

C2 0.48 0.47 0.45 0.43 0.40 0.37 0.34 

 
Table 7 Coefficient C 2 

S1/d0 0.3 and under 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.2 1.4 and over 

C 2 64 38 25 19 15 12 10 9 8 7 
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4.5 Stringer of Double Side Structure
4.5.1 Net web thickness
 The net thickness of stringers in double side structure, in mm, is not to be less than the greater of the value t1 and 
t2 specified in the followings according to each location: 
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 where |x - xc| is under 0.25 DSl , |x - xc| is to be taken as 0.25 DSl . 

3
1

3

22

2

a
75.1 t

C
CH

t eHprt

¢
= - t

 

where:
P : Design pressure in kN/m2, for the design load set being considered according to Pt 1, Ch 6, Sec 2, 

2.1.3, as measured vertically at the upper end of hopper tank, longitudinally at the centre of DSl . 

S : Breadth of part supported by stringer, in m.
d0 : Depth of stringers, in m.
d1 : Depth of opening, if any, at the point under consideration, in m. 

DSl : Length of the double side structure between the transverse bulkheads under consideration, in m. 
hDS : Height of the double side structure between the upper end of hopper tank and the lower end of topside 

tank located midway between transverse bulkheads of hold under consideration, in m. 
C3 : Coefficient given in Table 8 depending on hDS/ DSl . For intermediate values of hDS/ DSl , C3 is to be 

obtained by linear interpolation. 
a : Depth of stringers at the point under consideration, in m. However, where horizontal stiffeners are 

fitted on the stringer, a is the distance from the horizontal stiffener under consideration to the side 
shell plating or the longitudinal bulkhead of double side structure or the distance between the 
horizontal stiffeners under consideration. 

S1 : Spacing, in m, of transverse stiffeners or web frames.
C 3 : Coefficient given in Table 9 depending on S1/a. For intermediate values of S1/a, C 3 is to be obtained 

by linear interpolation. 
H : Value obtained from the following formulae: 

・ Where the stringer is provided with an unreinforced opening:  

a
H f5.01 +=  

・ In other cases: 
0.1=H  

 
Table 8 Coefficient C3 

DSDSh l/  0.5 and under 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 and over 

C3 0.16 0.23 0.30 0.36 0.41 0.44 0.47 0.50 0.54 

 
Table 9 Coefficient C 3 

S1 /a 0.3 and under 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.2 1.4 and over 

C 3 64 38 25 19 15 12 10 9 8 7 

 

4.6 Transverse Web in Double Side Structure
4.6.1 Net web thickness
 The net thickness of transverse webs in double side structure, in mm, is not to be less than the greater of the 
value t1 and t2 specified in the followings according to each location: 
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where:
P : Design pressure in kN/m2, for the design load set being considered according to Pt 1, Ch 6, Sec 2, 

2.1.3, as measured vertically at the upper end of hopper tank, longitudinally at the centre of DSl . 
S : Breadth of part supported by transverses, in m.
d0 : Depth of transverses, in m.
d1 : Depth of opening at the point under consideration, in m.
C4 : Coefficient given in Table 10 depending on hDS/ DSl . For intermediate values of hDS/ DSl , C4 is to be 

obtained by linear interpolation. 
zBH : Z coordinate, in m, of the upper end of hopper tank with respect to the reference coordinate system 

defined in Pt 1, Ch 1, Sec 4, 3.6. 
hDS : As defined in the requirements of 4.5.1.
h DS : Height of the double side structure between the upper end of hopper tank and the lower end of topside 

tank at the position under consideration, in m. 
DSl : As defined in the requirements of 4.5.1. 

a : Depth of transverses at the point under consideration, in m. However, where vertical stiffeners are 
fitted on the transverse, a is the distance from the vertical stiffener under consideration to the side 
shell or the longitudinal bulkhead of double side hull or the distance between the vertical stiffeners 
under consideration. 

S1 : Spacing, in m, of horizontal stiffeners or stringers.
C 4 : Coefficient given in Table 11 depending on S1/a. For intermediate values of S1/a, C 4 is to be obtained 

by linear interpolation. 
H : Value obtained from the following formulae: 

・ Where the transverse is provided with an unreinforced opening: 

a
f5.01 +=H  

・ In other cases:  
0.1=H  

a  : The greater of a or S1, in m. 

 
Table 10 Coefficient C4 

DSDSh l/  0.5 and under 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 and over 

C4 0.62 0.61 0.59 0.55 0.52 0.49 0.46 0.43 0.41 

 
Table 11 Coefficient C 4 

S1 /a 0.3 and under 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.2 1.4 and over 

C 4 64 38 25 19 15 12 10 9 8 7 

 

4.7 Primary Supporting Member in Bilge Hopper Tanks and Topside Tanks
4.7.1 Boundary conditions
 The requirements of this sub-article apply to primary supporting members considered as clamped at both ends. 
For boundary conditions deviated from the above, the yielding check is to be considered on a case-by-case basis. 
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4.7.2 Net section modulus, net shear sectional area and web thickness
 The net section modulus Z, in cm3, the net shear sectional area Ashr, in cm2, and the net web thickness tw, in mm, 
subjected to lateral pressure are not to be less than the values obtained from the following formulae: 
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where:
P : Design pressure in kN/m2, for the design load set being considered according to Pt 1, Ch 6, Sec 2, 

2.1.3, calculated at the mid-point of span l  of a web frame located midway between transverse 
bulkheads of holds. 

S : Spacing of primary supporting members, in m. 
bdgl : Effective bending span, in m, of primary supporting members, measured between the supporting 

members as defined in Pt 1, Ch 3, Sec 7, 1.1.6. 
shrl : Effective shear span, in m, of primary supporting members, measured between the supporting 

members as defined in Pt 1, Ch 3, Sec 7, 1.1.7. 
fbdg : Bending moment factor: 

・ For continuous primary supporting members and where end connections are fitted consistent 
with idealisation of the primary supporting members as having fixed ends and is not to be taken 
higher than:
fbdg = 10 

・ For primary supporting members with reduced end fixity, the yield check is to be considered on 
a case-by-case basis. 

Cs-pr: Permissible bending stress coefficient for primary supporting members taken equal to: 
Cs-pr = 0.70 for AC-S.
Cs-pr = 0.85 for AC-SD. 

hw : Web height, in mm.
C5 : Coefficient defined in Table 12 according to s1 and d0. For intermediate values of s1/d0, coefficient C5 

is to be obtained by linear interpolation. 
s1 : Spacing of stiffeners or tripping brackets on web plate, in m.
d0 : Spacing of stiffeners parallel to shell plate on web plate, in m. 

 
Table 12 Coefficient C5 

s1 /d0 0.3 and less 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.5 2.0 and over 

C5 60.0 40.0 26.8 20.0 16.4 14.4 13.0 12.3 11.1 10.2  
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Section 5 CARGO HATCH COVERS 

Symbols 

For symbols not defined in this section, refer to Pt 1, Ch 1, Sec 4.
PS : Still water pressure, in kN/m2, as defined in 4.1.
PW : Wave pressure, in kN/m2, as defined in 4.1.
PC : Pressure acting on the hatch coaming, in kN/m2, as defined in 6.2.
FS, FW : Coefficients taken equal to: 

FS = 0 and FW = 0.9  for ballast water loads on hatch covers of the ballast hold.
FS = 1.0 and FW = 1.0 in other cases. 

bp : Effective breadth, in mm, of the plating attached to the stiffener or primary supporting member, as defined in 
3. 

Ashr : Net shear sectional area, in cm2, of the stiffener or primary supporting member.
fbc : Boundary coefficient for stiffeners and primary supporting members, taken equal to: 

fbc = 8, in the case of stiffeners and primary supporting members simply supported at both ends or supported 
at one end and clamped at the other end.
fbc = 12, in the case of stiffeners and primary supporting members clamped at both ends. 

tc : Total corrosion addition, in mm, as defined in 1.4. 
as , at  : Allowable stresses, in N/mm2, as defined in 1.5. 

1. General 

1.1 Application
1.1.1
 The requirements in 1 to 8 apply to steel hatch covers in positions 1 and 2 on weather decks, as defined in Pt 1,
Ch 1, Sec 4, 3.2. 

1.2 Materials
1.2.1 Steel
 The formulae for scantlings given in 5 are applicable to steel hatch covers.
 Materials used for the construction of steel hatch covers are to comply with the applicable requirements of Part 
K.
1.2.2 Other materials
 The use of materials other than steel is to be considered by the Society on a case-by-case basis, by checking that 
criteria adopted for scantlings are such as to ensure strength and stiffness equivalent to those of steel hatch covers. 

1.3 Net Scantlings
1.3.1
 All scantlings referred to in this section are net, i.e. they do not include any margin for corrosion. When 
calculating the stresses s  and t  in 5.3 and 5.4, the net scantlings are to be used.  
 The gross scantlings are obtained as specified in Pt 1, Ch 3, Sec 2.
 The corrosion additions are given in 1.4. 

1.4 Corrosion Additions
1.4.1
 The total corrosion addition for both sides to be considered for the plating and internal members of hatch covers 
is equal to the value specified in Table 1.
 The corrosion addition for hatch coamings and coaming stays is defined according to Pt 1, Ch 3, Sec 3. 
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Table 1 Corrosion Addition tc for Hatch Covers 

Corrosion addition tc, in mm, for both sides 

Plating and stiffeners of single skin hatch cover 2.0 

Top and bottom plating of double skin hatch cover 2.0 

Internal structures of double skin hatch cover 1.5 

 

1.5 Allowable Stresses
1.5.1
 The allowable stresses as  and at , in N/mm2, are to be obtained from Table 2. 
 

Table 2 Allowable Stresses, in N/mm2 

Members of Subjected to ,as  in N/mm2 ,at  in N/mm2 

Weathertight hatch cover External pressure, as defined in 4.1.2 0.80 ReH 0.46 ReH 

Weathertight hatch cover Other loads, as defined in 4.1.3 to 4.1.6 0.90 ReH 0.51 ReH 

 The allowable buckling utilisation factors are given in Table 3:
 

Table 3 Allowable Buckling Utilisation Factors 

Structural component Subject to allh , Allowable buckling utilisation factor 

Plates and stiffeners 
Web of PSM 

External pressure, as defined in 4.1.2 0.80  for load combination: S+D 

Other loads, as defined in 4.1.3 to 4.1.6 
0.80 for load combination: S+D 

0.64  for load combination: S 

 

2. Arrangements 

2.1 Height of Hatch Coamings
2.1.1    
 The height of hatch coamings is not to be less than:

・ 600 mm in position 1.
・ 450 mm in position 2. 

2.1.2    
 The height of hatch coamings in positions 1 and 2 closed by steel covers provided with gaskets and securing 
devices may be reduced with respect to the above values or the coamings may be omitted entirely, on condition that 
the Administration is satisfied that the safety of the ship is not thereby impaired in any sea conditions.
 In such cases the scantlings of the covers, their gasketing, their securing arrangements and the drainage of 
recesses in the deck are considered by the Society on a case-by-case basis. 

2.2 Hatch Covers
2.2.1    
 The 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.
2.2.2    
 The spacing of primary supporting members parallel to the direction of stiffeners is not to be greater than 1/3 of 
the span of primary supporting members. 
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2.2.3    
 The breadth of the primary supporting member face plate is not to be less than 40% of their depth for laterally 
unsupported spans greater than 3m. Tripping brackets attached to the face plate may be considered as a lateral support 
for primary supporting members.
 The face plate outstand is not to exceed 15 times the gross face plate thickness.
2.2.4    
 Efficient retaining arrangements are to be provided to prevent translation of the hatch cover under the action of 
the longitudinal and transverse forces exerted by cargoes on the cover, if any. These retaining arrangements are to be 
located in way of the hatch coaming side brackets.
2.2.5    
 The width of each bearing surface for hatch covers is to be at least 65mm. 

2.3 Hatch Coamings
2.3.1    
 Coamings, stiffeners and brackets are to be capable of withstanding the local forces in way of the clamping 
devices and handling facilities necessary for securing and moving the hatch covers as well as those due to cargo 
stowed on the latter.
2.3.2    
 Special attention is to be paid to the strength of the fore transverse coaming of the forward hatch and to the 
scantlings of the closing devices of the hatch cover on this coaming.
2.3.3    
 Longitudinal coamings are to be extended at least to the lower edge of deck beams.

・ Where they are not part of continuous deck girders, the lower edge of longitudinal coamings are to extend 
for at least two frame spaces beyond the end of the openings. 

・ Where longitudinal coamings are part of deck girders, their scantlings are to be as required in Pt 1, Ch 6, 
Sec 6 and Pt 1, Ch 8, Sec 3. 

2.3.4    
 A web frame or a similar structure is to be provided below the deck in line with the transverse coaming. 
Transverse coamings are to extend below the deck and to be connected with the web frames. 

3. Width of Attached Plating 

3.1 Stiffeners
3.1.1    
 The width of the attached plating bp, in mm, to be considered for the check of stiffeners is to be taken as:

・ Where the attached plating extends on both sides of the stiffener: 
sbp =  

・ Where the attached plating extends on one side of the stiffener: 
sbp 5.0=   

3.2 Primary Supporting Members
3.2.1
 The effective breadth, in mm, of the attached plating to be considered for the yielding and buckling checks of 
primary supporting members analysed through isolated beam or grillage model is to be taken as: 

・ Where the plating extends on both sides of the primary supporting member: 
effp bb =  

・ Where the plating extends on one side of the primary supporting member: 
effp bb 5.0=  

where:
effb : Effective breadth of attached plating, in m, as defined in Pt 1 Ch 3 Sec 7, 1.3.2 

 For structural evaluations based on isolated beam or grillage models, the areas of stiffeners are not to be 
included in the idealisation of the attached plating of the primary members. 
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4. Load Model 

4.1 Lateral Pressures and Forces
4.1.1 General
 The lateral pressures and forces to be considered as acting on hatch covers are given in 4.1.2 to 4.1.6. When two 
or more panels are connected by hinges, each individual panel is to be considered separately.
 In any case, the sea pressures defined in 4.1.2 are to be considered for hatch covers located on exposed decks.
 Additionally, when the hatch cover is intended to carry uniform cargoes, special cargoes or containers, the 
pressures and forces defined in 4.1.3 to 4.1.6 are to be considered independently from the sea pressures.
4.1.2 Sea pressures
 The still water and wave lateral pressures are to be considered and are to be taken equal to:

・ Still water pressure: PS = 0.
・ Wave pressure PW=PHC, as defined in Pt 1, Ch 4, Sec 5, 5.2.

4.1.3 Internal pressures due to ballast water
 If applicable, the internal static and dynamic lateral pressures due to ballast water are to be considered and are 
defined in Pt 1, Ch 4, Sec 6, 1.
4.1.4 Pressures due to uniform cargoes
 If applicable, the static and dynamic pressures due to uniform cargoes are to be considered and are defined in Pt 
1, Ch 4, Sec 5, 5.3.1.
4.1.5 Pressures or forces due to special cargoes
 In the case of carriage of special cargoes (e.g. pipes, etc) on the hatch covers which may temporarily retain water 
during navigation, the lateral pressures or forces to be applied are considered by the Society on a case-by-case basis.
4.1.6 Forces due to containers
 In the case of carriage of containers on the hatch covers, the concentrated forces under the containers corners are 
to be determined in accordance with the applicable requirements of the Society.
4.1.7 Self weight
 The effect of the hatch cover structure weight is to be included in the static loads but not in the dynamic loads. 

4.2 Load Point
4.2.1 Wave lateral pressure for hatch covers on exposed decks
 The wave lateral pressure to be considered as acting on each hatch cover is to be calculated at a point located:

・ Longitudinally, at the hatch cover mid-length.
・ Transversely, on the longitudinal plane of symmetry of the ship.
・ Vertically, at the top of the hatch cover.

4.2.2 Lateral pressures other than the wave pressure
 The lateral pressure is to be calculated at the level of the tight boundary of the cover:

・ In way of the geometrical centre of gravity of the plate panel, for plating.
・ At mid-span, for stiffeners and primary supporting members. 

5. Strength Check 

5.1 General
5.1.1 Application
 The strength check is applicable to rectangular hatch covers subjected to a uniform pressure, designed with 
primary supporting members arranged in one direction or as a grillage of longitudinal and transverse primary 
supporting members.
 In the latter case, i.e. when the hatch cover is arranged as a grillage of longitudinal and transverse primary 
supporting members, or when the Society deems it necessary, the stresses in the primary supporting members are to 
be determined by a grillage or a finite element analysis.
 It is to be checked that stresses induced by concentrated loads are in accordance with the criteria in 5.4.4.
 When FE analysis is carried out, the buckling assessment as described in 5.2.3, 5.3.4 and 5.4.6 can be made 
considering only the stresses given by the FE analysis  
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 The hatch covers fitted with U type stiffeners as shown in Fig. 1 are to be checked by means of FE analysis. In 
transverse section of the stiffener, nodes are to be located at the connection between the web of the U type stiffener 
and the hatch cover plate as well as at the connection between the web and the flange of the U type stiffener. The 
buckling assessment as described in 5.2.3, 5.3.4 and 5.4.6 can be made considering only the stresses given by the FE 
analysis.
 

Fig. 1 Example of Hatch Cover Fitted with U Type Stiffener 

 
 

5.1.2 Hatch covers supporting containers
 The scantlings of hatch covers supporting containers are to comply with the applicable requirements of the 
Society.
5.1.3 Hatch covers subjected to special cargoes
 For hatch covers supporting special cargoes, stiffeners and primary supporting members are generally to be 
checked by direct calculations, taking into account the stiffener arrangements and their relative inertia. It is to be 
checked that stresses induced by special cargoes are in accordance with the criteria in 5.4.4. 

5.2 Plating
5.2.1 Net thickness
 The net thickness, in mm, of steel hatch cover top plating is not to be taken less than: 

eH

WWss
p R

PFPFbFt
95.0

0158.0 +
=  

where:
Fp : Factor for combined membrane and bending response, equal to: 

Fp = 1.5 in general. 

a
pF

s
s9.1=  for ass 8.0³  for the attached plating of primary supporting members. 

s  : Normal stress, in N/mm2, in the attached plating of primary supporting members, calculated according 
to 5.4.3 or determined through a grillage analysis or a finite element analysis. 

5.2.2 Minimum net thickness
 In addition to 5.2.1, the net thickness, in mm, of the plating forming the top of the hatch cover is not to be taken 
less than the greater of the following values: 

100
bt =  

t = 6 
5.2.3 Buckling strength
 The buckling strength of the hatch cover plating subjected to loading conditions as defined in 4.1 is to comply 
with the following formula: 

allPlate hh £  
where:

Plateh  : Maximum plate utilisation factor calculated according to Method A, as defined in Pt 1, Ch 8, Sec 5, 
2.2.
・ For stresses obtained from beam theory, i.e. not calculated by means of finite element analysis: 
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・ xs  or ys  is selected for the uniaxial check of the plate in the direction parallel to the 

primary supporting member, 
・ t  = 0. 

・ For stresses calculated by means of finite element analysis: tss ,, yx  obtained from FE 

analysis. 
allh  :  Allowable utilisation factor, as given in Table 3. 

 For hatch covers fitted with U type stiffeners, the buckling panels b1,b2 and c (see Fig. 1) are to be assessed 
separately. 

5.3 Stiffeners
5.3.1
 For flat bar stiffeners, the ratio hw /tw is to comply with the following formula: 

eHw

w

Rt
h 23515£  

5.3.2 Minimum net thickness of web
 The net thickness, in mm, of the stiffener web is to be taken not less than 4 mm.
5.3.3 Net section modulus and net shear sectional area
 The net section modulus Z, in cm3, and the net shear sectional area Ashr, in cm2, of a stiffener subject to lateral 
pressure are to be taken not less than given by the following formulae: 

( ) 3

a

2

10
sbc

sWWSS

f
sPFPFZ l +

=  

( )
a

5
t

sWWSS
shr

sPFPFA l+
=  

where:
sl  : Stiffener span, in m, to be taken as the spacing, in m, 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 stiffener spans, the 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. 

5.3.4 Buckling strength
 The buckling strength of the hatch cover stiffeners subjected to loading conditions as defined in 4.1 is to comply 
with the following formula: 

allStiffener hh £  

where:
Stiffenerh  : Maximum stiffener utilisation factor calculated according to Pt 1, Ch 8, Sec 5, 2.3. 

・ For uniaxial stresses obtained by beam theory, i.e. not calculated by means of finite element 
analysis:
・ xs  : stiffener axial stress, 
・ ys = 0, 

・ t = 0. 
・ For stresses calculated by means of finite element analysis:  

・ xs  : stiffener axial stress from FE analysis,  
・ ys : stress perpendicular to the stiffener,  

・ t : shear stress in the attached plate. 
allh  : Allowable utilisation factor, as given in Table 3.  

 The buckling strength of the hatch cover fitted with U type stiffeners subjected to loading conditions as defined in 
4.1 is to be checked as detailed above, considering the U type as an equivalent T-bar profile as follows: 

・ Web height taken equal to d as defined in Pt 1, Ch 3, Sec 6, Fig. 21.
・ Web thickness equal to 2 tw.
・ Flange breadth taken as b3, as shown on Fig. 1.
・ Flange thickness taken as tf, as shown on Fig. 1. 
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・ Effective width of the attached plating, beff, taken as: 
2211 bCbCb xxeff +=  

Where: 
1xC , 2xC : Reduction factor defined in Pt 1, Ch 8, Sec 5, Table 3 calculated for the EPP b1 and b2 

according to case 1. 

5.4 Primary Supporting Members
5.4.1 Application
 The requirements in 5.4.3 to 5.4.5 apply to primary supporting members which may be analysed through 
isolated beam models.
 Primary supporting members whose arrangement is of a grillage type and which cannot be analysed through 
isolated beam models are to be checked by direct calculations, using the checking criteria in 5.4.4.
5.4.2 Minimum net thickness of web
 The web net thickness of primary supporting members, in mm, is not to be less than 6 mm.
5.4.3 Normal and shear stress for isolated beam
 In case that grillage analysis or finite element analysis are not carried out, according to the requirements in 5.1.1, 
the maximum normal stress s  and shear stress t , in N/mm2, in the primary supporting members are to be taken as 
given by the following formulae: 

( )
Zf

PFPFS

bc

mWWSS
2l+

=s  

( )
shr

mWWSS

A
PFPFS l+

=
5

t  

where:
ml  : Bending span, in m, of the primary supporting member. 

5.4.4 Checking criteria
 The normal stress s  and the shear stress t , calculated according to 5.4.3 or determined through a grillage 
analysis or finite element analysis, as the case may be, are to comply with the following formulae: 

ass £  

att £  

5.4.5 Deflection limit
 The net moment of inertia of a primary supporting member, when loaded by sea pressure, excluding the 
self-weight of the structure, is to be such that the deflection does not exceed maxlm . 

where: 
m  : Coefficient taken equal to: 

0056.0=m  for weathertight hatch covers. 

maxl : Greatest span, in m, of primary supporting members. 
5.4.6 Buckling strength of the web panels of the primary supporting members
 The web of primary supporting members subject to loading conditions as defined in 4.1 is to be taken as: 

allPlate hh £  
where:

Plateh  : Maximum plate utilisation factor calculated according to Method A, as defined in Pt 1, Ch 8, Sec 
5, 2.2. For web plate in way of opening, it is to be calculated according to Method A, as defined in 
Pt 1, Ch 8, Sec 5, 2.4.
・ Shear stress obtained by beam theory (i.e. calculated according to 5.4.3 or determined 

through a grillage analysis), or 
・ tss ,, yx  obtained by FE analysis. 

allh  : Allowable utilisation factor, as given in Table 3. 
5.4.7 Slenderness criteria
 For buckling stiffeners on webs of primary supporting members, the ratio hw/tw is to comply with the following 
formula: 
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eHw

w

Rt
h 23515£  

5.5 Stiffeners and Primary Supporting Members of Variable Cross Section
5.5.1    
 The net section modulus Z, in cm3, of stiffeners and primary supporting members with a variable cross section is 
to be taken not less than the greater of the values given by the following formulae: 

Z = ZCS 

CSZaZ  
ø

ö
çç
è

æ
+

--
+=

4.07
8.02.31

y
y  

where:
ZCS : Net section modulus, in cm3, for a constant cross section, complying with the checking criteria in 

5.4.4. 
a : Coefficient taken equal to: 

0

1

l

l
=a  

y  : Coefficient taken equal to: 

0

1

Z
Z

=y  

1l  : Length of the variable section part, in m, as shown in Fig. 2. 

0l  : Span measured, in m, between end supports, as shown in Fig. 2. 
Z1 : Net section modulus at end, in cm3, as shown in Fig. 2.
Z0 : Net section modulus at mid-span, in cm3, as shown in Fig. 2. 

 Moreover, the net moment of inertia, in cm4, of stiffeners and primary supporting members with a variable cross 
section is to be taken not less than the greater of the values given by the following formulae: 

CSII =  

CSII
ú
ú
û

ù

ê
ê
ë

é
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è
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2.0
181 3  

where:
ICS : Net moment of inertia, in cm4, with a constant cross section complying with 5.4.5. 
j  : Coefficient taken equal to: 

0

1

I
I

=j
 

I1 : Net moment of inertia at end, in cm4, as shown in Fig. 2.
I0 : Net moment of inertia at mid-span, in cm4, as shown in Fig. 2. 

 The use of these formulae is limited to the determination of the strength of stiffeners and primary supporting 
members in which abrupt changes in the cross section do not occur along their length. 

 
Fig. 2 Variable Cross Section Stiffener 
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6. Hatch Coamings 

6.1 Stiffening
6.1.1    
 The stiffeners of the hatch coamings are to be continuous over the breadth and length of the hatch coamings.
6.1.2    
 Coamings are to be stiffened on their upper edges with a stiffener suitably shaped to fit the hatch cover closing 
appliances.
6.1.3    
 Where the height of the coaming exceeds 900 mm, additional strengthening may be required.
 However, reductions may be granted for transverse coamings in protected areas.
6.1.4    
 When two hatches are close to each other, under deck stiffeners are to be fitted to connect the longitudinal 
coamings in order to maintaining the continuity of their strength.
 Similar stiffening is to be provided over 2 frame spacings at ends of hatches exceeding 9 frame spacings in 
length.
 In some cases, the Society may require the continuity of coamings to be maintained above the deck.
6.1.5    
 Where watertight metallic hatch covers are fitted, other arrangements of equivalent strength may be adopted. 

6.2 Load Model
6.2.1    
 The wave lateral pressure, PC in kN/m2, to be considered as acting on the hatch coamings is defined in 6.2.2 and 
6.2.3.
6.2.2    
 The wave lateral pressure, PC in kN/m2, on the No. 1 forward transverse hatch coaming is to be taken equal to:

・ PC = 220, when a forecastle is fitted in accordance with Ch 1, Sec 1, 1.
・ PC = 290, in the other cases. 

6.2.3    
 The wave lateral pressure, PC in kN/m2, on the hatch coamings other than the No. 1 forward transverse hatch 
coaming is to be taken equal to: 

PC = 220
6.2.4    
 For cargo holds intended for the carriage of ballast water, the liquid internal pressures applied on hatch coaming 
is also to be determined according to Pt 1, Ch 4, Sec 6. 

6.3 Scantlings
6.3.1 Plating
 The net thickness, in mm, of the hatch coaming plate is not to be taken less than the greater value given by the 
following formulae: 

eH

c

R
Pbt

95.0
016.0=  

t = 9.5 
6.3.2 Stiffeners
 The net section modulus, Z, in cm3, of longitudinal or transverse stiffeners fitted on hatch coamings is not to be 
taken less than: 

eHpbc

C

Rcf
sPZ

2

21.1 l
=  

where:
fbc : Coefficient taken equal to: 

fbc = 16 in general. 
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fbc = 12 for the end span of stiffeners sniped at the coaming corners. 
cp : Ratio of the plastic section modulus to the elastic section modulus of the stiffeners with an attached 

plate breadth, in mm, equal to 40 t, where t is the plate net thickness.
cp = 1.16 in the absence of more precise evaluation. 

6.3.3 Coaming stays
 At the connection with deck, the net section modulus Z, in cm3, and the net thickness tw, in mm, of the coaming 
stays designed as beams with flange connected to the deck or sniped and fitted with a bracket (examples shown in 
Fig. 3 and Fig. 4) are to be taken not less than: 

eH

CCC

R
HPs

Z
9.1

2

=  

eH

CCC
w Rh

HPs
t

5.0
=  

where:
HC : Stay height, in m.
sC : Stay spacing, in mm.
h : Stay depth, in mm, at the connection with deck. 

 
Fig. 3 Coaming Stay (Example 1) 

 
 

Fig. 4 Coaming Stay (Example 2) 

 

 For calculating of offered section modulus of coaming stays, the face plate area may be taken into account only 
when it is welded with full penetration welds to the deck plating and provided with adequate under deck structure 
supporting the coaming stay in the deck structure.
 For other designs of coaming stays, such as those shown in Fig. 5 and Fig. 6, the stress levels determined 
through a grillage analysis or finite element analysis, as the case may be, apply and are to be checked at the highest 
stressed locations. The stress levels are to comply with the following formulae: 

eHR95.0£s  

eHR5.0£t  
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Fig. 5 Coaming Stay (Example 3) 

 
 

Fig. 6  Coaming Stay (Example 4) 

 

6.3.4  Local details
 The design of local details is to comply with the requirements in this section ensuring adequate structural 
continuity from the hatch covers into the supporting deck structure.
 Hatch coamings and supporting structures are to be adequately stiffened to accommodate the loading from hatch 
covers, in longitudinal, transverse and vertical directions.
 The normal stress s  and the shear stress t , in N/mm2, induced in the under deck structures by the loads 
transmitted by stays are to comply with the following formulae: 

eHR95.0£s  

eHR5.0£t  
 Unless otherwise stated, weld connections and materials are to be dimensioned and selected in accordance with 
the requirements of Part M.
 Double continuous fillet welding is to be adopted for the connections of stay webs with deck plating and the 
weld leg length is not to be less than 0.62tw, where tw is the gross thickness of the stay web.
 Toes of stay webs are to be connected to the deck plating with partial penetration double bevel welds extending 
over a distance not less than 15% of the stay width. 

7. Weathertightness, Closing Arrangement, Securing Devices and Stoppers 

7.1 Weathertightness
7.1.1
 Where the hatchway is exposed, the weathertightness is to be ensured by gaskets and clamping devices 
sufficient in number and quality.
7.1.2    
 In general, a minimum of two securing devices or equivalent is to be provided on each side of the hatch cover. 
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7.2 Gaskets
7.2.1    
 The weight of hatch covers and any cargo stowed thereon, together with inertia forces generated by ship motions, 
are to be transmitted to the ship s structure.
7.2.2    
 The sealing is to be obtained by a continuous gasket of relatively soft elastic material compressed to achieve the 
necessary weathertightness. Similar sealing is to be arranged between cross-joint elements.
 Where fitted, compression flat bars or angles are to be well rounded where in contact with the gasket and to be 
made of a corrosion-resistant material.
7.2.3    
 The gasket and the securing arrangements are to maintain their efficiency when subjected to large relative 
movements between the hatch cover and the ship s structure or between hatch cover elements.
 If necessary, suitable devices are to be fitted to limit such movements.
7.2.4    
 The gasket material is to be of a quality suitable for all environmental conditions likely to be encountered by the 
ship, and is to be compatible with the cargoes transported.
 The material and form of gasket selected are to be considered in conjunction with the type of hatch cover, the 
securing arrangement and the expected relative movement between the hatch cover and the ship s structure.
 The gasket is to be effectively secured to the hatch cover.
7.2.5    
 Coamings and steel parts of hatch covers in contact with gaskets are to have no sharp edges.
7.2.6    
 Metallic contact is required to ensure earthing connection between the hatch cover and the hull structures. 

7.3 Closing Arrangement, Securing Devices and Stoppers
7.3.1 General
 Panel hatch covers are to be secured by appropriate devices (bolts, wedges or similar) suitably spaced along the 
coamings and between cover elements.
 Hatch covers provided with special sealing devices, insulated hatch covers, flush hatch covers and those having 
coamings of a reduced height according to 2.1.2 are to be considered by the Society on a case-by-case basis.
7.3.2 Arrangements
 The securing and stopping devices are to be arranged so as to ensure sufficient compression on gaskets between 
hatch covers and coamings and between adjacent hatch covers.
 Arrangement and spacing are to be determined with due attention to the effectiveness for weathertightness, 
depending on the type and the size of the hatch cover, as well as on the stiffness of the hatch cover edges between the 
securing devices.
 At cross-joints of multi-panel covers, (male/female) vertical guides are to be fitted to prevent excessive relative 
vertical deflections between loaded/unloaded panels.
 The location of stoppers is to be compatible with the relative movements between hatch covers and the ship s 
structure in order to prevent damage to them. The number of stoppers is to be as small as possible.
7.3.3 Spacing
 The spacing of the securing arrangements is not to be greater than 6 m.
7.3.4 Construction
 Securing arrangements with reduced scantlings may be accepted provided it can be demonstrated that the 
possibility of water reaching the deck is negligible.
 Securing devices are to be of reliable construction and securely attached to the hatchway coamings, decks or 
hatch covers.
 Individual securing devices on each hatch cover are to have approximately the same stiffness characteristics.
7.3.5 Area of securing devices
 The gross cross area of each securing device is not to be less than the value obtained, in cm2, from the following 
formula: 

① 
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where:
SS : Spacing, in m, of securing devices. 
a  : Coefficient taken equal to: 

a = 0.75 for ReH > 235 N/mm2. 
a = 1.0   for ReH   235 N/mm2. 

 In the above calculations, ReH may not be taken greater than 0.7 Rm.
 Between hatch cover and coaming and at cross-joints, a packing line pressure sufficient to obtain 
weathertightness is to be maintained by securing devices. For packing line pressures exceeding 5 N/mm, the net cross 
area A is to be increased in direct proportion. The packing line pressure is to be specified.
 In the case of securing arrangements which are particularly stressed due to the unusual width of the hatchway, 
the net cross area A of the above securing arrangements is to be determined through direct calculations.
7.3.6 Inertia of edges elements
 The hatch cover edge stiffness is to be sufficient to maintain adequate sealing pressure between securing 
devices.
 The moment of inertia of edge elements is not to be less than the value obtained, in cm4, from the following 
formula: 

46 SL SPI =  
where:
PL : Packing line pressure, in N/mm, to be taken not less than 5.
SS : Spacing, in m, of securing devices. 

7.3.7 Diameter of rods or bolts
 Rods or bolts are to have a gross diameter not less than 19 mm for hatchways exceeding 5 m2 in area.
7.3.8 Stoppers
 Hatch covers are to be effectively secured, by means of stoppers, against the transverse forces arising from a 
pressure of 175 kN/m2.
 With the exclusion of No. 1 hatch cover, hatch covers are to be effectively secured, by means of stoppers, 
against the longitudinal forces acting on the forward end arising from a pressure of 175 kN/m2.
 No. 1 hatch cover is to be effectively secured, by means of stoppers, against the longitudinal forces acting on the 
forward end arising from a pressure of 230 kN/m2. This pressure may be reduced to 175 kN/m2 if a forecastle is fitted 
in accordance with Ch 1, Sec 1, 1.
 The equivalent stress in stoppers, their supporting structures and calculated in the throat of the stopper welds is 
to be equal to or less than the allowable value, equal to 0.8 ReH. 

7.4 Cleats
7.4.1 
 Where rod cleats are fitted, resilient washers or cushions are to be incorporated.
7.4.2 
 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. 

8. Drainage 

8.1 Arrangement
8.1.1 
 Drainage is to be arranged inside the line of gaskets by means of a gutter bar or vertical extension of the hatch 
side and end coaming.
8.1.2 
 Drain openings are to be arranged at the ends of drain channels and are to be provided with efficient means for 
preventing ingress of water from outside, such as non-return valves or equivalent. 
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8.1.3
 Cross-joints of multi-panel hatch covers are to be arranged with drainage of water from the space above the 
gasket and a drainage channel below the gasket.
8.1.4
 If a continuous outer steel contact is arranged between the cover and the ship s structure, drainage from the 
space between the steel contact and the gasket is also to be provided.   
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Section 6 ADDITIONAL CLASS NOTATION GRAB 

Symbols 

MGR : Mass of unladen grab, in t. 

1. General 

1.1 Application
1.1.1
 The additional class notation GRAB[X] is assigned, in accordance with Pt 1, Ch 1, Sec 1, 3.2.2, to ships with 
holds designed for loading/unloading by grabs having a maximum mass of unladen grab, in tons up to [X] tons, in 
compliance with the requirements of this section.
1.1.2
 It is to be noted that this additional class notation 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 or occasionally to discharge cargo. 

2. Scantlings 

2.1 Plating
2.1.1 General
 The net thickness of plating of inner bottom and vertical sloped cargo hold; excluding bilge wells, is to be taken 
as the greater of the following values: 

・ t, as obtained according to requirements in Pt 1, Ch 6 and Pt 1, Ch 7.
・ tGR, as defined in 2.1.2 and 2.1.3.

2.1.2 Inner bottom plating
 The net thickness tGR, in mm, of the inner bottom plating is to be obtained from the following formula: 

25.0
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2.1.3 Vertical and sloped cargo hold boundaries
 The net thickness tGR, in mm, as defined in this sub-section apply to the following structural elements.

・ Hopper tank sloped plating.
・ Transverse lower stool plating.
・ Transverse plane bulkhead plating.
・ Face plates of transverse corrugated bulkheads without lower stool.
・ Inner hull.

 Up to a height of 3.0 m above, the lowest point of the inner bottom is to be obtained from the following formula: 
25.0
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Chapter 2 OIL TANKERS 

Section 1 GENERAL ARRANGEMENT DESIGN 

1. General 

1.1 General
1.1.1
 This section covers the general structural arrangement requirements for oil tankers, which are based on national 
and international regulations. 

2. Separation of Cargo Tanks 

2.1 General
2.1.1
 The cargo pump room, cargo tanks, slop tanks and cofferdams are to be positioned forward of machinery spaces. 
Main cargo control stations, control stations, accommodation and service spaces are to be positioned aft of cargo 
tanks, slop tanks and spaces which isolate cargo or slop tanks from machinery spaces, but not necessary aft of the oil 
fuel bunker tanks and ballast tanks.
2.1.2
 A cofferdam is to be provided to separate the cargo tanks from the machinery space. Pump room, ballast tanks 
or fuel oil tanks may be considered as cofferdam for this purpose. 

3. Double Hull Arrangement 

3.1 General
3.1.1
 All oil tankers are to be provided with double bottom tanks and spaces, and double side tanks and spaces, in 
accordance with Pt 1, Ch 2, Sec 3. The double bottom and double side tanks and spaces, protect the cargo tanks or 
spaces, and are not to be used for the carriage of oil cargoes.
3.1.2
 Cargo tanks are to be of a size and arrangement that hypothetical oil outflow from side and bottom damage, 
anywhere in the length of the ship, is limited. 

4. Access Arrangements 

4.1 Special Requirements for Oil Tankers
4.1.1
 Where a duct keel or pipe tunnel is fitted, provision is to be made for at least two exits to the open deck arranged 
at a maximum distance from each other. The duct keel or pipe tunnel is not to pass into machinery spaces. The aft 
access may lead from the pump room to the duct keel. Where an aft access is provided from the pump room to the 
duct keel, the access opening from the pump room to the duct keel is to be provided with an oil-tight cover plate or a 
watertight door. 
 Mechanical ventilation is to be provided and such spaces are to be sufficiently ventilated prior to entry. A notice 
board is to be fitted at each entrance to the pipe tunnel stating that before any attempt is made to enter, the ventilating 
fan must have been in operation for a sufficient period. In addition, the atmosphere in the tunnel is to be sampled by a 
gas monitor, and where an inert gas system is fitted in cargo tanks, an oxygen monitor is to be provided. 
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4.1.2
 Where a watertight door is fitted in the pump room for access to the duct keel, the scantlings of the watertight 
door are to comply with the requirements of the individual Society and the following additional requirements: 

(a) The watertight door is to be capable of being manually closed from outside the main pump room entrance, 
in addition to bridge operation. A means of indicating whether the door is open or closed is to be provided 
locally and on the bridge. 

(b) 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. 

4.1.3
 Special consideration is to be given to any proposals to fit permanent repair/maintenance access openings with 
oil-tight covers in cargo tank bulkheads. Attention is drawn to the relevant national regulations concerning load line 
and oil outflow aspects of such arrangements.
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Section 2 STRUCTURAL DESIGN PRINCIPLES 

1. Corrosion Protection 

1.1 General
1.1.1 Cathodic protection systems in cargo tanks
 Cathodic protection systems, if fitted in cargo tanks, are to comply with 1.2.
1.1.2 Paint containing aluminium
 Paint containing aluminium, when used in cargo tanks, is to comply with 1.3. 

1.2 Internal Cathodic Protection Systems
1.2.1
 When a cathodic protection system is to be fitted to steel structures in tanks used for liquid cargo with flash 
point below 60 C, a plan of the fitting arrangement is to be submitted for approval. The arrangements are to be 
considered for safety against fire and explosion. This approval also applies to adjacent tanks.
1.2.2
 Permanent anodes in tanks made of, or alloyed with magnesium are not acceptable, except in tanks solely 
intended for water ballast that are not adjacent to cargo tanks. 
 Impressed current systems are not to be used in cargo tanks due to the development of chlorine and hydrogen 
that can result in an explosion.
 Aluminium anodes are accepted, however, in tanks with liquid cargo with flash point below 60 C and in 
adjacent ballast tanks, aluminium anodes are to be located so a kinetic energy of not more than 275 J is developed in 
the event of their loosening and becoming detached.
1.2.3
 Aluminium anodes are to be located in such a way that they are protected from falling objects. They are not to 
be located under tank hatches or Butterworth openings unless protected by adjacent structure.
1.2.4
 Tanks, in which anodes are installed, are to have sufficient holes for the circulation of air to prevent gas from 
collecting in pockets. 

1.3 Paint Containing Aluminium
1.3.1
 The use of aluminium coatings containing greater than 10% aluminium by weight in the dry film is prohibited in 
cargo tanks, cargo tank deck area, pump rooms, cofferdams or any other area where cargo vapour may accumulate.
1.3.2
 Aluminised 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.
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Section 3 HULL LOCAL SCANTLING 

Symbols 

For symbols not defined in this section, refer to Pt 1, Ch 1, Sec 4.
S : Primary supporting member spacing as defined in Pt 1, Ch 3, Sec 7, 1.2.2, in m.
Ct-pr : Permissible shear stress coefficient for primary supporting members taken equal to: 

Ct-pr = 0.70 for AC-S.
Ct-pr = 0.85 for AC-SD. 

Cs-pr : Permissible bending stress coefficient for primary supporting members taken equal to:  
Cs-pr = 0.70 for AC-S.
Cs-pr = 0.85 for AC-SD. 

scg : Half pitch length of corrugation, in mm. See Fig.4. 
cgl  : Length of corrugation, in m, which is defined as the distance between the lower stool and the upper stool. 

Where no lower or upper stool is fitted, cgl  is to be measured to lower or upper end as shown in Fig. 4. 

1. Primary Supporting Members in Cargo Hold Region 

1.1 General
1.1.1
 The following requirements relate to the determination of scantlings of the primary supporting members within 
0.4LCSR amidships and those outside 0.4LCSR amidships provided that the geometry and fixation of primary supporting 
member is similar with those amidships.
1.1.2
 The section modulus and shear area criteria for primary supporting members contained in this sub-section apply 
to structural configurations shown in Pt 1, Ch 1, Sec 1, Fig. 3 and are applicable to the following structural elements: 

(a) Floors and girders within the double bottom,
(b) Deck transverses,
(c) Side transverses within double side structure,
(d) Vertical web frames on longitudinal bulkheads with or without cross ties,
(e) Horizontal stringers on transverse bulkheads, except those fitted with buttresses or other intermediate 

supports,  
(f) Cross ties in wing cargo and centre cargo tanks.

1.1.3
 Floors, horizontal stringers, side transverses and vertical webs adjacent to transverse bulkheads which get 
additional supports by horizontal stringers or buttresses are excluded from the application of this section.
1.1.4
 Webs of the primary supporting members are to be stiffened in accordance with Pt 1, Ch 8, Sec 2, 4.
1.1.5
 Webs of the primary supporting members are to have a depth of not less than given by the requirements of 1.5.1, 
1.7.1 and 1.8.1, as applicable.
1.1.6
 In any case, primary supporting members that have open slots for stiffeners are to have a depth not less than 2.5 
times the depth of the slots if slots are not closed.
1.1.7
 Where it is impracticable to fit a primary supporting member with the required web depth, then it is permissible 
to fit a member with reduced depth provided that the fitted member has equivalent moment of inertia or deflection to 
the required member. The required equivalent moment of inertia is to be based on an equivalent section given by the 
effective width of plating at mid span with required plate thickness, web of required depth and thickness and face 
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plate of sufficient width and thickness to satisfy the required mild steel section modulus. 
 The equivalent moment of inertia may be also demonstrated by an equivalent member having the same 
deflection as the required member.
 All other rule requirements, such as minimum thicknesses, slenderness ratio, section modulus and shear area, are 
to be satisfied for the member of reduced depth.  

1.2 Design Load Sets 
1.2.1 
 The design load sets for the evaluation of primary supporting members are given in Table 1.
 

Table 1 Design Load Sets for Primary Supporting Members 

Item Design load set (1) (5) (6)  Load component Draught Design load Loading condition 

Double bottom 
floors and girders (3)  

SEA-1 Pex 0.9TSC 
(2) S+D 

Sea pressure only 
SEA-2 Pex TSC S 

OT-4 Pin   Pex 0.6TSC S+D Net pressure difference 
between cargo pressure 

and sea pressure OT-5 Pin   Pex (4) S 

Side transverses (3)  

SEA-1 Pex 0.9 TSC S+D 
Sea pressure only 

SEA-2 Pex TSC S 

OT-1 Pin TSC S+D 

Cargo pressure only OT-2 Pin 0.6TSC S+D 

OT-3 Pin - S 

Deck transverses 

SEA-1 Pex TSC S+D 
Green sea pressure only 
or other loads on deck 

OT-1 Pin TSC S+D 

Cargo pressure only OT-2 Pin 0.6TSC S+D 

OT-3 Pin - S 

Vertical web frames 
on longitudinal 

bulkheads 

OT-1 Pin TSC S+D Pressure from one side 
only. Full cargo tank with 

adjacent cargo tank 
empty  

OT-2 Pin 0.6TSC S+D 

OT-3 Pin - S 

Horizontal stringers 
on transverse 

bulkhead 

OT-1 Pin TSC S+D Pressure from one side 
only. Full cargo tank with 

adjacent forward or aft 
cargo tank empty.  

OT-2 Pin 0.6TSC S+D 

OT-3 Pin - S 

Cross ties in centre 
tanks 

OT-1 2
stbinptin PP -- +

 TSC S+D 

Full wing cargo tanks, 
centre tank empty. OT-2 2

stbinptin PP -- +
 0.6TSC S+D 

OT-3 Pin - S 
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Table 1 Design Load Sets for Primary Supporting Members (Continued) 

Item Design load set (1) (5) (6)  Load component Draught Design load Loading condition 

Cross ties in wing 
tanks 

SEA-1 2
exin PP +  TSC S+D 

Full centre tank, wing 
cargo tanks empty. 

SEA-2 2
exin PP +  0.6 TSC S+D 

OT-4 2
exin PP +  TSC S 

where:
Pin-pt : Design pressure from port side wing cargo tank, in kN/m2.
Pin-stb : Design pressure from starboard side wing cargo tank, in kN/m2.

(1) The static and dynamic load components are to be determined in accordance with Pt 1, Ch 4, Sec 7, Table 1.

(2) If the loading condition where the combination of an empty cargo tank and a mean ship s draught greater than 

0.9 TSC is included in ship s loading manual, the maximum corresponding draught is to be considered. 

(3) Draughts specified for bottom floors, girders and side transverses are based on operational limits specified in Pt 1, 
Ch 4, Sec 8, 2 and Pt 1, Ch 4, Sec 8, 3. Where the optional loading conditions exceed the minimum Rule required 

loading conditions, the draughts will be subject to special consideration. 

(4) For tankers with two oil-tight longitudinal bulkheads, the draught is to be taken as 0.25 TSC. For tankers with a 

centreline bulkhead, the draught is to be taken as 0.33 TSC. 

(5) When the ship s configuration cannot be described by the structural members or structural configurations identified 

above, then the applicable Design Load Sets to determine the scantling requirements of primary supporting member 

are to be selected so as to specify all applicable cases from the following: 
 ・ A full tank on one side of the member with the tank or space on the other side empty.
 ・ A full tank on one side of the member with the external pressure minimised.
 ・ External pressure maximised with the adjacent tank or space empty.
 The boundary is to be evaluated for loading from both sides. Design Load Sets are to be selected based on the tank or 

space contents and are to maximise the net pressure on the structural boundary, the draught to use is to be taken in 
accordance with the Design Load Set and this table. Design Load Sets covering the S and S+D design load 
combinations are to be selected.  

(6) For a void or dry space, the pressure component from the void side is to be ignored. 

 

1.3 Floors in Double Bottom
1.3.1 Structural arrangement
 Plate floors are to be arranged in way of transverse bulkheads and bulkhead stools.
1.3.2 Net shear area
 The net shear area, Ashr-n50 in cm2, of the floors at any position in the floor is not to be less than: 

eHprt
nshr C

QA
t-

- =
5.8

50

 
where:
Q: Design shear force, in kN. 

shrshr PSfQ l=  
fshr: Shear force distribution factor: 

)21(
shr

i
ishrshr

yff
l

-= -  but not to be taken as less than 0.2. 

fshr-i: Shear force distribution factor at the end of the span, shrl , as given in Table 2. 

shrl : Effective shear span, of the double bottom floor, in m, as shown in Fig. 2. In way of bracket ends, the 
effective shear span is measured to the toes of the effective end bracket, as defined in Pt 1, Ch 3, Sec 7, 
1.1.7. Where the floor ends on a girder at a hopper or stool structure, the effective shear span is measured 
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to a point that is one-half of the distance from the girder to the adjacent bottom and inner-bottom 
longitudinal, as shown in Fig. 2. 

yi : Distance from the considered cross section of the floor to the nearest end of the effective shear span, 
shrl  in m. 

P : Design pressure given in Table 1 for the design load set being considered, calculated at mid point of 
effective shear span, shrl  of a floor located midway between transverse bulkheads or transverse 

bulkhead and wash bulkhead, where fitted, in kN/m2. 

 
Table 2 Shear Force Distribution Factors of Floors 

Structural configuration 
Centre tank 

(fshr3 in Fig. 1) 

Wing tank 

At inboard end
(fshr2 in Fig. 1) 

At hopper knuckle end 
(fshr1 in Fig. 1) 

Ships with centreline longitudinal 
bulkhead 

- 0.40 0.60 

Ships with two longitudinal 
bulkheads 

0.5 0.50 0.65 

 
Fig. 1 Shear Force Distribution Factors of Floors 

 
 

Fig. 2 Effective Shear Span of Floors 
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1.4 Girders in Double Bottom
1.4.1 Structural arrangement
 Continuous double bottom girders are to be arranged at the centreline or duct keel, at the hopper side and in way 
of longitudinal bulkheads and bulkhead stools.
1.4.2 Net shear area of centre girders
 For double bottom centre girders where no longitudinal bulkhead is fitted above, the net shear area, Ashr-n50 in 
cm2, of the double bottom centre girder in way of the first bay from each transverse bulkhead and wash bulkhead, 
where fitted, is not to be less than: 

eHprt
nshr C

QA
t-

- =
5.8

50   

where:
Q: Design shear force, in kN, taken as: 

2
2121.0 shrPnnQ l=  

shrl : Effective shear span as defined in 1.3.2. 
P: Design pressure, in kN/m2, as defined in 1.3.2.
n1: Coefficient taken as: 

289.1163.000935.0
2

1 + 
ø
ö

ç
è
æ- 

ø
ö

ç
è
æ=

SS
n shrshr ll  

n2: Coefficient taken as: 

 
ø
ö

ç
è
æ-=
12

3.12
Sn  

S: Double bottom floor spacing, in m, as defined in Pt 1, Ch 3, Sec 7, 1.2.2. 
1.4.3 Net shear area of side girders
 For double bottom side girders where no longitudinal bulkhead is fitted above, the net shear area, Ashr-n50 in cm2, 
of the double bottom side girder in way of the first bay from each transverse bulkhead and wash bulkhead, where 
fitted, is not to be less than: 

eHprt
nshr C

QA
t-

- =
5.8

50  

where:
Q: Design shear force, in kN. 

2
4314.0 shrPnnQ l=  

n3: Coefficient taken as: 

 
ø
ö

ç
è
æ-=

S
n shrl0357.0072.13  

n4: Coefficient taken as: 

 
ø
ö

ç
è
æ-=
18

2.14
Sn  

S: Double bottom floor spacing, in m, as defined in Pt 1, Ch 3, Sec 7, 1.2.2. 
shrl : Effective shear span as defined in 1.3.2. 

P: Design pressure, in kN/m2, as defined in 1.3.2. 

1.5 Deck Transverses
1.5.1 Web depth
 The web depth of under deck transverses is not to be less than:

・ 0.20 dtbdg-l  for deck transverses in the wing cargo tanks of ships with two longitudinal bulkheads. 
・ 0.13 dtbdg-l  for deck transverses in the centre cargo tanks of ships with two longitudinal bulkheads. The 

web depth of deck transverses in the centre cargo tank is not to be less than 90% of that of the deck 
transverses in the wing cargo tank. 

・ 0.10 dtbdg-l  for the deck transverses of ships with a centreline longitudinal bulkhead. 

・ The web height required in 1.1.6. 
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 The web depth of above deck transverses is not to be less than:
・ 0.10 dtbdg -l  

・ The web height required in 1.1.6.
 where: 

dtbdg -l : Effective bending span, in m, as defined in 1.5.2. 

1.5.2 Net section modulus of deck transverses fitted below the upper deck
 The net section modulus of deck transverses fitted below the upper deck, in cm3, is not to be less than Zin-n50 and 
Zex-n50 as given by the following formulae. 
 The net section modulus of the deck transverses fitted below the upper deck in the wing cargo tanks is also not 
to be less than required for the deck transverses fitted below the upper deck in the centre tanks. 

eHprs

in
nin RC

MZ
-

- =
850

50  

eHprs

ex
nex RC

MZ
-

- =
850

50  

where:
Min : Design bending moment due to cargo pressure, in kNm, taken as: 

・ For deck transverses in wing cargo tanks of ships with two longitudinal bulkheads, and for deck 
transverses in cargo tanks of ships with a centreline longitudinal bulkhead: 

stdtbdgdtintin MSPM += --
2042.0 lj  but is not to be taken as less than M0. 

・ For deck transverses in centre cargo tank of ships with two longitudinal bulkheads: 

vwdtbdgdtintin MSPM += --
2042.0 lj  but is not to be taken as less than M0. 

Mst : Bending moment transferred from the side transverse, in kNm: 
2

stbdgstinststst SPcM --= lb  
where a cross tie is fitted in a wing cargo tank and ctstbdg --l  is greater than 0.7 stbdg-l , then stbdg-l  
in the above formula may be taken as ctstbdg --l . 

Mvw : Bending moment transferred from the vertical web frame on the longitudinal bulkhead, in kNm: 
2

vwbdgvwinvwvwvw SPcM --= lb  
where ctvwbdg --l  is greater than 0.7 vwbdg-l , then vwbdg-l  in the above formula may be taken as 

ctvwbdg --l . For vertically corrugated bulkheads, Mvw is to be taken equal to bending moment in upper 

end of corrugation over the spacing between deck transverses. 
M0 : Minimum bending moment, in kNm. 

2
0 083.0 dtbdgdtin SPM --= l  

Mex : Design bending moment due to green sea pressure, in kNm. 
2067.0 dtbdgdtexex SPM --= l  

Pin-dt : Design cargo pressure given in Table 1 for the design load set being considered, calculated at 
mid-point of effective bending span, dtbdg-l  of the deck transverse located at mid tank, in kN/m2. 

Pin-st : Corresponding design cargo pressure in wing cargo tank given in Table 1 for the design load set being 
considered, calculated at the mid-point of effective bending span, stbdg -l  of the side transverse 

located at mid-tank, in kN/m2. 
Pin-vw : Corresponding design cargo pressure in the centre cargo tank of ships with two longitudinal bulkheads 

given in Table 1 for the design load set being considered, calculated at mid-point of effective bending 
span, vwbdg -l  of the vertical web frame on the longitudinal bulkhead located at mid-tank, in kN/m2. 

Pex-dt : Design green sea pressure given in Table 1 for the design load set being considered, calculated at 
mid-point of effective bending span, dtbdg -l  of the deck transverse located at mid tank, in kN/m2. 

tj  : Coefficient taken as: 

 
ø

ö
ç
ç
è
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51j  but not taken less than 0.6. 
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toey  : Distance from the end of effective bending span, dtbdg -l  to the toe of the end bracket of the deck 

transverse, in m. 
stb  : Coefficient taken as: 
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-

-
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50
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stbdg
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l
b  but not taken less than 0.10 or greater than 0.65. 

vwb  : Coefficient taken as: 
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nvw
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vwbdg
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I
l

l
b  but not taken less than 0.10 or greater than 0.50. 

dtbdg -l  : Effective bending span of the deck transverse, in m, see Pt 1, Ch 3, Sec 7, 1.1.6 and Fig. 3, but is 

not to be taken as less than 60% of the breadth of the tank at the location being considered. 
stbdg -l  : Effective bending span of the side transverse, in m, between the deck transverse and the bilge 

hopper, see Pt 1, Ch 3, Sec 7, 1.1.6 and Fig. 3. 
ctstbdg --l : Effective bending span of the side transverse, in m, between the deck transverse and the mid depth 

of the cross tie, where fitted in wing cargo tank, see Pt 1, Ch 3, Sec 7, 1.1.6. 
vwbdg-l  : Effective bending span of the vertical web frame on the longitudinal bulkhead, in m, between the 

deck transverse and the bottom structure, see Pt 1, Ch 3, Sec 7, 1.1.6 and Fig. 3. 
ctvwbdg --l : Effective bending span of the vertical web frame on longitudinal bulkhead, in m, between the deck 

transverse and the mid depth of the cross tie, see Pt 1, Ch 3, Sec 7, 1.1.6. 
Idt-n50 : Net moment of inertia of the deck transverse at mid-span with an effective breadth of attached 

plating specified in Pt 1, Ch 3, Sec 7, 1.3.2, in cm4. 
Ist-n50 : Net moment of inertia of the side transverse at mid-span with an effective breadth of attached 

plating specified in Pt 1, Ch 3, Sec 7, 1.3.2, in cm4. 
Ivw-n50 : Net moment of inertia of the longitudinal bulkhead vertical web frame at mid-span with an 

effective breadth of attached plating specified in Pt 1, Ch 3, Sec 7, 1.3.2, in cm4. 
cst : Coefficient given in Table 3.
cvw : Coefficient given in Table 3. 

 
Table 3 Values of cst and cvw for Deck Transverses 

Structural configuration cst cvw 

Ships with centreline longitudinal bulkhead 0.056 - 

Ships with two 
longitudinal 
bulkheads 

Cross tie in centre 
cargo tank 

Mvw based on ctvwbdg --l  - 0.044 

Mst based on stbdg -l  or Mvw based on vwbdg -l  0.044 0.016 

Cross ties in wing 
cargo tanks 

Mst based on ctstbdg --l  or Mvw based on ctvwbdg --l  0.044 0.044 

Mst based on stbdg -l  or Mvw based on vwbdg -l  0.041 0.015 

1.5.3 Net shear area of deck transverses fitted below the upper deck
 The net shear area of deck transverses fitted below the upper deck, in cm2, is not to be less than 50ninshrA --  and 

50nexshrA --  as given by: 

eHprt

in
ninshr C

QA
t-

-- =
5.8

50  

eHprt

ex
nexshr C

QA
t-

-- =
5.8

50  

where:
Qin : Design shear force due to cargo pressure, in kN. 

gSDbcSPQ Lctrshrdtinin r165.0 += - l  
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Qex : Design shear force due to green sea pressure, in kN. 
shrdtexex SPQ l-= 65.0  

dtinP -  : Design pressure in kN/m2, defined in 1.5.2. 

dtexP -  : Design pressure in kN/m2, defined in 1.5.2. 

dtbdg -l  : Effective span, in m, defined in 1.5.2. 

shrl  : Effective shear span, of the deck transverse, in m, see Pt 1, Ch 3, Sec 7, 1.1.7. 
c1 : Coefficient taken as: 

・ c1 = 0.04 in way of wing cargo tanks of ships with two longitudinal bulkheads.
・ c1 = 0.00 in way of centre tank of ships with two longitudinal bulkheads.
・ c1 = 0.00 for ships with a centreline longitudinal bulkhead. 

bctr : Breadth of the centre tank, in m. 
 

Fig. 3 Definition of Spans of Deck, Side Transverses, Vertical Web Frames on Longitudinal Bulkheads and 
Horizontal Stringers on Transverse Bulkheads  

 

1.5.4 Deck transverses fitted above the upper deck
 When deck transverses are fitted above the upper deck, the net section modulus and shear area of deck 
transverses are not to be less than Zn50 and 50nshrA - , in cm3 and cm2 respectively, as given by the following formulae. 
The required section modulus and shear area are to be maintained over the full length of span. 

eHprsbdg

bdg
n RCf
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eHprt

shrshr
nshr C
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- =

l5.8
50  

where:
P : Design pressure given in Table 1 for the design load set being considered, calculated at midpoint of 

effective bending span, bdgl  of the deck transverse located at mid tank, in kN/m2. 

fbdg : Coefficient taken as: 
fbdg = 12 for design load set OT-1, OT-2 and OT-3 as defined in Table 1.
fbdg = 15 for design load set SEA-1 as defined in Table 1. 

fshr : Coefficient taken as: 
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fshr = 0.5 

bdgl  : Effective bending span of the deck transverse fitted above upper deck, in m, measured from inner 

hull welded to deck to longitudinal bulkhead, or upper stool plating where upper stool is fitted  

shrl  : Effective shear span of the deck transverse fitted above upper deck, in m, measured from inner hull 
welded to deck to longitudinal bulkhead, or upper stool plating where upper stool is fitted  

 As an alternative, the required section modulus and shear area may be obtained by finite element method in 
accordance with Pt 1, Ch 7 and with in consideration of loading patterns A1, A2 or B1, B2 as defined in Pt 1, Ch 4, 
Sec 8, 3.2.9 with draught equal to TSC and cargo density of 1.025 t/m3.
1.5.5 Deck transverse adjacent to transverse bulkhead
 The scantling of deck transverse adjacent to the transverse bulkhead is to comply with the requirements of 1.5.2
to 1.5.4 for design green sea pressure only. 

1.6 Side Transverses
1.6.1 Net shear area
 The net shear area, 50nshrA - , in cm2, of side transverses is not to be less than: 

eHprt
nshr C

QA
t-

- =
5.8

50  

where: 
Q : Design shear force as follows, in kN: 

Q = Qu for upper part of the side transverse.
Q = Ql for lower part of the side transverse. 

Qu : Shear force, in kN, taken as: 
])([ uulustuu PhPPcSQ -+= l  

where a cross tie is fitted in a wing cargo tank and ctst -l  is greater than 0.7 stl , then stl  in the 
above formula is taken as ctst -l . 

Ql : Shear force, in kN, taken as the greater of the following: 
・ ])([ lllustl PhPPcS -+l  
・ )(35.0 lustl PPSc +l  
・ uQ2.1  
where a cross tie is fitted in a wing cargo tank and ctst -l  is greater than 0.7 stl , then stl  in the 
above formula is taken as ctst -l . 

Pu : Design pressure given in Table 1 for the design load set being considered, in kN/m2, calculated at mid 
length of tank and at mid height of hu. 

Pl : Design pressure given in Table 1 for the design load set being considered, calculated at mid height hl 
located at mid length of tank, in kN/m2. 

stl  : Length of the side transverse, in m, taken as follows:  
・ Where deck transverses are fitted below deck, stl  is the length between the flange of the deck 

transverse and the inner bottom, see Fig. 3. 
・ Where deck transverses are fitted above deck, stl  is the length between the elevation of the deck 

at side and the inner bottom. 
ctst -l :Length of the side transverse, in m, taken as follows:  
・ Where deck transverses are fitted below deck, ctst -l  is the length between the flange of the deck 

transverse and mid depth of cross tie, where fitted in wing cargo tank. 
・ Where deck transverses are fitted above deck, ctst -l  is the length between the elevation of the 

deck at side and mid depth of the cross tie, where fitted in wing cargo tank. 
hu : Effective length of upper bracket of the side transverse, in m, taken as follows: 

・ Where deck transverses are fitted below deck, hu is as shown in Fig. 3.
・ Where deck transverses are fitted above deck: 

・ When an inner hull longitudinal bulkhead is arranged with a top wing structure as follows, hu 
is taken as the distance between the deck at side and the lower end of slope plate of the top 
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wing structure:
・ The breadth at top of the wing structure is greater than 1.5 times the breadth of the double 

side and. 
・ The angle along a line between the point at base of the slope plate at its intersection with 

the inner hull longitudinal bulkhead and the point at the intersection of top wing structure 
and deck is 30 deg or more to vertical. 

・ In the other cases: hu is taken as 0. 
hl : Height of bilge hopper, in m, as shown in Fig. 3.
cu : Coefficient defined in Table 4.
cl : Coefficient defined in Table 4. 

 
Table 4 Values of cu and cl for Side Transverses 

Structural configuration cu cl 

Number of side stringers 
Less than 

three 

Equal to or 
greater than 

three 

Less than 
three 

Equal to or 
greater than 

three 

Ships with a centreline longitudinal bulkhead 

0.12 0.09 0.29 0.21 
Ships with two 

longitudinal 
bulkheads 

Cross tie in centre cargo tank 

Cross ties in
wing cargo 

tanks 

Qu or Ql based on ctst-l  

Qu or Ql based on stl  0.08 0.20 

1.6.2 Shear area over the length of the side transverse 
 The shear area over the length of the side transverse is to comply with the following. When materials of different 
yield stress are employed, appropriate adjustments are to be made to account for differences in material yield stress. 

(a) The required shear area for the upper part is to be maintained over the upper 0.2 shrl . 
(b) The required shear area for the lower part is to be maintained over the lower 0.2 shrl . 
(c) Where Qu and Ql are determined based on ctst-l , the required shear area for the lower part is also to be 

maintained below the cross tie. 
(d) For ships without cross ties in the wing cargo tanks, the required shear area between the upper and lower 

parts is to be reduced linearly towards 50% of the required shear area for the lower part at mid-span. 
(e) For ships with cross ties in the wing cargo tanks, the required shear area along the span is to be tapered 

linearly between the upper and lower parts. 
where:

shrl  : Effective shear span of the side transverse, in m. 

lustshr hh --= ll  where Qu and Ql are determined based on stl . 

uctstshr h-= -ll  where Qu and Ql are determined based on ctst -l . 

stl , ctst-l , hu,, hl, Qu, Ql : Parameters defined in 1.6.1. 

1.7 Vertical Web Frames on Longitudinal Bulkhead
1.7.1 Web depth
 The web depth of the vertical web frame on the longitudinal bulkhead is not to be less than:

・ 0.14 vwbdg -l   for ships with a centreline longitudinal bulkhead. 
・ 0.09 vwbdg -l   for ships with two longitudinal bulkheads. 

・ The web height required in 1.1.6. 
where: 

vwbdg -l  : Effective bending span, in m, defined in 1.7.2. 



－704－

2019 Rules for the Survey and Construction of Steel Ships (Part CSR-B&T Part 2 Chapter 2 Section 3)

1.7.2 Net section modulus
 The net section modulus, Zn50 in cm3, of the vertical web frame is not to be less than: 

eHprs
n RC

MZ
-

=
850

50  

where:
M : Design bending moment, in kNm, as follows: 

2
vwbdgu PSlcM -=  for upper part of the web frame. 

2
vwbdgl PSlcM -=  for lower part of the web frame. 

where a cross tie is fitted and ctvwbdg --l  is greater than 0.7 vwbdg-l , then vwbdg-l  in the above formula 
is to be taken as ctvwbdg --l . 

P : Design pressure given in Table 1 for the design load set being considered, calculated at mid-point of the 
effective bending span, vwbdg -l  of the vertical web frame located at mid tank, in kN/m2. 

vwbdg-l  : Effective bending span of the vertical web frame on the longitudinal bulkhead, between the deck 

transverse and the bottom structure, in m, see Fig. 3. 
ctvwbdg --l : Effective bending span of the vertical web frame on longitudinal bulkhead, between the deck 

transverse and mid-depth of the cross tie on ships with two longitudinal bulkheads, in m. 
cu : Coefficient defined in Table 5.
cl : Coefficient defined in Table 5. 

 
Table 5 Values of Cu and Cl for Vertical Web Frame on Longitudinal Bulkheads 

Structural configuration cu cl 

Ships with a centreline longitudinal bulkhead 0.057 0.071 

Ships with two 
longitudinal 
bulkheads 

Cross tie in centre cargo tank 
M based on ctvwbdg --l  0.057 0.071 

M based on vwbdg -l  0.012 0.028 

Cross ties in wing cargo tanks 
M based on ctvwbdg --l  0.057 0.071 

M based on vwbdg -l  0.016 0.032 

1.7.3 Section modulus over the length of the vertical web frame
 The section modulus over the length of the vertical web frame on the longitudinal bulkhead is to comply with 
the following. When materials of different yield stress are employed, appropriate adjustments are to be made to 
account for differences in material yield stress. 

(a) The required section modulus for the upper part is to be maintained over the upper 0.2 vwbdg -l  or 0.2 

ctvwbdg --l  as applicable. 
(b) The required section modulus for the lower part is to be maintained over the lower 0.2 vwbdg -l  or 0.2 

ctvwbdg --l  as applicable. 
(c) Where the required section modulus is determined based on ctvwbdg --l , the required section modulus for the 

lower part is also to be maintained below the cross tie. 
(d) The required section modulus between the upper and lower parts is to be reduced linearly to 70% of the 

required section modulus for the lower part at mid-span. 
where: 

vwbdg-l , ctvwbdg --l  : Effective bending span, in m, defined in 1.7.2. 

1.7.4 Net shear area
 The net shear area, 50nshrA -  in cm2, of the vertical web frame is not to be less than: 

eHprt
nshr C

QA
t-

- =
5.8

50  
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where:
Q : Design shear force as follows, in kN: 

Q = Qu for upper part of the web frame.
Q = Ql for lower part of the web frame. 

Qu : Shear force, in kN, taken as: 
])([ uuluvwuu PhPPcSQ -+= l  

where a cross tie is fitted in a centre or wing cargo tank and ctvw-l  is greater than 0.7 vwl , then vwl  
in the above formula is to be taken as ctvw-l . 

Ql : Shear force, in kN, taken as the greater of the following: 
・ ])([ luluvwl PhPPlcS -+  
・ )( luvwlw PPlScc +  
・ uQ2.1  
where a cross tie is fitted in a centre or wing cargo tank and ctvw-l  is greater than 0.7 vwl , then vwl  
in the above formula is to be taken as ctvw-l . 

Pu : Design pressure given in Table 1 for the design load set being considered, calculated at mid-height of 
upper bracket of the vertical web frame, hu located at mid tank, in kN/m2. 

Pl : Design pressure given in Table 1 for the design load set being considered, calculated at mid-height of 
lower bracket of the vertical web frame, hl located at mid tank, in kN/m2. 

vwl  : Length of the vertical web frame, in m, between the flange of the deck transverse and the inner bottom, 

see Fig.3. 
ctvw-l : Length of the vertical web frame, in m, between the flange of the deck transverse and mid-depth of the 

cross tie, where fitted. 
hu : Effective length of upper bracket of the vertical web frame, in m, as shown in Fig.3.
hl : Effective length of lower bracket of the vertical web frame, in m, as shown in Fig.3.
cu : Coefficient defined in Table 6.
cl : Coefficient defined in Table 6.
cw : Coefficient taken as: 

・ cw = 0.57 for ships with a centreline longitudinal bulkhead,
・ cw = 0.50 for ships with two longitudinal bulkheads. 

 
Table 6 Values of Cu and Cl for Vertical Web Frame on Longitudinal Bulkhead 

Structural configuration cu cl 

Ships with a centreline longitudinal bulkhead 
0.17 0.28 

Ships with two longitudinal 
bulkheads 

Qu or Ql based on ctvw-l  

Qu or Ql based on vwl  0.075 0.18 

1.7.5 Shear area over the length of the vertical web frame
 The shear area over the length of the vertical web frame on the longitudinal bulkhead is to comply with the 
following. When materials of different yield stress are employed, appropriate adjustments are to be made to account 
for differences in material yield stress.  

(a) The required shear area for the upper part is to be maintained over the upper 0.2 shrl . 
(b) The required shear area for the lower part is to be maintained over the lower 0.2 shrl . 
(c) Where Qu and Ql are determined based on ctvw-l , the required shear area for the lower part is also to be 

maintained below the cross tie. 
(d) For ships without cross ties in the wing or centre cargo tanks, the required shear area between the upper and 

lower parts is to be reduced linearly towards 50% of the required shear area for the lower part at mid-span. 
(e) For ships with cross ties in the wing or centre cargo tanks, the required shear area along the span is to be 

tapered linearly between the upper and lower parts. 
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where:
shrl  : Effective shear span of the vertical web frame, in m. 

luvwshr hh --= ll  where Qu and Ql are determined based on vwl . 

uctvwshr h-= -ll  where Qu and Ql are determined based on ctvw-l . 

vwl , ctvw-l , hu, hl, Qu, Ql: Parameters defined in 1.7.4. 

1.8 Horizontal Stringers on Transverse Bulkheads 

1.8.1 Web depth
 The web depth of horizontal stringers on transverse bulkhead is not to be less than:

・ 0.28 hsbdg-l  for horizontal stringers in wing cargo tanks of ships with two longitudinal bulkheads. 
・ 0.20 hsbdg-l  for horizontal stringers in centre tanks of ships with two longitudinal bulkheads, but the 

web depth of horizontal stringers in centre tank is not to be less than required depth for a horizontal stringer 
in wing cargo tanks. 

・ 0.20 hsbdg-l   for horizontal stringers of ships with a centreline longitudinal bulkhead. 

・ The web height required in 1.1.6.
where: 

hsbdg-l  : Effective bending span, in m, defined in 1.8.2. 

1.8.2 Net section modulus
 The net section modulus, Zn50 in cm3, of the horizontal stringer over the end 0.2 hsbdg-l  is not to be less than: 

eHprs
n RC

MZ
-

=
850

50  

where:
M : Design bending moment, in kNm. 

2
hsbdgcPSlM -=  

P : Design pressure given in Table 1 for the design load set being considered, calculated at mid-point of 
effective bending span, hsbdg-l  and at mid-point of the spacing, S of the horizontal stringer, in kN/m2. 

hsbdg-l  : Effective bending span of the horizontal stringer, in m, but is not to be taken as less than 50% of the 

breadth of the tank at the location being considered, see Fig. 3. 
c : Coefficient taken as: 

・ c = 0.073  for horizontal stringers in cargo tanks of ships with a centreline bulkhead.
・ c = 0.083  for horizontal stringers in wing cargo tanks of ships with two longitudinal bulkheads.
・ c = 0.063  for horizontal stringers in the centre tank of ships with two longitudinal bulkheads. 

1.8.3 Section modulus over the length of horizontal stringers
 The required section modulus at mid effective bending span is to be taken as 70% of that required at the ends, 
intermediate values are to be obtained by linear interpolation. When materials of different yield stress are employed, 
appropriate adjustments are to be made to account for differences in material yield stress.
1.8.4 Net shear area
 The net shear area, 50nshrA -  in cm2, of the horizontal stringer over the end 0.2 shrl  is not to be less than: 

eHprt
nshr C

QA
t-

- =
5.8

50  

where:
Q : Design shear force, in kN. 

shrhslPSQ 5.0=  
P : Design pressure given in Table 1 for the design load set being considered, calculated at mid-point of 

effective bending span, hsbdg-l  and at mid-point of the spacing, S of the horizontal stringer, in kN/m2. 

Shs : Spacing, in m, defined in 1.8.2. 
shrl : Effective shear span of the horizontal stringer, in m. 

1.8.5 Shear area at mid effective shear span
 The required shear area at mid effective shear span is to be taken as 50% of that required in the ends, 
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intermediate values are to be obtained by linear interpolation. When materials of different yield stress are employed, 
appropriate adjustments are to be made to account for differences in material yield stress. 

1.9 Cross Ties 

1.9.1 Maximum applied design axial load
 The maximum applied design axial load on cross ties, Wct is to be less than or equal to the permissible load, 
Wct-perm as given by: 

permctct WW -£  

where:
Wct : Applied axial load, in kN. 

SPbW ctct =  
Wct-perm : Permissible load, in kN. 

crallnctpermct AW sh5012.0 -- =  

P : Maximum design pressure for all the applicable design load sets being considered given in Table 1, 
calculated at centre of the area supported by the cross tie located at mid tank, in kN/m2. 

bct : Span, in m, taken as: 
・ Cross tie fitted in centre cargo tank: bct = 0.5 vwbdg -l  

・ Cross ties fitted in wing cargo tanks:
・ bct = 0.5 vwbdg-l  for design cargo pressure from the centre cargo tank. 
・ bct = 0.5 stbdg-l  for design sea pressure. 

vwbdg -l  : Effective bending span, in m, defined in 1.5.2. 

stbdg-l  : Effective bending span, in m, defined in 1.5.2. 

allh  : Allowable buckling utilisation factor as defined in Pt 1, Ch 8, Sec 1, 3.3. 

crs  : Critical buckling stress in compression of the cross tie, in N/mm2, as calculated using the net 
sectional properties in accordance with Pt 1, Ch 8, Sec 5, 3.1.1. 

50nctA -  : Net cross sectional area of the cross tie, in cm2. 

1.9.2 Welded connections
 Special attention is to be paid to the adequacy of the welded connections for the transmission of the forces, and 
also to the stiffening arrangements, in order to provide effective means for transmission of the compressive forces 
into the webs. 
 Particular attention is to be paid to the welding at the toes of all end brackets of the cross ties.
1.9.3 Horizontal stiffeners
 Horizontal stiffeners are to be located in line with, and attached to, the longitudinals at the ends of the cross ties. 

2. Vertically Corrugated Bulkheads 

2.1 Application
2.1.1    
 In addition to the requirements of Pt 1, Ch 6, Sec 4, 1, vertically corrugated bulkheads of oil tankers are also to 
comply with the requirements of 2.2. 

2.2 Scantling Requirements 
2.2.1 Net plate thickness over the height
 The net plate thicknesses as required by 2.2.3 and 2.2.4 are to be maintained for two thirds of the corrugation 
length, cgl  from the lower end. Above that, the net plate thickness may be reduced by 20% from the net thickness 

required in 2.2.3 for the mid part of the corrugation provided that the net section modulus of the upper end of the 
corrugation complies with 2.2.4.
2.2.2 Net web plating thickness over the height 
 The net web plating thickness of the lower 15% of the corrugation, tw in mm, is to be taken as the greatest value 
calculated for all applicable design load sets, as given in Pt 1, Ch 6, Sec 2, 2, and given by the following. This 
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requirement is not applicable to corrugated bulkheads without a lower stool. 

eHcgtcg

cg
w Cd

Q
t

t-

=
1000

 

where:
Qcg : Design shear force imposed on the web plating at the lower end of the corrugation, in kN. 

8000
3 ulcgcg

cg

PPls
Q

+
=  

Pl : Design pressure given in Pt 1, Ch 6, Sec 2, Table 1 for the design load set being considered, 
calculated at the lower end of the corrugation, in kN/m2. 

Pu : Design pressures given in Pt 1, Ch 6, Sec 2, Table 1 for the design load set being considered, 
calculated at the upper end of the corrugation, in kN/m2. 

dcg : Depth of corrugation, in mm, see Fig.4.
Ct-cg : Permissible shear stress coefficient: 

Ct-cg = 0.75  for acceptance criteria set AC-S.
Ct-cg = 0.90  for acceptance criteria set AC-SD. 

2.2.3 Net thicknesses of the flanges over the height 
 The net thicknesses of the flanges of corrugated bulkheads, tf in mm, for two thirds of the corrugation length 
from the lower end are to be taken as the greatest value calculated for all applicable design load sets, as given in Pt 1, 
Ch 6, Sec 2, 2, and given by the following. This requirement is not applicable to corrugated bulkheads without a 
lower stool. 

3max 10
57.6

---
=

f

bdgcgf
f C

b
t

s
 

where: 
max-bdgs : Maximum value of the vertical bending stresses in N/mm2 in the flange. The bending stress is to be 

calculated at the lower end and at the mid span of the corrugation length. 
3

max 10
actcg

cg
bdg Z

M

-
- =s  

Mcg : Vertical bending moment, in kNm, as defined in 2.2.4.
Zcg-act : Actual net section modulus at the lower end and at the mid length of the corrugation, in cm3.
bf-cg : Breadth of flange plating, in mm. See Fig.4.
bw-cg : Breadth of web plating, in mm. See Fig.4.
Cf : Coefficient taken as: 

2

26.065.7  
ø

ö
ç
ç
è

æ
-=

-

-

cgf

cgw
f b

b
C  

2.2.4 Net section modulus over the height
 The net section modulus at the lower and upper ends and at the mid length of the corrugation ( cgl /2) of a unit 

corrugation, Zcg are to be taken as the greatest value calculated for all applicable design load sets, as given in Pt 1, Ch 
6, Sec 2, 2 and given by the following.  

eHcgs

cg
cg RC

M
Z

-

=
1000  

where:
Mcg : Vertical bending moment in kNm. 

12000

2
0lsPC

M cgi
cg =  

P : Averaged pressure in kN/m2. 

2
lu PPP +

=  

Pl, Pu : Design pressure given in Pt 1, Ch 6, Sec 2, Table 1 for the design load set being considered, 
calculated at the lower and upper ends of the corrugation, respectively, in kN/m2: 
・ For transverse corrugated bulkheads, the pressures are to be calculated at a section located at 
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btk / 2 from the longitudinal bulkheads of each tank. 
・ For longitudinal corrugated bulkheads, the pressures are to be calculated at the ends of the tank, 

i.e. the intersection of the forward and aft transverse bulkheads and the longitudinal bulkhead. 
btk : Maximum breadth of tank under consideration measured at the bulkhead, in m. 

ol  : Effective bending span of the corrugation, in m, measured from the mid depth of the lower stool to 
the mid depth of the upper stool. Where no lower or upper stool is fitted, ol  is to be measured to 
lower or upper end. See Fig. 4. 

Ci : Bending moment coefficient given in Table 7.
Cs-cg : Permissible bending stress coefficient at the mid-length of the corrugation length, cgl : 

Cs-cg = ce but not to be taken as greater than 0.75 for acceptance criteria set AC-S.
Cs-cg = ce but not to be taken as greater than 0.90 for acceptance criteria set AC-SD.
At the lower and upper ends of the corrugation length, cgl : 

Cs-cg = 0.75 for acceptance criteria set AC-S.
Cs-cg = 0.90 for acceptance criteria set AC-SD. 

ce : Coefficient taken as: 

2
25.125.2

bb
-=ec  for b    1.25 

0.1=ec  for b  < 1.25 
b  : Coefficient taken as: 

E
R

t
b eH

f

cgf -=b  

bf-cg : Breadth of flange plating, in mm, see Fig. 4.
tf : Net thickness of the corrugation flange, in mm. 

 
Table 7 Values of Ci 

Bulkhead At lower end of cgl  At mid-length of cgl  At upper end of cgl  

Transverse bulkhead C1 Cm1 0.65Cm1 

Longitudinal bulkhead C3 Cm3 0.65Cm3 

 where:
C1 : Coefficient taken as: 

dk

dt

b
AbaC 111 +=  but not taken less than 0.60. 

dk

dt

b
AbaC 111 -=  for transverse bulkhead with no lower stool, but not taken less than 0.55. 

a1 : Coefficient taken as: 
0.11 =a   for transverse bulkhead with no lower stool. 

btR
a 41.095.01 -=  

b1 : Coefficient taken as: 
13.01 =b   for transverse bulkhead with no lower stool. 

btR
b 078.020.01 +-=  

Cm1 : Coefficient taken as: 

dk

dt
mmm b

AbaC 111 +=  but not taken less than 0.55. 

dk

dt
mmm b

AbaC 111 -=  for transverse bulkhead with no lower stool, but not taken less than 0.60. 
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am1 : Coefficient taken as: 
85.01 =ma   for transverse bulkhead with no lower stool. 

bt
m R

a 25.063.01 +=  

bm1 : Coefficient taken as: 
34.01 =mb   for transverse bulkhead with no lower stool. 

bt
m R

b 11.025.01 --=  

C3 : Coefficient taken as: 

dk

dlAbaC
l

333 +=  but not taken less than 0.60. 

dk

dlAbaC
l

333 -=  for longitudinal bulkhead with no lower stool, but not taken less than 0.55. 

a3 : Coefficient taken as: 
0.13 =a   for longitudinal bulkhead with no lower stool. 

blR
a 35.086.03 -=  

b3 : Coefficient taken as: 
13.03 =b   for longitudinal bulkhead with no lower stool. 

blR
b 10.017.03 +-=  

Cm3 : Coefficient taken as: 

dk

dl
mmm

AbaC
l

333 +=  but not taken less than 0.55. 

dk

dl
mmm

AbaC
l

333 -=  for longitudinal bulkhead with no lower stool, but not taken less than 0.60. 

am3 : Coefficient taken as: 
85.03 =ma   for longitudinal bulkhead with no lower stool. 

bl
m R

a 24.032.03 +=  

bm3 : Coefficient taken as: 
19.03 =mb   for longitudinal bulkhead with no lower stool. 

bl
m R

b 10.012.03 --=  

Rbt : Coefficient taken as: 
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Rbl : Coefficient taken as: 

 
ø

ö
çç
è

æ
+ 

ø

ö
çç
è

æ
+= -

sl

lav

ib

ib

ib

bl
bl h

b
bb

AR 11 l  for longitudinal bulkheads. 

Adt : Cross sectional area enclosed by the moulded lines of the transverse bulkhead upper stool, in m2. 
Adt = 0 if no upper stool is fitted. 

Adl : Cross sectional area enclosed by the moulded lines of the longitudinal bulkhead upper stool, in m2. 
Adl = 0 if no upper stool is fitted. 

Abt : Cross sectional area enclosed by the moulded lines of the transverse bulkhead lower stool, in m2.
Abl : Cross sectional area enclosed by the moulded lines of the longitudinal bulkhead lower stool, in m2.
bav-t : Average width of transverse bulkhead lower stool, in m. See Fig. 4.
bav-l : Average width of longitudinal bulkhead lower stool, in m. See Fig. 4.
hst : Height of transverse bulkhead lower stool, in m. See Fig. 4. 
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hsl : Height of longitudinal bulkhead lower stool, in m. See Fig. 4.
bib : Breadth of cargo tank at the inner bottom level between hopper tanks, or between the hopper tank and 

centreline lower stool, in m. See Fig. 4. 
bdk : Breadth of cargo tank at the deck level between upper wing tanks, or between the upper wing tank and 

centreline deck box or between the corrugation flanges if no upper stool is fitted, in m. See Fig. 4. 
ibl : Length of cargo tank at the inner bottom level between transverse lower stools, in m. See Fig. 4. 

dkl : Length of cargo tank at the deck level between transverse upper stools or between the corrugation flanges if 

no upper stool is fitted, in m. See Fig. 4. 

Fig. 4 Definition of Parameters for Corrugated Bulkhead (Tankers with Longitudinal Bulkhead at Centreline) 
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Section 4 HULL OUTFITTING 

1. Supporting Structures for Components Used in Emergency Towing Arrangements 

1.1 General
1.1.1
 Emergency towing arrangements are to be fitted at both the bow and stern of every tanker with a deadweight of 
20,000 tonnes or more, as required by SOLAS.
1.1.2
 The design and construction of the towing arrangements is to be approved by the Flag Administration. 

1.2 Documents to be Submitted
1.2.1
 Plans showing details of the supporting structure for the emergency towing arrangement, including the 
connection to the deck, are to be provided for approval. Information on emergency towing arrangement showing 
sufficient detail to enable the position and direction of load actions to be ascertained is to be submitted for reference. 

1.3 Structural Arrangement
1.3.1 Continuity of strength
 The structural arrangement is to provide continuity of strength.
1.3.2 Stress concentrations
 The structural arrangement of the ship s structure in way of the emergency towing equipment is to be such that, 
abrupt changes of shape or section are to be avoided in order to minimise stress concentrations. Sharp corners and 
notches are to be avoided, especially in high stress areas. 

1.4 Minimum Thickness Requirements
1.4.1 Deck plating
 The deck in way of strong-points and fairleads is to have a minimum gross thickness of 15 mm. 

1.5 Loads
1.5.1 Safe working loads
 Safe working load of emergency towing arrangements is not to be taken less than:

・ 1,000 kN for tankers having a deadweight greater than or equal to 20,000 t, but less than 50,000 t.
・ 2,000 kN for tankers having a deadweight greater than or equal to 50,000 t.

1.5.2 Load case
 The design load for the connection of the strong-point and fittings to the deck and its supporting structure is to 
be taken as twice the safe working load. Information on lines of action of the applied design load provided in 
emergency towing arrangement plan is to be taken into account. 

1.6 Scantling Requirements
1.6.1 General
 The scantlings of the support structure are to be dimensioned to ensure that for the load cases specified in 1.5.2, 
the calculated stresses in the support structure do not exceed the permissible stress levels specified in 1.6.3. 
 The capacity of the structure to resist buckling failure is also to be assured.
1.6.2 Calculation procedure
 These requirements are to be assessed using a simplified engineering analysis based on elastic beam theory, two 
dimensional grillage or finite element analysis using gross scantlings.
1.6.3 Permissible stresses
 For the design load given in 1.5.2, the shear stresses and normal stresses, including bending stresses induced in 
the supporting structure and welds, in way of strong-points and fairleads, are not to be exceed the permissible values 
given below based on the gross thickness of the structure: 
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・ Normal stress, 1.00ReH.
・ Shear stress, 0.58ReH. 

2. Miscellaneous Deck Attachments 

2.1 Cargo Manifolds
2.1.1 Cargo manifold support
 The design of the cargo manifold support is to be such as to distribute the loads imposed on the pipework into 
the ship structure in seagoing or in harbour operations during loading and unloading. To achieve this, the connection 
of the cargo manifold support to the deck is to be arranged to align with stiffening members of the main hull structure 
or stiffening is to be fitted in order to avoid the creation of hard points. Attention is to be paid to the detail design of 
the structure forming the deck attachment in order to minimise the effects of change of section. The arrangement of 
such details and their approval is considered on a case-by-case basis by the Society. 

3. Guard Rails and Bulwarks 

3.1 General
3.1.1
 Generally, open guard rails are to be fitted on the upper deck. Plate bulwarks, with a 230 mm high continuous 
opening, at the lower edge, may be accepted provided the arrangement allows for the acceptable handling of spillage 
on deck and minimises the possibility for accumulation of volatile gas.
3.1.2
 Deck spills are to be prevented from spreading to the accommodation and service areas and from discharge into 
the sea by a permanent continuous coaming with a minimum height of 100 mm surrounding the cargo deck. Along 
the sides at the aft end of the cargo deck of oil tankers, the coaming is to have a minimum height of 300 mm
extending a minimum of 4.5 m forward from each corner. At the aft end of the cargo deck, the coaming is to have a 
minimum height of 300 mm and is to extend from side to side of the ship.
3.1.3
 Scupper plugs of mechanical type are to be provided. Means of draining or removing oil or oily water within the 
coaming are also to be provided.
 



MAJOR CHANGES AND EFFECTIVE DATES 
 

Amendments to Part CSR-B&T of the RULES FOR THE SURVEY AND CONSTRUCTION OF STEEL SHIPS 

made between 1 March 2018 and 31 December 2018 and their effective dates are as follows:

I AMENDMENTS ON 5 MARCH 2018 (Rule No.45) 

Part 1 

Chapter 1 

Section 4 Fig.1 has been amended.

 Paragraph 3.1.5 has been amended.

 Table 7 has been amended. 

Chapter 2 

Section 2 Paragraph 1.1.1 has been amended.

Section 4 Paragraph 2.1.1 has been amended. 

Chapter 3 

Section 2 Symbols has been amended.

 Fig. 3 has been amended.

Section 6 Paragraph 10.4.10 has been amended.

Section 7 Symbols has been amended.

 Paragraphs 1.4.3, 1.4.4, 1.4.6 and 1.4.8 have been amended.

 Table 1 and Table 2 have been deleted, and Table 3 has been renumbered to 

Table 1.

 Fig. 15 has been deleted, and Fig. 16 to Fig. 25 have been renumbered to Fig. 

15 to Fig. 24.

 Paragraphs 2.1.1 and 2.1.2 have been amended.

 Paragraphs 2.2.1 and 2.2.2 have been amended.

 Table 4 and Table 5 have been renumbered to Table 2 and Table 3.

 Table 2 and Table 3 have been amended.

 Paragraph 3.1.1 has been amended.

 Paragraphs 3.2.1 to 3.2.3 have been amended.

 Paragraph 4.1.1 has been amended. 

Chapter 4 

Section 4 Paragraph 2.2.4 has been amended.

 Paragraph 2.3.5 has been amended.

Section 5 Symbols has been amended.

 Paragraph 1.4.3 has been amended.

 Paragraphs 3.2.1 and 3.2.2 have been amended.

 Paragraph 4.3.1 has been amended.

 Paragraph 4.4.1 has been amended. 



Section 6 Symbols has been amended.

 Table 13 has been amended.

Section 8 Paragraph 2.3.1 has been amended.

 Paragraph 4.1.1 has been amended.

 Paragraph 4.2.1 has been amended.

 Paragraph 5.1.1 has been amended.

 Paragraph 5.2.1 has been amended. 

Chapter 5 

Appendix 2 Paragraph 2.3.1 has been amended. 

Chapter 6 

Section 2 Paragraph 1.2.2 has been amended.

 Table 1 has been amended.

Section 4 Symbols has been amended.

 Paragraph 2.6.3 has been amended.

Section 5 Symbols has been amended.

 Paragraphs 1.1.2 and 1.1.3 have been amended.

Section 6 Symbols has been amended. 

Chapter 7 

Section 2 Paragraph 4.4.9 has been amended.

 Fig. 19 has been amended.

Section 3 Paragraph 2.1.5 has been amended. 

Chapter 8 

Section 2 Fig. 1 has been amended.

 Table 1 has been amended.

Section 5 Symbols has been amended.

 Fig. 1 has been amended.

 Table 2, Table 3 and Table 5 have been amended.

 Paragraph 2.3.4 has been amended. 

Chapter 9 

Section 2 Table 2 and Table 3 have been amended.

 Titles of Table 8 to Table 10 have been amended.

Section 3 Paragraph 6.2.1 has been amended.

 Fig. 6 has been amended.

Section 4 Table 4 has been amended.

Section 6 Table 8 and Table 11 have been amended. 

Chapter 10 

Section 1 Paragraph 3.3.6 has been amended.

 Paragraph 4.1.2 has been amended.

Section 3 Paragraph 2.2 has been amended.

 Paragraph 3.3.1 has been amended. 



 Paragraph 4.1.2 has been amended.

Section 4 Paragraph 2.2.1 has been amended. 

Chapter 11 

Section 3 Paragraph 1.1.3 has been amended.

 Paragraph 2.1.1 has been amended.

 Paragraphs 3.1, 3.3 and 3.5 have been amended.

 Paragraph 3.9.1 has been amended.

 Table 2 has been deleted.

Section 4 Paragraphs 2.1.4, 2.1.5, 2.1.12 and 2.1.15 have been amended.

 Paragraphs 3.1.6 and 3.1.7 have been amended.

 Paragraph 5.1 has been amended.

 Paragraphs 5.2 to 5.7 have been added. 

Chapter 12 

Section 3 Title of Paragraph 2.4 has been amended.

 Paragraphs 2.4.4 to 2.4.6 have been amended.

 Fig. 3 has been amended.

 Paragraph 2.5.2 has been amended.

 Table 4 and Table 5 have been amended. 

Chapter 13 

Section 1 Paragraph 1.3.2 has been amended. 

Part 2 

Chapter 1 

Section 3 Paragraph 1.4.2 has been amended.

 Paragraph 4.1.4 has been amended.

Section 5 Paragraph 7.2.1 has been amended. 

 EFFECTIVE DATE AND APPLICATION

1. The effective date of the amendments is 1 July 2018.

2. Notwithstanding the amendments to the Rules, the current requirements apply to ships for 

which the date of contract for construction* is before the effective date. 

3. Notwithstanding the provision of preceding 2., the amendments to the Rules may apply to 

ships for which the date of contract for construction* is before the effective date upon request.

*  contract for construction  is defined in the latest version of IACS Procedural 

Requirement (PR) No.29. 

 
IACS PR No.29 (Rev.0, July 2009) 

 
1. The date of  contract for construction  of a vessel is the date on which the contract to build the vessel is signed between the 

prospective owner and the shipbuilder. This date and the construction numbers (i.e. hull numbers) of all the vessels included in the 
contract are to be declared to the classification society by the party applying for the assignment of class to a newbuilding. 

2. The date of  contract for construction  of a series of vessels, including specified optional vessels for which the option is ultimately 
exercised, is the date on which the contract to build the series is signed between the prospective owner and the shipbuilder.

 For the purpose of this Procedural Requirement, vessels built under a single contract for construction are considered a  series of 
vessels  if they are built to the same approved plans for classification purposes. However, vessels within a series may have design 
alterations from the original design provided: 



(1) such alterations do not affect matters related to classification, or
(2) If the alterations are subject to classification requirements, these alterations are to comply with the classification requirements 

in effect on the date on which the alterations are contracted between the prospective owner and the shipbuilder or, in the 
absence of the alteration contract, comply with the classification requirements in effect on the date on which the alterations 
are submitted to the Society for approval. 

 The optional vessels will be considered part of the same series of vessels if the option is exercised not later than 1 year after the 
contract to build the series was signed. 

3. If a contract for construction is later amended to include additional vessels or additional options, the date of  contract for 
construction  for such vessels is the date on which the amendment to the contract, is signed between the prospective owner and the 
shipbuilder. The amendment to the contract is to be considered as a  new contract  to which 1. and 2. above apply. 

4. If a contract for construction is amended to change the ship type, the date of  contract for construction  of this modified vessel, or 
vessels, is the date on which revised contract or new contract is signed between the Owner, or Owners, and the shipbuilder. 

 
Note:
This Procedural Requirement applies from 1 July 2009. 
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Rule No.45 5 March 2018 
AMENDMENT TO THE RULES FOR THE SURVEY AND CONSTRUCTION OF STEEL 
SHIPS 
 
“Rules for the survey and construction of steel ships” has been partly amended as follows: 
 

Part CSR-B&T COMMON STRUCTURAL RULES FOR BULK 
CARRIERS AND OIL TANKERS 

Part 1 GENERAL HULL REQUIREMENTS 

Chapter 1 RULE GENERAL PRINCIPLES 

Section 4 SYMBOLS AND DEFINITIONS 

Fig.1 has been amended as follows. 
 

Fig. 1 Concave Stem Contour 
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3. Definitions 

3.1 Principal Particulars 
 
Paragraph 3.1.5 has been amended as follows. 
 
3.1.5 Draughts 
 T, the draught in m, is the summer load line draught for the ship in operation, measured from 
the moulded baseline at midship. Note this may be less than the maximum permissible summer load 
waterline draught. 
 TSC is the scantling draught, in m, at which the strength requirements for the scantlings of the 
ship are met and represents the full load condition. The scantling draught TSC is to be not less than 
that corresponding to the assigned freeboard. The draught of ships to which timber freeboards are 
assigned corresponds to the loading condition of timber, and the requirements of the Society are to 
be applied to this draught. 
 TBAL is the minimum design normal ballast draught amidships, in m, at which the strength 
requirements for the scantlings of the ship are met. This normal ballast draught is the minimum 
draught of ballast conditions including ballast water exchange operation, if any, for any ballast 
conditions in the loading manual including both departure and arrival conditions. 
 TBAL-H is the minimum design heavy ballast draught, in m, at which the strength requirements 
for the scantlings of the ship are met. This heavy ballast draught is to be considered for ships having 
heavy ballast condition. 
 
Table 7 has been amended as follows. 
 

Table 7 Definition of Terms 

Terms Definition 

(Omitted) 

Duct keel 
A keel built of plates in box form extending the length of the cargo tank. It is used to house 
ballast and other piping leading forward which otherwise would have to run through the cargo 
tanks and/or ballast tanks. 

(Omitted) 

Propeller post The forward post of stern frame, which is bored for propeller shaft. 

(Omitted) 

Rudder post After post of stern frame to which the rudder is hung (also called stern post). 

(Omitted) 

Stern The after end of the vessel. 

Stern frame 
The heavy strength member in single or triple screw ships, combining the rudder post. 
The heavy strength members attached to the after end of a hull to form the ship’s stern. It 
includes rudder post, propeller post, and aperture for the propeller. 

(Omitted) 
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Chapter 2 GENERAL ARRANGEMENT DESIGN 

Section 2 SUBDIVISION ARRANGEMENT 

1.1 Number and Disposition of Watertight Bulkheads 
 
Paragraph 1.1.1 has been amended as follows. 
 
1.1.1 
 All ships are to have at least the following transverse watertight bulkheads: 

(a) One collision bulkhead. 
(b) One aft peak bulkhead. 
(c) One bulkhead at each end of the machinery space. One bulkhead forward of the 

machinery space, and one bulkhead at the aft end of the machinery space which may be 
the aft peak bulkhead. 

 
 
 
 
 

Section 4 ACCESS ARRANGEMENT 

2. Cargo Area and Forward Spaces 

2.1 General 
 
Paragraph 2.1.1 has been amended as follows. 
 
2.1.1 Ship structure access manual Means of access 
 Ship structures subject to overall and close-up inspection and thickness measurements are to 
be provided with means of access which are to be described in a “Ship Structure Access Manual”. 
Reference is made to SOLAS, Ch II-1, Reg 3-6. Each space is to be provided with means of access 
as regulated in SOLAS, Ch II-1, Reg 3-6. This requirement applies to: 

・ Oil tankers 
・ Bulk carriers having a length of 150 m or above, irrespective of their gross tonnage. 
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Chapter 3 STRUCTURAL DESIGN PRINCIPLES 

Section 2 NET SCANTLING APPROACH 

Symbols 

Symbols has been amended as follows. 
 
(Omitted) 
df : Distance in mm, for the extension of flange for L2 profiles, see Fig. 3. 
(Omitted) 

1. General 

1.3 Scantling Compliance 
 
Fig. 3 has been amended as follows. 
 

Fig. 3 Net Sectional Properties of Local Supporting Members (Continued) 
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Section 6 STRUCTURAL DETAIL PRINCIPLES 

10. Bulkhead Structure 

10.4 Corrugated Bulkheads 
 
Paragraph 10.4.10 has been amended as follows. 
 
10.4.10 Upper stool 
 The upper stool, when fitted, is to have a height: 

・ Between two and three Not less than two times the corrugation depth, for bulk carriers. 
・ At least one corrugation depth, for oil tankers. 

 Rectangular stools are to have a height in general equal to twice the depth of corrugations, 
measured from the deck level and at the hatch side girder or at the inner hull as applicable. Brackets 
or deep webs are to be fitted to connect the upper stool to the deck transverse or hatch end beams. 
 The upper stool of a transverse bulkhead is to be properly supported by deck girders or deep 
brackets between the adjacent hatch end beams. The width of the upper stool bottom plate is 
generally to be the same as that of the lower stool top plate. The stool top of non-rectangular stools 
of bulk carriers is to have a width not less than twice the depth of corrugations. The ends of stool 
side ordinary stiffeners when fitted in a vertical plane, are to be attached to brackets at the upper 
and lower end of the stool. 
 The stool is to be fitted with diaphragms in line with and effectively attached to longitudinal 
deck girders extending to the hatch end coaming girders or transverse deck primary supporting 
members. Scallops in the brackets and diaphragms in way of the connection to the stool bottom 
plate are to be avoided. 
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Section 7 STRUCTURAL IDEALISATION 

Symbols 

Symbols has been amended as follows. 
 
(Omitted) 
tw : Net web thickness, in mm For bulb profiles, see 1.4.1. 
bf : Breadth of flange, in mm, see Ch 3, Sec 2, Fig. 2. For bulb profiles, see Table 1 and 

Table 21.4.1. 
(Omitted) 

1. Structural Idealisation of Stiffeners and Primary Supporting Members 

1.4 Geometrical Properties of Stiffeners and Primary Supporting Members 
 
Paragraph 1.4.3 has been amended as follows. 
 
1.4.3 Effective shear depth of stiffeners 
 The effective shear depth of stiffeners, dshr, in mm, is to be taken as: 

  wpstfshr thd sin  

  wplcpstfcstfshr ttthd sin5.05.0    

where: 
hstf : Height of stiffener, in mm, as defined in Ch 3, Sec 2, Fig.2. 
tp : Net thickness of the stiffener attached plating, in mm, as defined in Ch 3, Sec 2, Fig. 

2. 
tc-stf : Corrosion addition, in mm, of considered stiffener as given in Ch 3, Sec 3. 
tc-pl : Corrosion addition, in mm, of attached plate of the stiffener considered as given in 

Ch 3, Sec 3. 

w  : Angle, in deg, as defined in Fig. 14. w  is to be taken as 90 degrees if the angle is 

greater than or equal to 75 degrees. 
 
Paragraph 1.4.4 has been amended as follows. 
 
1.4.4 Elastic net section modulus and net moment of inertia of stiffeners 
 The elastic net section modulus, Z, in cm3 and the net moment of inertia, I, in cm4 of stiffeners, 
in cm3, is to be taken as: 

wstfZZ sin  

wstII 2sin  

where: 
Zstf : Net section modulus of the stiffener, in cm3, considered perpendicular to its attached 

plate, i.e. with w  = 90 deg. 
Ist : Net moment of inertia of the stiffener, in cm4, considered perpendicular to its 

attached plate, i.e. with w  = 90 deg. 
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w  : Angle, in deg, as defined in Fig. 14. w  is to be taken as 90 degrees if the angle is 

greater than or equal to 75 degrees. 
 

Fig. 14 Angle between Stiffener Web and Attached Plating 

 
 
Paragraph 1.4.6 has been amended as follows. 
 
1.4.6 Effective net plastic section modulus of stiffeners 
 The effective net plastic section modulus, Zpl, of stiffeners, in cm3, which is used for 
assessment against impact loads, is to be taken as: 

 
1000

12

2000

2
ctrffwww

pl

hAthf
Z 




 for  9075 w  

   
1000

cossin12

2000

sin2
wctrfwctrffwwww

pl

bhAthf
Z

  
  for  75w  

where: 
(Omitted) 
hw : Depth of stiffener web, in mm, taken equal to: 

・ For T, L (rolled and built-up) profiles and flat bar, as defined in Ch 3, Sec 2, Fig. 
2. 

・ For L2 and L3 profiles as defined in Ch 3, Sec 2, Fig. 3. 
・ For bulb profiles, to be taken as defined in Ch 3, Sec 2, Fig. 31.4.1. 

  : Coefficient equal to: 

4

1231 



  

  : Coefficient equal to: 

・ 
f

w

ctrfff

shrbw
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htb

ft

2
10

80
6

2

22





  for L profiles without a mid-span tripping bracket, 

but not to be taken greater than 0.5. 
・ 5.0  for other cases. 

Af : Net cross sectional area of flange, in mm2: 
・ Af = 0  for flat bar stiffeners. 
・ Af = bf tf  for other stiffeners. 

bf-ctr : Distance from mid thickness of stiffener web to the centre of the flange area: 
・ bf-ctr = 0.5 (bf - tw-gr) for rolled angle profiles and bulb profiles. 
・ bf-ctr = 0   for T profiles. 
・ For bulb profiles as given in Table 1 and Table 2. 

hf-ctr : Height of stiffener measured to the mid thickness of the flange: 
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・ hf-ctr = hstf – 0.5 tf hw + 0.5 tf  for profiles with flange of rectangular shape 
except for L3 profiles and for bulb profiles. 

・ hf-ctr = hstf – de – 0.5 tf hw – de – 0.5 tf for L3 profiles as defined in Ch 3, 
Sec 2, Fig. 23. 

・ For bulb profiles as given in Table 1 and Table 2. 
de : Distance from upper edge of web to the top of the flange, in mm, for L3 profiles, see 

Ch 3, Sec 2, Fig. 23. 
fb : Coefficient taken equal to: 

・ fb = 0.8 for flanges continuous through the primary supporting member, with end 
bracket(s). 

・ fb = 0.7 for flanges sniped at the primary supporting member or terminated at the 
support without aligned structure on the other side of the support, and with end 
bracket(s). 

・ fb = 1.0 for other stiffeners. 
tf : Net flange thickness, in mm. 

・ tf = 0 for flat bar stiffeners. 
・ For bulb profiles as given in Table 1 and Table 2 tf is defined in 1.4.1. 

 
 
Table 1 and Table 2 have been deleted, and Table 3 has been renumbered to Table 1. 
 

Table 1 Characteristic Flange Data for HP Bulb Profiles, See Fig. 15 

hstf (mm) dw (mm) bf-gr (mm) tf-gr (mm) bf-ctr (mm) hf-ctr (mm) 

200 171 40 14.4 10.9 188 

220 188 44 16.2 12.1 206 

240 205 49 17.7 13.3 225 

260 221 53 19.5 14.5 244 

280 238 57 21.3 15.8 263 

300 255 62 22.8 16.9 281 

320 271 65 25.0 18.1 300 

340 288 70 26.4 19.3 318 

370 313 77 28.8 21.1 346 

400 338 83 31.5 22.9 374 

430 363 90 33.9 24.7 402 

Note 1: Characteristic flange data converted to net scantlings are given as: 
bf ≈ bf-gr + 2 tw 
tf = tf-gr - tc 
tw = tw-gr - tc 
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Table 2 Characteristic Flange Data for JIS Bulb Profiles, See Fig. 15 

hstf (mm) dw (mm) bf-gr (mm) tf-gr (mm) bf-ctr (mm) hf-ctr (mm) 

180 156 34 11.9 9.0 170 

200 172 39 13.7 10.4 188 

230 198 45 15.2 11.7 217 

250 215 49 17.1 12.9 235 

Note 1: Characteristic flange data converted to net scantlings are given as: 
bf ≈ bf-gr + 2 tw 

tf = tf-gr - tc 
tw = tw-gr - tc 

 

 
Table 31 Strake Considered in a Given EPP 

(Omitted) 
 
Fig. 15 has been deleted, and Fig. 16 to Fig. 25 have been renumbered to Fig. 15 to Fig. 24. 

 
Fig. 15 Characteristic Data for Bulb Profiles 

 
 

Fig. 1615 Effective Shear Area in way of Web Openings 
(Omitted) 

 
Fig. 1716 Elementary Plate Panel (EPP) Definition 

(Omitted) 
 

Fig. 1817 Strake Considered in a Given EPP 
(Omitted) 
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Fig. 1918 Load Calculation Point (LCP) for Longitudinal Framing 
(Omitted) 

 
Fig. 2019 Load Calculation Point for Transverse Framing 

(Omitted) 
 

Fig. 2120 Load Calculation Point for Horizontal Framing on Transverse Vertical Structure 
(Omitted) 

 
Fig. 2221 Load Calculation Point for Vertical Framing on Transverse Vertical Structure 

(Omitted) 
 

Fig. 2322 LCP for Plate Buckling – Hull Girder Stresses 
(Omitted) 

 
Fig. 2423 Reference Point for Calculation of Section Modulus and Hull Girder Stress for 

Local Scantling Assessment 
(Omitted) 

 
Fig. 2524 Definition of Pressure for Vertical Stiffeners 

(Omitted) 
 
Paragraph 1.4.8 has been amended as follows. 
 
1.4.8 Shear area of primary supporting members with web openings 
 The effective web height, heff, in mm, to be considered for calculating the effective net shear 
area, Ash-n50 is to be taken as the lesser of the following, where the third formula is only taken into 
account for an opening located at a distance less than hw /3 from the cross-section considered. 

heff = hw 
heff = hw3 + hw4 
heff = hw1 + hw2 + hw4 
where: 
hw: Web height of primary supporting member, in mm. 
hw1, hw2, hw3, hw4 : Dimensions as shown in Fig. 1615. 

2. Plates 

2.1 Idealisation of EPP 
 
Paragraphs 2.1.1 and 2.1.2 have been amended as follows. 
 
2.1.1 EPP 
 An elementary plate panel (EPP) is the unstiffened part of the plating between stiffeners 
and/or primary supporting members. The plate panel length, a, and breadth, b, of the EPP are 
defined respectively as the longest and shortest plate edges, as shown in Fig. 1716. 
2.1.2 Strake required thickness 
 The required thickness of a plate strake is to be taken as the greatest value required for each 
EPP within that strake. The requirements given in Table 31 are to be applied for the selection of 
strakes to be considered as shown in Fig. 1817. 
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 The maximum corrosion addition within a strake is to be applied according to Ch 3, Sec 3, 
1.2.4. 
 

2.2 Load Calculation Point 
 
Paragraph 2.2.1 has been amended as follows. 
 
2.2.1 Yielding 
 For the yielding check, the local pressure and hull girder stress, used for the calculation of the 
local scantling requirements are to be taken at the Load Calculation Point (LCP) having coordinates 
x, y and z as defined in Table 42. 
 
Table 4 has been amended as follows. 
 

Table 42 LCP Coordinates for Yielding 

LCP 
coordinates 

General(1) Horizontal plating 
Vertical transverse structure and 

transverse stool plating 

Longitudinal 
framing 

(Fig. 1918) 

Transverse 
framing 

(Fig. 2019) 

Longitudinal 
framing 

Transverse 
framing 

Horizontal 
framing 

(Fig. 2120) 

Vertical 
framing 

(Fig. 2221) 

x coordinate Mid-length of the EPP Mid-length of the EPP Corresponding to y and z values

y coordinate Corresponding to x and z coordinates Outboard y value of the EPP 
Outboard y value of the EPP, 

taken at z level(2) 

z coordinate 
Lower edge of 

the EPP 

The greater of 
lower edge of the 

EPP or lower edge 
of the strake 

Corresponding to x and y values
Lower edge of 

the EPP 

The greater of 
lower edge of 

the EPP or 
lower edge of 

the strake 

(1) All structures other than horizontal platings or vertical transverse structures. 

(2) For transom plate, the y coordinate of the load calculation point is to be taken corresponding to y value at side shell at z 

level of the load calculation point, for the external dynamic pressure calculation. 
 

 
Paragraph 2.2.2 has been amended as follows. 
 
2.2.2 Buckling 
 For the prescriptive buckling check of the EPP according to Ch 8, Sec 3, the LCP for the 
pressure and for the hull girder stresses are defined in Table 53. 
 For the FE buckling check, Ch 8, Sec 4 is applicable. 
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Table 5 has been amended as follows. 
 

Table 53 LCP Coordinates for Plate Buckling 

LCP 
coordinates 

LCP for pressure 

LCP for hull girder stresses (Fig. 2322) 

Bending stresses(1) 
Shear stresses 

Non horizontal plate Horizontal plate 

x coordinate 

Same coordinates as 
LCP for yielding  

See Table 42 

Mid-length of the EPP 

y coordinate 
Corresponding to x and

z values 

Outboard and inboard ends 
of the EPP 

(points A1 and A2) 

Mid-point of EPP 
(point B) 

z coordinate 
Both upper and lower 

ends of the EPP 
(points A1 and A2) 

Corresponding to x and y values 

(1) The bending stress for curved plate panel is the mean value of the stresses calculated at points A1 and A2. 
 

3. Stiffeners 

3.1 Reference Point 
 
Paragraph 3.1.1 has been amended as follows. 
 
3.1.1 
 The requirements of section modulus for stiffeners relate to the reference point giving the 
minimum section modulus. This reference point is generally located as shown in Fig. 2423 for 
typical profiles. 
 

3.2 Load Calculation Points 
 
Paragraphs 3.2.1 to 3.2.3 have been amended as follows. 
 
3.2.1 LCP for Pressure 
 The load calculation point for the pressure is located at: 

・ Middle of the full length,  , of the considered stiffener. 
・ The intersection point between the stiffener and its attached plate. 

 For stiffeners located on transom plate, the y coordinate of the load calculation point is to be 
taken corresponding to y value at side shell at z level of the load calculation point, for the external 
dynamic pressure calculation. 
3.2.2 LCP for hull girder bending stress 
 The load calculation point for the hull girder bending stresses is defined as follows: 

・ For yielding verification according Ch 6: 

・ At the middle of the full length,  , of the considered stiffener. 
・ At the reference point given in Fig. 2423.  

・ For prescriptive buckling requirements according to Ch 8:  

・ At the middle of the full length,  , of the considered stiffener. 
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・ At the intersection point between the stiffener and its attached plate. 
3.2.3 Non-horizontal stiffeners 
 The lateral pressure, P is to be calculated as the maximum between the value obtained at 
middle of the full length,  , and the value obtained from the following formulae: 

2
LU pp

P


  when the upper end of the vertical stiffener is below the lowest zero pressure 

level. 

2
1 Lp

P



   when the upper end of the vertical stiffener is at or above the lowest zero 

pressure level, see Fig. 2524. 
where: 

1  : Distance, in m, between the lower end of vertical stiffener and the lowest zero pressure 
level. 

PU, PL : Lateral pressures at the upper and lower end of the vertical stiffener span  , 
respectively. 

4. Primary Supporting Members 

4.1 Load Calculation Point 
 
Paragraph 4.1.1 has been amended as follows. 
 
4.1.1  
 The load calculation point is located at the middle of the full length, S , at the attachment 

point of the primary supporting member with its attached plate. However, for primary supporting 
members in the cargo hold region the requirements in Pt 2, Ch 1, Sec 4, 4, as applicable, for bulk 
carriers and Pt 2, Ch 2, Sec 3, 1 for oil tankers are to be followed. 
 For primary supporting members located on transom plate, the y coordinate of the load 
calculation point is to be taken corresponding to y value at side shell at z level of load calculation 
point for the external dynamic pressure calculation. 
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Chapter 4 LOADS 

Section 4 HULL GIRDER LOADS 

2. Vertical Still Water Hull Girder Loads 

2.2 Vertical Still Water Bending Moment 
 
Paragraph 2.2.4 has been amended as follows. 
 
2.2.4 Permissible vertical still water bending moment in flooded condition at sea 
 The permissible vertical still water bending moments in flooded condition Msw-f at any 
longitudinal position are to envelop: 

・ The most severe still water bending moments, in hogging and sagging conditions, 
respectively, for the intact and flooded seagoing loading conditions defined in Ch 4, Sec 
8. Loading conditions encountered during ballast water exchange need not to be 
considered for the flooded condition. 

・ The most severe still water bending moments for the intact and flooded seagoing loading 
conditions defined in the loading manual. 

・ The permissible still water bending moment defined in 2.2.2 increased by 10%. 
 

2.3 Vertical Still Water Shear Force 
 
Paragraph 2.3.5 has been amended as follows. 
 
2.3.5 Permissible still water shear force in flooded condition at sea 
 The permissible vertical still water shear forces, Qsw-f for oil tankers and bulk carriers, in 
flooded condition at any longitudinal position are to envelop: 

・ The most severe still water shear forces, positive or negative, for the flooded seagoing 
loading conditions defined in Ch 4, Sec 8 after shear force correction in case of bulk 
carrier. Loading conditions encountered during ballast water exchange need not be 
considered for the flooded condition. 

・ The most severe still water shear forces for the flooded seagoing loading conditions 
defined in the loading manual after shear force correction in case of bulk carrier. 

・ The permissible still water shear force is defined in 2.3.3. 
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Section 5 EXTERNAL LOADS 

Symbols 

Symbols has been amended as follows. 
 
(Omitted) 
PW,WL : Wave pressure at the waterline, kN/m2, for the considered dynamic load case. 

WWLW PP ,  for 
2/yBy 

 and LCTz   

(Omitted) 
ZSD : Z coordinate, in m, of the midpoint of stiffener span, or of the middle of the plate field. 

1. Sea Pressure 

1.4 External Dynamic Pressures for Fatigue Assessments 
 
Paragraph 1.4.3 has been amended as follows. 
 
1.4.3 Hydrodynamic pressures for FSM load cases 
 The hydrodynamic pressures, PW, for FSM-1 and FSM-2 load cases, at any load point, in 
kN/m2, are to be obtained from Table 21. 

where: 

CSR
wyzpahpFS L

L
CfkkffP

1250 



 

CSR
wyzpahpFS L

L
CfkkffP

1250 



 

(Omitted) 

3. External Impact Pressures for the Bow Area 

3.2 Bottom Slamming Pressure 
 
Paragraphs 3.2.1 and 3.2.2 have been amended as follows. 
 
3.2.1 
 The bottom slamming pressure PSL, in kN/m2, for the bottom slamming design load scenario is 
to be evaluated for the following two cases: 

Case 1: An empty ballast tank or a void space in way of the bottom shell. 

etSLSLCSRSL cfLgP 10  for 170CSRL m 

1130 c
etSLSLSL ecfgP   for 170CSRL m 

Case 2: A full ballast tank in way of the bottom shell. 
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 zzgcfLgP topftSLSLCSRSL   25.110  for 170CSRL m 

 zzgecfgP top
c

ftSLSLSL   25.1130 1  for 170CSRL m 

where: 
(Omitted) 

TF-e : Design slamming draught at the FP to be provided by the Designer. TF-e is not to be 
greater than the minimum draught at the FP indicated in the loading manual for all 
seagoing conditions where any of the ballast tanks within the bottom slamming 
region are empty. This includes all loading conditions with tanks inside the bottom 
slamming region that use the ‘sequential’ ballast water exchange method, if relevant. 

TF-f : Design slamming draught at the FP to be provided by the Designer. TF-f is not to be 
greater than the minimum draught at the FP indicated in the loading manual for all 
seagoing conditions where all ballast tanks within the bottom slamming region are 
full. This includes all loading conditions with tanks inside the bottom slamming 
region that use the ‘flow-through’ ballast water exchange method, if relevant. 

(Omitted) 
3.2.2 Loading manual information 
 The loading guidance information is to clearly state the design slamming draughts and the 
ballast water exchange method used for each ballast tank, if any. 
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4. External Pressures on Superstructure and Deckhouses 

4.3 Sides of Superstructures 
 
Paragraph 4.3.1 has been amended as follows. 
 
4.3.1 
 The design pressure for the external sides of superstructures, PSI, in kN/m2, is to be taken as: 

where: 

 
LC

BFWSI Tz
CcCP




10

20
7.01.2  

 
LCSD

BFWSI Tz
CcCP




10

20
7.01.2  

cF : Distribution factor according to Table 32. 
 

4.4 End Bulkheads of Superstructures and Deckhouse Walls 
 
Paragraph 4.4.1 has been amended as follows. 
 
4.4.1 
 The external pressure for the aft and forward external bulkheads of superstructures and 
deckhouse walls, in kN/m2, is to be taken as: 

  SCdbcnA TzffffP     SCSDdbcnA TzffffP   but is not to be less than PA-min. 

(Omitted) 
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Section 6 INTERNAL LOADS 

Symbols 

Symbols has been amended as follows. 
 
(Omitted) 
PPV : Setting of Design vapour pressure relief valve, in kN/m2, if fitted, but not less than 25 
kN/m2. 
(Omitted) 

ST  : Density of steel, in t/m3, to be taken as 7.87.85. 
(Omitted) 
 
Table 13 has been amended as follows. 
 

Table 13 Design Testing Load Height zST 

Compartment zST 

Double bottom tanks (1) 
The greater of the following: 

zST = ztop + hair 
zST = zbd 

Hopper side tanks, topside tanks, double side tanks, 
fore and aft peaks used as tank 

The greater of the following: 
zST = ztop + hair 
zST = ztop + 2.4 

Tank bulkheads, deep tanks, fuel oil bunkers 

The greater of the following: 
zST = ztop + hair 
zST = ztop + 2.4 

zST = ztop + 0.1 PPV 

Ballast hold zST = zh + 0.9 

Chain locker (if aft of collision bulkhead) zST = ztop zc 

Independent tanks 
The greater of the following: 

zST = ztop + hair 
zST = ztop + 0.9 

Ballast ducts 
Testing load height corresponding to ballast pump 

maximum pressure 

where: 

zbd : Z coordinate, in m, of the bulkhead deck. 

zh : Z coordinate, in m, of the top of hatch coaming. 

zc : Z coordinate, in m, of the top of the chain pipe. 

(1) For double bottom tanks connected with hopper side tanks, topside tanks or double side tanks, zST 

corresponding to "Hopper side tanks, topside tanks, double side tanks, fore and aft peaks used as 

tank, cofferdams" is applicable. 
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Section 8 LOADING CONDITIONS 

2. Common Design Loading Conditions 

2.3 Seagoing Conditions 
 
Paragraph 2.3.1 has been amended as follows. 
 
2.3.1 
 The following seagoing loading conditions are to be included, as a minimum, in the loading 
manual: 

(a) Homogeneous cargo loading condition including a condition at the scantling draught. 
Homogeneous loading conditions are to not include filling of ballast tanks in departure 
conditions. 

(b) Ballast condition where the ballast tanks may be full, partially full or empty. Where 
ballast tanks are partially full, the conditions in 2.2.1 are to be complied with. All cargo 
tanks/holds are to be empty including cargo tanks/holds suitable for the carriage of water 
ballast at sea. The propeller is to be fully immersed. The trim is to be by the stern and is 
not to exceed 0.015LLL. 

(c) Conditions covering ballast water exchange procedures, if any, with the calculations of 
intermediate conditions just before and just after ballasting and/or deballasting any 
ballast tank. 

4. Bulk Carriers 

4.1 Specific Design Loading Condition 
 
Paragraph 4.1.1 has been amended as follows. 
 
4.1.1 Seagoing conditions 
 The following seagoing loading conditions are to be included, as a minimum, in the loading 
manual: 

(a) Cargo loading conditions as defined in 4.1.2 to 4.1.4. 
(b) Heavy ballast condition where the ballast tanks may be full, partially full or empty. 

Where ballast tanks are partially full, the conditions in 2.2.1 are to be complied with. The 
propeller immersion  /Dp is to be at least 60%. The trim is to be by the stern and is not 
to exceed 0.015LLL. The moulded forward draught is not to be taken less than the smaller 
of 0.03LCSRLLLor 8m. 

 

4.2 Design Load Combinations for Direct Strength Analysis 
 
Paragraph 4.2.1 has been amended as follows. 
 
4.2.1 Applicable general loading patterns 
 The following loading patterns are to be applied: 
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(a) Any cargo hold carrying MFull with fuel oil tanks in way of the cargo hold, if any, being 
100% full and ballast water tanks in the double bottom in way of the cargo hold being 
empty, at scantling draught. 

(b) Any cargo hold carrying minimum 50% of MH, with all double bottom tanks in way of 
the cargo hold being empty, at scantling draught. 

(c) Any cargo hold taken empty, with all double bottom tanks in way of the cargo hold being 
empty, at the deepest ballast draught. Where a topside and double bottom tank are 
permanently connected as a common tank, the following conditions are to be considered: 
・ The topside and double bottom tank empty, 
・ The topside and double bottom tank full. 

5. Standard Loading Conditions for Fatigue Assessment 

5.1 Oil Tanker 
 
Paragraph 5.1.1 has been amended as follows. 
 
5.1.1  
 The standard loading conditions to be applied to oil tankers for fatigue assessment as required 
in Ch 9, Sec 1, 6.2, are defined in Table 22 to Table 24. Where fuel oil tanks, other oil tanks or 
fresh water tanks are arranged in way of the cargo hold region, the filling level of them are to be 
taken as full for direct strength analysis according to Ch 7 and Ch 9, Sec 5. For simplified stress 
analysis according to Ch 9, Sec 4, the filling level of them are to be taken as half height, measured 
from ztop to the lowest point of tank. 
 

5.2 Bulk Carriers 
 
Paragraph 5.2.1 has been amended as follows. 
 
5.2.1  
 The standard loading conditions to be applied to bulk carriers for fatigue assessment as 
required in Ch 9, Sec 1, 6.3 are defined in Table 25, to Table 31 according to their additional 
service feature notations and the location of the assessed details. Where fuel oil tanks, other oil 
tanks or fresh water tanks are arranged in way of the cargo hold region, the filling level of them are 
to be taken as full for direct strength analysis according to Ch 7 and Ch 9, Sec 5. For simplified 
stress analysis according to Ch 9, Sec 4, the filling level of them are to be taken as half height, 
measured from ztop to the lowest point of tank. 
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Chapter 5 HULL GIRDER STRENGTH 

Appendix 2 HULL GIRDER ULTIMATE CAPACITY 

2. Incremental-iterative Method 

2.3 Load-end Shortening Curves 
 
Paragraph 2.3.1 has been amended as follows. 
 
2.3.1 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 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 2.3.3 to 2.3.8, taking into 
account the non-continuous longitudinal stiffener. 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. The 
consideration of the opening is in accordance with the requirement in Ch 5, Sec 1, 1.2.9 
to 1.2.13. 

・ 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. 
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Chapter 6 HULL LOCAL SCANTLING 

Section 2 LOAD APPLICATION 

1. Load Combination 

1.2 Lateral Pressures 
 
Paragraph 1.2.2 has been amended as follows. 
 
1.2.2 Lateral pressure in flooded conditions 
 Watertight boundaries of compartments not intended to carry liquids, excluding hull envelope 
shell envelope, are to be subjected to lateral pressure in flooded conditions. 

2. Design Load Sets 

2.1 Application of Load Components 
 
Table 1 has been amended as follows. 
 

Table 1 Design Load Sets 

Item 
Design load 

set 
Load 

component
Draught 

Design 
load 

Loading condition 

(Omitted) 

Compartments not carrying 
liquids 

FD-1 (6) Pin TSC S+D Flooded condition 

FD-2 (6) Pin - S Flooded condition 

(Omitted) 

(Omitted) 

(6) FD-1 and FD-2 are not applicable to external shell and corrugations of transverse vertically corrugated bulkhead 

separating cargo holds. Requirement in flooded conditions of transverse corrugated bulkhead are given in Pt 2, 

Ch 1, Sec 3, 3. FD-1 and FD-2 are to be considered for strength deck whenever applicable. 

(Omitted) 
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Section 4 PLATING 

Symbols 

Symbols has been amended as follows. 
 
(Omitted) 
 : Coefficient taken equal to: 

・ In intact condition: 
・ 70.0  for inner bottom and bilge hopper tank plating in cargo holds of bulk 

carriers, 
・ 00.1  for other cases. 

・ In flooded condition: 
・ 00.1  for collision bulkheads for acceptance criteria set AC-S, 

・ 95.0  for collision bulkheads for acceptance criteria set AC-SD, 

・ 15.1  for other watertight boundaries of compartments. 

2. Special Requirements 

2.6 Supporting Structure in way of Corrugated Bulkheads 
 
Paragraph 2.6.3 has been amended as follows. 
 
2.6.3 Upper stool 

(a) The net thickness of the stool bottom plate is not to be less than that required for the 
attached corrugated bulkhead and is to be of at least the same material yield strength as 
the attached corrugation. The extension of the top plate beyond the corrugation is not to 
be less than the as-built flange thickness of the corrugation. 

(b) The net thickness of the lower portion of stool side plating is not to be less than 80% of 
the upper part of the bulkhead plating as required by 1.2 and Pt 2, Ch 1, Sec 3, 3.1, as 
applicable, whichever is the greater, where the same material is used. If material of 
different yield strength is used, the required thickness is to be adjusted by the ratio of the 
two material factors k as defined in Ch 3, Sec 1, 2.2.1. the greater of the following, 
・ The net thickness obtained from 1.1, 
・ 80% of the net thickness of the upper part of the bulkhead plating as required by 

・ 1.2, 
・ Pt 2, Ch 1, Sec 3, 3.1, or Pt 2, Ch 2, Sec 3, 2.2.1 as applicable, 
where the same material is used. 

 If materials of different yield strength are used, the required thickness is to be adjusted by 
the ratio of the two material factors k as defined in Ch 3, Sec 1, 2.2.1. 
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Section 5 STIFFENERS 

Symbols 

Symbols has been amended as follows. 
 
(Omitted) 
 : Coefficient taken equal to: 

・ In intact condition: 

・ 90.0
for inner bottom and bilge hopper tank plating in cargo holds of bulk 

carriers, 

・ 00.1
for other cases. 

・ In flooded condition:  as defined in Ch 6, Sec 4 for flooded condition. 

1. Stiffeners subject to Lateral Pressure 

1.1 Yielding Check 
 
Paragraph 1.1.2 has been amended as follows. 
 
1.1.2 Section modulus 
 The minimum net section modulus, Z in cm3, is not to be taken less than the greatest value 
calculated for all applicable design load sets as defined in Ch 6, Sec 2, 2.1.3, given by: 

eHsbdg

bdg

RCf

sP
Z



2
  

with sC  not to be taken greater than 1.0. 
(Omitted) 

 
Paragraph 1.1.3 has been amended as follows. 
 
1.1.3 Group of stiffeners 
 Scantlings of stiffeners based on requirements in 1.1.1 and 1.1.2 may be decided based on the 
concept of grouping designated sequentially placed stiffeners of equal scantlings on a single 
stiffened panel between primary supporting members. The scantling of the group is to be taken as 
the greater of the following: 

・ The average of the required scantling of all stiffeners within a group. 
・ 90% of the maximum scantling required for any one stiffener within the group. 
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Section 6 PRIMARY SUPPORTING MEMBERS AND PILLARS 

Symbols 

Symbols has been amended as follows. 
 
(Omitted) 
 : Coefficient taken equal to: 

・ In intact condition: 
・   = 0.90 for primary supporting members attached to inner bottom and or bilge 

hopper tank plating in cargo holds of bulk carriers, 
・   = 1.00 for other cases. 

・ In flooded condition:   as defined in Ch 6, Sec 4 for flooded condition. 
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Chapter 7 DIRECT STRENGTH ANALYSIS 

Section 2 CARGO HOLD STRUCTURAL STRENGTH ANALYSIS 

4.  Load Application 

4.4 Procedure to Adjust Hull Girder Shear Forces and Bending Moments 
 
Paragraph 4.4.9 has been amended as follows. 
 
4.4.9 Procedure to adjust vertical and horizontal bending moments outside midship cargo hold 
region 
 To reach the vertical hull girder target values at each frame and transverse bulkhead position, 
as defined in 4.3.2, the vertical bending moment adjustments, mvi, are to be applied at web frames 
and transverse bulkhead positions of the finite element model, as shown in Fig. 19. The vertical 
bending moment adjustment at each longitudinal location, i, is to be calculated as follows:  

        




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(Omitted) 
 
Fig. 19 has been amended as follows. 
 

Fig. 19 Adjustments of Bending Moments outside Midship Cargo Hold Region 

 
mhi can be substituted to mvi in this figure and mi is the positive bending moment in FE coordinate system. 
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Section 3 LOCAL STRUCTURAL STRENGTH ANALYSIS 

2.  Local Areas to be Assessed by Fine Mesh Analysis 

2.1 List of Mandatory Structural Details 
 
Paragraph 2.1.5 has been amended as follows. 
 
2.1.5 Connections between deck and double bottom longitudinal stiffeners and adjoining structures 
of transverse bulkhead 
 Fine mesh analysis is to be carried out for the connections of deck and double bottom 
longitudinal stiffeners and adjoining structures of transverse bulkhead, either plane or corrugated 
bulkhead. The adjoining structures of transverse bulkhead include the structural members in way of 
the bulkhead, the partial deck girders and partial double bottom girders, if any. 
 For example, the following structural members are to be assessed, some of them being shown 
in Fig. 3: 

・ At least one pair of connections between inner and outer bottom longitudinal stiffeners 
and adjoining structures of transverse bulkhead. 

・ At least one pair of connections between inner and outer bottom longitudinal stiffeners 
and adjoining structures of adjacent floor to the transverse bulkhead. 

・ At least one connection between deck longitudinal stiffener (fitted above or below deck) 
and adjoining vertical structure of transverse oil tight bulkhead. 

・ Connection between deck longitudinal partial girder on top of transverse oil tight 
bulkheads when fitted and adjoining vertical structure of transverse oil tight bulkhead. 

・ Connection between bottom longitudinal partial girder in way of transverse oil tight 
bulkheads when fitted and adjoining vertical structure of transverse oil tight bulkhead. 

 The selection of the connections between longitudinal and vertical stiffeners to be analysed is 
to be based on the maximum relative deflection between supports, i.e. between floor and transverse 
bulkhead or between deck transverse and transverse bulkhead. Where there is a significant variation 
in end connection arrangement between stiffeners or scantlings, analyses of additional connections 
may be required by the Society. 
 Outside the midship cargo hold region, the scantlings of the connections as given above are 
not to be less than the required scantlings obtained for the midship cargo hold region unless an 
equivalent strength is demonstrated by fine mesh analysis. 
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Chapter 8 BUCKLING 

Section 2 SLENDERNESS REQUIREMENTS 

Fig. 1 has been amended as follows. 
 

Fig. 1 Stiffener Scantling 

 
 
Table 1 has been amended as follows. 
 

Table 1 Slenderness Coefficients 

Type of Stiffener Cw Cf 

Angle, L2 and L3 bars 75 12 

T-bars 75 12 

Bulb bars 45 - 

Flat bars 22 - 
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Section 5 BUCKLING CAPACITY 

Symbols 

Symbols has been amended as follows. 
 
(Omitted) 
de： Distance from upper edge of web to the top of the flange, in mm, as defined in Ch 3, Sec 2, 

Fig. 3. 
ef : Distance from attached plating to centre of flange, in mm, as shown in Fig.1 to be taken as: 

wf he    for flat bar profile. 

fwf the 5.0   for bulb profile. 

fwf the 5.0  for angle, L2 and Tee profiles. 

fewf tdhe 5.0  for L3 profile. 

(Omitted) 
 
Fig. 1 has been amended as follows. 
 

Fig. 1 Stiffener Cross Sections 
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2. Buckling Capacity of Plates and Stiffeners 

2.2 Plate capacity 
2.2.4 Correction factor Flong 
 
Table 2 has been amended as follows. 
 

Table 2 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 (1) 
1 cFlong  for 1

p

w

t

t
 

1

3













p

w
long t

t
cF  for 1

p

w

t

t
 

0.10 

Bulb profile 0.30 

Angle, L2 and L3 profiles 0.40 

T profile 0.30 

Girder of high rigidity (e.g. 
bottom transverse) 

1.4 N/A 

U type profile fitted on hatch 
cover (2) 

・ Plate on which the U type profile is fitted 

・ For b2 < b1 : Flong =1 

・ For b2  b1 : 




































3

2

1 155.055.1
p

w
long t

t
c

b

b
F  

・ Other plate of the U type profile: Flong =1 

0.2 

(1) tw is the net web thickness, in mm, without the correction defined in 2.3.2. 

(2) b1 and b2 are defined in Pt 2, Ch 1, Sec 5, Fig. 1. 
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Table 3 has been amended as follows. 
 

Table 3 Buckling Factor and Reduction Factor for Plane Plate Panels 

Case 
Stress 
ratio 


Aspect 
ratio   

Buckling factor K Reduction factor C 

(Omitted) 

2 
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2.3 Stiffeners 
 
Paragraph 2.3.4 has been amended as follows. 
 
2.3.4 Ultimate buckling capacity 
 When 0 wba  , the ultimate buckling capacity for stiffeners is to be checked 

according to the following interaction formula: 

1


S
ReH

wbac 
 

where: 
(Omitted) 
M1: Bending moment, in Nmm, due to the lateral load P: 

3

2

1
1024


sP

CM i   for continuous stiffener 

3

2

1
108


sP

CM i   for sniped stiffener 
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3

2

1 102.14 


sP
CM i   for stiffener sniped at one end and continuous at the other end 

(Omitted) 
 ： Applied shear stress, in N/mm2. 

・ For FE analysis,   is the reference shear stress as defined in Ch 8, Sec 4, 2.4.2 in 
the attached plating. 

・ For prescriptive assessment,   is the shear stress at the attached plate calculated 
according to Ch 8, Sec 3, 2.2.1 at the following load calculation point: of the 
stiffener attached plating, as defined in Ch 3, Sec 7, 2. 
・ At the middle of the full span,  , of the considered stiffener 

・ At the intersection point between the stiffener and its attached plate. 
・ For grillage beam analysis, 0  in the attached buckling panel. 

(Omitted) 
w0: Assumed imperfection, in mm, to be taken as: 

10000 w   in general. 

naww 0   for stiffeners sniped at one or both ends considering stiffener induced 

failure (SI). 

naww 0   for stiffeners sniped at one or both ends considering plate induced failure 

(PI). 
w1: Deformation of stiffener, in mm, at mid-point of stiffener span due to lateral load P. In 

case of uniformly distributed load, w1 is to be taken as: 

EI

sP
Cw i 7

4

1
10384




 in general 

EI

sP
Cw i 7

4

1
10384

5





 for stiffeners sniped at both ends 

EI

sP
Cw i 7

4

1 10384

2





 for stiffeners sniped at one end and continuous at the other end. 

(Omitted) 
yw: Distance, in mm, from centroid of stiffener cross section to the free edge of stiffener 

flange, to be taken as: 

2
w

w

t
y     for flat bar. 

s

ffww
fw A

btth
by

2

22 
   for angle and bulb profiles. 

 
s

ffffww
woutfw A

dbbtth
tby

2

2
5.0

22 
   for L2 profile 

 
s

wffwfw
woutfw A

tbttth
tby

2

)(
5.0

22 
   for L3 profile 

2
f

w

b
y     for T profile. 

(Omitted) 
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Table 5 has been amended as follows. 
 

Table 5 Moments of Inertia 

 Flat bars (1) Bulb, angle, L2, L3 and T profiles 
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1036
wwth

 















 wf

wffff

AA

AAbeA 6.2

1012 6

22

 for bulb and angle, L2 and L3 profiles. 

6

23

1012
fff etb

   for T profiles. 

(1) tw is the net web thickness, in mm. tw red as defined in 2.3.2 is not to be used in this table. 
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Chapter 9 FATIGUE 

Section 2 STRUCTURAL DETAILS TO BE ASSESSED 

Table 2 has been amended as follows. 
 

Table 2 Structural Details for Screening Fatigue Assessment 

No Critical detail 
Applicability 

Oil tanker Bulk carrier 

1 Bracket toe of transverse web frame Applicable(1) N/A 

2 Toe of horizontal stringer Applicable(1) N/A 

3 
Lower hopper knuckle connection in EA hold(2) 
and in FA hold(2) not assigned as a ballast hold

N/A Applicable(1) 

4 
Connections of transverse bulkhead lower stool 
to inner bottom in EA hold(2) and in FA hold(2) 

where the ballast hold is not assigned to the ship
N/A Applicable(1) 

(1) For details assessed by fine mesh analysis according to Ch 7, Sec 3, 2.1 and Ch 7, Sec 3, 3.3.2 3.2. 

(2) Cargo hold located closest to the midship 
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Table 3 has been amended as follows. 
 

Table 3 Structural Details to be Assessed by Very Fine Mesh Analysis if Not Designed in 
accordance with Detail Design Standard 

No Critical detail 
Corresponding 
detail design 

standard 

Applicability 

Oil tanker Bulk carrier 

1 
Radiused upper hopper knuckle connection (intersection 
of knuckled inner side plate, side girder and transverse 

web) at the most critical frame location.(1) 
Ch 9, Sec 6, 4 One cargo tank(4) 

Ballast hold of 
double side bulk 
carrier 

2 
Corrugations of transverse bulkheads to lower stool or 

inner bottom plating connection.(2)(3) 
Ch 9, Sec 6, 6 and 

Ch 9, Sec 6, 7
One cargo tank(4) Ballast hold 

3 Corrugations of transverse bulkheads to upper stool.(2)(3) Ch 9, Sec 6, 6 N/A Ballast hold 

4 

Cruciform heel connections between side stringers in 
double side and transverse bulkhead horizontal 

stringers, for the stringer closest to the mid depth and 
for the uppermost one. 

Ch 9, Sec 6, 5 One cargo tank(4) N/A 

5 
Lower and upper side frame bracket toes at the most 

critical frame position.(1) 
Ch 9, Sec 6, 8 N/A 

FA hold(4), EA 
hold(4) and ballast 
hold of single 
skin bulk carrier 

6 
Cut out for longitudinal stiffeners in web-frame without 

web stiffener connection. 
Ch 9, Sec 6, 2.1 One cargo tank(4) 

FA hold(4), EA 
hold(4) and ballast 
hold 

7 
Scallops in way of block joints on strength deck close to 

mid hold (and down to 0.1D from deck corner). 
Ch 9, Sec 6, 3 One cargo tank(4) 

FA hold(4), EA 
hold(4) and ballast 
hold 

(1) The most critical frame position is generally, but not necessarily, located closest to the mid length of the hold. Where a 

swash bulkhead is fitted, this is generally located closest to the mid length between the swash bulkhead and the oil-tight 

bulkhead. 

(2) Stool connections at each end of the hold are to be checked unless these are symmetrical about mid-hold. 

(3) Position at the mid breadth or length location of the largest hold in the considered transverse or longitudinal section. 

(4) Cargo hold located closest to the midship. 

 
 

Titles of Table 8 to Table 10 have been amended as follows. 
 

Table 8 Hot Spots for Corrugated Transverse Bulkhead to Lower Stool Connection 
 

Table 9 Hot Spots for Corrugated Transverse Bulkhead to Lower Stool - Intersecting Shedder 
Plates and Single Sided Shedder Plate  

 
Table 10 Hot Spots for Corrugated Transverse Bulkhead to Lower Stool or Inner Bottom Plating 

Connection 
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Section 3 FATIGUE EVALUATION 

6. Weld Improvement Methods 

6.2 Weld Toe Burr Grinding 
 
Paragraph 6.2.1 has been amended as follows. 
 
6.2.1 
 The weld may be machined using a burr grinding tool to produce a favourable shape to reduce 
stress concentrations and remove defects at the weld toe, see Fig. 5. In order to eliminate defects, 
such as intrusions, undercuts and cold laps, the material in way of the weld toe is to be removed. 
The depth of grinding shall be at least 0.5 mm below the bottom of any visible undercut. The total 
depth of the burr grinding is not to be greater than the lesser of 2 mm and of 7% the local gross 
thickness of the machined plate. Any undercut not complying with this requirement is to be repaired 
by an approved method. 
 
Fig. 6 has been amended as follows. 
 

Fig. 6 Extent of Weld Toe Burr Grinding to Remove Inter-bead Toes on Weld Face 

 
leg ： Weld leg length. 

w： Width of groove. 

d： Depth of grinding to be 0.5 mm  d  1 mm. 
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Section 4 SIMPLIFIED STRESS ANALYSIS 

Table 4 has been amended as follows. 
 

Table 4 Stress Concentration Factors 

ID Connection type (2) (3) 
Point ‘A’ Point ‘B’ 

Ka Kb Ka Kb 

16 (Omitted) 

17 

 

1.341.28 1.34 1.52 1.67 

18 

 

1.341.28 1.34 1.34 1.34 

19 

 

1.341.28 1.34 1.28 1.34 

20 

 

1.341.28 1.34 1.52 1.67 
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Table 4 Stress Concentration Factors (Continued) 

ID Connection type (2) (3) 
Point ‘A’ Point ‘B’ 

Ka Kb Ka Kb 

21 

 

1.341.28 1.34 1.52 1.67 

22 

 

1.341.28 1.34 1.34 1.34 

23 

 

1.341.28 1.34 1.28 1.34 

24 

 

1.341.28 1.34 1.52 1.67 

25 (1) 

 

1.28 
for d  150 

1.36 for  
150 < d  250 

1.45 
for d > 250 

1.40 
for d  150 

1.50 for  
150 < d  250 

1.60 
for d > 250 

1.14 
for d  150 

1.24 for  
150 < d  250 

1.34 
for d > 250 

1.25 
for d  150 

1.36 for  
150 < d  250 

1.47 
for d > 250 
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Table 4 Stress Concentration Factors (Continued) 

ID Connection type (2) (3) 
Point ‘A’ Point ‘B’ 

Ka Kb Ka Kb 

26 

 

1.28 1.34 1.34 1.47 

27 

 

1.52 1.67 1.34 1.47 

28 

 

1.52 1.67 1.34 1.47 

29 

 

1.341.28 1.34 1.34 1.47 

30 

 

1.341.28 1.34 1.34 1.47 
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Section 6 DETAIL DESIGN STANDARD 

Table 8 has been amended as follows. 
 

Table 8 Design Standard H – Upper Hopper Knuckle Connection Detail, Radiused Type, Oil 
Tankers and Double Side Bulk Carrier 

Connections of transverse webs in double side tanks to hopper tanks 
Hopper corner connections employing radiused knuckle between side longitudinal bulkhead and hopper sloping plating 

Critical areas Design standard H 

 

 
Note 1: Distance from side stringer to centre of knuckle is to be as small as 

practicable, but is not to exceed 50 mm. 
Note 2: The knuckle radius is not to be less than 4.5tas-built or 100 mm, 

whichever is the greater, where tas-built is the as-built thickness of the 
knuckle part, according to Ch 12, Sec 1, 3 and 4. 

Note 3: Additional transverse brackets offset at a suitable distance on either 
side of transverse floor/hopper connection. 

Note 4: Additional longitudinal bracket on the side of sloping plate. 
Note 5: Longitudinal and/or transverse brackets may be omitted if it can be 

demonstrated that the girder provides sufficient support at the 
knuckle line, i.e. that fatigue requirements according to Ch 9, Sec 5 
and local strength analysis requirements according to Ch 7, Sec 3 
are fulfilled. 

Critical locations 
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(Omitted) 

 
Table 11 has been amended as follows. 

 
Table 11 Design Standard K – Transverse or Longitudinal Corrugated Bulkhead Connection 

Detail, Oil Tanker 

Connections of transverse or longitudinal bulkhead with lower stool - oil tanker 

Critical areas Design standard K 

 
 

 

 

 

 

Critical locations 

 

 

Critical location Connections of lower stool top plate to corrugated transverse or longitudinal bulkheads. 

(Omitted) 
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Chapter 10 OTHER STRUCTURES 

Section 1 FORE PART 

3.  Structure subjected to Impact Loads 

3.3 Bow Impact 
 
Paragraph 3.3.6 has been amended as follows. 
 
3.3.6 Primary supporting members 

(Omitted) 
(g) The net web thickness of each primary supporting member, tw, in mm including 

decks/bulkheads in way of the side shell is not to be less than： 

crbW

BIFB
w

bP
t

sin
  

crW

BIFB
w

bP
t

sin
  

where： 

W ： Angle, in deg, between the primary supporting member web and the shell plate, 

see Fig. 5. 

crb cr ： Critical buckling stress in compression of the web of the primary supporting 

member or deck/bulkhead panel in way of the applied load given by Ch 8, 
Sec 5, 3.1.12.2.3, in N/mm2. In the calculation, both x  and y  given in 

Ch 8, Sec 5, 2.2.3 are to be considered and UP-B is to be applied. 

4. Additional Scantling Requirements 

4.1 Plate Stem 
 
Paragraph 4.1.2 has been amended as follows. 
 
4.1.2 Breasthooks and diaphragm plating 
 The net thickness of breasthooks/diaphragm plates in way of bow impact strengthening area 
defined in 3.3.1, tw, in mm, is not to be less than： 

23570
eH

w

Rs
t   

where： 
s： Spacing of stiffeners on the web, as defined in Ch 1, Sec 4, Table 5, in mm. Where no 

stiffeners are fitted, s is to be taken as the depth of the web. 



 

44 

Section 3 AFT PART 

2. Aft Peak 

Paragraph 2.2 has been amended as follows. 

2.2 Stiffening of Floors and Girders in Aft Peak 
2.2.1 
 Stiffeners on the floors and girders in aft peak ballast or fresh water tanks above propeller are 
to be designed in accordance with 2.2.2 and 2.2.3. This applies for stiffeners located in an area 
extending longitudinally between the forward edge of the rudder and the after end of the propeller 
boss and transversely within the diameter of the propeller. 
2.2.12 
 The height of stiffeners, hstf, in mm, on the floors and girders are not to be less than: 

stfstfh 80  for flat bar stiffeners. 

stfstfh 70  for bulb profiles and flanged stiffeners. 

where: 

stf : Length of stiffener, in m, as shown in Fig. 1. Length need not be taken greater than 5 m. 

2.2.23 
 Stiffeners on the floors and girders in aft peak ballast or fresh water tanks above propeller are 
to be arranged with brackets. This apply for stiffeners located in an area extending longitudinally 
between the forward edge of the rudder and the after end of the propeller boss and transversely 
within the diameter of the propeller. End brackets are to be provided as follows: 

・ Brackets are to be fitted at the lower and upper ends when tstf   exceeds 4 m. 

・ Brackets are to be fitted at the lower end when tstf   exceeds 2.5 m. 

where: 

tstf  : Total length of stiffener, in m, as shown in Fig. 1. 

3. Stern Frames 

3.3 Connections 
 
Paragraph 3.3.1 has been amended as follows. 
 
3.3.1 Connections with hull structure 
 Stern frames are to be effectively attached to the aft structure and the required scantling for 
the lower part of the stern frame the propeller post is to be extended forward from the aft end of the 
propeller post, at the centerline of the propeller shaft, to a length not less than 1500 + 6 L2 mm, in 
order to provide an effective connection with the keel. However, the stern frame need not extend 
beyond the aft peak bulkhead. 
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4. Special Scantling Requirements for Shell Structure 

4.1 Shell Plating 
 
Paragraph 4.1.2 has been amended as follows. 
 
4.1.2 Heavy shell plates 
 Heavy shell plates are to be fitted locally in way of the heavy plate floors as required by 2.1.1. 
The net thickness of heavy shell plates is not to be less than the value given in 4.1.1. Outboard of 
the heavy floors, the heavy shell plates may be reduced in thickness in as gradual a manner as 
practicable. Where the horn plating is radiused into the shell plating, the radius at the shell 
connection, r in mm, is not to be less than: 

28.0150 Lr   
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Section 4 TANKS SUBJECT TO SLOSHING 

2. Scantling Requirements 

2.2 Stiffeners 
 
Paragraph 2.2.1 has been amended as follows. 
 
2.2.1 Net section modulus 
 The net section modulus, Z in cm3, of stiffeners subjected to sloshing pressures is not to be 
less than: 

eHsbdg

bdgslh

RCf

sP
Z

2
  

where: 
fbdg: Bending moment factor: 

fbdg = 12 for stiffeners fixed against rotation at each end. This is generally to be 
applied for scantlings of all continuous stiffeners. 

fbdg = 8 for stiffeners with one or both ends not fixed against rotation. This is 
generally to be applied to discontinuous stiffeners. 

Cs: Permissible bending stress coefficient to be taken as defined in Table 2.: 
・ For members subject to hull girder stress: coefficient to be taken as defined in Table 

2. 
・ Cs = Cs-max  for other cases 

Pslh: The greater of Pslh-ing, Pslh-t or Pslh-min as specified in 1.3. 
Cs-max: Coefficient as defined in Table 3. 
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Chapter 11 SUPERSTRUCTURES, DECKHOUSES AND HULL 
OUTFITTING 

Section 3 EQUIPMENT 

1. General 

1.1 Application 
 
Paragraph 1.1.3 has been amended as follows. 
 
1.1.3 
 The Equipment Number (EN) formula for the required anchoring equipment is based on an 
assumed maximum current speed of 2.5 m/s, maximum wind speed of 25 m/s and a maximum scope 
of chain cable between of 6 and 10. The scope of chain cable is defined as the ratio between the 
length of chain paid out and the waters depth. For ships with length greater than 135 m, 
alternatively the required anchoring equipment can be considered applicable to a maximum current 
speed of 1.54 m/s, a maximum wind speed of 11 m/s and waves with maximum significant height of 
2 m. 
 It is assumed that under normal circumstances a ship will uses only one bow anchor and chain 
cable at a time. 

2. Equipment Number Calculation 

2.1 Requirements 
 
Paragraph 2.1.1 has been amended as follows. 
 
2.1.1 
 Anchors and chains are to be in accordance with Table 1 and the quantity, mass and sizes of 
these are to be determined by the equipment number (EN), given by: 

ABhEN 1.023/2   
where: 
h: Effective height, in m, from the summer load waterline to the top of the uppermost house, 

to be obtained in accordance with the following formula: 

nFB hhh   

When calculating h, sheer and trim are to be disregarded. For the lowest tier h is to be 
measured at centerline from the upper deck or from a notional deck line where there is 
local discontinuity in the upper deck, as shown in Fig. 1. 

hFB: Freeboard amidships from the summer load waterline to the upper deck, in m. 
hn: Height, in m, at the centreline of superstructure or of deckhouse tier ‘n’ having a breadth 

greater than B/4. Where a house having a breadth greater than B/4 is above a house with 
a breadth of B/4 or less, the upper house is to be included and the lower ignored (see in 
Fig. 1). 
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A: A Side projected area, in m2, in profile view, of the parts of the hull, superstructures and 
houses above the summer load waterline which are within the length LCSR and also have a 
breadth greater than B/4. 

 Fixed screens or bulwarks 1.5 m or more in height are to be regarded as parts of houses when 
determining h and A. In particular, the hatched area shown in Fig. 2 is to be included. 
 The height of hatch coamings and that of any deck cargo, such as containers, may be 
disregarded when determining h and A. 
 

Fig. 1 Effective Heights of Deckhouses Measurement of heights 
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h2

h3 
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3. Anchoring Equipment 

Paragraph 3.1 has been amended as follows. 

3.1 General 
3.1.1 General 
 Two bower anchors are to be connected to chain cable and stowed in position ready for use. 
 A third anchor is recommended to be provided as a spare bower anchor and is listed for 
guidance only; it is not required as a condition of classification. 
3.1.2 Design 
 Anchors are to be of an approved design. The design of anchor heads is to be such as to 
minimise stress concentrations. In particular, the radii, on all parts of cast anchor heads are to be as 
large as possible, especially where there is considerable change of section. 
 If the anchor design is different from standard or approved anchor types, drawing of the 
anchor, including material specification, is to be submitted for approval. 
 The anchors are to be of an approved type and satisfy the testing conditions as per the 
Society’s requirements. 
3.1.3 Testing 
 All anchors and chain cables are to be tested at establishments and on machines recognised by 
the Society, under the supervision of surveyors or other representatives of the Society and in 
accordance with the relevant requirements of Part L. 
 Test certificates showing particulars of weights of anchors, or size and weight of cable and of 
the test loads applied are to be available. These certificates are to be examined by the surveyor 
when the anchors and cables are placed onboard the ship. 
 
Paragraph 3.3 has been amended as follows. 

3.3 High and Super High Holding Power Anchors 
3.3.1 General 
 Where agreed by the owner, consideration will be given to the use of special types of anchors. 
High Holding Power (HHP) and Super High Holding Power (SHHP) anchors, i.e. anchors for which 
a holding power higher than at least twice that of ordinary anchors has been proved according to the 
applicable requirements of Part L, do not require prior adjustment or special placement on the sea 
bottom. 
3.3.2 HHP or SHHP anchor mass 
 Where HHP or SHHP anchors are used as bower anchors, the mass of each anchor is to be not 
less than 75% or 50%, respectively, of that the mass required for ordinary stockless anchors in 
Table 1. 
 The mass of SHHP anchors is to be, in general, less than or equal to 1500 kg. 
3.3.3 Application 
 High holding power anchors are to be of a design that will ensure that the anchors will take 
effective hold of the sea bed without undue delay and will remain stable, for holding forces up to 
those required by 3.3.4, irrespective of the angle or position at which they first settle on the sea bed 
when dropped from a normal type of hawse pipe. A demonstration of these abilities may be 
required. 
 The design approval of high holding power anchors may be given as a general/type approval, 
and listed in a published document by the Society. 
3.3.4 Testing 
 An anchor for which approval is sought as a high holding power (HHP) anchor, is to be tested 
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at sea to show that it has a holding power of twice that approved for a standard stockless anchor of 
the same mass. 
 If approval is sought for a range of sizes, then at least two are to be tested. The smaller of the 
two anchors is to have a mass not less than one-tenth of that of the larger anchor. The larger of the 
two anchors tested is to have a mass not less than one-tenth of that of the largest anchor for which 
approval is sought. 
 Each test is to comprise a comparison between at least two anchors: one ordinary stockless 
bower anchor and one HHP anchor. The masses of the anchors are to be approximately equal. 
 The tests are generally to be carried out by means of a tug. The pull is to be measured by a 
dynamometer or determined from recently verified data of the tug's bollard pull as a function of 
propeller rpm. 
 During the test, the length of the chain cable on each anchor is to be sufficient to obtain an 
approximately horizontal pull on the anchor. Generally, a horizontal distance between anchor and 
tug equal to 10 times the water depth will be sufficient. 
 For SHHP, the tests are to be conducted on at least three different types of bottom, which may 
be soft mud or silt, sand or gravel, and hard clay or similarly compacted material. 
 
Paragraph 3.5 has been amended as follows. 

3.5 Chain Lockers and stowed anchors 
3.5.1 General 
 The chain locker is to have adequate capacity and be of a suitable form to provide for the 
proper stowage of the chain cable, allowing an easy direct lead for the cable into the chain pipes 
when the cable is fully stowed. Port and starboard cables are to have separate spaces. 
 The chain locker boundaries and access openings are to be watertight. Provisions are to be 
made to minimise the probability of the chain locker being flooded in bad weather. Adequate 
drainage facilities for the chain locker are to be provided. 
 Chain or spurling pipes are to be of suitable size and provided with chafing lips. 
3.5.2 Application Securing of the inboard ends of chain cables 
 Provisions are to be made for securing the inboard ends of the chain to the structure. This 
attachment and its supporting structure are to be able to withstand a force of not less than 15% or 
more than 30% of the minimum breaking strength of the fitted chain cable. 
 The fastening of the chain to the ship is to be arranged in such a way that in case of an 
emergency, when the anchor and chain have to be sacrificed, the chain can be readily released from 
an accessible position outside the chain locker. 
3.5.3 Securing of stowed anchors 
 Anchor lashings are to be designed to resist a load at least corresponding to twice the anchor 
mass plus 10 m of cable without exceeding 40% of the yield strength of the lashing material. 
 

3.9 Tow lines and Mooring Line 
 
Paragraph 3.9.1 has been amended as follows. 
 
3.9.1 General 
 Mooring lines and towlines are not required as a condition of Classification. The hawsers and 
towlines listed in Table 2 are intended as a guide. Where the tabular breaking strength is greater 
than 490 kN, the breaking strength and the number of individual hawsers given in Table 2 may be 
modified, provided that their product is not less than that of the breaking strength and the number of 
hawsers given in the Table 2. 
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 The designer is to provide the following information: 
•  Towing line: 

•  Length, in m, 
•  Breaking strength, in kN. 

•  Mooring lines: 
•  Number 
•  Length of each, in m, 
•  Breaking strength, in kN. 

 Side projected area including that of deck cargoes as given by the loading manual is to be 
taken into account for selection of towing/mooring lines. 
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Table 2 has been deleted. 
 

Table 2 Towline and Hawsers 
Equipment Number Towline wire or rope Hawsers 

Greater than Equal to or less 
than 

Length, in m
 

Breaking 
strength, in kN

Number Length of 
each, in m 

Breaking 
strength, in kN

150 175 180 98.0 3 120 54.0 

175 205 180 112.0 3 120 59.0 

205 240 180 129.0 4 120 64.0 

240 280 180 150.0 4 120 69.0 

280 320 180 174.0 4 140 74.0 

320 360 180 207.0 4 140 78.0 

360 400 180 224.0 4 140 88.0 

400 450 180 250.0 4 140 98.0 

450 500 180 277.0 4 140 108.0 

500 550 190 306.0 4 160 123.0 

550 600 190 338.0 4 160 132.0 

600 660 190 371.0 4 160 147.0 

660 720 190 406.0 4 160 157.0 

720 780 190 441.0 4 170 172.0 

780 840 190 480.0 4 170 186.0 

840 910 190 518.0 4 170 201.0 

910 980 190 559.0 4 170 216.0 

980 1060 200 603.0 4 180 230.0 

1060 1140 200 647.0 4 180 250.0 

1140 1220 200 691.0 4 180 270.0 

1220 1300 200 738.0 4 180 284.0 

1300 1390 200 786.0 4 180 309.0 

1390 1480 200 836.0 4 180 324.0 

1480 1570 220 888.0 5 190 324.0 

1570 1670 220 941.0 5 190 333.0 

1670 1790 220 1024.0 5 190 353.0 

1790 1930 220 1109.0 5 190 378.0 

1930 2080 220 1168.0 5 190 402.0 

2080 2230 240 1259.0 5 200 422.0 

2230 2380 240 1356.0 5 200 451.0 

2380 2530 240 1453.0 5 200 480.0 

2530 2700 260 1471.0 6 200 480.0 

2700 2870 260 1471.0 6 200 490.0 

2870 3040 260 1471.0 6 200 500.0 

3040 3210 280 1471.0 6 200 520.0 

3210 3400 280 1471.0 6 200 554.0 

3400 3600 280 1471.0 6 200 588.0 

3600 3800 300 1471.0 6 200 618.0 

3800 4000 300 1471.0 6 200 647.0 

4000 4200 300 1471.0 7 200 647.0 

4200 4400 300 1471.0 7 200 657.0 

4400 4600 300 1471.0 7 200 667.0 

4600 4800 300 1471.0 7 200 677.0 

4800 5000 300 1471.0 7 200 686.0 

5000 5200 300 1471.0 8 200 686.0 
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Table 2 Towline and Hawsers (Continued) 
Equipment Number Towline wire or rope Hawsers 

Greater than Equal to or less 
than 

Length, in m
 

Breaking 
strength, in kN

Number Length of 
each, in m 

Breaking 
strength, in kN

5200 5500 300 1471.0 8 200 696.0 

5500 5800 300 1471.0 8 200 706.0 

5800 6100 300 1471.0 8 200 706.0 

6100 6500 300 1471.0 9 200 716.0 

6500 6900 300 1471.0 9 200 726.0 

6900 7400 300 1471.0 10 200 726.0 

7400 7900 300 1471.0 11 200 726.0 

7900 8400 300 1471.0 11 200 735.0 

8400 8900 300 1471.0 12 200 735.0 

8900 9400 300 1471.0 13 200 735.0 

9400 10000 300 1471.0 14 200 735.0 

10000 10700 - - 15 200 735.0 

10700 11500 - - 16 200 735.0 

11500 12400 - - 17 200 735.0 

12400 13400 - - 18 200 735.0 

13400 14600 - - 19 200 735.0 

14600 16000 - - 21 200 735.0 

 



 

54 

Section 4 SUPPORTING STRUCTURE FOR DECK EQUIPMENT AND 
FITTINGS 

2. Anchoring Windlass and Chain Stopper 

2.1 General 
 
Paragraphs 2.1.4 and 2.1.5 have been amended as follows. 
 
2.1.4 
 These requirements are to be assessed based on gross net scantlings. 
2.1.5 
 The following load cases are to be examined for the anchoring operation, as appropriate: 

(a) Windlass where chain stoppers is provided are fitted but not attached to the windlass: 
45% of BS. 

(b) Windlass where no chain stopper is not provided is fitted or the chain stopper is attached 
to the windlass: 80% of BS. 

(c) Chain stopper: 80% of BS. 
where: 
BS: Minimum breaking strength of the chain cable. 

 
Paragraph 2.1.12 has been amended as follows. 
 
2.1.12 
 The stresses resulting from anchoring design loads induced in the supporting structure are not 
to be greater than the following permissible values: 

・ Normal stress, 1.00ReH 
・ Shear stress, 0.58ReH 0.60ReH 

 
Paragraph 2.1.15 has been amended as follows. 
 
2.1.15 
 The stresses resulting from green sea design loads induced in the supporting structure are not 
to be greater than the following permissible values: 

・ Normal stress, 1.00ReH 
・ Shear stress, 0.58ReH 0.60ReH 

3. Mooring Winches 

3.1 General 
 
Paragraphs 3.1.6 and 3.1.7 have been amended as follows. 
 
3.1.6 Corrosion model 
 These requirements are to be assessed based on gross net scantlings. 
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3.1.7 
 Each of the following load cases are to be examined for design loads due to mooring 
operation: 

(a) Mooring winch at maximum pull: 100% of the Rated Pull. 
(b) Mooring winch with brake effective: 100% of the Holding Load. 
(c) Line strength: 125% of the breaking strength of the mooring line (hawser) according to 

Ch 11, Sec 3, Table 2 for the ship’s corresponding equipment number provided by the 
designer (refer to Sec 3, 3.9). 

 Rated pull and holding load are defined in 3.1.3 and 3.1.4. The design load is to be applied 
through the mooring line according to the arrangement shown on the mooring arrangement plan. 

5. Bollards and Bitts, Fairleads, Stand Rollers, Chocks and Capstans 

Paragraph 5.1 has been amended as follows. 

5.1 General 
5.1.1 
 Shipboard fittings (bollards and bitts, fairleads, stand rollers and chocks) and capstans used 
for mooring and towing operations are to be fitted to the deck or bulwark structures. 
 Article 5 provides requirements applicable to the design and construction of shipboard fittings 
and supporting structures used for the normal towing at bow, side and stern and mooring operations 
as well as the strength of supporting structures of winches and capstans. 
 Normal towing means towing operations necessary for manoeuvring in ports and sheltered 
waters associated with the normal operations of the ship. 
 Where a ship is equipped with shipboard fittings intended to be used for other towing services, 
the strength of these fittings and their supporting structures are to comply with the requirements of 
this Article. 
5.1.2 
 Where fairleads are fitted in bulwarks, the thickness of bulwarks may need to be increased. 
See Ch 11, Sec 2, 2.2. 
 Article 5 is not applicable to design and construction of shipboard fittings and supporting 
structures used for special towing services defined as: 

(a) Escort towing: Towing service, in particular, for laden oil tankers required in specific 
estuaries. Its main purpose is to control the ship in case of failures of the propulsion or 
steering system. It should be referred to local escort requirements and guidance given by, 
e.g., the Oil Companies International Marine Forum (OCIMF) 

(b) Canal transit towing: Towing service for ships transiting, e.g. the Panama Canal. It 
should be refereed to local canal transit requirements. 

(c) Emergency towing for oil tankers: Towing service to assist tankers in case of emergency. 
For the emergency towing arrangements, ships subject to SOLAS regulation II-1/3-4 
Paragraph 1 are to comply with that regulation and resolution MSC.35(63) as may be 
amended. 

5.1.3 
 The structural arrangement is to provide continuity of strength. 
 The structural arrangement of the ship’s structure in way of the shipboard fittings and their 
seats and in way of capstans is to be such that abrupt changes of shape or section are to be avoided 
in order to minimise stress concentrations. Sharp corners and notches are to be avoided, especially 
in highly stressed areas. 
 Where fairleads are fitted in bulwarks, the thickness of bulwarks may need to be increased. 
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See Ch 11, Sec 2, 2.2. 
5.1.4 
 The supporting structure is to be dimensioned to ensure that for the loads specified in 5.1.6 to 
5.1.8 5.2.1 and 5.3.1, the stresses do not exceed the permissible values given in 5.1.9 5.5. 
 The capability of the structure to resist buckling failure is to be assured according to Ch 8. 
5.1.5 
 These requirements are to be assessed based on net scantlings. 
5.1.6 
 Design loads for the supporting structure for shipboard fittings are to be according to: 

(a) In the case of normal towing in harbour or manoeuvring operations, 125% of the 
maximum towline load as indicated on the towing and mooring arrangement plan. 

(b) In the case of towing service other than that experienced in harbour or manoeuvring 
operations, such as escort service, the nominal breaking strength of towline. 

(c) In the case of mooring operations, 125% of the nominal breaking strength of the mooring 
line (hawser) according to Ch 11, Sec 3, Table 2 for the ship’s corresponding equipment 
number. 

5.1.7 
 The design load for the supporting structure for capstans is to taken as 125% of the maximum 
hauling in force. 
5.1.8 
 The assessment of the structure is to consider lines of action of the applied design load, taking 
into account the particular arrangements proposed; however, the total load applied for towing and 
mooring scenarios described in 5.1.6 need not be more than twice the design load on the mooring 
line or towline. The acting point for the force on the shipboard fittings is to be taken as the 
attachment point of the mooring line or towline, or at a change in its direction. 
5.1.9 
 For the design load specified in 5.1.6 to 5.1.8, the stresses induced in the supporting structure 
and welds are not to exceed the following permissible values: 

・ Normal stress, 1.00ReH 
・ Shear stress, 0.60ReH 

5.1.10 
 The following requirements on Safe Working Load apply for a single post basis (i.e. no more 
than one turn of one cable). 

(a) The SWL used for normal towing operations, e.g. harbour/manoeuvring is not to exceed 
80% of the design load per 5.1.6 item (a); and the SWL used for other towing operations, 
e.g. escort is not to exceed the design load per 5.1.6 item (b). For deck fittings used for 
both normal and other towing operations, the greater of the design loads of 5.1.6 item (a) 
and 5.1.6 item (b) is to be used. 

(b) The SWL for mooring operations is not to exceed 80% of the design load per 5.1.6 item 
(c). 

(c) The SWL of each deck fitting is to be marked (by weld bead or equivalent) on the deck 
fittings used for towing and/or mooring. 

(d) The towing and mooring arrangements plan mentioned in 5.1.11 is to define the method 
of use of towing lines and/or mooring lines. 

5.1.11 
 The SWL for the intended use for each deck fitting is to be stated in the towing and mooring 
arrangements plan available onboard for consistency for the guidance of the Master. For each deck 
fitting, the following is to be included: 

(a) Location on the ship. 
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(b) Fitting type. 
(c) SWL. 
(d) Purpose (mooring/harbour towing/escort towing). 
(e) Manner of applying towing or mooring line load including limiting fleet angles. 

 This information is to be incorporated into the pilot card in order to provide the pilot with 
proper information on harbour/escorting operations. 
 
Paragraphs 5.2 to 5.7 have been added as follows. 

5.2 Towing 
5.2.1 Towing design loads 
 The minimum design load applied to supporting structures for shipboard fittings is not to be 
less than the following values: 

(a) For normal towing operations, 125% of the intended maximum towing load (static 
bollard pull) as indicated on the towing and mooring arrangements plan, 

(b) For other towing service, the minimum breaking strength of the tow line provided by the 
designer (refer to Sec 3, 3.9), 

(c) For fittings intended to be used for, both, normal and other towing operations, the greater 
of the design loads according to (a) and (b). 

 When a safe towing load, TOW, greater than the value determined according to 5.2.4 is 
provided by the designer, the design load is to be increased in accordance with the appropriate 
TOW/design load relationship given in 5.2.1 and 5.2.4. 
 The design load is to be applied to fittings in all directions that may occur by taking into 
account the arrangement shown on the towing and mooring arrangements plan. Where the towing 
line takes a turn at a fitting the total design load applied to the fitting is equal to the resultant of the 
design loads acting on the line (see Fig. 4). However, the design load applied to the fitting needs not 
to be greater than twice the design load of the line. 
 

Fig. 4 Design Load on Fitting 

 
 
5.2.2 Shipboard fittings 
 Shipboard fittings may be selected from an industry standard accepted by the Society and at 
least based on the following loads. 

(a) For normal towing operations, the intended maximum towing load (static bollard pull) as 
indicated on the towing and mooring arrangements plan, 

(b) For other towing service, the minimum breaking strength of the tow line provided by the 
designer (refer to Sec 3, 3.9), 

(c) For fittings intended to be used for, both, normal and other towing operations, the greater 
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of the loads according to (a) and (b). 
 Towing bitts (double bollards) may be chosen for the towing line attached with eye splice if 
the industry standard distinguishes between different methods to attach the line, i.e. figure-of-eight 
or eye splice attachment. 
 When the shipboard fitting is not selected from an accepted industry standard, the strength of 
the fitting and of its attachment to the ship is to be in accordance with the requirements of this 
Article. 
 Towing bitts (double bollards) are required to resist the loads caused by the towing line 
attached with eye splice. 
5.2.3 Towing force acting point 
 The acting point of the towing force on shipboard fittings is to be taken at the attachment 
point of a towing line or at a change in its direction. For bollards and bitts the attachment point of 
the towing line is to be taken not less than 4/5 of the tube height above the base (see Fig. 5). 
 

Fig. 5 Attachment point of the towing line 

 
 
5.2.4 Safe Towing Load (TOW) 
 The Safe Towing Load (TOW), in t, is the load limit for towing purpose. 
 The following requirements for Safe Towing Load (TOW) apply for the use with no more than 
one line. If not otherwise chosen, for towing bitts (double bollards) TOW is the load limit for a 
towing line attached with eyesplice. 

(a) TOW used for normal towing operations is not to exceed 80% of the design load given in 
5.2.1(a). 

(b) TOW used for other towing operations is not to exceed 80% of the design load given in 
5.2.1(b). 

(c) For fittings used for both normal and other towing operations, the greater of the safe 
towing loads in (a) and (b) above is to be used. 

(d) For fittings intended to be used for, both, towing and mooring, 5.3 applies to mooring. 
 TOW of each shipboard fitting is to be marked by weld bead or equivalent, on the deck 
fittings used for towing. 
 For fittings intended to be used for, both, towing and mooring, SWL, in t, according to 5.3.4 is 
to be marked in addition to TOW. 

5.3 Mooring 
5.3.1 Mooring design loads 
 The minimum design load applied to supporting structures for shipboard fittings is not to be 
less than 115% of the minimum breaking strength of the mooring line provided by the designer 
(refer to Sec 3, 3.9) 
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 The minimum design load applied to supporting structures for winches is not to be less than 
125% of the intended maximum brake holding load, where the maximum brake holding load is to 
be assumed not less than 80% of the minimum breaking strength of the mooring line provided by 
the designer (refer to Sec 3, 3.9). 
 The minimum design load for the supporting structure for capstans is to taken as 125% of the 
maximum hauling in force. 
 When a safe working load SWL greater than the value determined according to 5.3.4 is 
provided by the designer, the design load is to be multiplied by the ratio SWL/design load, where the 
design load is given above as appropriate. 
 The design load is to be applied to fittings in all directions that may occur by taking into 
account the arrangement shown on the towing and mooring arrangements plan. Where the mooring 
line takes a turn at a fitting the total design load applied to the fitting is equal to the resultant of the 
design loads acting on the line (See Fig. 4). However, the design load applied to the fitting needs 
not to be greater than twice the design load on the line. 
5.3.2 Shipboard fittings 
 Shipboard fittings may be selected from an industry standard accepted by the Society and at 
least based on the minimum breaking strength of the mooring line provided by the designer (refer to 
Sec 3, 3.9). 
 Mooring bitts (double bollards) are to be chosen for the mooring line attached in 
figure-of-eight fashion if the industry standard distinguishes between different methods to attach the 
line, i.e. figure-of-eight or eye splice attachment. 
 When the shipboard fitting is not selected from an accepted industry standard, the strength of 
the fitting and of its attachment to the ship is to be in accordance with this Article. 
 Mooring bitts (double bollards) are required to resist the loads caused by the mooring line 
attached in figure of-eight fashion. 
5.3.3 Mooring force acting point 
 The acting point of the mooring force on shipboard fittings is to be taken at the attachment 
point of a mooring line or at a change in its direction. For bollards and bitts the attachment point of 
the mooring line is to be taken not less than 4/5 of the tube height above the base (See Fig. 6(a)). 
However, if fins are fitted to the bollard tubes to keep the mooring line as low as possible, the 
attachment point of the mooring line may be taken at the location of the fins (See Fig. 6(b)). 
 

Fig. 6 Attachment point of the mooring line 
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5.3.4 Safe Working Load (SWL) 
 The Safe Working Load (SWL), in t, is the load limit for mooring purpose. 
 The following requirements on Safe Working Load apply for the use with no more than one 
mooring line. 
 Unless a greater SWL is provided by the designer, the SWL is not to exceed the minimum 
breaking strength of the mooring line provided by the designer (refer to Sec 3, 3.9). 
 The SWL of each deck fitting is to be marked (by weld bead or equivalent) on the deck fittings 
used for mooring. 
 For fittings intended to be used for, both, mooring and towing, TOW, in t, according to 5.2.4 is 
to be marked in addition to SWL. 

5.4 Supporting structure 
5.4.1 
 Shipboard fittings for towing and mooring, winches and capstans for mooring are to be 
located on stiffeners and/or girders, which are part of the deck construction so as to facilitate 
efficient distribution of the towing or mooring loads. Other arrangements may be accepted (for 
chocks in bulwarks, etc.) provided the strength is confirmed adequate for the intended service. 
5.4.2 
 The reinforced structural members beneath shipboard fittings are to be effectively arranged 
for any variation of direction (horizontally and vertically) of the towing/mooring forces acting upon 
the shipboard fittings (see Fig. 7). 
 

Fig. 7 Attachment point of the mooring line 

 
 
5.4.3 
 Shipboard fittings (bollards and bitts, fairleads, stand rollers and chocks) and capstans used 
for mooring and/or towing operations are to be fitted to the deck or bulwark structures. 
5.4.4 
 The structural arrangement is to provide continuity of strength. Proper alignment of fittings 
and supporting structure is to be ensured. 
 The structural arrangement of the ship’s structure in way of the shipboard fittings and their 
seats and in way of capstans is to be such that abrupt changes of shape or section are to be avoided 
in order to minimise stress concentrations. Sharp corners and notches are to be avoided, especially 
in highly stressed areas. 

5.5 Acceptance criteria 
5.5.1 
 For the design load specified in 5.2.1 and 5.3.1, the stresses induced in the shipboard fittings, 
the supporting structure and welds are not to exceed the following permissible values defined in 
5.5.3 and 5.5.4, as applicable: 



 

61 

5.5.2 
 The strength assessment of the shipboard fittings can be performed by means of either beam 
theory or grillage analysis, or by finite element analysis. 
 At the discretion of the Society, load tests of the fittings may be accepted as alternative to 
strength assessment by above mentioned analysis. 
5.5.3 
 For strength assessment with beam theory or grillage analysis, the permissible stresses to be 
considered are the following: 

・ Normal stress: 1.00 ReH. 
・ Shear stress: 0.60 ReH. 

 Normal stress is the sum of bending stress and axial stress with the corresponding shearing 
stress acting perpendicular to the normal stress. No stress concentration factors are taken into 
account. 
5.5.4 
 For strength assessment with finite element analysis, the von Mises equivalent stress to be 
considered is not to exceed ReH. 
 For strength calculations by means of finite elements, the geometry is to be modelled as 
realistically as possible. The ratio of element length to width is not to exceed 3. Girders are to be 
modelled using shell or plane stress elements. Symmetric girder flanges may be modelled by beam 
or truss elements. The element height of girder webs must not exceed one-third of the web height. 
In way of small openings in girder webs the web thickness is to be reduced to a mean thickness over 
the web height. Large openings are to be modelled. Stiffeners may be modelled by using shell, 
plane stress, or beam elements. Stresses are to be read from the centre of the individual element. For 
shell elements the stresses are to be evaluated at the mid plane of the element. 

5.6 Corrosion addition of the fittings 
5.6.1 
 The corrosion addition, tc, of the fittings is not be less than the following values: 

(a) For pedestals and foundations on deck which are not part of a fitting according to an 
accepted industry standard, 2.0 mm. 

(b) For shipboard fittings not selected from an accepted Industry standard, 2.0 mm. 
5.6.2 
 In addition to the corrosion addition the wear allowance, tw, for shipboard fittings not selected 
from an accepted Industry standard is not to be less than 1.0 mm, added to surfaces which are 
intended to regularly contact the line. 

5.7 Towing and mooring arrangements plan 
5.7.1 
 The SWL and TOW for the intended use for each deck fitting is to be stated in the towing and 
mooring arrangements plan available onboard for the guidance of the Master. 
 It is to be noted that TOW is the load limit for towing purpose and SWL that for mooring 
purpose. 
 For each deck fitting, the following is to be included on the arrangement plan: 

(a) Location on the ship, 
(b) Fitting type, 
(c) SWL and or TOW, 
(d) Purpose (mooring, harbour towing, other towing), 
(e) Manner of applying towing or mooring line load including limiting fleet angles. 

 Item (c) with respect to items (d) and (e), is subject to approval by the Society. 
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5.7.2 
 The information provided on the plan is to include: 

(a) The arrangement of mooring lines showing number of lines (N), 
(b) The minimum breaking strength of each mooring line (MBL), 
(c) The acceptable environmental conditions: 

・ 30 second mean wind speed from any direction 
・ Maximum current speed acting on bow or stern (±10°). 

 This information is to be incorporated into the pilot card in order to provide the pilot with 
proper information on harbor and other towing operations. 
5.7.3 
 The towing and mooring arrangements plan is to define the method of use of towing lines 
and/or mooring lines. 
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Chapter 12 CONSTRUCTION 

Section 3 DESIGN OF WELD JOINTS 

2. Tee or Cross Joint 

Title of Paragraph 2.4 has been amended as follows. 

2.4 Partial and or Full Penetration Welds 
 
Paragraph 2.4.4 has been amended as follows. 
 
2.4.4 Extent of full or partial penetration welding 
 The extent of full or partial penetration welding in each particular location listed in 2.4.5 and 
2.4.6 is to be approved by the Society. However, the minimum extent of full/partial penetration 
welding from the reference point (i.e. intersection point of structural members, end of bracket toe, 
etc.) is not to be taken less than 300 mm, unless otherwise specifically stated. 
 
Paragraph 2.4.5 has been amended as follows. 
 
2.4.5 Locations required for full penetration welding 
 Full penetration welds are to be used in the following locations and elsewhere as required by 
the rules, see Fig. 3: 

(a) Floors to hopper/inner bottom plating in way of radiused hopper knuckle. 
(b) Radiused hatch coaming plate at corners to deck. 
(c) Connection of vertical corrugated bulkhead to the lower hopper plate and to the inner 

bottom plate within the cargo hold region, when the vertical corrugated bulkhead is 
arranged without a lower stool. 

(d) Connection of structural elements in the double bottom in line with corrugated bulkhead 
flanges to the inner bottom plate, when the vertical corrugated bulkhead is arranged 
without a lower stool. 

(e) Connection of vertical corrugated bulkhead to the lower hopper plate, and connection of 
structural elements in the lower hopper area in line with corrugated bulkhead flanges to 
the lower hopper plate, where connections are clear of lower stools.  

(df) Connection of vertical corrugated bulkhead to top plating of lower stool. 
(g) Corrugated bulkhead lower stool side plating to lower stool top plate. 
(h) Corrugated bulkhead lower stool side plating to inner bottom. 
(i) Connection of structural elements in double bottom to the inner bottom plate in holds 

intended for the carriage of liquid at sea with a distance of 300 mm from the side plating 
of the lower stool, see Fig. 3.  

(ej) Edge reinforcement or pipe penetration both to strength deck, sheer strake and bottom 
plating within 0.6LCSR amidships, when the dimensions of the opening exceeds 300 mm. 

(fk) Abutting plate panels with as-built thickness less than or equal to 12 mm, forming outer 
shell boundaries below the scantling draught, including but not limited to: sea chests, 
rudder trunks, and portions of transom. For as-built thickness greater than 12 mm, partial 
penetration in accordance with 2.4.2. 

(gl) Crane pedestals and associated bracketing and support structure. 
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(hm) For toe connections of longitudinal hatch coaming end bracket to the deck plating, full 
penetration weld for a distance of 0.15 Hc from toe of side coaming termination bracket 
is required, where Hc is the hatch coaming height. 

(in) Rudder horns and shaft brackets to shell structure. 
(jo) Thick flanges of long transverse web frames to side web frames. Thick flanges of long 

longitudinal girder to bulkhead web frames. 
 
Paragraph 2.4.6 has been amended as follows. 
 
2.4.6 Locations required for full or partial penetration welding 
 Partial penetration welding as defined in 2.4.2, is to be used in the following locations. 
Additional locations may be required based on other criteria, such as fatigue assessment as given in 
Ch 9 (see examples in Fig. 3): 

(a) Connection of hopper sloping plate to longitudinal bulkhead (inner hull). 
(b) Longitudinal/transverse bulkhead primary supporting member end connections to the 

double bottom. 
(c) Corrugated bulkhead lower stool side plating to lower stool top plate. 
(d) Corrugated bulkhead lower stool side plating to inner bottom. 
(ec) Corrugated bulkhead lower stool supporting floors to inner bottom. 
(fd) Corrugated bulkhead gusset and shedder plates. 
(ge) Lower 15% of the length of built-up corrugation of vertical corrugated bulkheads 
(hf) Structural elements in double bottom below bulkhead primary supporting members and 

stool plates, except in way of 2.4.5(i). 
(ig) Lower hopper plate to inner bottom. 
(jh) Horizontal stringers on bulkheads in way of their bracket toe and the heel. 
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Fig. 3 has been amended as follows. 
 

Fig. 3 High Stress Areas Welding (examples) 
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2.5 Weld Size Criteria 
 
Paragraph 2.5.2 has been amended as follows. 
 
2.5.2 
 The leg length, leg  in mm, of continuous, lapped or intermittent fillet welds is not to be 

taken less than the greater of the following values: 

builtasleg tff  21  

gapbuiltasweldydleg ttffff  32  

leg  as given in Table 1. 

where: 
f1: Coefficient depending on welding type: 

30.01 f  for double continuous welding. 

38.01 f  for intermittent welding. 
f2: Coefficient depending on the edge preparation: 

0.12 f  for double continuous welding welds without bevelling. 

70.02 f  for partial penetration welds with one/both side bevelling and f = tas-built /3.  
fyd: Coefficient not to be taken less than the following: 
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ReH_weld : Specified minimum yield stress for the weld deposit in N/mm2, not to be less than: 
ReH_weld = 305 N/mm2 for welding of normal strength steel with ReH = 235 N/mm2. 
ReH_weld = 375 N/mm2 for welding of higher strength steels with ReH from 265 to 355 

N/mm2. 
ReH_weld = 400 N/mm2 for welding of higher strength steel with ReH = 390 N/mm2. 

300mm
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fweld: Weld factor dependent on the type of the structural member, see Table 2, Table 3 and 
Table 4. 

k: Material factor of the abutting member. 
f3: Correction factor for the type of weld: 

0.13 f  for double continuous weld. 

weld3 /ctrsf   for intermittent or chain welding. 

sctr: Distance between successive fillet welds, in mm. 
 
Table 4 has been amended as follows. 
 

Table 4 Weld Factors for Primary Supporting Members 

Hull 
structural 
member 

Connection 
fweld 

Of To 

Primary  
supporting 
 member 

Web plate 

Shell plating, deck 
plating, inner bottom 

plating, bulkhead 

Within 15% of shear span at ends Within end 15% of 
shear span and extending to end of member 

0.48 

Elsewhere 0.38 

Face plate 

In tanks/holds 
Members located within 0.125LCSR from fore peak 

0.38 

Elsewhere if cross section area of face plate exceeds 
65 cm2 

0.38 

Elsewhere 0.24 

End connections 
In way of boundaries of ballast and cargo tanks 0.48 

Elsewhere 0.38 

 
Table 5 has been amended as follows. 
 

Table 5 Connections of Bilge Keels 

Structural items being joined 
Leg length of weld, in mm 

At ends(1) Elsewhere 

Ground bar to the shell 0.62 t1as built 0.48 t1as built 

Bilge keel web to ground bar 0.48 t2as built 0.30 t2as built 

t1as_built : As-built thickness of ground bar, in mm. 
t2as_built : As-built thickness of web of bilge keel, in mm. 

(1) Zone “B” in Fig. 19 and Fig. 20 in Pt 1 Ch 3 Sec 6 for definition of “ends” 
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Chapter 13 SHIP IN OPERATION – RENEWAL CRITERIA 

Section 1 PRINCIPLES AND SURVEY REQUIREMENTS 

1. Principles 

1.3 Requirements for Documentation 
 
Paragraph 1.3.2 has been amended as follows. 
 
1.3.2 Hull girder sectional properties 
 The Midship section plan to be supplied onboard the ship is to include the minimum required 
hull girder sectional properties, as defined in Ch 5, Sec 1, for the typical representative transverse 
sections of all cargo holds. 
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Part 2 SHIP TYPES 

Chapter 1 BULK CARRIERS 

Section 3 HULL LOCAL SCANTLING 

1. Cargo Hold Side Frames of Single Side Bulk Carriers 

1.4 Provided Support at Upper and Lower Connections of Side Frames 
 
Paragraph 1.4.2 has been amended as follows. 
 
1.4.2 Net connection area of brackets 
 The net connection area, Ai, in cm2, of the lower or upper connecting bracket to the i-th 
supporting longitudinal stiffener is not to be taken less than to comply with the following formula: 

3

lg,
2
1

104.0 
i

bkti
i

k

ksZ
A


 

 
 

i
SFTibkteHii PsRdA 32

, 1002.0   

where: 
Zi : Net section modulus, in cm3, of the i-th longitudinal stiffener on the side or 

hopper/topside tank supporting the lower/upper end connecting bracket of the side 
frame, as applicable. 

1  : As defined in 1.4.1. 
kbkt : Material factor for the bracket. 
klg,i : Material factor for the i-th longitudinal stiffener. 
Ai :  The offered net connection area of the bracket connecting with the i-th longitudinal 

stiffener, in cm2. 

Tid , : As defined in 1.4.1. 

ibkteHR , : The specified minimum yield stress of the bracket connecting with the i-th 

longitudinal stiffener, in N/mm2, 
s  :   The space of the side frame, in mm. 

4. Allowable Hold Loading for BC-A & BC-B Ships in Flooded Conditions 

4.1 Evaluation of Double Bottom Capacity and Allowable Hold Loading 
 
Paragraph 4.1.4 has been amended as follows. 
 
4.1.4 Allowable hold loading 
 The allowable hold loading, in t, is to be taken as: 
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F
VW c

1  

where: 
(Omitted) 

st  : Density of steel, in t/m3, to be taken as 7.87.85. 



 

71 

Section 5 CARGO HATCH COVERS 

7.  Weathertightness, Closing Arrangement, Securing Devices and Stoppers 

7.2 Gaskets 
 
Paragraph 7.2.1 has been amended as follows. 
 
7.2.1  
 The weight of hatch covers and any cargo stowed thereon, together with inertia forces 
generated by ship motions, are to be transmitted to the ship’s structure through steel to steel contact. 
 This may be achieved by providing continuous skirt plates on the hatch covers or by means of 
defined bearing pads. 
 
 
 
 
 

EFFECTIVE DATE AND APPLICATION 
 
1. The effective date of the amendments is 1 July 2018. 
2. Notwithstanding the amendments to the Rules, the current requirements apply to ships for 

which the date of contract for construction* is before the effective date. 
3. Notwithstanding the provision of preceding 2., the amendments to the Rules may apply to 

ships for which the date of contract for construction* is before the effective date upon request. 
* “contract for construction” is defined in the latest version of IACS Procedural Requirement 

(PR) No.29. 
 

IACS PR No.29 (Rev.0, July 2009) 
 
1. The date of “contract for construction” of a vessel is the date on which the contract to build the vessel is signed between the prospective 

owner and the shipbuilder. This date and the construction numbers (i.e. hull numbers) of all the vessels included in the contract are to be 
declared to the classification society by the party applying for the assignment of class to a newbuilding. 

2. The date of “contract for construction” of a series of vessels, including specified optional vessels for which the option is ultimately exercised, 
is the date on which the contract to build the series is signed between the prospective owner and the shipbuilder. 

 For the purpose of this Procedural Requirement, vessels built under a single contract for construction are considered a “series of vessels” if 
they are built to the same approved plans for classification purposes. However, vessels within a series may have design alterations from the 
original design provided: 
(1) such alterations do not affect matters related to classification, or 
(2) If the alterations are subject to classification requirements, these alterations are to comply with the classification requirements in effect 

on the date on which the alterations are contracted between the prospective owner and the shipbuilder or, in the absence of the alteration 
contract, comply with the classification requirements in effect on the date on which the alterations are submitted to the Society for 
approval. 

 The optional vessels will be considered part of the same series of vessels if the option is exercised not later than 1 year after the contract to 
build the series was signed. 

3. If a contract for construction is later amended to include additional vessels or additional options, the date of “contract for construction” for 
such vessels is the date on which the amendment to the contract, is signed between the prospective owner and the shipbuilder. The 
amendment to the contract is to be considered as a “new contract” to which 1. and 2. above apply. 

4. If a contract for construction is amended to change the ship type, the date of “contract for construction” of this modified vessel, or vessels, is 
the date on which revised contract or new contract is signed between the Owner, or Owners, and the shipbuilder. 

 
Note: 
This Procedural Requirement applies from 1 July 2009. 
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