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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 JACS 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
Lcsg 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 rons, 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

J

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

y

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 Lcsg 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
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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 Pt1

2 Chapter Chapter 1 — Rule General Principle Ch1

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

22.1 Partl
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.
222 Part2
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
Part 1 General Hull Requirement Part 2 Ship Types
Topic Chapter Topic Chapter

Rule general principles 1 Bulk carriers 1

General arrangement design 2 Oil tankers 2

Structural design principles 3

Loads 4

Superstructures,
deckhouses and hull
outfitting
Af.t part & Cargo hold region Fore part
machinery space
Topic Chapter
\% Hull longitudinal strength 5 Topic Chapter
Topic Chapter Hull local scantling 6 Fore part 101
Machinery space 10.2 Direct strength analysis 7
Aft part 10.3 Buckling 8

Fatigue 9
Tank subject to sloshing 10.4
Superstructures,
deckhouses and hull 11
outfitting
Construction 12
Ship in operation 13

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.
2.42 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 Aftpart
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 0.045.
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

31 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 Lcsz 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 #m’ 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 #/#° 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 #/m”.
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/m’} for additional service features BC-4 and BC-B if the maximum cargo
density is less than 3.0 t/m’, 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-4, see also Ch 4, Sec 8, 4.1.
{Block loading} for additional service feature BC-4, 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 ¢ for ships with Legg > 250 m,
30 ¢ for ships with 200 m < Legg < 250 m,
20 ¢ 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.
222

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 /4CS 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.

Design Basis

General

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 Lcgg 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 Lcgz 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 Lcsz 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:
Lesg <500 m
Cz>0.6
Lcsg/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.

33 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.

34 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.
343 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.
352
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,
Tr.. and Tk, with and without ballast tanks in way filled.
Tr.. and Tryare 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 #/m’, 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 #/m°, 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 #/m’ 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.
3.83

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.
3.84

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 /ACS 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



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

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 (§+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 (/):
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 (4):
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:

Wow SR for condition A.
Weoiw +Wa <R for condition B.
where:

Wi Simultaneously occurring static loads (or load effects in terms of stresses).
Wi 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).
n,:  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 ..
Yotar-tWeiar T Vapn-Wapn < — for condition A.
R
R ..
Voaar2Waa + }/dynszdyn <— for condition B.
R
where:

V. . Partial safety factor that accounts for the uncertainties related to static loads.
Yami - Partial safety factor that accounts for the uncertainties related to dynamic loads.

7, - 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.

53 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, R,,;, Ts. and Cy are
applied to calculate the Rule load values.

The probability level of the dynamic global, local and impact loads (see Table 1) is 10 and is derived using the
long-term statistical approach.

The probability level of the sloshing loads (see Table 1) is 10™.

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 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, Cp, 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:



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

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

Static and dynamic loads in heavy weather S+D AC-SD
_ Impact
Impact loads in heavy weather 0 AC-1
Transit ) SlOShil’lg
Internal sloshing loads AC-S
(SL)
. Fatigue
Cyclic wave loads -
(F)
BWE by flow
through or . . .
. Static and dynamic loads in heavy weather S+D AC-SD
sequential
methods
Harbour and sheltered operations
Loading,

) Typical maximum loads during loading,
unloading and . . . N AC-S
unloading and ballasting operations

ballasting
. Typical maximum loads during tank testing
Tank testing . S AC-S
operations
. Typical maximum loads during special
Special

o ) operations in harbour, e.g. propeller
conditions in . . . . S AC-S
inspection afloat or dry-docking loading

harbour .

conditions
Accidental condition

Typically maximum loads on internal

Flooded . o . . AC-SD

o watertight subdivision structure in accidental A

conditions . AC-S

flooded conditions
5.4 Acceptance Criteria

54.1 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 5to 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
Plate panels and local support Pri " bers) Hull gird b
rimary supporting members ull girder members
Acceptance members® ¥y supp g g
criteria
Yield Buckling Yield Buckling Yield Buckling
L. Control of
o Permissible . Allowable
Permissible Control of stiffness and o .
. stress: . Permissible buckling
AC-S stress: stiffness and proportions: o
. Ch 6, Sec 6 stress: utilisation
AC-SD Ch 6, Sec 4 proportions: Ch 8, Sec 1
Pt2,Ch 1, Sec4 Ch 5, Sec 1 factor:
Ch 6, Sec 5 Ch 8, Sec 2 Ch 8, Sec 2
Pt2,Ch2,Sec3 | . . Ch8,Sec1,3
Pillar buckling
Control of
Control of .
) stiffness and
o stiffness and o ]
Plastic criteria: ) Plastic criteria: proportions:
AC-1I proportions: N/A N/A
Ch 10, Sec 1,3 Ch 10,Sec 1,3 | Ch8, Sec2
Ch 8, Sec 2
Ch 10, Sec 1,
Ch 10,Sec 1,3
3
(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 Cargo hold analysis Fine mesh analysis
criteria Yield Buckling Yield
o Allowable buckling Permissible Von Mises stress:
AC-S Permissible stress: o
utilisation factor: Ch 7,Sec3,6
AC-SD Ch 7, Sec 2,5 . o
Ch 8,Sec 1,3 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.
(¢) 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 Class characteristics
Transverse sections Ship’s main dimensions
Shell expansion Minimum ballast draught
Decks and profiles Frame spacing
Double bottom Maximum service speed
Pillar arrangements Density of cargoes
Framing plan Design loads on decks and double bottom
Deep tank and ballast tank bulkheads, Wash | Steel grades
bulkheads Corrosion protection
Standard construction details 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 Openings and their closing appliances, if any
Watertight tunnels
Fore part structure -
Aft part structure -
Machinery space structures Type, power and RPM of propulsion machinery

Foundations of propulsion machinery and boilers | Mass and centre of gravity of machinery and boilers

Superstructures and deckhouses Extension and mechanical properties of the aluminium alloy used

Machinery space casing (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 ")

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

vents 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.

222

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)
(b)
(c)
(d)
(e)
®

(@
223

As
(a)

(b)
(©)
(d)
(e)

®
(2

(h)
(i)

General arrangement.
Capacity plan, indicating the volume and position of the centre of gravity of all compartments and tanks.
Lines plan, when deemed necessary by the Society.
Hydrostatic curves.
Lightweight distribution.
Docking plan.
Arrangement of lifting appliances

Plans and instruments to be supplied onboard the ship

a minimum, the following plans and instrument are to be supplied onboard:
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.
One copy of the final approved loading manual, see 2.1.1.
One copy of the final approved loading instrument, see 2.1.1.
Welding.
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.
Details and information on use of special materials, such as an aluminium alloy, used in the hull
construction.
Towing and mooring arrangements plan, see Ch 11, Sec 3.
Structural access manual.
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.
3.13

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

Area m’
A

Sectional area of stiffeners and primary members cm®
C Coefficient -
F Force and concentrated loads kN

Hull girder inertia m'
! Inertia of stiffeners and primary members cm*
M Bending moment kNm
M Mass t
P Pressure kN/m?
(0] Shear force kN

Draught of ship, see 3.1.5 m

Hull girder section modulus m’
‘ Section modulus of stiffeners and primary supporting members cm’
a; Acceleration for the effect “7” m/s*

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/s* m/s*

Height m
h

Web height of stiffeners and primary supporting members mm
4 Length/span of stiffeners and primary supporting members m
n Number of items -

Radius mm
p

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
v Y coordinate along transverse axis, see 3.6 m
z Z coordinate along vertical axis, see 3.6 m
n Permissible utilisation factor (usage factor) -
Y Safety factor -
) Deflection/displacement mm
o Angle deg
P Density of seawater, taken equal to 1.025 #/m° i’
(o Normal stress N/mm*
T Shear stress N/mm?
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

Lesg Rule length m
L Freeboard length m
Lpp Length between perpendiculars m
Ly Rule length, Lcgz, but not to be taken less than 110 m m
L Rule length, Lcsz, but need not be taken greater than 250 m m
L, Rule length, Lcsz, 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
rm Ballast draught (minimum midship) m
Tpar-1 Heavy ballast draught m
TsarE Emergency ballast draught or gale ballast draught m
Tic Midship draught at considered loading condition m
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Table 2 Ship’s Main Data (Continued)

Symbol Meaning Units

T Minimum draught at forward perpendicular for bottom slamming, with respectively
f> e . . . m
fp e all ballast tanks full or with any tank empty in bottom slamming area

A Moulded displacement at draught 7s¢ t
Cp Block coefficient at draught T -
V Maximum service speed knot

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

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/mm?*
Shear modulus,
G G= E N/mm?
2(1+v)
R.y Specified minimum yield stress, see Ch 3, Sec 1, 2 N/mm*

Specified shear yield stress,

Teri _ Ry N/mm®
TeH -~
NE)
v Poisson’s ratio, see Ch 3, Sec 1, 2 -
k Material factor, see Ch 3, Sec 1, 2 -
R, Specified minimum tensile strength, see Ch 3, Sec 1, 2 N/mm?*
Ry Nominal yield stress, taken equal to 235/k N/mm?
23 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
C, Wave coefficient -
T, Roll period s
7 Roll angle deg
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Table 4 Loads (Continued)
Symbol Meaning Units
T, Pitch period s
7 Pitch angle deg
a, Common acceleration parameter -
a, Vertical acceleration m/s®
a, Transverse acceleration m/s*
a, Longitudinal acceleration m/s*
o Probability factor -
k. Roll amplitude of gyration m
GM Metacentric height m
A Wave length m
S Static load case -
S+D Dynamic load case -
P, Total sea pressure, see Ch 4, Sec 5, 1.1 KN/m?
P, Total internal pressure due to liquid, see Ch 4, Sec 6, 1, or due to dry bulk cargo, N/
see Ch 4, Sec 6, 2.4.1
P, Static sea pressure KN/m?
P Static tank pressure KN/m?
P, Dynamic wave pressure kN/m?
P Dynamic tank pressure kN/m?
Pp Green sea deck pressure kN/m*
Py Sloshing pressure, j=direction kN/m?
P, Total pressure due to distributed load on deck or platform, see Ch 4, Sec 5, 2.3 or N/
Ch 4, Sec 6, 5.2
P Bottom slamming pressure kN/m?
Prp Bow impact pressure kN/m*
Py Static pressure in flooded conditions kN/m*
Py Dynamic pressure in flooded conditions kN/m?
Pgr Tank testing pressure (static) kN/m?
F, Total force due to concentrated load on deck or platform, see Ch 4, Sec 5, 2.3 or e
Ch 4, Sec 6, 5.3
M,,.; Vertical still water bending moment, j = A, s, p (hog, sag, harbour) kNm
Osw Vertical still water shear force kN




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

Table 4 Loads (Continued)
Symbol Meaning Units
M, ; Vertical wave bending moment, j = 4, s (hog, sag) kNm
Oy Vertical wave shear force kN
M, Torsional wave moment kNm
M., 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

Lns0 Net vertical moment of inertia of hull girder m*
L0 Net horizontal moment of inertia of hull girder m’
ZD-n500 ZB-n50 Net vertical hull girder section moduli, at deck and bottom respectively m
Zy, 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

( Span of stiffeners or primary supporting member (see Ch 3, Sec 7, 1) m
0, Bracket arm length m
t Net thickness with full corrosion reduction mm
1450 Net thickness with half corrosion reduction mm
1. Corrosion addition mm
lgr Gross thickness mm
Las built As built thickness mm
lor off Gross thickness offered mm
lor reg Gross thickness required mm
oy Net thickness offered mm
lreq Net thickness required mm
Lyol add Thickness for voluntary addition mm
Lres Reserve thickness mm
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Table 5 Scantlings (Continued)
Symbol Meaning Units
ety ben Corrosion addition on each side of structural member mm
hy, Web height of stiffener or primary supporting member mm
ty Web thickness of stiffener or primary supporting member mm
by Face plate width stiffener or primary supporting member mm
hyy Height of stiffener mm
tr Face plate/flange thickness of stiffener or primary supporting member mm
t Thickness of the plating attached to a stiffener or a primary supporting member mm
d, Distance from the upper edge of the web to the top of the flange for L3 profiles mm
by Effective breadth of attached plating, in bending, for yield and fatigue mm
g0t A Net‘ sectiona.l area of stiffeners or primary supporting members, with attached ont?
plating (of width s)
Agpy 0ot Agprnso Net shear sectional area of stiffeners or primary supporting members cem?
1, Net polar moment of inertia of stiffener about its connection to plating cm'*

Net moment of inertia of the stiffener, with attached shell plating, about its neutral

axis parallel to the plating

Net section modulus of a stiffener or primary supporting member with attached
Zor Z,s5 . cm
plating (of breadth b,)

3. Definitions

3.1 Principal Particulars
3.1.1  Lcs, Rule length

The Rule length L. is the distance, in m, measured on the waterline at the scantling draught 7sc from the
forward side of the stem to the centre of the rudder stock. L¢g 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 L 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 L, freeboard length

The freeboard length L;;, 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 Z;; 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
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the total length

3.1.3  Moulded breadth

The moulded breadth B is the greatest moulded breadth, in m, measured amidships at the scantling draught, T'sc.
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 Ts¢ 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.

T4, 1s 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.

T4z 1s 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 ¢, corresponds to the underwater volume of the ship, at a draught, in seawater with a
density of 1.025 #/n’.

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

Cj, the block coefficient at the draught, Ts¢ is defined in the following equation:
A

B 1.025L 54 BT,

where:
A : Moulded displacement of the ship at draught Tc.
3.1.9 Lightweight
The lightweight is the ship displacement, in #, 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.
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3.1.10 Deadweight
The deadweight DWT is the difference, in ¢, between the displacement, at the summer draught in seawater of
density p =1.025¢/m’, and the lightweight.

3.1.11 Fore end
The fore end (FE) of the rule length Lcsz, see Fig. 2, is the perpendicular to the scantling draught waterline at the
forward side of the stem.

Fig. 2 Ends and Midship
Midship FE

|
B & )

Los/2 Lese/2

A A

3.1.12 Aftend

The aft end (4F) of the rule length Lcgr, see Fig. 2, is the perpendicular to the scantling draught waterline at a
distance Ly aft of the fore end.
3.1.13 Midship

The midship is the perpendicular to the scantling draught waterline at a distance 0.5L sz aft of the fore end.
3.1.14 Midship part

The midship part of a ship is the part extending 0.4L sz amidships, unless otherwise specified.
3.1.15 Forward freeboard perpendicular

The forward freeboard perpendicular, FP;,, is to be taken at the forward end of the length L;; and is to coincide
with the foreside of the stem on the waterline on which the length L;; is measured.
3.1.16 After freeboard perpendicular
The after freeboard perpendicular, AP;;, is to be taken at the aft end of the length L;;.

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 0.25L;; from FP;;.
3.2.2  Position 2
Position 2 includes:
Exposed superstructure decks situated aft of 0.25L;; from FP;; and located at least one standard height of
superstructure above the freeboard deck.
Exposed superstructure decks situated forward of 0.25L;; from FP;; and located at least two standard
heights of superstructure above the freeboard deck.

33 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

Standard height Ag, in m

Freeboard length L;;, in m
Raised quarter deck All other superstructures
90 <L;; <125 0.3+0.012 L, 1.05+0.01 L,
Ly, > 125 1.80 2.30

332
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.

34 Type A and Type B Freeboard Ships
3.4.1 Type 4 ship
Type A4 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 4 ship is to be assigned a freeboard following the requirements specified in the /CLL.
34.2 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 /CLL.
3.43 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 /CLL
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.
344 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.
3.52  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 Lcgz 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
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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
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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
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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.
A device which is attached to anchor chain at one end and lowered into the sea bed to hold a
Anchor 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.
. A piece of plate set perpendicular to a ship’s shell along the bilges to reduce the rolling
Bilge keel .
motion.
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,
Bilge plating

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.

An elevated superstructure having a clear view forward and at each side, and from which a

Bridge .
ship is steered.
Buckling panel Elementary plate panel considered for the buckling analysis.
Build The party contracted by the owner to build a ship in compliance with the specifications
uilder
including Rules.
A stiffener utilising an increase in steel mass on the outer end of the web instead of a separate
Bulb profile
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
The uppermost continuous deck to which transverse watertight bulkheads and shell are
Bulkhead deck

carried.

Bulkhead stool

The lower or upper base of a corrugated bulkhead.

Bulkhead structure

The transverse or longitudinal bulkhead plating with stiffeners and girders.

The vertical plating immediately above the upper edge of the ship’s side surrounding the

Bulwark 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.
. A device for securing the chain cable when riding at anchor as well as securing the anchor in
Chain stopper L . T . .
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.
A patch used to, partly or completely, close a hole cut for a longitudinal stiffener passing
Collar plate
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.
Large transverse structural members joining longitudinal bulkheads or joining a longitudinal
Cross ties 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.

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

Deep tank .
higher.
A party who creates documentation submitted to the Society necessary for approval or for
Designer information. The designer can be the builder or a party contracted by the builder or owner to
create this documentation.
. Any piping leading through the ship’s sides for conveying bilge water, circulating water,
Discharges .
drains etc.
. A bracket located in the double bottom to locally strengthen the bottom structure for the
Docking bracket

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.

Elementary plate panel, the smallest plate element surrounded by structural members, such as

EPP .
stiffeners, PSM, bulkheads, etc.
. lat The section of a stiffening member attached to the plate via a web and is usually parallel to
ace plate
P the plated surface.
- The section of a stiffening member, typically attached to the web, but is sometimes formed by
ange
& 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.
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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.

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

Gangway .
between the bridge and poop.
Girder A collective term for primary supporting structural members.
Gud A block with a hole in the centre to receive the pintle of a rudder; located on the stern post, it
udgeon
£ 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
usse

members.

Hatch cover

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

Openings, generally rectangular, in a ship’s deck affording access into the compartment

Hatchways
below.
H . Steel pipe through which the hawser or cable of anchor passes, located in the ship's bow on
awse pipe
PP either side of the stem, also known as spurling pipe.
Hawser Large steel wire or fibre rope used for towing or mooring.
. Plating running the length of a compartment sloping between the inner bottom and vertical
Hopper plating . . o
portion of inner hull longitudinal bulkhead.
HP Bulb profile in accordance with the Holland profile standard.
14CS 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.
The main structural member or backbone of a ship running longitudinally along the centreline
Keel of the bottom. Usually a flat plate stiffened by a vertical plate on its centreline inside the
shell.
Keel i Keel line is the line parallel to the slope of the keel intersecting the top of the keel at
eel line

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.
. The outboard strake of the inner bottom and when turned down at the bilge the margin plate

Margin plate .

(or girder) forms the outer boundary of the double bottom.

IMO International Convention for the Prevention of Pollution from Ships, 1973 and Protocol
MARPOL

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.
The party that has assumed all duties and responsibilities for registration and operation of the
o ship and who on assuming such responsibilities has agreed to take over all the duties and
wner
responsibilities on delivery of the ship from the builder with valid certificates prepared for the
owner.
pill A vertical support placed between decks where the deck is unsupported by the shell or
illar
bulkhead.
The void space running in the midships fore and aft lines between the inner bottom and shell
Pipe tunnel plating forming a protective space for bilge, ballast and other lines extending from the engine
room to the tanks.
Plat ! Unstiffened plate surrounded and supported by structural members, such as stiffeners, PSM,
ate pane
P 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

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

PSM 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.

Scutfl A small opening in a deck or elsewhere, usually fitted with a cover or lid or a door for access
cuttle

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.

A deck opening fitted with or without a glass port light and serving as a ventilator for engine

Skylight
room, quarters, etc.
Slob tank A tank in an oil tanker which is used to collect the oil and water mixtures from cargo tanks
op tan
P 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.
The heavy strength members attached to the after end of a hull to form the ship’s stern. It
Stern frame .
includes rudder post, propeller post, and aperture for the propeller.
Stern tub A tube through which the shaft passes to the propeller; and acts as an after bearing for the
ern tube
shafting. It may be water or oil lubricated.
Stiffener A collective term for secondary supporting structural members.
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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, F'O, 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 st.retches aloTlg 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.

T . All transverse material appearing in a cross section of the ship's hull, in way of a double
ransverse rin;
€ 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.

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

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.

2.13

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
221

Requirements Specific to Oil Tankers

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
23.1

Requirements Specific to Bulk Carriers

The loading manual is to contain the loading conditions described in Ch 4, Sec 8, 4.

This requirement applies in addition to 2.1.

232

The loading manual is to describe:

233

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.

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.
4.14
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.
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@

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 "’
90 < Legp < 105 4
105 < Legg < 120 5
120 < Legp < 145 6
145 < Legg < 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 1I-1, Reg 13-1 of SOLAS Convention, as amended.
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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
0.05L;; or 10 m, whichever is less, and except as may be permitted by the Administration, 0.08L;; or 0.05L;; + 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 L;; coincides with
the forward side of stem, on the waterline which Z,; is measured. For ships with bulbous bows, it is to be measured
from the forward end of Z;; a distance x forward; where x is to be taken as the lesser of the following:

(a) Half the distance, from FP;; to the extreme forward end of the bulb extension.

(b) 0.015L;;.

(¢) 3.0m.

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.
222

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.
3.12

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.
3.13

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.
3.14

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 1I-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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23 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.

24 Small Wells in Double Bottom Tank
24.1

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, W, in m, is to be taken as the lesser of:
DWT

W, =05+
20,000

but not less than 1.0

W, =20
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, W, 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, 7, (m), excluding any hogging or sagging
correction, is not to be less than:

Twia =2.0+0.02 L,

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.
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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 /[ACS 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/mm?* 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/mm’ 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 R.y, specified minimum yield | R, specified tensile strength,
With Z45 puine < 100 mm stress, in N/mm* in N/mm?
A-B-D-E 235 400 — 520
AH32-DH32-EH32-FH32 315 440 - 570
AH36-DH36-EH36-FH36 355 490 — 630
AHA0-DHAQ-EHA0-FHAQ 390 510 — 660

2.13

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 R.j; other than 235 N/mm” 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 R,.

For intermediate values of R,y, k is obtained by linear interpolation.

Steels with a specified minimum yield stress R.;, greater than 390 N/mm”* are considered by the Society on a
case-by-case basis.

Table 2 Material Factor, k
Ry, specified minimum yield stress, in Nimm* 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

Al. Longitudinal bulkhead strakes, other than those belonging to the

Primary categor
4 o - Class I within 0.4L sz amidships

A2. Deck plating exposed to weather, other than that belonging to the . o
- Grade A/AH outside 0.4L sz amidships

Secondary

Primary or Special category
A3. Side plating

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| - Class II within 0.4L sz amidships

Primary

deck, excluding hatch coamings - Grade A/AH outside 0.4L sz amidships
B4. Uppermost strake in longitudinal bulkhead
BS5. Vertical strake (hatch side girder) and uppermost sloped strake in
topside tank

C1. Sheer strake at strength deck ™ L L
- Class III within 0.4L sz amidships

C2. Stringer plate in strength deck " . o
- Class II outside 0.4L gz amidships

C3. Deck strake at longitudinal bulkhead, excluding deck plating in way

- Class I outside 0.6L sz amidships
of inner-skin bulkhead of double-hull ships " o P

- Class III within 0.4L sz amidships

C4. Strength deck plating at outboard corners of cargo hatch openings . o
. . . . o - Class II outside 0.4L gz amidships
for ships with hatch opening configurations similar to those of . o
. . - Class I outside 0.6L sz amidships
container carriers

- Min. Class III within cargo hold region

- Class III within 0.6L sz amidships

C5. Strength deck plating at corners of cargo hatch openings o .
- Class II within rest of cargo hold region

Special

C6. Bilge strake of ships with double bottom over the full breadth and| - Class II within 0.6L sz amidships
with length less than 150 m - Class I outside 0.6L sz amidships

- Class III within 0.4L gz amidships
C7. Bilge strake in other ships " - Class II outside 0.4L sz amidships
- Class I outside 0.6L sz amidships

C8. Longitudinal hatch coamings of length greater than 0.15Lcgg| - Class Il within 0.4L sz amidships
including coaming top plate and flange - Class II outside 0.4L sz amidships

C9. End brackets and deckhouse transition of longitudinal cargo hatch| - Class I outside 0.6L sz amidships
coamings - Not to be less than Grade D/DH

(1) Single strakes required to be of class III within 0.4Lsz amidships are to have breadths not less than 800+5L gz, 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 . o
. h Grade B/AH within 0.4L sz amidships
streng

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

Single side strakes for ships without inner continuous longitudinal

Grade B/AH within cargo hold region
bulkhead(s) between bottom and the strength deck
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Table 5 Minimum Material Grades for Ships with Length Exceeding 250 m
Structural member category " Material grade
Shear strake at strength deck Grade E/EH within 0.4L sz amidships
Stringer plate in strength deck Grade E/EH within 0.4L sk amidships
Bilge strake Grade D/DH within 0.4L sz amidships
(1) Single strakes required to be of Grade E/EH and within 0.4L sz amidships are to have breadths not less than 800+5
Lcsg (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 (@ Grade D/DH

Side shell strakes included totally or partially between the two points located

to 0.1257 above and below the intersection of side shell and bilge hopper Grade D/DH

sloping plate or inner bottom plate ®

(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 ¢ above the intersection of side shell and bilge hopper sloping plate or inner bottom plate.

(2) The span of the side frame, ¢, 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, I and 111
Class I I 1
As-built
_ _ MS HT MS HT MS HT
thickness, in mm
<15 A AH A AH A AH
15<1<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<¢<35 B AH D DH E EH
35<t<40 B AH D DH E EH
40<¢<50 D DH E EH E EH
232
For strength members not mentioned in Table 3 to Table 7, Grade A/AH may be used upon agreement of the
Society.
233

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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24 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.
3.12

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.
3.13

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, R,, = 400 N/mm’, in accordance with the applicable requirements of Part K.
332

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/mm" and the Poisson’s
ratio equal to 0.33.
4.14

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.
422
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.
423
Extruded plating is to be oriented so that the stiffeners are parallel to the direction of main stresses.
424
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).
432

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.
433

The as-welded properties of aluminium alloys of series 6000 are to be agreed by the Society.

4.4 Material Factor, k
44.1
The material factor, k for aluminium alloys is to be obtained from the following formula:
_ 235
- Ry,
where
Riim: Minimum guaranteed yield stress of the parent metal in welded condition R 2, in N/mmz, but not

to be taken greater than 70% of the minimum guaranteed tensile strength of the parent metal in

welded condition R, in N/mm’.

Rz Minimum guaranteed yield stress, in N/mni®, of material in welded condition.
R po2 = Th Rpo,z
R, Minimum guaranteed tensile strength, in N/mmr*, of material in welded condition.
R, =m,R,
Ryoa: Minimum guaranteed yield stress, in N/mn?®, of the parent metal in delivery condition.
R,: Minimum guaranteed tensile strength, in N/mm’, of the parent metal in delivery condition.

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

Aluminium alloy U U

Alloys without work-hardening treatment (series 5000 in annealed

condition O or annealed flattened condition AH111)

Alloys hardened by work hardening (series 5000 other than

R’y02/ R R,/ R,
condition O or H111) p0.2 7 1p0.2

Alloys hardened by heat treatment (series 6000) " R’p02/ Ryo2 0.6

(1)  When no information is available, coefficient 77, is to be taken equal to the metallurgical efficiency

coefficient f as defined in Table 10.

Table 10 Aluminium Alloys - Metallurgical Efficiency Coefficient g

Aluminium alloy Temper condition As-built thickness, in mm B
1<6 0.45
60054 (Open sections) TS5 or 76
t>6 0.40
60054 (Closed sections) 75 or T6 All 0.50
6061 (Sections) T6 All 0.53
6082 (Sections) 76 All 0.45

442
In the case of welding of two different aluminium alloys, the material factor, & 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.
452

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.

512

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.
522

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.

. Corrosion addition in mm.

ty- ©  Qross thickness in mm.

hgy : Height of stiffener or primary supporting member in mm.

h, :  Web height of stiffener or primary supporting member in mm.

ty, Web thickness of stiffener or primary supporting member in mm.

by Face plate width of stiffener or primary supporting member in mm.

o Face plate thickness of stiffener or primary supporting member in mm.

t, Thickness of the plating attached to a stiffener or to a primary supporting member in mm.

d, Distance in mm, from the upper edge of the web to the top of the flange for L3 profiles, see Fig. 3.
M|d, :  Distance in mm, for the extension of flange for L2 profiles, see Fig. 3.

las it As-built thickness, in mm, taken as the actual thickness provided at the newbuilding stage.

te ot Gross offered thickness, in mm, as defined in 1.2.2.

lg req:  Gross required thickness, in mm, as defined in 1.2.1.

Lo Net offered thickness, in mm, as defined in 1.2.3.

tim 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.

lreg: Net required thickness, in mm, as required in 1.3.1.

tvor aaa:  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 #,.

tres: Reserve thickness, in mm, taken equal to 0.5mm.

t., to: 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, ¢, of a structural element is required for structural strength in compliance with the design basis.
The corrosion addition, 7., 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.
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Scantlings of massive pieces made of steel forgings and steel castings.

Fig. 1 Net Scantling Approach Scheme
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1.2 Gross and Net Scantling Definitions

1.2.1  Gross required thickness

The gross required thickness, #y, ., iS the thickness obtained by adding the corrosion addition as defined in Ch 3,
Sec 3 to the net required thickness, as follows:
Lo reg =lreg +1
1.2.2  Gross offered thickness

The gross offered thickness, #,, o 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:

Lo o =las buin —Lvol aaa

1.2.3  Net offered thickness

The net offered thickness, 7, is obtained by subtracting the corrosion addition from the gross offered thickness,
as follows:

tvﬂ = [grioff - t(r = taxibui/t - [valiadd - tc

1.3 Scantling Compliance
1.3.1
The net required thickness, #,.,, is obtained by rounding the net thickness calculated according to the Rules to the
nearest half millimetre. For example:
For 10.75 < ¢ < 11.25 mm, the Rule required net thickness is 11.0 mm.
For 11.25 <¢<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



ClassNIC 2019 Rules for the Survey and Construction of Steel Ships (Part CSR-B&T Part 1 Chapter 3 Section 2)

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 t.
Thickness/sectional properties 1.
Local strength (plates, stiffeners, and hold frames) Stiffness / proportions / Buckling
I
capacity
Sectional properties 0.51,
Primary supporting members (prescriptive) Stiffness/proportions of web and
flange lc
Buckling capacity
Cargo tank/cargo hold 0.5 1.
Buckling capacity t.
Strength assessment by FEM
Local fine mesh 0.51,
Specified fine mesh areas 0.51,
Sectional properties 0.51,
Hull girder strength
Buckling capacity t.
Hull girder ultimate strength Sectional properties 0.5 7
Hull girder residual strength Buckling/collapse capacity 0.51¢,
. o . Hull girder section properties
Fatigue assessment (simplified stress analysis) 0.5 1.
Local support member
. ) Coarse mesh FE model
Fatigue assessment (FE Stress analysis) 0.5 ¢.

Very fine mesh portion




2019 Rules for the Survey and Construction of Steel Ships (Part CSR-B&T Part 1 Chapter 3 Section 2) CIaSSNI(

Fig. 2 Net Sectional Properties of Local Supporting Members
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Fig. 3 Net Sectional Properties of Local Supporting Members (Continued)
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Bulb and similar profiles

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 7. deducted from the surface of the profile cross-section.
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Section 3 CORROSION ADDITIONS

Symbols

t: Corrosion addition, in mm.
t.1, to . 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, 7., or 7.,, is specified in Table 1.
The total corrosion addition, 7., in mm, for both sides of the structural member is obtained by the following
formula:
t.=Roundups(t,, +1,)+1,,
For an internal member within a given compartment, the total corrosion addition, 7. is obtained from the
following formula:
t, = Roundup ,(2t.)+1,,
where ¢, is the value specified in Table 1 for one side exposure to that compartment.
Roundup,s (#) means that ¢ is rounded to the upper half millimetre.
The total corrosion addition, 7., in mm, for compartment boundaries and internal members made from stainless
steel, or aluminium is to be taken as:
t.=t, =05
In case of stainless clad steel, the corrosion additions, 7., for the carbon steel side and 7,,, for the stainless steel
side are respectively to be taken as:
+ 1, as specified for the corresponding compartment in Table 1
© 1s=0
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Table 1 Corrosion Addition for One Side of a Structural Member
Ic1 OT 1
Compartment BC-Aor
Structural member BC-B Other BC
type Oil tankers o i
ships with ships
Lcsg>150m
B @
Ballast water Within 3 m below top of tank 2.0
. Face plate of PSM
tank, bilge tank, Elsewhere 1.5
drain storage
tank, chain o | Within 3 m below top of tank @ 1.7
o Other members "
locker Elsewhere 1.2
Within 3 m below top of tank ¥ 1.7
Face plate of PSM
Elsewhere 1.4
Cargo oil tank Inner-bottom plating/bottom of tank 2.1 N/A
Within 3 m below top of tank ) 1.7
Other members
Elsewhere 1.0
Upper part © 2.4 1.0
Lower stool: sloping plate, vertical
Transverse bulkhead ; 5.2 2.6
plate and top plate ”
Other parts 3.0 1.5
Sloped plating of hopper tank, inner bottom plating 3.7 2.4
Dry bulk cargo Upper part
hold ® N/A
0 Webs and flanges of the upper end 18 1.0
brackets of side frames of single
side bulk carriers
Other members
Webs and flanges of lower brackets
of side frames of single side bulk 2.2 1.2
carriers
Other parts 2.0 1.2
Exposed to Weather deck plating 1.7
atmosphere Other members 1.0
Shell plating between the minimum design ballast draught
Exposed to : : : 1.5
P waterline and the scantling draught waterline
seawater
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 11 Or Ip

Spaces not normally accessed, e.g. access only via bolted
. s manhole openings, pipe tunnels, inner surface of stool space
Void spaces ® . 0.7
not common with a dry bulk cargo hold or ballast cargo hold,

etc.

Internals of machinery spaces, pump room, store rooms,
Dry spaces . 0.5
steering gear space, etc.

(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 Limit states

considered SLS ULS FLS ALS

Yielding Y Y - Y

Plastic collapse - Y - Y

Buckling Y Y - Y

Rupture - Y - Y

Fatigue cracking - - Y -

Brittle fracture ® - - - -

(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
: Yielding Buckling Ultimate .
Structural Elements Fatigue check
check check strength check
Local Stiffeners Y Y Y@ Y
Structures Plating Y A% y® _
Primary supporting members Y Y Y@ Y
Hull girder Y Y@ 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™ 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™ probability level.
2.2.3  Stiffeners
For the yielding check of stiffeners, the stress corresponds to a load at 10 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 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 probability level.
2.3.3  Stiffeners

The ultimate strength of stiffeners is to be checked against the loads at 10* 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 107 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 0.4Lcsz amidships and as far as practicable outside 0.4L sz 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.



ClassNIC 2019 Rules for the Survey and Construction of Steel Ships (Part CSR-B&T Part 1 Chapter 3 Section 6)

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
Section, in way of Horizontal girder at
typical hopper upper hopper knuckle
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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, See 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.
232

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.
3.12

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

7
Stiffener face plate to be
fitted on the side of the
open (larger) angle

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.
322

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.
323

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, #,, in mm, is to comply with the following:

Ry sy
t, > (2+fbk,ﬁ "7 and need not be greater than 13.5 mm.

eH —bkt
where:
Joie: Coefficient taken as:
Jfoie = 0.2 for brackets with flange or edge stiffener.
fore = 0.3 for brackets without flange or edge stiffener.
Z :Net required section modulus, of the stiffener, in cm’. In the case of two stiffeners connected, Z is the

smallest net required section modulus of the two connected stiffeners.

R, o+  Specified minimum yield stress of the stiffener material, in N/mm®.

R, ,.: Specified minimum yield stress of the bracket material, in N/mn:’.
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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, ¢, , in mm, taken as:

fZ
Loy = Cppag|—
L,

¢, 1s not to be taken less than:
£y, =1.8h,, 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.
© Uy, =2.0h, forother cases, see items (a), (b) and (d) in Fig. 3.

where:
¢, - Coefficient taken as:
¢, = 65 for brackets with flange or edge stiffener.
¢, = 10 for brackets without flange or edge stiffener.
Z  :Net required section modulus, for the stiffener, in cm’, as defined in 3.2.4.
t,  : 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
Loy 2 hy
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 /.

Fig. 3 Bracket Arm Length of Non-continuous Stiffeners
lhkt l bkt
Coe ot i -
Y ! ii
| hy=max(d,d,) E
d; i hstf’:r
A _
(a) (b)
"] ")
a |
' i
| e >
i i
, i
| |
\ I
| |
Il Ciie / Lo
Tne Eoe
(c) (d)

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 /,,, and each arm not to be less than 0.8 7, , where /,, 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, 4, , in mm, is not to be less than:

h, =451+ z but not less than 50 mm.
2000

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

33 Bracketless Connections
33.1

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

34 Sniped Ends
34.1

Sniped ends may be used where dynamic loads are small, provided the net thickness of plating supported by the
stiffener, 7,, is not less than:

s\sPk
Z, :cl\/(1000€——J T

where:

P : Design pressure for the stiffener for the design load set being considered, in kN/m”.
¢, : Coefficient for the design load set being considered, to be taken as:

¢ =12 for acceptance criteria set AC-S.

¢ =1.1 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.
3.42

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
431
Trlpplng 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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432
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.

433
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
g A
/
/
/
/
7
// b
/
/
4
G
/
/
/ ( Y
9 >

Tripping bracket in way of stiffener

Tripping brackets at the toe of end brackets Tripping brackets at the ends of continuous curved face plates

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

d=0.38b
d= 0.85b\/s—7’
t
where:
b :Height, in m, of tripping brackets, shown in Fig. 4.
s, : 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, A4 in cm?, of face plates of brackets is not to be less than:

A, =1y,
where:
¢, : 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.
¢, : 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.
4.43 Arrangement of end brackets

Where the length of free edge of bracket, ¢, , is greater than 1.5m, the web of the bracket is to be stiffened as
follows:

The net sectional area, in cm?, of web stiffeners is to be not less than 16.5 7, where ¢ 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

Arm length
(Bracket height)

ra -

Arm length

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

S

Bracket toe area
Face plate area

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.

512

The total depth of cut-outs without collar plate is to be not greater than 50% of the depth of the primary
supporting member.
5.13

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

|
|
|
|
|
|
AN 1

[ 2

R >0.2b but not less than 25 mm.
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Fig. 8 Symmetric and Asymmetric Cut-outs
Primary supporting Primary supporting
member web stiffener member web stiffener

A

(a) double lug or collar plates (b) slit type slot connection
Primary supporting Primary supporting
member web stiffener member web stiffener

(c) direct connection without (d) lug or collar plate and
lug or collar plate direct connection

Primary supporting
member web stiffener

(e) lug or collar plate and
direct connection

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
Auc=tusduc10?
Au=tysd 107
—~—
Avc=tystycl 0-2
Au=tysdy:107
‘y,w
— N
(a) Straight heel no bracket (b) Soft toe and soft heel

ch = chl + ch2
A=A, tA,;

] \
tws
_ 4 Max 15 mm
dwl
d,. )
dwz

twsZ

(c) Keyhole in way of soft heel

(d) Symmetrical soft toe brackets

Oy =d,; =4 +1t,, +t+0.4t, for angles and bulb flats

dye; =d,, =8+, + 2t +0.8t, for T bars

dwz T/

twsZ

(e) Primary supporting member web welded directly to stiffener flange

tusstwsistws2 - Net thickness of the primary supporting member web stiffener/backing bracket, in mm.
d,.d,i.dy Minimum depth of the primary supporting member web stiffener/backing bracket, in mm.
Ayyesdyer,dyer o Length of connection between the primary supporting member web stiffener/backing bracket and the stiffener,
in mm.
t;: Net thickness of the flange in mm. For bulb profile, #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.
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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, 7. 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, o, , 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.
522

The load, W, in kN, transmitted through the shear connection is to be taken as follows.

+ Ifthe web stiffener is connected to the intersecting stiffener:

4
W, =W|a, +——
4f A, + 4

+  Ifthe web stiffener is not connected to the intersecting stiffener:
W, =W
where:
w:  Total load, in kN, transmitted through the stiffener connection to the PSM taken equal to:

K s
PISI(SI - )"‘stz(sz - j
W= 2000 2000 1073

2
B P,: Design pressure applied on the stiffener for the design load set being considered, in kN/m?, on each

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

m.
5,5, Spacing of the stiffener, in mm, on each side of the considered connection.

a,:  Panel aspect ratio, not to be taken greater than 0.25.
s
a, =
1000S
S:&+&
2
s+,
2
A,:  Effective net shear area, in em?, of the connection, to be taken equal to:
A=Ay + 4,
In case of a slit type slot connections area, 4;, is given by:
A =24,
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In case of a typical double lug or collar plate connection area, 4, is given by:

A =24,

A,,: Net shear connection area, in cm?, excluding lug or collar plate, as given by:
A, =0,,107

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

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

A,.: Net shear connection area, in cm?, with lug or collar plate, given by:
A, = f,107

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

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

fi+ Shear stiffness coefficient, taken as:

/i =1.0, for stiffeners of symmetrical cross section.
f, =140/w, 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.
A,: Effective net cross sectional area, in cm’, 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, A, is to be measured at the throat of the connection, as

shown in Fig. 9.
f.:  Collar load factor taken equal to:

For intersecting stiffeners of symmetrical cross section:

f. =185 for 4, <14
f. =1.85-0.0441(4, —14) for 14< 4, <31
f.=1.1-0.013(4, -31) for 31< 4, <58
/. =0.75 for 4, >58

For intersecting stiffeners of asymmetrical cross section:

£ =0.68+0.0172 i

£ . Connection length equal to:
For a single lug or collar plate connection to the PSM:
gé' = /€C
For a single sided direct connection to the PSM:
gx = gd
In the case of a lug or collar plus a direct connection:
0.o=050,+10,)
523
The load, W,, in kN, transmitted through the PSM web stiffener is to be taken as:
If the web stiffener is connected to the intersecting stiffener:

W, =W|l-a, A
414, +4
If the web stiffener is not connected to the intersecting stiffener:
w,=0

The values of 4,4, and 4, 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: o, < o

perm

For the connection to the PSM web stiffener in way of the weld: o, <o

perm

For the shear connection to the PSM web: 7, <o

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

: Panel aspect ratio, as defined in 5.2.2.

o

K

N

N

- Effective net shear area, in cnr’, as defined in 5.2.2.
- Effective net cross sectional area, in cnr’, as defined in 5.2.2.

Q =

: Direct stress, in N/mmi*, in the PSM web stiffener at the minimum bracket area away from the weld

connection:
A
w A

w

(o2

o, : Direct stress, in N/mm’, in the PSM web stiffener in way of the weld connection:
_10W,
we A

we

(o2

7, : Shear stress, in N/mmr’, in the shear connection to the PSM web:
10,
T, =—
w Al
A, : Effective net area, in cn’, of the PSM web stiffener in way of the weld as shown in Fig. 9.
o, : Permissible direct stress given in Table 1 for AC-S and AC-SD, in N/mm*.

perm

T : Permissible shear stress given in Table 1 for AC-S and AC-SD, in N/mmni".

perm
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:
4, Tperm + Awgperm

10

0.9 <

where:

w :Load, in kN, as defined in 5.2.2.

4, : Effective net shear area, in cm?, as defined in 5.2.2.

4, : Effective net cross sectional area, in cm’, as defined in 5.2.2.

O perm - Permissible direct stress given in Table 1 for AC-1, in N/mm?.
7o - Permissible shear stress given in Table 1 for AC-I, in N/mm*.

525

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 4, 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.
529

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
Direct stress, ©,,, , in N/mm® Shear stress, 7,,,,,in N/mm®
Item Acceptance criteria set Acceptance criteria set
AC-S AC-SD AC-1 AC-S AC-SD AC-1
PSM web stiffener 0.83R,, @ R Rey - - -
PSM web stiffener to intersecting
stiffener in way of weld connection:
* Double continuous fillet 0.58 R, @ 0.70R,, @ Ry - - -
* Partial penetration weld 0.83 R,y L R @ Ry - - -
PSM  stiffener to intersecting 0.50R,, 0.60R,, R, ) ) )
stiffener in way of lapped welding
Shear connection including lugs or
collar plates:
* Single sided connection - - - 0.71 7, 0.857,, Tent
* Double sided connection - - - 0.837,, Ter Ters
(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
Accept
[tem cce;p énce Weld factor
criteria
AC-S 0.60,./0,,,
PSM stiffener to intersecting stiffener !
AC-SD not to be less than 0.38
. . AC-S
Shear connection inclusive of lug or collar plate 0.38
AC-SD
Shear connection inclusive of lug or collar plate, where the AC-S 0.62,0 /7o

web stiffener of the PSM is not connected to the intersection
AC-SD not to be less than 0.44

stiffener
PSM stiffener to intersecting stiffener ACI 0.6 w
Shear connection inclusive of lug or collar plate ATy + Ay Oy,
Note 1:

T Shear stress, in N/mm’, as defined in 5.2.3.

Fe . Stress, in N/mm’, as defined in 5.2.3.

Eperm Permissible shear stress, in N/mm?®, see Table 1.

O perm . Permissible direct stress, in N/mm?, see Table 1.

w. Load, in kN, as defined in 5.2.2.

4 : Effective net shear area, in cm?, as defined in 5.2.2.

A4, : Effective net cross sectional area, in cnr’, as defined in 5.2.2.
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Fig. 10 Offset PSM Web Stiffeners

Primary supporting member
‘AN web stiffener offset from
intersecting stiffener

I H T 3

L} Stiffener view ‘A-A
e

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
b

| 34

Y

$ J <100 mm ﬁ

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

15 mmi

Fig. 12 Location of Air and Drain Holes
/\/
200 50 200
A
\ A\
=10 N\ o - O

Openings to be kept clear of these areas.
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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
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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 cm?, according from the following formula:

— AI*HSO A27n50
s—n50 —
1+ 32€§hrAl—n5() 1+ 32€§hrA2—n50
Il—nS() [2—7150
where:

1,501, ,50: Net moments of inertia, in cm’, of deep webs (1) and (2), respectively, with attached plating

around their neutral axes parallel to the plating.
A_50.45_,50 1 Net shear sectional areas, in cm?, 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.
ot 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.
e=0.25(B—-b) from the edge of opening.
¢=0.07¢+0.10 or 0.25b, whichever is greater.
where:
b : Width, in m, of the hatchway considered, measured in the transverse direction, see Fig. 185.
¢: 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:
g, =2a, for circular openings.
g, = a, for elliptical openings.
Transverse distance between openings as shown in Fig. 16 is not to be less than:
2(a, +a,) for circular openings.
1.5(a, + a,) for elliptical openings.
where:
a, :Transverse dimension of elliptical openings, or diameter of circular openings.
a, :Transverse dimension of elliptical openings, or diameter of circular openings.
a, :Longitudinal dimension of elliptical openings, or diameter of circular openings.
Longitudinal distance between openings is not to be less than:
a,+a, for circular openings.
0.75(a, + a3) 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.

Side Side
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Fig. 16 Elliptical and Circular Openings in Strength Deck
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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

Ships with inclined slides

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 + Lz /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 0.15Lcsz, 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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As close as
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Fig. 19 Bilge Keel End Design
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Fig. 20 Bilge Keel End Design (Continued)
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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 0.2Lcsz 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 + Lcsx/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 17¢,, where £, 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 0.6L sz 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 + Lcgz /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.

104 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 by, R, by.cq deg, t; 1y, Scq Of corrugated bulkheads are defined in Fig. 21.

The corrugation angle ¢ 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

dee| R

10.4.3 Corrugated bulkhead depth
The depth of the corrugation, d.,, in mm, is not to be less than:
10007,
g C
where:

d

f. : 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 cnr’, from the following formula:

7= {dig (3[’/'—(;4[ st bw—c;,r’w)}1 0
6

where:
t; 1, ©  Net thickness of the plating of the corrugation, in mm, shown in Fig. 21.
deg, breg, by-ce : 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 ¢m’, from the following formula:
Z=05b, ,1,d,107
10.4.5 Span of corrugations
The span /. of the corrugations is to be taken as the distance shown in Fig. 22.
For the definition of /., 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
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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
A Corrugation
AT flange
Corrugation flange
tfs
\0

<. d\

~ Stool top plate d

d>t, Stool top plate

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:
D] * Not less than two times the corrugation depth, for bulk carriers.
At least one corrugation depth, for oil tankers.
@D 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
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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:
t=3+0.015L,
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
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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.
@, : Angle, in deg, between the stiffener or primary supporting member web and the attached plating, see Fig. 14.

@, 1s to be taken equal to 90 deg if the angle is greater than or equal to 75 deg.
Effective bending span, in m, as defined in 1.1.2 for stiffeners and 1.1.6 for primary supporting members.

€y

¢ X: Effective shear span, in m, as defined in 1.1.3 for stiffeners and 1.1.7 for primary supporting members.
Y} Full length of stiffener or of primary supporting member, in m2, between their supports.
K 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.

hyy Stiffener height, including the face plate, in mm.

1, Net thickness of attached plate, in mm.

t Net web thickness, in mm. For bulb profiles, see 1.4.1.

by Breadth of flange, in mm, see Ch 3, Sec 2, Fig. 2. For bulb profiles, see 1.4.1.

ty Net thickness of flange, in mm.

PSM: Primary Supporting Member.
EPP: FElementary 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 ¢, e 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.
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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)
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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
- Span
ho/ 4% '
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1.1.3  Effective shear span of stiffeners
The effective shear span, ¢ 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)
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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 5/4000 m at each
end of the member, hence the effective shear span ¢ , is not to be taken greater than:

N

f shr <f-
‘ 2000
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 (¢) 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

Shear Span, {g,

2l

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, ¢ of stiffeners supported by one strut fitted at mid distance of the primary supporting members is to
be taken as 0.7/,

In case where two struts are fitted at 1/3 and 2/3 length between primary supporting members, the span, ¢ of
stiffeners is to be taken as ().7¢ S

¢, and ¢, are the spans defined in Fig. 7 and Fig. 8.

Fig. 7 Span of Stiffeners with One Strut
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Fig. 8 Span of Stiffeners with Two Struts
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b) Separate welded brackets

c) Integral straight bracket with continuous face ;|—

plate - length to height ratio > 1.5

Bending span

o
W o
h,/4
/ Y ——
C
A
< 1.5x
h,, (effective length
of bracket)

W/\/ Bending span ‘/
A 1x
h,/2
Y
C
1.5x
hy, (effective length
of bracket)
d) Integral straight bracket with continuous facey——
plate - length to height ratio < 1.5
j/\/ Bending span
o 1x
h,/4
w/ v
( i
A
1.5x
h, (effective length
of bracket)

e) Small back bracket

j/\/ Bending span

h,/4

2h

f) Large back bracket

j/\/ Bending span

—114—

%M



2019 Rules for the Survey and Construction of Steel Ships (Part CSR-B&T Part 1 Chapter 3 Section 7)

Fig. 10
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1.1.6  Effective bending span of primary supporting members

The effective bending span, ¢, e 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, ¢, e 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 ¢, e 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 ¢, e 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.
S:h+@+@+m
4
where:
by, b, b3, by : 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.
_bi+b,+b+b,
4

S

where:
by, by, b3, by : 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
by by
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1.3 Effective Breadth

1.3.1 Stiffeners
The effective breadth, b, 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:
b, =200¢, or

bqff =S

whichever is lesser.
Where the plating extends on one side of the stiffener (i.e. stiffeners bounding openings):
beﬂ. =100/ , or
b =0.5s
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, b, 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, ., in m, for calculating the section modulus and/or moment of inertia

of a primary supporting member is to be taken as:

. 1.12 Chag
=S. - = >
b =S -min 175 ,1.0| for ( =21
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0 1
by =0.407 j%g for [Si;’%j <1
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, Agp.s0, in mmz, is to be taken as:
Aegrnso = Crtrnso by
where:
Cr  : Flange efficiency coefficient taken equal to:

tf—nSO

r
C,=Cy, NI but not to be taken greater than 1.0.
b]

Cp : Coefficient taken equal to:
+ For symmetrical and unsymmetrical face plates,
O.643(sinh Pcosh f+sin fcos /)’)
(sinh B +sin® B
+ For attached plating of box girders with two webs,
C. - 0.78(sinh P +sin ﬁ)(coshﬂ—cos /5')
2 (sinh B) +sin® B
+ For attached plating of box girders with multiple webs,
_ 1.56(cosh 3 —cos )

Cp=

! sinh B +sin 8
f : Coefficient calculated as:
1.2 .
p= _1285h, , in rad.
N7 Lr-nso
b, : Breadth, in mm, to be taken equal to:

For symmetrical face plates, b; = 0.5 (by— #,.u50)
* For unsymmetrical face plates, b, = b,
+ For attached plating of box girders, b; = s,, — #,,..50
sy Spacing of supporting webs for box girders, in mm.
tras0 - Net flange thickness, in mm. For calculation of Crand g of unsymmetrical face plates, 7:,s0 is
not to be taken greater than ¢,.,5.
tns0: Net web plate thickness, in mm.
ry: Radius of curved face plate or attached plating, in mm, see Fig. 12 at mid thickness.
b; : Breadth of face plate or attached plating, in mm, see Fig. 12.
(b) The effective net area, in mm’, of curved face plates supported by radial brackets, or attached plating
supported by cylindrical stiffeners, is given by:

2
y B 37’/- Lrwsot Cf S b
e 7 [{r-nsols
rlynso S,

where:

s, : 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

14 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.

hw = h’w_h + 2
9.2
b, =a t’w+h— 2
6.7
t, = " _
792
tw = t'\/t’
where:
't Netheight and thickness of a bulb section, in mm, as shown in Fig. 13.
a . Coefficient equal to:
V)
a:1.1+M for A', <120
3000
a=1.0 for #',>120
Fig. 13 Dimensions of Stiffeners
b,
>
Mol | | ¢t Ly I h
Y Y

Bulb Equivalent angle
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1.4.2  Net elastic shear area of stiffeners
The net elastic shear area, A, in cm’, of stiffeners is to be taken as:

Ashr = dshrtwl()72
dy, : Effective shear depth of stiffener, in mm, as defined in 1.4.3.
t, : 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, dy,,, in mm, is to be taken as:
®| dy =(hy, —0.51,_, +1,+0.51,_, )sing,

where:
hyy : Height of stiffener, in mm, as defined in Ch 3, Sec 2, Fig.2.
t, : Net thickness of the stiffener attached plating, in mm, as defined in Ch 3, Sec 2, Fig. 2.
Q) t.qr ¢+ Corrosion addition, in mm, of considered stiffener as given in Ch 3, Sec 3.
te : Corrosion addition, in mm, of attached plate of the stiffener considered as given in Ch 3, Sec 3.
@, : Angle, in deg, as defined in Fig. 14. ¢, is to be taken as 90 degrees if the angle is greater than or

equal to 75 degrees.
(1| 1.44 Elastic net section modulus and net moment of inertia of stiffeners
The elastic net section modulus, Z, in cn’ and the net moment of inertia, 7, in cm* of stiffeners, is to be taken as:

Z=7 f sing,
D] [=1,sin’ ¢,
where:
Zyr  Net section modulus of the stiffener, in em’, considered perpendicular to its attached plate, i.e. with
@, =90 deg.
@D I, : Net moment of inertia of the stiffener, in em®, considered perpendicular to its attached plate, i.e. with
@, =90 deg.

¢, : Angle, in deg, as defined in Fig. 14. ¢, 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

Pw

1.4.5 Effective net plastic shear area of stiffeners
The net plastic shear area, A, of stiffeners, in cm?, which is used for assessment against impact loads is to be
taken as:
Agprpit = Agir
where:
Ay, : Net elastic shear area, in cm?, as defined in 1.4.2.
1.4.6  Effective net plastic section modulus of stiffeners
The effective net plastic section modulus, Z,,, of stiffeners, in cm®, which is used for assessment against impact
loads, is to be taken as:

2 (2y—1)4,h,
_ Skt +( 7=VA b, for 75°< ¢, <90°

712000 1000
24 5i 2v—1)A, \h sing. —b, . cos@.

o — f‘w hw tw Sin gow + ( }/ ) f ( f—ctr ¢W f—ctr w”’) for ww < 750
2000 1000
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Web shear stress factor, taken equal to:
* For flanged profile cross sections with n =1 or 2, f,, = 0.75.
+ For flanged profile cross sections with n =0, f,, = 1.0.
For flat bar stiffeners, £, = 1.0.
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).
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.
Cocfficient equal to:

1+4/3+128
yE—
4
Coefticient equal to:
B S Lo 064t

p=—tulolor jo0,
800, 1, hy 7

for L profiles without a mid-span tripping bracket, but not to be

taken greater than 0.5.
B =0.5 for other cases.
Net cross sectional area of flange, in mm’:
- 4,=0 for flat bar stiffeners.
* Ay=1bst, for other stiffeners.
Distance from mid thickness of stiffener web to the centre of the flange area:
brew=0.5(bs-t,)  forrolled angle profiles and bulb profiles.
brew =10 for T profiles.
Height of stiffener measured to the mid thickness of the flange:
* heer=hy 051 for profiles with flange of rectangular shape except for L3 profiles and for
bulb profiles.
* hgey = hy—d,— 0.5t for L3 profiles as defined in Ch 3, Sec 2, Fig. 3.
Distance from upper edge of web to the top of the flange, in mm, for L3 profiles, see Ch 3, Sec 2, Fig.
3.
Coefficient taken equal to:
+ f»=0.8 for flanges continuous through the primary supporting member, with end bracket(s).
+ f» = 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).
* f» = 1.0 for other stiffeners.
Net flange thickness, in mm.
t,= 0 for flat bar stiffeners.
+ For bulb profiles #;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 cm?, and the actual net section modulus, in em?, can be obtained from the following formulae:

Actual net shear area:
Agywso = Agy o wso Sing,  for ¢ <75°
A.xh—nSO = ASh—O—nSO fOI' 750 < §0w < 900
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Actual net section modulus:
Z,50 =Z perpn5o S @, for ¢, <75°

Ly =2 for 75°< ¢, <90°

perp—n50
where:
Ag o050 Actual net shear area, in cm?, of the primary supporting member assumed to be perpendicular to the
attached plating, to be taken equal to:
A,vh—O—nSO = (hw +tf—n50 +tp7n50) twfn501072
Zperp-ns0: Actual section modulus, in cnt’, 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, /.4 in mm, to be considered for calculating the effective net shear area, 4,50 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 4, /3 from the cross-section considered.
hey= h,,
hep=hys + Py
Rogr= M1 + hyo + hyg
where:
h,:  Web height of primary supporting member, in mm.
Bty hyo, B, By : Dimensions as shown in Fig. 15.

Fig. 15 Effective Shear Area in way of Web Openings
[ A A

hwi

- h, =
— == —
I
I
Y /-
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, @, 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
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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
alb>2 alb<?2
a; > b/2 All strakes (St1, Sr2, St3, St4) All strakes (St1, S12, St3, St4)
a; < b2 Strakes S2 and St4 All strakes (St1, S12, St3, St4)
Fig. 17 Strake Considered in a Given EPP
EPP
al
<> /
St1 St2
VAN b
St3 Sta
s a .

where:
a;: 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.

2.13
For direct strength assessment, the £PP 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
| . ) Vertical transverse structure and
General” Horizontal plating )
transverse stool plating
LCP
: Longitudinal Transverse Horizontal Vertical
coordinates & ) ) Longitudinal Transverse ) )
framing framing . . framing framing
. X framing framing X .
(Fig. 18) (Fig. 19) (Fig. 20) (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®

Lower edge of

The greater of

lower edge of the

The greater of

lower edge of
Lower edge of

z coordinate Corresponding to x and y values the EPP or
the EPP EPP or lower edge the EPP
lower edge of
of the strake
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
_ Strake considered -
— TR T T N T [Foim T B T ="
& T EPP6 EPP3 T
_\_D N .
= \ e
[0 —_————- — - — e — e — e — e — -] (— - — - — - — - N--———-r - — e — - — - N-—---—1-—--—=s —---
g / LCPS, LCP3.
D & <— EPP5 EPP2’
2 . .
<] .
o \ Lot .
o) — —=-—- e -1 N ey prrr— == N —-- —1 == ===
= / g LCP5 LCP2
5 N | i iy
Dy EPP4 N _EPP1
- D . v A I -
\ .
—_———— e — ] N _g ............. bt e - —- - R . -
LCP4 #LCPl
Cross section PSM or PSM or PSM or
Stiffener Stiffener Stiffener
Global z-axis
Global x-axis
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!

Strake considered

-

Yo,

Cross section

Fig. 20

|

Strake considered

A N

1

Cross section

Fig. 21

o

Strake considered

|

L)

Cross section

Fig. 19 Load Calculation Point for Transverse Framing
Strake considered
! ! ! ! ! ! !
! ‘ ‘ N . . :
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8 ERE L
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\ \ | | | | |
‘ PSM ‘ ' ' PSM ' ' " PSM
Global z-axis
Global x-axis
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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 for hull girder stresses (Fig. 22)
LCP
i LCP for pressure Bending stresses'"
coordmates Shear stresses
Non horizontal plate Horizontal plate
x coordinate Mid-length of the EPP

Outboard and inboard ends

Corresponding to x and Mid-point of EPP

v coordinate Same coordinates as : of'the EPP (point B)
LCP for yielding Z values (points A1 and 42) po
See Table 2

Both upper and lower
z coordinate ends of the EPP Corresponding to x and y values
(points A1 and A42)

(1)  The bending stress for curved plate panel is the mean value of the stresses calculated at points 41 and 42.

Fig. 22 LCP for Plate Buckling — Hull Girder Stresses
Considered Considered
transverse transverse
section . |sect|on | |
- _4_ _______ ’_ A2 | psm'__|A2 o
T T 14
PR R PR ]
[ | | | | |
B o B B | B | | ®
Z R A L
AL
| | | | |
| | |
__________ Al PS Al Y
[ < a > = I S
PSM PSM < >
Longitudinal Framing Transverse Framing
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, 7, of the considered stiffener.
+  The intersection point between the stiffener and its attached plate.
@D 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.
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Fig. 23 Reference Point for Calculation of Section Modulus and Hull Girder Stress for Local Scantling
Assessment
| | | |
| | | |
I

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. 23.
For prescriptive buckling requirements according to Ch 8:
At the middle of the full length, 7/, 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, 7, and the value obtained from the following formulae:

+
P= pU—ZpL when the upper end of the vertical stiffener is below the lowest zero pressure level.

l
= 71% when the upper end of the vertical stiffener is at or above the lowest zero pressure level, see
Fig. 24.
where:

l, Distance, in m, between the lower end of vertical stiffener and the lowest zero pressure level.

Py, P, :  Lateral pressures at the upper and lower end of the vertical stiffener span ¢, respectively.
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Fig. 24  Definition of Pressure for Vertical Stiffeners

| —
!
71
Y
PL 3 N~

4. Primary Supporting Members
4.1 Load Calculation Point

4.1.1

Q) The load calculation point is located at the middle of the full length, ¢, 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 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, 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 107,

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
(§+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:

1.2
1.2.1

Dynamic hull girder load components in Ch 4, Sec 4.
External loads in Ch 4, Sec 5.
Internal loads in Ch 4, Sec 6.

Definitions

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:

123

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
Heave

D>

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 M, and M,,, 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 Q,, O,, 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 M, 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 M,, 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 Qy,,, O,,, and Bending Moments M,,,, M,,, M, and M,,
O O (+) 5
Aft Fore
MSW” MW’V < (+) > 5
Aft Fore
Mvh < (+) > )
Aft Fore
Mvt - C (+) Q 5

Aft Fore
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Section 2 DYNAMIC LOAD CASES

Symbols

For symbols not defined in this section, refer to Ch 1, Sec 4.
Asurges pitchxr Asways Arollys Aheaves Troli-z» Apirchz: Acceleration components, as defined in Ch 4, Sec 3.

fuw ¢ Ratio between x-coordinate of the load point and Lcg, to be taken as:
fu = al , but not to be taken less than 0.0 or greater than 1.0.
CSR
Jfr : Ratio between draught at a loading condition and scantling draught, as defined in Ch 4, Sec 3.
fi» + Factor depending on longitudinal position along the ship, to be taken as:

S, =10 for x/L.g <05
L =—1.0 for 0.5<x/Leg

Jip-osr © Factor for the longitudinal distribution of the torsional moment for the OST load case, to be taken as:

f}pfOST = Sfo for x/LCSR <02

Jp-osr =1.0 for 0.2<x/L.q<0.4

Jp-osr =161, +4.04 for 0.4<x/Lg <0.65
Sip-osr ==0.9 for 0.65<x/L.g <0.85

Sposr =6/, =6  for 0.85<x/L g,

Jip-0sa © Factor for the longitudinal distribution of the torsional moment for the OS4 load case, to be taken as:

fposi=—02+03;) for x/Leg < 0.4
fposi=—(02+03/)5.6-11.57,)  for 0.4<x/L.g<0.6
fpos:=1.3(0.2+03f;) for 0.6 < x/Lg

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.

My Vertical wave bending moment, in kNm, defined in Ch 4, Sec 4.

Owy : Vertical wave shear force, in kN, defined in Ch 4, Sec 4.

My Horizontal wave bending moment, in kNm, defined in Ch 4, Sec 4.

My Torsional wave bending moment, in kNm, defined in Ch 4, Sec 4.

Cwy : Load combination factor to be applied to the vertical wave bending moment.

Cow : Load combination factor to be applied to the vertical wave shear force.

Cwr :  Load combination factor to be applied to the horizontal wave bending moment.

Cwr . Load combination factor to be applied to the wave torsional moment.

Cxs : Load combination factor to be applied to the surge acceleration.

Cyp : Load combination factor to be applied to the longitudinal acceleration due to pitch.
Cxs : 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.

Cyz : Load combination factor to be applied to the transverse acceleration due to roll.

Cyc : Load combination factor to be applied to the transverse acceleration due to roll motion.
Czy @ Load combination factor to be applied to the heave acceleration.

Czz : 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.

6@ : Rollangle, in deg, as defined in Ch 4, Sec 3, 2.1.1.
@ : 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 0.25Lcsz
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 Lcgz
from the AE with waves from the starboard side respectively.
0S4 load cases:
OSA-1P and OSA-2P: Oblique sea EDWs that maximise and minimise the pitch acceleration with waves
from the port side respectively.
0OSA4-1S and OSA-2S: Oblique sea EDWs that maximise and minimise the pitch acceleration with waves
from the starboard side respectively.
Notel: 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
2.1.1

Table 1 to Table 3 describe the ship motions responses and the global loads corresponding to each dynamic

Description of Dynamic Load Cases

load case to be considered for the strength assessment.

Table | 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
VWSE Negative—aft Positive—aft Negative—aft Positive—aft Negative—aft Positive—aft
Positive—fore Negative—fore Positive—fore Negative—fore Positive—fore Negative—fore
HWBM - - - - - -
™ - - - - - -
Surge To stern To bow To stern To bow To bow To stern
| | |
A e = d = dl b = 4 L= 4 o= (S =
Sway - - - - - R
Agyiay - - - - - R
Heave Down Up Down Up - -
- [ O N
Roll - - - - - -
Aroll - - - - - -
Pitch Bow down Bow up Bow down Bow up Bow up Bow down
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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 OS4 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
Myy Cyy -1 1 -0.7 0.7 -0.4f7-0.6 | 0.4f7+0.6
Hull girder Owr Cow -1.07, 107, -0.6/}, 0.6/} -1.0f}, 1.0},
Loads My Con 0 0 0 0 0 0
Myt Cuwr 0 0 0 0 0 0
Agurge Cxs | 0.3-02f7 | 0.2/7-03 0.2 -0.2 0.2-04fr | 0.4fr-02
Longitudinal
. pitchox Cxp -0.7 0.7 -0.4f7-0.4 | 0.4f;+04 0.15 -0.15
accelerations
gsing | Cy 0.6 -0.6 0.4f,+0.4 | -0.4fr-0.4 -0.2 0.2
Asway CYS 0 0 0 0 0 0
Transverse
. Aroll-y CYR 0 0 0 0 0 0
accelerations
gsing | Cy, 0 0 0 0 0 0
Qheave Czy | 0.5/7-0.15 | 0.15-0.5/7 | 0.4f7-0.1 0.1-0.4f7 0 0
Vertical
. Aroll.z Czr 0 0 0 0 0 0
accelerations
pitch-z Czp -0.7 0.7 -04f7-04 | 04f7+04 0.15 -0.15
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Table 5 Load Combination Factors, LCF's for BSR and BSP Load Cases - Strength Assessment
Load component LCF BSR-1P BSR-2P BSR-1S BSR-2S
Myy Cwy 0.1-0.2f7 0.2/7-0.1 0.1-0.2/7 0.2f7- 0.1
Hull girder Owr Cow (0.1-0.217) fi» (0.2f7-0.1) 3, (0.1-0.2/7) fi» 0.2f7-0.1) f3
Loads My Cwn 1.2-1.1f 1L1f7-1.2 1.1f7- 1.2 1.2-1.1f
Myt Cyr 0 0 0 0
Asurge CXS 0 0 0 0
Longitudinal
. Apitch-x CXP 0 0 0 0
accelerations
gsing Cy 0 0 0 0
Agay Cys 0.2 -0.2fr 0.2f7-0.2 0.2f7-0.2 0.2 -0.2f7
Transverse
. am//-y CYR 1 -1 -1 1
accelerations
gsind Cyo -1 1 1 -1
Apeave CZH 07 - O4fT O4fr - 07 07 - 04fT 04fT - 07
Vertical
. Aroll-z Czr 1 -1 -1 1
accelerations
Apitch-z Czp 0 0 0 0
Load component LCF BSP-1P BSP-2P BSP-1§ BSP-2§
My Cwy 0.3-0.8f7 0.8f7-0.3 0.3-0.8f7 0.8f7-0.3
Hull girder Owr Cow | (03-08Mf, | 08-03)f, | 03-080f | (0.84-03)f,
Loads My Cwn 0.7 - 0.7fr 0.7f- 0.7 0.7f7- 0.7 0.7 - 0.7fr
Myr Cwr 0 0 0 0
Asurge CXS 0 0 0 0
Longitudinal . .
. pitch-x Cxp 0.1-0.3f7 0.3f7-0.1 0.1-0.377 0.3f7- 0.1
accelerations
gsin g Cys 0.3f7-0.1 0.1-0.3fr 0.3/7- 0.1 0.1-0.3f7
Agay Cys -0.9 0.9 0.9 -0.9
Transverse
. rolly Cyzr 0.3 -0.3 -0.3 0.3
accelerations
gsind Cye 0.2 0.2 0.2 0.2
Apeave CZH 1 -1 1 -1
Vertical
. Arollz Crr 0.3 -0.3 -0.3 0.3
accelerations
pich-= Cyp 0.1-0.3f7 0.3f7-0.1 0.1-0.3f7 0.3f7-0.1
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Table 6 Load Combination Factors, LCF's for OST and OSA4 Load Cases - Strength Assessment
Load component LCF OST-1P OST-2P OST-18 OST-2§
Myy | Cyy -0.3-0.2f; 0.3 +0.2f; -0.3-0.2f; 0.3 +0.2f;
Hull girder Owv | Cow (-0.35-0.2/7) /i, (0.35+0.217) fi, (-0.35-0.2/7) /i, (0.35+0.2/7) fi,
Loads My | Com 0.9 0.9 0.9 0.9
Myt Cyr 'ﬁp—OST ﬁpfOST ﬁpfOST 'ﬁp—OST
urge Cys 0.1f7- 0.15 0.15-0.1f; 0.1f7- 0.15 0.15-0.1f;
Longitudinal
. Apitchx Cyp 0.7 - 0.3fr 0.3f7-0.7 0.7 - 0.3fr 0.3f7-0.7
accelerations
gsing | Cy 0.2f7 - 0.45 0.45 - 0.2f; 0.2f7 - 0.45 0.45 - 0.2/
away CYS 0 0 0 0
Transverse .
, Arolty Cyr 0.4f7- 0.25 0.25 - 0.4f; 0.25 - 0.4f; 0.4f7- 0.25
accelerations
gsinbd | 0.1-0.2fr 0.2f7- 0.1 0.2fr- 0.1 0.1-0.2fr
Ahoave Cur 0.2f7 - 0.05 0.05 - 0.2/ 0.2f7 - 0.05 0.05 - 0.2/
Vertical
i Qyojts Cor 0.4f7- 0.25 0.25 - 0.4f; 0.25 - 0.4f7 0.4f7- 0.25
accelerations
dpicnz | Cap 0.7 - 0.3f; 0.3fr- 0.7 0.7 - 0.3f; 0.3fr- 0.7
Load component LCF OSA-1P 0SA4-2P 0S4-18 0OSA4-28
My Cyy 0.75 - 0.5/ -0.75+0.5f; 0.75 - 0.5f7 -0.75+0.5f;
Hullgider | Ow | Cor | (06-04f0f, (- 0.6+0.417) (0.6-0.417) f;, (-0.6+0.417) f;,
Loads My Cwn 0.55 + 0.2f; -0.55-0.2fr -0.55-0.2fr 0.55 + 0.2f7
Myr Cyr -f /lp-OSA Ji }p-OSA flp-OSA -f /lp-OSA
Ayurge Chs 0.1f7 - 0.45 0.45 - 0.1f; -0.45+0.1f7 0.45 - 0.1f;
Longitudinal
. pitch-x Cyp 1.0 -1.0 1.0 -1.0
accelerations
gsing | Cy -1.0 1.0 - 1.0 1.0
ovay Cys -0.2-0.1f; 0.2 +0.1f; 0.2+0.1f; -0.2-0.1fr
Transverse oty | Crm 0.3-0.2/r 0.2/7-0.3 0.2/7-0.3 0.3-0.2/7
accelerations
gsind | Cy 0.1/7- 0.2 0.2-0.1fr 0.2-0.1fr 0.1f7-0.2
Aheave CZH - Osz Osz - Osz Osz
Vertical
. Qyoil.z Cxnr 0.3-0.2f7 0.2f7-0.3 0.2f7-0.3 0.3-0.2f7
accelerations
itz Cyp 1.0 -1.0 1.0 -1.0
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3.1
3.1.1

Dynamic Load Cases for Fatigue Assessment

Description of Dynamic Load Cases

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—aft Negative—aft Positive—aft
Positive—fore Negative—fore Positive—fore Negative—fore
HWBM - - - -
™ - - - -
Surge To stern To bow To bow To stern
Sway - - - -
Agway - - - -
Heave Down Up - -
Aheave - -
Roll - - - -
Aroll - - - -
Pitch Bow down Bow up Bow up Bow down
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Table 9 Ship Responses for OST Load Cases - Fatigue Assessment
Load case OST-1P OST-2P OST-1S OST-2§
EDW OST
Heading Oblique
Effect Max. torsional moment
VWBM Sagging Hogging Sagging Hogging
VWSF Negative—aft Positive—aft Negative—aft Positive—aft
Positive—fore Negative—fore Positive—fore Negative—fore
HWBM Port tensile Stbd tensile Stbd tensile Port tensile
o — — for
™
g e e ¥
Surge To bow To stern To bow To stern
| I | O3 | W3 | =3
Sway - - - -
asway - - - -
Heave Up Down Up Down
— —— o S
Aheave .S LS W.S ¢ LS LS WS LS W.S
Roll Portside down Portside up Starboard down Starboard up
wo | s | ks | wlfw | W
Pitch Bow up Bow down Bow up Bow down
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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: LCF's for HSM and FSM load cases.

Table 11: LCF's 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
My Cyy -1 1 -0.75- 0.2/ 0.75 + 0.2fr
Hull girder Owy Cow -1.0 1.0f;, (-0.75-0.217) f3 (0.75+0.2f7) f1,
loads My | Com 0 0 0 0
Myr Cyr 0 0 0 0
Agurge Cys 0.3-0.2fr 0.2f7-0.3 -0.4f7+0.2 0.4f7-0.2
Longitudinal
. pitcix Cyp -0.9 0.9 0.1 -0.1
accelerations
gsme | cw. | 04f+04 -0.4f7- 0.4 -0.15 0.15
Asway CYS 0 0 0 0
Transverse
. Aroll-y Cyr 0 0 0 0
accelerations
gsinb | ¢, 0 0 0 0
peave Coy 0.8f7-0.15 0.15 - 0.8f7 0 0
Vertical
. Ayoll-z CZR 0 0 0 0
accelerations
Cpirch-z Cyp -0.9 0.9 0.1 -0.1
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Table 11 Load Combination Factors, LCF's for BSR and BSP Load Cases - Fatigue Assessment
Load component LCF BSR-1P BSR-2P BSR-1S8 BSR-2S
My Cyy 0.1-0.2f7 0.2f7- 0.1 0.1-0.2f7 0.2f7-0.1
Hull girder Owr | Cow (0.1-0.277) fip (0.2f7-0.1) (0.1-0.2f7) 13y (0.2fr-0.1) fip
Loads My | Cum 1.1-f; fr-1.1 fr-1.1 1.1-f¢
Myr Cuwr 0 0 0 0
Asurge CXS 0 0 0 0
Longitudinal
. Apitch-x CXP 0 0 0 0
accelerations
gsing | Cy 0 0 0 0
Agay Cys 0.2 - 0.2f7 0.2f7-0.2 0.2f7-0.2 0.2-0.2fr
Transverse
. am//-y CYR 1 -1 -1 1
accelerations
gsind | . -1 1 1 -1
Aheave Coy 0.7 - 0.4f7 0.4f7- 0.7 0.7 - 0.4f7 0.4f7-0.7
Vertical
. Aroll-= Czr 1 -1 -1 1
accelerations
apit(‘h-z CZP 0 0 0 0
Load component LCF BSP-1P BSP-2P BSP-1S BSP-2§
My Cyy 0.3-0.8f7 0.8f7-0.3 0.3-0.8f7 0.8f7-0.3
Hull girder Owr | Cow (0.3-0.8/7) /i (0.8f7-0.3) fi (0.3-0.8/7) f3 (0.8f7-0.3) f),
loads My | Conr 0.6 - 0.6f; 0.6f7- 0.6 0.6f7- 0.6 0.6 - 0.6/;
Myr Cuwr 0 0 0 0
Asurge CXS 0 0 0 0
Longitudinal
. Apitch-x Cxp 0 0 0 0
accelerations
gsing | Cyo 0 0 0 0
Agay Cys -0.95 0.95 0.95 -0.95
Transverse
] rolly Cyr 0.3 -0.3 -0.3 0.3
accelerations
gsind | . -0.2 0.2 0.2 0.2
Aheave CZH 1 -1 1 -1
Vertical
. Ayoll- Crr 0.3 -0.3 -0.3 0.3
accelerations
Apitch-z CZP 0 0 0 0
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Table 12 Load Combination Factors, LCF's for OST Load Cases - Fatigue Assessment
Load component LCF OST-1P OST-2P OST-18 OST-2§
My Cyy -0.4 0.4 -0.4 0.4
Hull girder Owr Cow -0.4 1, 0.4, -0.41, 0.41,
loads My | Com 0.9 0.9 0.9 0.9
My Cyr - fip-ost Jip-ost Jip-ost - fip-ost
darge | Cus -0.25+0.2f; 0.25 - 0.2f; -0.25 + 0.2f; 0.25 - 0.2fr
Longitudinal
, dpienx | Cxp 0.4 -0.2f7 -0.4+0.2f7 0.4 -0.2/; -0.4+0.2f7
accelerations
gsing | Oy 0.4 +0.2f; 0.4-0.2fr 0.4 +0.2f; 0.4-0.2fr
Asway CYS 0 0 0 0
Transverse .
, oy | Ci 0.4+ 0.6f; 0.4 - 0.6f; 0.4 - 0.6f; 0.4+ 0.6f;
accelerations
gsinb | Cye 0.2 - 0.3f7 -0.2+0.3fr -0.2+0.3f7 0.2 -0.3fr
Aheave Coy -0.05 0.05 -0.05 0.05
Vertical
, Gore | Cu 0.4 +0.6f; 0.4 - 0.6f; 0.4 - 0.6/; 0.4+ 0.6f;
accelerations
Qpicnz | Cop 0.4-0.2fr 0.4 +0.2f; 0.4-0.2fr 0.4 +0.2f;

—145—




ClassNIC 2019 Rules for the Survey and Construction of Steel Ships (Part CSR-B&T Part 1 Chapter 4 Section 3)

Section 3 SHIP MOTIONS AND ACCELERATIONS

Symbols
For symbols not defined in this section, refer to Ch 1, Sec 4.
ay : Acceleration parameter, to be taken as:
2.4 34 600
+ N 2
\/ LCSR LCSR LCSR
Roll period, in s, as defined in 2.1.1.

a,=(1.58-0.47C, )[

Roll angle, in deg, as defined in 2.1.1.
Pitch period, in s, as defined in 2.1.2.

Pitch angle, in deg, as defined in 2.1.2.

s NN

Vertical coordinate, in m, of the ship rotation centre, to be taken as:

R= min(2+i,2)
4 22
Cys, Cyxs, Cxp, Cyg, Cys, Cyr, Cz1, Czz, and Cyp : Load combination factors, as defined in Ch 4, Sec 2.
Aoy ¢ Transverse acceleration due to roll, in m/s’, as defined in 3.3.2.
apien - Longitudinal acceleration due to pitch, in m/s*, as defined in 3.3.1.
a1, Vertical acceleration due to roll, in m/s%, as defined in 3.3.3.
apien- - Vertical acceleration due to pitch, in m/s2, as defined in 3.3.3.
fr : Ratio between draught at a loading condition and scantling draught, to be taken as:
Jr T but is not to be taken less than 0.5.
Ne
Tic : Draught, in m, amidships for the considered load case.
x, v,z : X, Yand 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:
Jps=1.0 for extreme sea loads design load scenario.
Jps = 0.8 for the ballast water exchange design load scenario.
Jfps=0.8  for the accidental flooded design load scenario at sea.
Jps = 0.4 for the harbour/sheltered water design load scenario.

fi © Fatigue coefficient to be taken as:
Ja=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 7, in s, to be taken as:
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T 23rk,
’ VegGM

The roll angle @, in deg, to be taken as:
9000(1.25-0.025T,) 1, fux

(B+75)x
where:
J» + Coefficient to be taken as:
Jo = Jos for strength assessment.

1y =1(023 -4 f;BX 10"  for fatigue assessment.
fex @ To be taken as:

Jfsx=1.2 for ships without bilge keel.

fex=1.0 for ships with bilge keel.

k. : 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 k, and GM Values for Oil Tankers
Loading conditionV® Trc k, GM
Full load condition Tsc 0.35B 0.12B

Optional conditions that have a draught greater than
Actual draught but > 0.975¢ 0.35B 0.12B

0'9TSC
Partial load condition <0.6Tgc 0.40B 0.24B
Ballast condition Trar 0.45B 0.33B

(1) For optional loading conditions or gale/emergency ballast conditions with draught between 0.675c and
0.9Tsc, the values of k. and GM, unless provided in the loading manual, are to be obtained by linear
interpolation between the optional condition at 0.97¢ and the partial load condition at 0.67c based on
the actual draught.

(2) For flooded loading conditions, the values of &, 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 k. and GM Values for Bulk Carriers
Loading condition’®® Application Tic k. GM
Homogeneous loading All bulk carriers 0.35B 0.12B
Alternate heavy cargo BC-4 0.408 0.20B
Full load condition
Alternate light cargo BC-4 0.35B 0.12B
Homogeneous heavy cargo BC-B, BC-4 Tsc 0.42B 0.25B

All bulk carriers

. G designated for the
Steel coil loading® . 0.42B 0.25B
carriage of steel
products
Heavy ballast condition All bulk carriers Tpar-1 0.40B 0.25B
Normal ballast condition All bulk carriers m 0.45B 0.33B

(M

2

3)

“4)

For Multi-port (MP) loading conditions with draught greater than or equal to 0.97sc, the values of k. 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 734, ;; and 0.97 ¢, the values of k. 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 Tz4;.5, the values of k. and GM for the heavy
ballast condition are to be used.

For flooded loading conditions, the values of &, and GM, unless provided in the loading manual, are to be taken
as those for the full load condition.

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, k. and GM values given in this table.

Block Loading conditions are to be assessed with draught, k. and GM values given in this table for

Homogeneous heavy cargo loading condition.

2.1.2

Pitch motion

The pitch period 7, in s, is to be taken as:

T 271/1¢
N

where:

2, =0.6(1+ f; )L e

The pitch angle ¢, in deg, is to be taken as:

2.2
2.2.1

2.57

1.2
@=1350f, L' 31.0+| —
V& Lesr

where:
J» + Coefficient to be taken as:

o= for strength assessment.

So=T [(0.27—0.02fT )-(13-57, )LCSR XIO’S] for fatigue assessment.

Ship Accelerations at the Centre of Gravity
Surge acceleration

The longitudinal acceleration due to surge, in m/s>, is to be taken as:

asurge = 02fp a() g

where:
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Jf, + Coefficient to be taken as:
=T for strength assessment.
Jo=Su [0.27 (1544 )Ly x107° ] for fatigue assessment.
2.2.2  Sway acceleration
The transverse acceleration due to sway, in m/s%, is to be taken as:
a.yway = O3fp a() g
where:
J» + Coefficient to be taken as:
=1 for strength assessment.
So=Tu [0.24—(6—2]"T )B><104] for fatigue assessment.
2.2.3  Heave acceleration
The vertical acceleration due to heave, in m/s, is to be taken as:
Leave = f P ay g
where:
Jf»  Coefficient to be taken as:
=T for strength assessment.
Jo=Tu [(0.27 +0.02 1, )_17Lc51e ><10’5] for fatigue assessment.
2.2.4 Roll acceleration

The roll acceleration, a,,y, in rad/s’, is to be taken as:

2
T (27
Aront :fp 9@(?]
0

where:
6 : Roll angle using f, equal to 1.0.
J» + Coefficient to be taken as:
=1 for strength assessment.
So=Tu [0.23—4]} B><10’4] for fatigue assessment.
2.2.5 Pitch acceleration
The pitch acceleration, a., in rad/s*, is to be taken as:

2
3.1 x (2n
a itc :f7 +10 (0 e
e IL\/gLCSR J 180LT(/)]
where:

@ : Pitch angle using f, equal to 1.0.

J» + Coefficient to be taken as:
=7 for strength assessment.

=S [0,28—(5 +6f7 )Lese xlO’S] 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 /s>, is to be taken as:
ay==Cy;gsing+Cy Apge T Cyp A piten (Z - R)
3.2.3  Transverse acceleration
The transverse acceleration at any position for each dynamic load case, in m/s, is to be taken as:
ay =Cyg; gsin@+Cyg Ay — Cyr Ay (Z - R)
3.2.4  Vertical acceleration

The vertical acceleration at any position for each dynamic load case, in m/s%, is to be taken as:
a;=Cy Qe+ Cp 0,y y—Cppa pitch (x —0.45L )

33 Envelope Accelerations
3.3.1 Longitudinal acceleration

The envelope longitudinal acceleration, a,.,,, in m/s?, at any position, is to be taken as:

2
> [Lega (.
ax—anv: 0'7\/asurge + |:3(T§ (g sin (D+ apitch—x ):|

where:
apienx ©  Longitudinal acceleration due to pitch, in m/s*
A pitch—x = D pitch (Z - R)
3.3.2 Transverse acceleration
The envelope transverse acceleration, a,..,, in m/s%, at any position, is to be taken as:
[Z— \/ aswayz + (g sinf+a,,, y)z

where:

awiy © Transverse acceleration due to roll, in m/s®.
ar{)ll—y = (Z - R)
3.3.3 Vertical acceleration

. . . 2 .. .
The envelope vertical acceleration, a...,,, in m/s”, at any position, is to be taken as:

2
[P —— ahmvez + [[03+ g;sg japiteth + (1 'Zaml/fz )2

where:

ayien- @ Vertical acceleration due to pitch, in m/s”.
A pisch—z = L piten (x —0.45Lc )

a.1. . Vertical acceleration due to roll, in m1/s>.

amll—z :aroll y
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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,
Sec1,1.2.1.
C, : Wave coefficient, to be taken as:
1.5
C. -1 0.75—(%) for 90m < Ly, <300m
C,=10.75 for 300m < Lg, <350m

1.5
C, :10.75—[%) for 350m < L, <500m

[ : Heading correction factor, to be taken as:

* For strength assessment:
S = 1.05 for HSM and FSM load cases for the extreme sea loads design load scenario.

S =0.8 for BSR and BSP load cases for the extreme sea loads design load scenario.
Jy = 1.0 for HSA, OST and OSA load cases for the extreme sea loads design load scenario.
fs = 1.0 for ballast water exchange at sea, harbour/sheltered water and accidental flooded design load
scenarios.
+ For fatigue assessment:
Sy =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-A4 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, M,,,.j._ i, and M, s i, I kNm, in hogging and sagging condition,
respectively is to be taken as:
Hogging conditions:
M, o= fl171C, Lo B(C, +07)107 =M, , )

sw—h—min
Sagging conditions:

M, o =085/, 71C, Loy B(C, +07)107° + M, )
where:
Mpopnmia : Vertical wave bending moment for strength assessment in hogging condition, as defined in
3.1.1 using f, and f,, equal to 1.0.
M, smia : Vertical wave bending moment for strength assessment in sagging condition, as defined in
3.1.1 using f, and f,, equal to 1.0.
Sow :  Distribution factor along the ship length. To be taken as, see Fig. 1:

fow=0.0 forx<0

fow=0.15 at x=0.1Lcsr

fow=1.0 for 0.3Lcsp <x <0.7Lcsz

fow=0.15 at x=0.9Lcsr

faw=10.0 forx> Lcsg

Intermediate values of f;,, are to be obtained by linear interpolation.

Fig. 1 Distribution Factor f;,,

10 t-—--———-

015} ——Af——————

-
>

00 0Al O0.3Lw @
AE FP

2.2.2  Permissible vertical still water bending moment in seagoing condition
The permissible vertical still water bending moments, M,,,, and M, , 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

My p-n and M., ; 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 M., 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, Oy,,..ni» 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:

0225098, 0. T,
Qﬂv—min Zimax{ PE B Ne

ocal ™ tk
0.502[0.98(V oy + 2V )= 0.7B,, 0 4 Tec )
and is to be taken as the maximum value of Q,..;» 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:
Opmin =048 By, Ly T
and is to be taken as maximum value of Q,..;, calculated for cargo/ballast tanks forward and aft of the
transverse bulkhead.
where:
Biocar : Local breadth, in m, at Tgc at the middle length of the tank under consideration.
¢, : Length of cargo tank under consideration, in m, taken at the forward or aft side of the transverse
bulkhead under consideration, in .
Ver @ Volume of centre cargo tank, in m’, taken for the cargo tank on the forward or aft side of the transverse
bulkhead under consideration.
Vsr : Volume of side cargo tank, in °, 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, QOgy.pmin in AN 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:
0.27508 Bjyear £ i Tsc
0,.. pomin = Max
{0.5 22[0.98(Vp +2V;)=0.6B,., 0 s Ty |

and is to be taken as the maximum value of Qy,.,..i» calculated for cargo/ballast tanks forward and aft of the
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transverse bulkhead.

(b) For oil tankers with two cargo tanks across the breadth of the ship:

233

st—p—min =20.4508 By 4 Tsc
and is to be taken as maximum value of Qj,.,.min calculated for cargo/ballast tanks forward and aft of the
transverse bulkhead.

Permissible still water shear force in seagoing condition

The permissible vertical still water shear forces, Q,,, for oil tankers and bulk carriers, in seagoing condition at

any longitudinal position are to envelop:

2.3.4

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.

Permissible still water shear force in harbour/sheltered water and tank testing condition

The permissible vertical still water shear forces, Q,., for oil tankers and bulk catriers, 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:

235

QSW* P = wa + 0'6Qwv

where:
O, : Permissible still water shear force Q,,, as defined in 2.3.3.
O.» : Vertical wave shear force for strength assessment O,y pos and O,y.eq, as defined in 3.2.1 using £, equal

to 1.0.
Permissible still water shear force in flooded condition at sea

The permissible vertical still water shear forces, Q. for oil tankers and bulk carriers, in flooded condition at

any longitudinal position are to envelop:

31
3.1.1

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.

Dynamic Hull Girder Loads

Vertical Wave Bending Moment

The vertical wave bending moments at any longitudinal position, in kNm, are to be taken as:

Hogging condition:

M, =0.19F,, 1,1, Cy Lesi” BCy
Sagging condition:

M, ==0191, ., f,,1,CyLesi’ BC,

wy—s

where:
fun o Coefficient considering nonlinear effects applied to hogging, to be taken as:

Jron = 1.0 for strength and fatigue assessment.

Jfus + Coefficient considering nonlinear effects applied to sagging, to be taken as:
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C,+0.7

B

fnlfvs 2058(

J for strength assessment.

S =1.0 for fatigue assessment.

I . Coefficient to be taken as:
S =T for strength assessment.

f, =O.9[0.27—(6+4fT s xlO"S] 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
fn=10  for 0.4Lcsp <x < 0.65Lcs
fm=0.0 for x> Lesp

Intermediate values of f,, are to be obtained by linear interpolation (see Fig. 2).

Fig. 2 Distribution factor f,,
fm A

1.0f———————————5 , ,
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
! ! >

0.0 0.4Lcsr 0.65Lcsr 1.0Lesr
AE FP

Vertical wave shear force

The vertical wave shear forces at any longitudinal position, in kN, are to be taken as:
Qwv—pos = O‘Szfq—pos fp Cw LCSRBCB
Qwvfneg :_0'52f;17neg fp Cw LCSRBCB

where:
I . Coefficient to be taken as:
=70 for strength assessment.
f,=09 [0.27 - (1 7-8f; )LCSR x107 ] for fatigue assessment.
Jawos + Distribution factor along the ship length for positive wave shear force, to be taken as:
Japos = 0.0 forx<0
Sapos = 0.92 for for 0.2Lcsp <x < 0.3L¢sr
Sapos = 0.7 for 0.4Lcsr <x < 0.6Lcse
Sapos = 1.0 furns for 0.7Legg <x < 0.85Lcsr
Japos = 0.0 for x > Lesg
Intermediate values of f,.,,, are to be obtained by linear interpolation (see Fig. 3).
Janeg ©  Distribution factor along the ship length for negative wave shear force, to be taken as:
Janee = 0.0 forx<0
Sonea =0.92 fo1s for 0.2Lcsp <x < 0.3L¢sg
Syneg =0.7 for 0.4Lcgp <x <0.6Lcsr
Sonee = 1.0 forn for 0.7Lesg <x < 0.85Lcsr
Syneg = 0.0 for x > Lesg

Intermediate values of f,.,., are to be obtained by linear interpolation, see Fig. 4.
Jutooms Juivs © Coefficient considering nonlinear effects defined in 3.1.1.
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Fig. 3 Distribution Factor of Positive Vertical Shear Force f;.
f 0S
A
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0.92fy
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AE 0.2Lee 0.3Ler 0.4Lesr 0.6Les O.7Lese 0.85Lese FP -
Fig. 4 Distribution Factor of Negative Vertical Shear Force f;. .,
ftwez
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0.7
AE 0.2Low 0.3Lese 0.4Lose 06l 0.7l 085l  FP
33 Horizontal Wave Bending Moment
3.3.1
The horizontal wave bending moment at any longitudinal position, in kNm, is to be taken as:
L 2
M., =T fp[0‘3 1 +ﬁjfm C, Loy T C
where:
fun : Coefficient considering nonlinear effect to be taken as:
Jun = 0.9 for strength assessment.
o = 1.0 for fatigue assessment.
J» + Coefficient to be taken as:
=70 for strength assessment.
f,=09 [(0.2 +0.04 f; )+ (l 1-81; )LCSR x107 ] for fatigue assessment.
fw : Distribution factor defined in 3.1.1.
34 Wave Torsional Moment
34.1

The wave torsional moment at any longitudinal position with respect to the ship baseline, in kNm, is to be taken

as:
er :fp(erl +th2)

where:

L
erl :04](;1 Cw % Bz DCB

LC
MWIZ :022f;2 Cw LCSRB2 CB
fu,fn : Distribution factors, taken as:
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f,=0 forx <0

.| 2m
S =Isin for 0 <x < Lcg

LCSR
ﬂl =0 for x > LCSR
f,=0 forx <0
flz:sinz( s j fOI'OSXSLCSR
CSR
f,z =0 for x >LCSR
I . Coefficient to be taken as:
So=To for strength assessment.
f,=09 [0.2 + (SfT - 4.25)B X 104] 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, M,,,.;c, 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 M1 c
Cyy>0 TG My
Cyy<0 I Cov |va—s|
where:
Cwy : Load combination factor for vertical wave bending moment, to be taken as specified in Ch 4, Sec 2.

My, M,,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, O,,..c, 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 Ow-LC
CQWZ 0 fﬁ CQW Qwvfpns
CQW< 0 fﬂ C1QW |Qwvfneg
where:
Cow : Load combination factor for vertical wave shear force, to be taken as specified in Ch 4, Sec 2.

Owvposs Owvneg  + 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, M, ;c, 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:
Mwh—LC :fﬁ C‘WH Mwh

where:

Cwy : Load combination factor for horizontal wave bending moment, to be taken as specified in Ch 4, Sec
2.

M., : 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, M, ¢, in kNm, to be used for each dynamic load case defined in Ch 4, Sec 2, is to

be taken as:
th—LC = fﬂ CWT er
where:
Cyr : Load combination factor for wave torsional moment, to be taken as specified in Ch 4, Sec 2.
M,, : 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.
A Wave length, in m.

B, : Moulded breadth at the waterline, in m, at the considered cross section.
x,y,z - X, Yand Z coordinates, in m, of the load point with respect to the reference coordinate system defined in
Ch4,Sec1,1.2.1.
fu : Ratio as defined in Ch 4, Sec 2.
Sz © Ratio between Y-coordinate of the load point and B, to be taken as:
[24

Sos =5 but not greater than 1.0.

X

Jy =0 when B, = 0.

S @ Ratio between Y-coordinate of the load point and B, to be taken as:
[2/
S = but not greater than 1.0.

C, : Wave coefficient defined in Ch 4, Sec 4.
fr : Ratio as defined in Ch 4, Sec 3.
Py : Wave pressure at the waterline, kN/m’, for the considered dynamic load case.

D] By, =h, for y=B /2 and z=T,,
hy :  Water head equivalent to the pressure at waterline, in m, to be taken as:
ho = By
=
Jfps ¢+ Coefficient for strength assessment, as defined in Ch 4, Sec 3.

6@ : Rollangle, in deg, as defined in Ch 4, Sec 3, 2.1.1.
T, : Rollperiod, in s, as defined in Ch 4, Sec 3, 2.1.1.

fiu © Coefficient defined in Ch 4, Sec 3.
Jfs ¢ Coefficient defined in Ch 4, Sec 4.

M| Zsp : Zcoordinate, 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 P,, at any load point of the hull, in kN/nm?, for the static (S) design load scenarios, is to be
taken as:
P _=P, butnot less than 0.
The total pressure P,, 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:
P_=P,+P, butnot less than 0.
where:
Ps . Hydrostatic pressure, in kN/m?, defined in 1.2.
Py : Wave pressure, in kN/m?, is defined in 1.3.

1.2 Hydrostatic Pressure
1.2.1
The hydrostatic pressure, P at any load point, in kN/#7’, is obtained from Table 1. See also Fig. 1.
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Table 1 Hydrostatic Pressure, Ps
Location Hydrostatic Pressure, P, in N/m*
z<T;e (T c—2)
z2>Tpe 0
Fig. 1 Hydrostatic Pressure, Py
\
|
|
|
|
|
|
|
|
1 TLC
|
|
|

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, Py, for HSM-1 and HSM-2 load cases, at any load point, in kN/m*, 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/m?

Load case z<Tc Tye<z<hy+T;c z>hy + Ty

HSM-1 By :max(— PHS’pg(Z_TLC))

PW:PW,WL_pg(Z_TLC) By =0.0

HSM-2 By = max (PHS > %(Z ~Tic ))

where:
L,+A1-125

PHS :fﬂfps fnlfh kakp fyz Cw

L CSR

Ju ¢ Coefficient considering non-linear effects, to be taken as:
* For extreme sea loads design load scenario:
fu=0"7atf, =0
Su=09atf, =03
fu=09atf, =07
fu=0.6atf, =1
* For ballast water exchange design load scenario:
fu=085atf,;, =0
JSu=095atf,; =03
Sfu=095atf,=0.7
Su=0.80atf, =1
Intermediate values are obtained by linear interpolation.
Jy- ¢+ Girth distribution coefficient, to be taken as:
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vz

V4
=—+ fp+1
T, 7’

Jn ¢ Coefficient to be taken as:
£,=3.0(1.21-0.66 1;)
k, : Amplitude coefficient in the longitudinal direction of the ship, to be taken as:
. —\ 20 . 2 .
k, :(0.5+fr){(3—2 fos )—fol (7—6 fos )}+§(1—1T) for f, <0.15
k,=1.0 for 0.15<1,<0.7
40 18
k,=1+(1, —0.7){(? fT—5)+2(1— fw{c— £i(f,,~0.7)-0.25(2— fr)}} for f,>0.7
B
A : Wave length of the dynamic load case, in m, to be taken as:
A=0.6(1+ f; )Les
k, : Phase coefficient to be obtained from Table 3. Intermediate values are to be interpolated.
Table 3 k, Values for HSM Load Cases
far 0 0.3-0.1f7 0.35-0.1f7 0.8-0.2fr 0.9-0.2f7 1.0
k, -0.25/1(14f,) -1 1 1 -1 -1

Fig. 2

Fig. 3

Transverse Distribution Amidships of Dynamic Pressure for HSM-1, HSA-1 and FSM-1 Load Cases
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1.3.3  Hydrodynamic pressures for HSA4 load cases
The hydrodynamic pressures, Py, for HSA-1 and HSA-2 load cases at any load point, in kN/m’, are to be
obtained from Table 4. See also Fig. 2 and Fig. 3.

Table 4 Hydrodynamic Pressures for HS4 Load Cases
Wave pressure, in AN/’

Load case z<Te Tie<z<hy+Tc z>hy + T

HSA-1 By :max(_PHS’pg(Z_TLC))

PW:PW,M_%(Z_TLC) By, =0.0

HSA-2 By :maX(PHS’%(Z_TLC))

where:
L,+A-125

PHS :fprnlfhkakp Lf:vz Cw

LCSR
fu ¢ Coefficient considering non-linear effects, to be taken as defined in 1.3.2.
Jy- ¢+ Girth distribution coefficient, to be taken as:

yz

= fo+l
TLC -
fn @ Coefficient to be taken as:
£,=2.4(1.21-0.66 ;)

k, : Amplitude coefficient in the longitudinal direction of the ship, to be taken as defined in 1.3.2.
A : Wave length of the dynamic load case, in m, to be taken as:
120-6(1""]? )LCSR

k, : Phase coefficient to be obtained from Table 5. Intermediate values are to be interpolated.

Table 5 k, Values for HS4 Load Cases
fu 0 0.3-0.1f; 0.5-0.2f; 0.8-0.2f; 0.9-0.2f; 1.0
k, 1.5-/1-0.5f,5 -1 1 1 -1 -1

1.3.4  Hydrodynamic pressures for F:SM load cases
The hydrodynamic pressures, Py, for FSM-1 and FSM-2 load cases, at any load point, in kN/m?, are to be
obtained from Table 6. See also Fig. 2 and Fig. 3.

Table 6 Hydrodynamic Pressures for F'SM Load Cases
Wave pressure, in kN/m*

Load case z<Te Tpe<z<hy+Tyc z>hy +T e

FSM-1 By :max(_PFS’pg(Z_TLC))

PW:PW,WL_pg(Z_TL(‘) By =00

FSM:-2 Py =max(Pys, pg(2 =T, )

where:
Ly+A1-125

PFS = .fﬁf‘ps .fnl fh ka kp f\fz Cw

LCSR
fu : Coefficient considering non-linear effects, to be taken as:
fu=10.9 for extreme sea loads design load scenario.
1 =0.95 for ballast water exchange design load scenarios.
Jy- + Girth distribution coefficient, to be taken as:
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V4
fvz :T_+.fyB +1

LC
Jn ¢ Coefficient to be taken as:
Jn=2.6
k, : Amplitude coefficient in the longitudinal direction of the ship, to be taken as:
k,=1+(3.75-2/, 1-5/, N~ 1,5) for f,<02
k,=1.0 for 0.2<f,<0.9
k,=1+20(1— 1, X /.. —0.9) for f,>0.9
A : Wave length of the dynamic load case, in m, to be taken as:
120'6(1+2/3fr )LCSR

k, : Phase coefficient to be obtained from Table 7. Intermediate values are to be interpolated.

Table 7 k, Values for FSM Load Cases
fur 0 0.35-0.1fr 0.5-0.2f; 0.75 0.8 1.0
ky, -0.75-0.25f,5 -1 1 1 -1 -0.75-0.25f,5

1.3.5 Hydrodynamic pressures for BSR load cases

The wave pressures, Py, for BSR-1 and BSR-2 load cases, at any load point, in kN/m’, 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/m?
Load case z<T;c Tye<z<hy+Tc z>hy + T
BSR-1P By :maX(PBSR»%(Z*TLc))
BSR-2P By = max (_ Py %(Z ~Tic ))
PW:PW,WL_pg(Z_TLC) By =0.0
BSR-1S By :maX(PBSR’pg(Z_TLC ))
BSR-2S By = max (_ Pyor> P (Z ~Tic ))
where:
+ For BSR-1P and BSR-2P load cases.
. L,+A1-125
Pyse =1 /| 10ysin 04088, C, 222 (1 +1)
CSR
» For BSR-1S and BSR-2S load cases.
. L, +A-125
Puse=1; fn,[—w ysin0+0.881, C, OL—( fom +1)]
CSR

Ju ¢ Coefficient considering non-linear effect, to be taken as:
Jfu=1 for extreme sea loads design load scenario.
fu =1 for ballast water exchange design load scenarios.
A : Wave length of the dynamic load case, in m, to be taken as:

=27
2r
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Fig. 4 Transverse Distribution of Dynamic Pressure for BSR-1P (Left) and BSR-1S (Right) Load Cases
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=

T m
=

| |
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\ 1 1 \
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Fig. 5 Transverse Distribution of Dynamic Pressure for BSR-2P (Left) and BSR-2S (Right) Load Cases
Port Starboard Port Starboard

Wave

=N =

1.3.6 Hydrodynamic pressures for BSP load cases
The wave pressures, Py, for BSP-1 and BSP-2 load cases, at any load point, in kN/m?, 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/m*

Load case z<Tyc Ty <z<hy +T;c z>hy +Tc
BSP-1P By =max(Pysp, p2(z =T, ))
BSP-2P By = max(— Pygp, p2(z =Ty ))
PW:PW,WL_pg(Z_TLC) By =00
BSP-1S By = maX(PBSP’ ,‘E(Z —Tc ))
BSP-2S By = max(— Pysp, P8 (Z —Tic ))
where:
L,+1-125

PBSP = 45fﬂ fps fnl fvz Cw

LCSR

A : Wave length of the dynamic load case, in m, to be taken as:
2=02(1+ 21 Lo
/- ¢+ Girth distribution coefficient, to be obtained from Table 10.
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Table 10 Girth Distribution Coefficient, f,. for BSP Load Cases

Transverse position BSP-1P - BSP-2P BSP-1S - BSP-2S
>0 f=2— 425 5 +0.5 =22 e Los
yz yz TLC -~J yBl : yz 3 TLC 2 yB1 .
0 ro=2z2 Ly Los f =22 425f,,+05
ry< yz 3 TLC 2 yB1 . yz TLC *~J yBl .

fu + Coefficient considering non-linear effect, to be taken as:
* For extreme sea loads design load scenario:
fu=0.6atf, =0
Sfu=0.8atf,=0.3
fu=0.8atf, =07
fu=0.06atf,; =1
+ For ballast water exchange design load scenario:
fu=0.6atf, =0
Jfu=0.8atf,=0.3
fu=0.8atf, =07
JSu=0.6atf, =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

Port Starboard Port Starboard
o E

Py Py
g\ Wave

S LA

Fig. 7 Transverse Distribution of Dynamic Pressure for BSP-2P (Left) and BSP-2S (Right) Load Cases
Port Starboard Port Starboard
\ \
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1.3.7 Hydrodynamic pressures for OST load cases
The wave pressures, Py, for OST-1 and OST-2 load cases, at any load point are to be obtained, in kN/m?, 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
Port Starboard Port Starboard
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Fig. 9 Transverse Distribution of Dynamic Pressure Amidships for OST-2P (Left) and OST-2S (Right) Load
Cases
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Table 11 Hydrodynamic Pressures for OST Load Cases
Wave pressure, in kN/m?

Load case z<Tc Tie<z<hy+T;c z>hy + T c
OST-1P By = maX(Posra %(Z e ))

OST-2P By = max(— Fosrs @(Z ~Tic ))

PW:PW,WL*%(Z*TLC) By =00

OST-1S By :maX(Posra%(Z_TLc))

OST-2S By = max(— Fosrs /g(z - TLC))
where:

L,+1-125
POST :1'38fprn/ kakpfyz Cw OL—
CSR

/- + Girth distribution coefficient, to be obtained from Table 12.
fu : Coefficient considering non-linear effect, to be taken as:

1= 0.8 for extreme sea loads design load scenario.

fu=0.9 for ballast water exchange design load scenarios.
A : Wave length of the dynamic load case, in m, to be taken as:

A=0.45Lg
k, : Amplitude coefficient in the longitudinal direction of the ship, to be obtained from Table 13.
k, : Phase coefficient to be obtained from Table 14. Intermediate values are to be interpolated.
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Table 12

Girth Distribution Coefficient,

/- for OST Load Cases

Transverse position

OST-1P - OST-2P

OST-1S - OST-2§

120 52 435f,+15 1.5-2 415
LC ’ Tye
z z
y<0 1.5—+1.5 5—+3.5fy3+1.5
TLC LC
Table 13 k, Values for OST Load Cases
Transverse Longitudinal
N - OST-1P - OST-2P OST-1S - OST-2S
position Position
£, <02 10+3.50- 7,5 M1-57,) 1.0+[3.5—(4fr—0.5 ),B}(I—Sfo)
y=20 02<f, <08 1.0 1.0
fu>038 1.0 LO+4(1= /N5 /. =4/
£, <02 1.0+[3.5—(4fr—0.5 yg}(l—s‘fﬁ) 10+3.5(1— £, N1-5/,,)
y<0 02<f, <08 1.0 1.0
£, >08 LO+4(1= £ )5/, —4)/ s 1.0

Table 14 k, Values for OST Load Cases
Transverse position fur OST-1P - OST-2P OST-1S - OST-2S

0.0 1.0 1.0
0.2 1.0 10+(0.75-1.5/7 )/
0.4 -1.0 ~1.0+(1.75-0.51;)f,5

30 0.5 1.0 ~1.0+(1.75-0.51; )1,
0.7 —0.1+(1.6 /7 —1.5)f,p ~0.1+(0.25-0.3 17 ),
09 0.8+0.2f,; 0.8—(0.9/; +0.85)f,5
10 ~1.0+ £, ~1.0+(0.5-0.5/7)/,5
0.0 1.0 1.0
0.2 10+(0.75-1.51;)f 5 10
0.4 ~1.0+(1.75-0.5£7 ), 1.0

y<0 0.5 ~1.0+(1.75-0.5£; ), 1.0
0.7 ~0.1+(0.25-031;)/,5 ~0.1+(L6 /7 —1.5)f,p
0.9 0.8-(0.97 +0.85)f, 0.8+0.2f,
1.0 ~1.0+(0.5-0.5/; )1, ~1.0+ £,
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1.3.8 Hydrodynamic pressures for OS4 load cases
The wave pressures, Py, for OSA-1 and OSA-2 load cases, at any load point, in kN/m’, are to be obtained from

Table 15. See also Fig. 10 and Fig. 11.

Table 15 Hydrodynamic Pressures for OS4 Load Cases
Wave pressure, in kN/m?

Load case z<T;c Tpe<z<hy+Tc z>hy +Tpc

0S4-1P By = maX(POSA’ ( ~Tic ))

0OSA4-2P By = max( os4> P8 ( Tic ))

PW:PW,WL_@(Z_TLC) By =0.0

0S4-18 By =max(Pyg,, p2(2—T,)

0S4-28 By = max( Fosa» 8 ( ~Tic ))
where:

P, =081f, fuk,k,f,.C, M(1+0.5f,)

CSR
A : Wave length of the dynamic load case, in m, to be taken as:
A=0.70L
fu : Coefficient considering non-linear effect, to be taken as:
* For extreme sea loads design load scenario:
Sfu=05atfi,=0
fu=08atf;=0.3
fu=08atf,=0.7
fu=06atf;=1
* For ballast water exchange design load scenario:
fu=0.75atf =0
fu=09 atf,;=03
Sfu=09 atf,=0.7
fu=0.8 atfy =1
Intermediate values are obtained by linear interpolation.
/- + Girth distribution coefficient, to be obtained from Table 16.
k., : Amplitude coefficient in the longitudinal direction of the ship, to be obtained from Table 17.
k, : Phase coefficient to be obtained from Table 18. Intermediate values are to be interpolated.

Table 16 Girth Distribution Coefficient, f,. for OSA Load Cases

Transverse position

OSA-1P - OSA-2P

0S4-1S§ - 084-28

y>0

55— +53f,5+2.2
LC

0.9——+0.4f,; +22
LC

0.9——+0.4f,,+22
Tpc '

5.5——+53f,5+22
TLC
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Table 17 k, Values for OS4 Load Cases
Transverse Longitudinal
- - OSA-1P - OSA-2P OSA-1S - OSA-2S
position Position
10+32- £, J1-57,,)
, <02 1.0+32- £ N1=57, N1 £,
. @t lt= 1) P e
02<f,<05 1.0 10+(1-21,; )/,
y=0
05<f,<08 1.0 LO+15(2f,, —1)f,p
LO+{L5(21,; ~1) =/, ~0.8)4},5
0.8 1.0+(f, —0.8)1—f.z)4 : )
fo > (f:vl )( f_vB) +(fo—0-8)A
£,<02 10+32- f; J1-57,) 1.0+32- £ )1=57, 1= 7.5)
e + {(ZSfVL - 5)+ 3fT (1 - Sfo )}va ! XL e
02<f,<05 LO+(1-27,, )/, 1.0
y<0
05<f,<08 LO+1.5(2f,, ~1)f,5 10
L0+ {1.5(2 1., —1)=(f,, —0.8)4}f, 5
0.8 Y 1.0+ (7, —0.8)1-f,4)4
f;cL > " (fXL _ 08)A (fL )( f}B)
A=22-15f, +3[22(f,, —0.8)-0.252~ f; )]

Fig. 10 Transverse Distribution of Dynamic Pressure Amidships for OS4-1P (Left) and OS4-1S (Right) Load
Cases
Port B, Starboard Port Py Starboard

\ \

/L’ | | ‘l\
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Fig. 11 Transverse Distribution of Dynamic Pressure Amidships for OS4-2P (Left) and OS4-2S (Right) Load
Cases
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Table 18 k, Values for OS4 Load Cases
Transverse position fur OSA-1P; OSA-2P OSA4-1S; OS4-2S

0.0 0.75-0.5f,p 0.75
02 fr=025+(1.25- f7)f,5 fr=025+(035/, —0.47)1,
0.4 1.0 10+(27f; -32)f,

y>0 05 125-0.5f7 +(0.5 /7 —0.25),,5 125-0.5f7 +(2.7 /7 =32)f,5
0.6 15— fr +(f; =1.07)f, 15— f; +(2.68/; =3.19)f,,
085 0.5f7 ~1.25+(0.25-0.51; )f,5 0.5f7 ~1.25+(02-0.11;) 1,5
1.0 0.5/ =1.25+(0.25-0.5/; )15 0.5/ =125+(02-0.11; )15
0.0 0.75 0.75-0.5/ 5
0.2 fr=0.25+(035f; —0.47)f,5 fr=0.25+(1.25- 17 )1,
0.4 10+Q27f =32)f,s 1.0

y<0 05 125-0.5f; +(2.7 /7 =3.2)f 5 125-0.5f; +(0.5f7 —0.25)f,
06 15— f; +(2.681; =3.19)/ 15— f7 +(fr =1.07)f
085 0.5f7 —125+(02-0.1/7)f 0.5f7 —1.25+(025-0.5 /7)1 5
1.0 0.5f7 ~125+(02-0.1/, ), 0.5f7 —1.25+(025-0.5f,)f 5

1.3.9  Envelope of dynamic pressure

The envelope of dynamic pressure at any point, P, 1S to be taken as the greatest pressure obtained from any

of the load cases determined by 1.3.2 to 1.3.8.

14 External Dynamic Pressures for Fatigue Assessments

1.4.1 General

The external pressure P,, 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:
P,. = Ps+ Py but not less than 0.

where:

Ps : Hydrostatic pressure, in kN/m’, defined in 1.2.
Py Hydrodynamic pressure, in kN/n*, is defined in 1.4.2 to 1.4.6.
1.4.2  Hydrodynamic pressures for HSM load cases
The hydrodynamic pressures, Py, for load cases HSM-1 and HSM-2, at any load point, in kN/m*, are to be
obtained from Table 19.

Table 19 Hydrodynamic Pressures for HSM Load Cases
Wave pressure, in kN/m*
Load case z<T;c Tie <z<2hy + T, z2>2hy + T
HSM-1P By = max(~ Pys. pg(z~Tyc)) 1
PW:PW,WL_Epg(Z_TLC) By =0.0
HSM-2P By = max(Pys, pg(z =T, )
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where:
L,+1-125
PHS :fpfhkakpfyzcw e
LCSR
Jy- ¢+ Girth distribution coefficient, to be taken as:
z
. =T—+ 51

LC

fn : Coefficient to be taken as:
£,=2.75(1.21-0.66 1;)

J» : Coefficient to be taken as:
£, = Ful02140.027,)+ (647, )Legy x107]

k., : Amplitude coefficient in the longitudinal direction of the ship, to be taken as:
k,=1+3f; _(1+fr)fyB +[5(1+fT )fyB -15/; ]fo for f,<0.2
k,=1.0 for 0.2<f, <0.6
k,=1+(f,, —0.6)(13.5-3.5, ) .5+ (14.5 £, ~17)+40(1— £, ., —0.6)]  for £, 20.6

A : Wave length of the dynamic load case, in m, to be taken as:
A= 0-6(1 +/fr )LCSR

» . Phase coefficient to be obtained from Table 20. Intermediate values are to be interpolated.

Table 20 k, Values for HSM Load Cases

S ky

0 (1~0—fr)+(0~5_fT)fyB
0.3-0.1f; »
0.5-02/; |
0.9-04f, 1
0.9-02f, »

1.0 -1

1.4.3  Hydrodynamic pressures for FSM load cases

The hydrodynamic pressures, Py, for FSM-1 and FSM-2 load cases, at any load point, in kN/m’, are to be
obtained from Table 21.

Table 21 Hydrodynamic Pressures for F'SM Load Cases

Wave pressure, in kN/m?

Load case z<T; o Tc <z<2hy + T, z>2hy + T,

FSM-1 By :max(_PFS5/g(2_TLC)) 1

By =By —Epg(Z_TLc) By =0.0

FSM-2 By = maX(PFSa@(z - TLC))

where:
L,+A-125
PFS :fp](hka kp](yz Cw °
L

Jy- ¢+ Girth distribution coefficient, to be taken as:
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z
Sro=m—+ s+l
T, e ™

fn : Coefficient to be taken as:
=26
J» @ Coefficient to be taken as:

£, =fal021+0.027, 1+ (6-4£, )L esy x107]
k, : Amplitude coefficient in the longitudinal direction of the ship, to be taken as:
k,=1+(3.5-2/, 1-5f, N~ f,s) for f,<02
k,=1.0 for 0.2<f, <09
k, =1+15(1— £, ) /., —0.9) for f,>0.9

A : Wave length of the dynamic load case, in m, to be taken as:
A= 0.6(1 +§fT )LCSR

k, : Phase coefficient to be obtained from Table 22. Intermediate values are to be interpolated.

Table 22 k, Values for FSM Load Cases

Jir k,
0 —0.75-0.251,,5
0.35-0.1f; 1
0.5-02f; |
0.75 1
0.9-0.1f; 1
1.0 —0.5-0.5f5

1.4.4 Hydrodynamic pressures for BSR load cases

The hydrodynamic pressures, Py, for BSR-1 and BSR-2 load cases, at any load point, in kN/m’, are to be
obtained from Table 23.

Table 23 Hydrodynamic Pressures for BSR Load Cases

Wave pressure, in kN/m*

Load case z<T ¢ Te <z<2hy +T,. z>2hy + T,

BSR-1P PW:maX(PBSRﬁpg(Z_TLC))

BSR-2P By = max(— Pgsro @(z ~Tic )) 1

PW:PW,WL_E%(Z_TLC) By =0.0

BSR-1S By = maX(PBSRa %(Z - TLC))

BSR-2S By = max(— Pysrs /g(z —Tic ))
where:

+ For BSR-1P and BSR-2P load cases.

. L,+A-125
Pyse =10ysin6+0.887, C, |22 2= (1, +1)

CSR

+ For BSR-1S and BSR-2S load cases.
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M(fwl)

Py =—10ysin <9+O.88fp C,
CSR
J» : Coefficient to be taken as:

7, =Fol021+0.047,)-(127, ~2)Bx107]
A : Wave length of the dynamic load case, in m, to be taken as:

ﬁ:iT;
2r

1.4.5 Hydrodynamic pressures for BSP load cases

The wave pressures, Py, for BSP-1 and BSP-2 load cases, at any load point, in kN/n?*, are to be obtained from
Table 24.

Table 24 Hydrodynamic Pressures for BSP Load Cases

Wave pressure, in kN/m*
Load case 25T c Tye<z<2hy +T,c z2>2hy + T
BSP-1P By = max(PBSP, @(Z - TLC))
BSP-2P By =max(~Pygp. p(2 Ty )) 1
PW:PW,WL_EIDg(Z_TLC) Ey=0.0
BSP-18 By :maX(PBSPa%(Z_TLC))
BSP-2S By = max(— Pysp, ;g(z ~Tic ))
where:
Ly+2A-125

Py =451, 1,.C,

Legg
A : Wave length of the dynamic load case, in m, to be taken as:
A=02(1+2 f; )Legp

J» © Coefficient to be taken as:
7, =ful02+8+16)x107]
/- © Girth distribution coefficient, to be obtained from Table 25.

Table 25 Girth Distribution Coefficient, f,, for BSP Load Cases

Transverse position BSP-1P - BSP-2P BSP-1S - BSP-2S
>0 =2+ 2.5f 5 +0.5 =2z e Los
yz Jyz TLC -~J yBl . Jyz 3 TLC P yBI1 .
0 =2zl Los =24 2.5f 405
y< yz 3 TLC ) yB1 . yz TLC -~J yB1 .

1.4.6  Hydrodynamic pressures for OST load cases

The wave pressures, Py, for OST-1 and OST-2 load cases, at any load point, in kN/m?, are to be obtained from
Table 26.
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Table 26 Hydrodynamic Pressures for OST Load Cases
Wave pressure, in kN/m?

Load case z<T; ¢ Toe <z<2hy +T;, z>2hy + T,

OST-1P By = max(P osr> P8 ( ))

OST-2P By = max( Fosr ( C)) 1

PW:PW,WL_E/g(Z_TLC) By, =0.0

OST-1S By :max( 0ST> %(Z_ LC))

OST-2S By = maX( oST> /g( ))
where:

L,+A-125
POST :138fp ka kp f:vz Cw OL—
CSR

/- ¢+ Girth distribution coefficient, to be obtained from Table 27.

Table 27

Girth Distribution Coefficient,

/. for OST Load Cases

OST-1P - OST-2P

Transverse position

OST-1S - OST-2§

320 5433/ +1.7 403/, 417
LC TLC
z z
y<0 —+03f+1.7 S——+33f,p+1.7
LC LC
/, © Coefficient to be taken as:
7, = 14025-0.027,)+ (12, -9)Bx10*]

A : Wave length of the dynamic load case, in m, to be taken as:

A=045L,,

k., : Amplitude coefficient in the longitudinal direction of the ship, to be obtained from Table 28.
k, : Phase coefficient to be obtained from Table 29. Intermediate values are to be interpolated.

Table 28 k, Values for OST Load Cases
Transverse Longitudinal
. . OST-1P - OST-2P OST-1S - OST-2S
position Position
1.0+(3.5-2/,-1.5/,)
<0.2 LO+3.5-2/)+(10f -17.5)f, Nl -1, !
fo {( fT) ( fT )f.xL}( f)B) "'(lofr —17-5+7~5fyg)fo
y=0 )
02<f,<08 1.0 1.0
S >028 1.0 1'0+2(1_fr)(5fo _4)fyB
0 L0+(3.5-2/, ~1.5/,4) 1.0+{3.5-21;)
. (10, -175+7.57,, )1 +(0f, =175, 1= 1)
<0 .
02<f,<08 1.0 1.0
S >08 1~0+2(1_fr)(5fo _4)fyB 1.0
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Table 29 k, Values for OST Load Cases

Transverse position fur OST-1P - OST-2P OST-1S - OST-2S
0.0 1.0 1.0+(0.5- f7)f,s
0.2 1.0 1.0+3(0.5- f7)f,5
0.4 -1.0 (27-241)f,5-1
y>0 0.5 -1.0 (2.8-2.617)f,5-1
0.7 (fr—0.62)f,5-0.38 (238-37;)f,5—0.38
0.9 024+0.76f,,, 024-(0.24+ £; )15
1.0 —1.0+0.57 4 -1.0
0.0 1.0+(0.5= f7)f,8 1.0
0.2 10+3(0.5- /7 )/, 1.0
0.4 (27-241)f,5-1 -1.0
y<0 0.5 (28-2.6/;)f,5-1 -1.0
0.7 (2.38-31;)/,5—0.38 (fr—0.62)f,; —0.38
0.9 0.24-(024+ ;)1 5 0.24+0.76f,.5
1.0 -1.0 —1.0+05/,5
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, Pp, at any point of an exposed deck, in kN/m’, 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, Pp, at any point of an exposed deck for the static (S)
design load scenarios is zero.
222

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, Pp, for HSM, HSA and FSM load cases, at any load point of an exposed deck is to be

obtained, in kN/m?, from the following formula, see Fig. 2 and Fig. 3:
Py=xPy
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where:
Py = Py p, but not to be taken less than Pp_,;,.
Pwyp : Pressure, in kN/m?, obtained at side of the exposed deck for HSM, HSA and FSM load cases as
defined in 1.3.
Pp_in : Minimum exposed deck pressure, in kN/mz, to be taken as:
* For cargo hold analysis according to Ch 7:  Pp_,;, = 0.

+ For other cases: Pp.,in as defined in Table 30.
y  : Coefficient defined in Table 31.

Table 30 Minimum Pressures on Exposed Decks for HSM, HSA, FSM Load Cases

Minimum pressure on exposed deck, Pp_i,, In kN/m?
Location
LLL >100m LLL < 100m
xp. /Ly <0.75 343 14.9+0.195L,,
XL Ly | X XL
xLL/LLL >0.75 343+(14.8+a(L;;, —100)) 4—=— 122+ —=| 5—=~ -2 |+3.6—
Ly LL LL
a : Coefficient taken equal to:

a=10.356 for Type 4, Type B-60 and Type B-100 freeboard ships
a=0.0726 for Type B freeboard ships.

x;; : X-coordinate of the load point measured from the aft end of the freeboard length Z;;.

Table 31 Coefficient for Pressure on Exposed Decks
Exposed deck location X
Freeboard deck 1.00
Superstructure deck including forecastle deck 0.75
1* tier of deckhouse 0.56
2" tier of deckhouse 0.42
3" tier of deckhouse 0.32
4" tier of deckhouse 0.25
5™ tier of deckhouse 0.20
6" tier of deckhouse 0.15
7™ tier of deckhouse and above 0.10

2.2.4 BSR, BSP, OST and OSA load cases
The external pressure, Pp, for BSR, BSP, OST and OSA load cases at any load point of an exposed deck is to be

obtained, in kN/m’, by linear interpolation between the pressures at the port and starboard deck edges (see also Fig. 4,
Fig. 6, Fig. 9 and Fig. 10):

PD,slh = ZPW,D-slh

PD,pI = ZPW,Dfpt

where:

Py p.gw: Pressure obtained at starboard deck edge for BSR, BSP, OST or OSA load cases as defined in 1.3, as

appropriate.
Py p.p : 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.
V4 : 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, Pp_,..., 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, P, in kN/m?, due to this distributed load for the static (S) design load scenario is to be taken
as:
Fy=F,,
The pressure Py, in kN/m?>, 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:
Py=Fy +Fy,
where:
P, : Static pressure, in kN/m?, due to the distributed load, to be defined by the Designer and, in general, but
not less than 10 kN/m®.
P4 : Dynamic pressure, in kN/m?, due to the distributed load, in kN/m?, to be taken as:

aZ
Pdl—d :fﬂ_Pdl—s
4

a; : Vertical acceleration, in m/s%, 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 Fy, in kN, due to this concentrated load for the static (S) design load scenarios, is to be taken as:
Fy=Fy,
The force Fy, 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:
Fy=F, +F, 4
where:
Fy.s © Static force, in kN, due to the unit load to be taken equal to:
Fy,=myg
Fy.q : Dynamic force, in kN, due to unit load to be taken equal to:
Fy_g=my fga,
my . Mass of the unit load carried, in .
a; : Vertical acceleration, in m/s*, 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 Ps;, in kN/m?, 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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Py =108\[Legy [ € fOU Ligy <170 m
P, =130g f5 ¢ " for Lo =170m
Case 2: A full ballast tank in way of the bottom shell.
Py =108y Loy fo 0y ~1.2502(z,,—2)  for Loy <170m
Py =130g fy cq " —125pg (2, —2) for Leg>170m
where:
¢y Coefficient to be taken as:
¢ =0 for L.g <180m
¢, =—0.0125(L g, —180)"7 for L,g >180m

Csir - Slamming coefficient for case with an empty ballast tank or void space:

T 0.2
o =5.95—10.5(L]

CSR
csis - Slamming coefficient for case with a full ballast tank:
0.2
T. .
Cypp = 5.95—10.5(LJ
CSR

fso @ Longitudinal slamming distribution factor, to be taken as:
fa =0 for x/L.,<0.5

S =10 for x/L.g=0.5+c,

S =10 for x/L,,=0.65+c,

S =05 for x/L g >1

Intermediate values of f5; are to be obtained by linear interpolation.

¢, : Coefficient to be taken as:

L CSR

~033C, +
© 779500

, but not to be taken greater than 0.35.

Q) Tr. : Design slamming draught at the FP to be provided by the Designer. 7. 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.

Trs : Design slamming draught at the F/P to be provided by the Designer. 7., 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.
Zwp : Z-coordinate of the highest point of the tank, excluding small hatchways, in m.
For strength assessment of double bottom floors and girders, z,, is not to be taken greater than the
double bottom height.
3.2.2 Loading manual information
@D 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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Fig. 12 Definition of Bow Geometry
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3.3.1 Design pressures
The bow impact pressure Pr, in kN/m’, to be considered for the bow impact design load scenario is to be taken
as:
Py =1.025 fy ¢y Vi sin y,,
where:

frs : Longitudinal bow flare impact pressure distribution factor. To be taken as:

S =0.55 for x/L.g<0.9
Sros =4(x/L o, —0.9)+0.55  for 0.9<x/L g, <0.9875
Frp =8(x/Logy —0.9875)+0.9 for 0.9875<x/L g <1.0
S =10 for x/L.g >1.0

Vin : Impact speed, in knots, to be taken as:

V,y=0514V,  sina,, +4/ Leg
V. : Forward speed, in knots, to be taken as:

V,;=0.75V" but not less than 10.

. - Local waterline angle, in deg, at the considered position, but not less than 35 deg. See Fig. 12.
7. - 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:
Y, =tan” [%j
cosa,,
B, : Local body plan angle, in deg, at the considered position from the horizontal to the tangent line, but
not less than 35 deg.

crp . Coefficient to be taken as:
¢ =1.0  for positions between draughts T4, and Tsc.
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@

2 (h - 2h0) o
€ =./1.0+cos 90T for positions above draught Tsc.
)

hy @ Vertical distance, in m, from the waterline at the draught Tsc to the highest deck at side. See Fig. 12.

hy : Vertical distance, in m, from the waterline at the draught 7sc 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, Pp, in kN/m?, is to be taken as:
P, =125
4.3 Sides of Superstructures
43.1
The design pressure for the external sides of superstructures, Pg;, in kN/m?, is to be taken as:
where:
20
P,=21C, c.(C, +0.7)——m
ST w F( B )10+ZSD—TLC
cr : Distribution factor according to Table 32.
Table 32 Distribution Factor cp
Location cr
x/Lcgp <0.2 1.0 +i(0.2 . j without taking x/L¢sg less than 0.1
B CSR
X/ Lesg 20.2 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/m?, is to be taken as:

@ P, =1, f.lf f1 (250 — Ty ) but is not to be less than Py ;.
where:
Iu . Coefficient defined in Table 33.
1. : Coefficient, to be taken as:

f.=03+ 0.7% but not less than 0.475.

1
For exposed parts of machinery casings, f. is not to be taken less than 1.0.

fa . Coefficient, to be taken as:
2
L L
f,= ILSRe*(Lm/SoO) _Ll _[%j J for L <150 m
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7= Les Arews)  gor 150 m< Leg <300 m

10
f,=11.03 for L.g 2300 m

b, . Breadth of deckhouse at the position considered.

B . Actual breadth of ship on the exposed weather deck at the position considered.

I . Coefficient defined in Table 34.

P tomin © Minimum lateral pressure, in kN/n?’, 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
521

The green sea loads at any load point of a hatch cover, Py, in kN/mmt?, is to be taken as follows:
+ For cargo hold analysis according to Ch 7: P,.=P, - pg(z,.—D) without being less than 0.
* For other cases: P, =P, . asdefined in Table 30.
Py, : Green sea pressure, in kN/mm®, on the deck in way of the hatch cover obtained according to 2.2,
considering y equalto 1.0.

zyc : Z coordinate of the top of the hatch cover, in m.

53 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 f,,
Type of bulkhead Location u
L
Lowest tier® 20+ =
12
1 L
Unprotected front bulkhead" Second tier 10+ T
L2
Third tier and above S+ 15
L,
Protected front bulkhead" All tiers AT
L,
Side bulkheads All tiers AT
L, X
Abaft amidships [T 8L_2
Aft end bulkheads
L, X
Forward of amidships S+ 100 4L_2

(1) The front bulkhead of a superstructure or deckhouse may be considered as protected when it is located less than B,
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. B, 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 2™ tier and the tier above as the 3™ tier.

Table 34 Coecfficient £,
Location of bulkhead" N
2
T <045 104 HLesn =045
CSR Cp+0.2
X B 2
2045 1.0+1.5 x/LCSR 045
CSR Cp +0.2

where:
Ch

amidships, Cp; may be taken as 0.80.
1)

: Block coefficient, but not less than 0.60 nor greater than 0.80. For aft deckhouse bulkheads located forward of

For deckhouse sides, the deckhouse is to be subdivided into parts of approximately equal length, not exceeding

0.15L¢sg 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, Py_in

ClassNIK

P yomins i KN/

Legr Lowest tier of unprotected fronts Elsewhere"
Legsr Lesr
90< Legp <250 25+ —= 125+ —=
10 20
Legg >250 50 25

(1) For the 4" tier and above, P, is to be taken equal to 12.5 kN/m?.
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Section 6 INTERNAL LOADS

Symbols

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

ay, ay, az . Longitudinal, transverse and vertical accelerations, in mls%, at xg, V6, Zg, as defined in Ch 4, Sec 3, 3.2.

BH :
B]B :
D,
dse
Jea

Joe

hair :
he

hDB :

hypr

hHPU

hLS .
P -

Breadth of the cargo hold, in 7, 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.
Breadth of inner bottom, in m, measured at mid-length of the cargo hold, see Fig. 1.
Distance, in m, from the baseline to the freeboard deck at side amidships.
Diameter, in m, of a steel coil.
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:
f., =10 for p, >1.025 t/m’.
f., =088 for p, =1.025 t/m’.

* For other cases:
f.a=10.
Dry cargo factor taken as:
* f. =1.0 for strength assessment,
* f,. =0.5 for fatigue assessment.
Coefficient defined in Ch 4, Sec 4.

Height of air pipe or overflow pipe above the top of the tank, in m.

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.

Height, in m, of the double bottom at the enterline, measured at mid-length of the cargo hold, see Fig. 1.
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.
hyp, =0 if there is no hopper tank.

: 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.
Mean height, in m, of the lower stool, measured from the inner bottom.
Maximum permissible filling level, in m, taken as:
+ For ballast tanks: maximum tank height,
* For cargo tanks with cargo density equal to p, : maximum tank height

For cargo tanks with heavy liquid cargo density equal to p,,, associated with a partially filled cargo

tank: A, as defined in Ch 10, Sec 4, 1.2.1.
Coecfficient taken equal to:
K, =cos’ a+(1-siny)sin’ & for inner bottom, hopper tank, transverse and longitudinal bulkheads,

lower stool, vertical upper stool, inner side and side shell.
K.=0 for topside tank, main deck and sloped upper stool.

Coecfficient taken equal to:
K., =tan’ (45 - %)

Distance, in m, between floors.
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.
Distance, in m, between outermost dunnage per EPP in the ship X direction, see Fig. 10.

Length, in m, of a steel coil.

Mass, in ¢, of the bulk cargo being considered.

Cargo mass, in ¢, in a cargo hold corresponding to the volume up to the top of the hatch coaming with a
density of the greater of My/Vg,; or 1.0 .

M= 1.0 Vi, but not less than A},

Cargo mass, in 7, in a cargo hold that corresponds to the homogeneously loaded condition at maximum
draught with 50% consumables.

Maximum allowable cargo mass, in 7, 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.

Equivalent mass of a steel coil, in 7, on inner bottom, as defined in 4.3.1

Equivalent mass of a steel coil, in ¢, on hopper side, as defined in 4.3.2.

Number of tiers of steel coils.

Number of load points per EPP of the inner bottom, see 4.1.3.

Number of dunnages supporting one row of steel coils.

Overpressure, in kN/m’, 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/m’.

Design vapour pressure, in kN/m’, but not less than 25 kN/m’.

: 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.

Vertical coordinate of the ship rotation centre, defined in Ch 4, Sec 3.
Spacing of corrugations, in m, as defined in Ch 3, Sec 6, 10.4.2.

Roll period, in s, as defined in Ch 4, Sec 3, 2.1.1.

Volume, in 77, of cargo hold up to top of the hatch coaming, taken as:
Veur = Vi + Ve

Volume, in n’

, 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.
Volume, in 7, 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.
Total volume, in n2°, of the portion of the lower bulkhead stools within the cargo hold length ¢, and inboard
of the hopper tanks.
Mass, in ¢, of a steel coil.

X, Y and Z coordinates, in m, of the load point with respect to the reference coordinate system defined in

Ch 4, Sec1,1.2.1.

X6 Vo zg - X, Y and Z coordinates, in m, of the volumetric centre of gravity of the tank or fully filled cargo hold, i.e.

Zyp

zZc

Vi, considered with respect to the reference coordinate system defined in Ch 4, Sec 1, 1.2.
In case of partially filled cargo hold, x¢, s, z¢ to be taken as follows:
X6, Vo . Volumetric centre of gravity of the cargo hold.
Zg =hpy + hcfc//2
Z coordinate of the highest point of tank, excluding small hatchways, in m.
Height of the upper surface of the cargo above the baseline in way of the load point, in m, to be taken as:
ze=hpg+ he
Angle, in deg, between panel considered and the horizontal plane.
Pitch angle, in deg, defined in Ch 4, Sec 3, 2.1.2.

Assumed angle of repose, in deg, of bulk cargo (considered drained and removed); to be taken as:
v =30° in general.
v = 35° for iron ore.
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v =25° for cement.
Density of bulk cargo, in #/n7’, as defined in 2.3.3.

Pc -
P Density of liquid in the tank and ballast hold, in #, but not less than:
For strength assessment:
p, =1.025 for all liquids including oil cargoes. If a tank filled at 98% is intended to carry heavier liquid
cargoes than 1.025 (i.e. p,._;4 > 1.025), then p, = o, 1 -
+ For fatigue assessment:
p, =0.9 for liquid cargoes.
p, =1.025 for all other liquids.
Puax_ry © Maximum liquid cargo density in #/m’, associated with a full tank at 98%, from any loading condition in
the ship’s loading manual or value specified by the designer.
Ppar - Maximum permissible high liquid cargo density, in t/m’, associated with a partially filled cargo tank but not
taken less than p, considered for strength assessment.
P - Liquid density, in t/m’, to be used for sloshing assessment, taken as:
Pun = Ppar  for heavy liquid cargo density associated with partial filling of cargo tank
P, = p, forall other cases
®| pg;:  Density of steel, in #/m’, to be taken as 7.85.
@ : Roll angle, in deg, defined in Ch 4, Sec 3, 2.1.1.
0, Angle, in deg, between inner bottom plate and hopper sloping plate. in general 6, is such that:
tan 6, = 2,
B H B B
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/m*, for the

static (S) design load scenarios, given in Ch 4, Sec 7, is to be taken as:

P, =P, butnot less than 0.

The internal pressure due to liquid acting on any load point of a tank and ballast hold boundary, in kN/m’, 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:

P, =P +P, butnot less than 0.

where:
P, : Static pressure due to liquid in tanks and ballast holds, in kN/mz, as defined in 1.2.

P,; : Dynamic inertial pressure due to liquid in tanks and ballast holds, in kN/m?, as defined in 1.3.

1.1.2 Pressures for the strength assessments of flooded conditions

The internal pressure in flooded condition, in AN/m?, 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:

P

in

=P, butnot less than pgd,

The internal pressure in flooded condition, in AN/m?, 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:

P, =P, +P, butnot lessthan pgd,

where:

Py Static pressure of seawater in flooded condition in the compartment, in kN/m?, as defined in 1.4.

Py : Dynamic inertial pressure of seawater in flooded condition in the compartment, in kN/m’, as defined in
1.5.

d, : Distance, in m, to be taken as:

dO = 0.02LCSR for LCSR <120 m
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dO =24 fOfLCSRZ 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, P;; during normal operations at sea, in kN/n??, is to be
taken as:
P, =f.p: g(zmp - z)+ Py, for cargo tanks filled with liquid cargo.
P.=p, g(z,op -z+ O.Shw.r) for other cases.

1.2.2  Harbour/sheltered water operations
The static pressure, P;, due to liquid in tanks and ballast holds for harbour/sheltered water operations, in AN/m?,
is to be taken as:
Po=p, g(zlop -z +hair)+ P,

rop  TOT ballast tanks

P.=p, g(zmp - z)+ P,, for cargo tanks filled with liquid cargo
P =p, g(z,op —-z+ O.Shw.r) for ballast holds with /,;,.= 0 and for other cases

1.2.3  Sequential ballast water exchange
The static pressure, Pj; due to liquid in ballast tanks associated with sequential ballast water exchange operations,
in kN/m?, is to be taken as:
Po=p g(zlop —z+ O'Shair)
1.2.4  Flow through ballast water exchange
The static pressure, P, due to liquid in ballast tanks associated with flow through ballast water exchange
operations, in kN/m?, is to be taken as:
Po=p, g(Zlop —z+ hair)+ Py
1.2.5 Ballasting using ballast water treatment system
The static pressure, Pj 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 P, 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, Py to be used for the fatigue assessment, in kN/mZ, is

to be taken as:
P, =p, g(zmp - z) for all tanks (cargo and water ballast tanks, ballast hold and other tanks).

1.3 Dynamic Liquid Pressure
1.3.1
The dynamic pressure, Py, due to liquid in tanks and ballast holds, in kN/m” is to be taken as:
Py =S5 T Pr [az (Zo - Z)+ Junr ax (xo - x)—i— S Ay (J’O - J’)]
where:
furi - Longitudinal acceleration correction factor for the ullage space above the liquid in tanks and ballast
holds, taken as:
For strength assessment:
= 0.62 for cargo tanks filled with any liquids including water ballast.
Jfuri= 1.0 for other cases.
For fatigue assessment:
|20 7] 180
Ly om

Jfuri= 1.0 for other cases.

Jurs =05+ for cargo tanks and ballast holds.

i1 18 not to be less than 0.0 nor greater than 1.0
¢ 4 @ Cargo tank length at the top of the tank or length of the ballast hold hatch coaming, in m.
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Jfue » Transverse acceleration correction factor to account for the ullage space above the liquid in tanks and
ballast holds, taken as:
For strength assessment:
S = 0.67 for cargo tanks filled with any liquids including water ballast.
e = 1.0 for other cases.
For fatigue assessment:
|z, — 2| 180

—— for cargo tanks and ballast holds.
7

Jure =05+

top
S = 1.0 for other cases.
Jui 18 not to be less than 0.0 nor greater than 1.0
by : 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.
Xo : X coordinate, in m, of the reference point.
Vo : Ycoordinate, in m, of the reference point.
zo . Zcoordinate, in m, of the reference point.
The reference point is to be taken as the point with the highest value of V), calculated for all points that define
the upper boundary of the tank or ballast hold as follows:
Vj = a)((xj _xG)+aY(yj _y(;)+ (az +g)(zj _ZG)
where:
x; @ Xcoordinate, in m, of the point j on the upper boundary of the tank or ballast hold.
¥; : Ycoordinate, in m, of the point j on the upper boundary of the tank or ballast hold.
z; : Zcoordinate, in m, of the point j on the upper boundary of the tank or ballast hold.

14 Static Pressure in Flooded Conditions
1.4.1  Static pressure in flooded compartments
The static pressure, Py in kN/m’, for watertight boundaries of flooded compartments is to be taken as:
P, =pg (ZFD - z) but not less than 0.

where:

zpp © 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, Py, in kN/m’, for watertight boundaries of flooded compartments is to be taken as:
Py=1s p[aZ(ZOFD - Z)"' ll~1 Dy (xo —x)+ ull—t Ay (yO _J’)]
where:
Z0FD : Z coordinate of the effective reference point, in m, for a flooded compartment taken as:
When z,, >z,, zyp =2,
When z,, <z,, zZymp =2
Jfun funrs : Longitudinal and transverse acceleration correction factors:
When zp, > z,, fur and f,;., are to be taken as defined in 1.3.1.
When z,, <z, fu,=1.0 and f,;., = 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

fVollljme Vie Volume V¢
HRHUIRHHAARA ] i [

Py

" Volume V, *.

hs

hmf R

Volume Vs

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 /¢ 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 /¢ 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 /¢, in m, above inner bottom at centreline as shown in Fig. 2.

The value of /¢ 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:

he = hypy + hy
where:
BH
14
S,=8,+-1<
EH

So : Shaded area, in m’, 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
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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 B;/2, in m, at a height /c.c;, in m, above the inner bottom
A sloped surface at each side with an angle /2, 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 /4, 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:

B
For |y|£T” the =he o
B B B
For T”<|y|372 :hczhCCL—(|y|—THjtan%
B
For |y|>72 : h.=0

where:

hy : Height, in m, to be taken as:

h = M —(BH +BIBJhHPL —iBH tan 2 + Vs
pe-Byl, | 2B, 16 2 B,

For /1; > 0 as shown in Fig. 3:
he ey, = hypy + 1+

h2 = B_Htanz
4 2

B, =B,

For &< 0 as shown in Fig. 4
he_cp =y + hy

B, - B
= hHPL[BZ BIB j
"~ PIB

2 2
1(M+VTS]+1[M]+%3HW
7\ pe 2\B,-B,) 16 2

l hfqi_{_ltang
2\ B,-B, ) 2 2

he.cp @ Height, in m, of the cargo surface at the centreline, as shown in Fig. 3 and Fig. 4
B, : 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 /4, > 0
Load
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Fig. 4 Definition of the Effective Upper Surface of Cargo for a Partially Filled Cargo Hold when /; <0
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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
Homogeneous loading condition Alternate loading condition
Ship ¢ Cargo mass
1p type . Partially filled
Cargo density Fully filled hold ) Td Fully filled hold Partially filled hold
0
M M= MFI(”
O 8
°g g Maximum value N/A N/A
Z g Pc specified in the loading
manual
M M= Mg
@)
O e = (M] N/A N/A
= Pc V i
but not less than 1.0
M M= M, Full M= M, H
q
1 M
@) Pe = [ Full ] N/A
= Pc Vi pe=30"
but not less than 1.0
M M= Mgy M= My M=M,,+0.1M, M=M,,+0.1M,
~
1 M
Q Pc= F"”J M, +0.1M
= Pc ‘ ( Vi pe=3.00 Pc :% pe=30"
Full
but not less than 1.0
(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 ¢ Cargo mass Homogeneous loading condition Alternate loading condition
i e
PP Cargo density (Fully filled hold) (Partially filled hold)
=
O e =
g 2 M M= M,
(e} +~
z 2 Pe P = maximum value specified in the loading manual
M M= My
Ng
QO
2 Pc Pc = (%} N/4
VFuII
M M= My
A
R M
q _ H
P Pc =
¢ ‘ (VFuII J
M M= My M= Mpyp
T
R M
= Pc Pc :[ = ] pe=30"
VFM//

(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
Homogeneous loading condition Alternate loading condition
Ship Cargo mass
: Partially filled Partially filled Hold loaded with
type Cargo density y y
Fully filled hold hold Fully filled hold hold pe <1.78 @
- M M= M,
.2
g P = maximum
Q value specified Nid Nid
Q Pc i the loadi
°
2 in the loading
manual
M M=M,
N
éé) (M, NIA NIA
Pc Pc =
VFull
M M= MH M= MH
a
8 M N/A
h Pc pc:( HJ pe =300
VFLI”
M M:MH M:MH M:MHD M:MHD M:MHD
~
2 M M
< Pc Pc :( = j pe=3.0" Pc = [i] pe=3.0" pc =178
Veun Vi

(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 #/m’.

2.3.4 FE application

24
241

The following process is to be applied for the bulk cargo pressure loads used in FE analysis:

(a) Determine /. 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 p. and apply them in the FE model.

(c) Calculate the actual mass of cargo, M, ., in £.

(d) Determine the effective cargo density, in #/n:

pe/f =

M

actual

Pc

(e) Calculate the final pressure distribution and shear load using p,; instead of p. .

Dry Bulk Cargo Pressures

Total pressure
The total pressure due to dry bulk cargo acting on any load point of a cargo hold boundary, in kN/m?, is to be

taken as:

P, =P,

X

For strength assessment of intact conditions for static (S) design load scenarios, given in Ch 4,

Sec 7

P, =P, + P, For strength assessment of intact conditions and fatigue assessment for static plus dynamic

where:

Py Static pressure due to dry bulk cargo, in kN/n?’, as defined in 2.4.2.

(§+D) design load scenarios, given in Ch 4, Sec 7
but not less than 0.

Py, Dynamic inertial pressure due to dry bulk cargo in cargo holds, in kN/n?’, 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 p,,;
instead of p. .

2.4.2  Static pressure
The dry bulk cargo static pressure Py, in kN/mz, is to be taken as:
P, = p.gK.(z. —z) butnot less than 0.
2.4.3  Dynamic pressure
The dry bulk cargo dynamic pressure Py, in kN/m’, for each load case is to be taken as:
Py =715 pc [0-25‘1)( (XG - x)+ 0.25a, (J’G - J’)"‘ JiKca, (ZC - Z)] for z<z.
P,=0 for z>z,

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 z,:
For static (S) design load scenarios, given in Ch 4, Sec 7: Static shear load, Py, 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:
P+ Py for the hopper tank and the lower stool plating, as defined in 2.5.3.
Py gy for the inner bottom plating in the longitudinal direction, as defined in 2.5.4.
Pyy.qy 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 p,; instead of p.. .

2.5.2  Static shear load on the hopper tank and lower stool plating
The static shear load pressure, P, (positive downward to the plating) due to dry bulk cargo gravitational forces
acting on hopper tank and lower stool plating, in kN/m’, is to be taken as:
(1 -K )(Z c—Z )
tan o
2.5.3  Dynamic shear load on the hopper tank and lower stool plating

Pbsfs = pC g

The dynamic shear load pressure, P4 (positive downward to the plating) due to dry bulk cargo forces on the
hopper tank and lower stool plating, in kN/m?, for each dynamic load case is to be taken as:
(1 -Kc )(Z c~Z )

tan o
2.5.4 Dynamic shear load along the inner bottom plating for FE analyses

The dynamic shear load pressures, Pj,.4 in the longitudinal direction (positive to bow) due to dry bulk cargo

P y= f/} Pc

forces acting along the inner bottom plating, in kN/m’”, for each dynamic load case is to be taken respectively as:
B4 ==0.75f4 pc ay hc
The dynamic shear load pressures, P4, in the transverse direction (positive to port) due to dry bulk cargo forces
acting along the inner bottom plating, in kN/m’, for each dynamic load case is to be taken respectively as
By ==0.7514 pc ay he

The dynamic shear load pressures Py, and Py, 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 #/m’, 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 zx 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 zz, in m, for Vertically Corrugated Transverse Bulkheads
. . . Vertically corrugated transverse bulkhead position
Bulk carrier type Loading Condition
Foremost Others
Bulk carriers less than Non-homogeneous loading conditions with cargo
. . . 3 ZF=O.9 D] ZF—= 0.8 D]
50,000 7 deadweight with density less than 1.78 #/m
Type B freeboard Other cases zr=0.95 D, zr=0.85 D,
Non-homogeneous loading conditions with cargo
. . 3 ZF:0.95 Dl ZF:0.85 D1
Other bulk carriers density less than 1.78 #/m
Other cases zr= D, z= 0.9 D,

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: z. >z,.)

The flooded level is above the upper surface of the cargo, (see Fig. 6: z. <z,)
The flooded hold is empty, (see Fig. 7: z. =h,,)
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Fig. 5 Flooded Level Below Upper Surface of Bulk Cargo
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Fig. 7 Flooded Cargo Hold without Cargo
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3.1.5 Pressures and forces on vertically corrugated transverse bulkheads of flooded cargo holds
The static pressure Py, in kN/m’, 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 Fj,, 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:
Py @ Static pressure calculated according to Table 5 for z = h s+ hpg.
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Table 5 Static Pressure on Vertically Corrugated Transverse Bulkhead of a Flooded Cargo Hold P,
Load point . 2
Flooded case o Pressure Py, in kN/m
position
z>zc P, =0

Ze>zZp Zp2z2z, Py = pc g(zc —Z)chf

Zp >z 2hpy Py = %(ZF _Z)+ [pc(zc _Z)_ p(l—perm)(ZF _Z)]gKC—f

z>zp P, =0

Pb/'fs = /g(ZF _Z)

zZe>z2hpy | By = pg(ZF - Z)+ [pc - p(l - perm)]g(zc - Z)Kc—,/‘

Table 6 Force Acting on a Corrugation in the Flooded Cargo Holds Fj,,

Flooded case Force Fiy,, in kN

_ 2 —z. K P, X
beﬂ _ Sc{pc g@KC# +|:pc g(Zc Zp )2 cr T Oy g1 :|(ZF “hyy —hy )}

Zo>zZp

_- V —z )+ P
Zp 2 2Zc Fy s = Sc{% (ZF ZZC) +|:@(ZF Z¢2)+ A :|(ZC —hpg —hyg )}

3.1.6  Pressures and forces on vertically corrugated transverse bulkheads of non-flooded cargo holds
The static pressure Pp,, in kN/n?, 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:
Po=p.gKc, (ZC —z) but not less than 0.

The resultant force Fj,, in kN, acting on a corrugation is to be taken as:

(z¢ =hpy —hys )
C D; LS chf

Fy = pc gsc
3.1.7 Resultant pressures and forces on vertically corrugated transverse bulkheads of flooded cargo holds
The resultant pressure Py, in kN/m?, at each point of the bulkhead, and the resultant force F%, 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:
P+ Pressure in the flooded cargo holds, in kN/m*, as defined in 3.1.5.
Py, : Pressure in the non-flooded cargo holds, in kN/m?, as defined in 3.1.6.
Fy.s + Force acting on a corrugation in the flooded cargo holds, in kN, as defined in 3.1.5.
F,; : Force acting on a corrugation in the non-flooded cargo holds, in kA, as defined in 3.1.6.
Table 7 Resultant Pressure P and Resultant Force F on Vertically Corrugated Transverse Bulkhead in Flooded
condition

Loading condition

Resultant pressure Py, in kN/m?

Resultant force Fy, in kAN

Application

Homogeneous Pr = Py — 0.8 Py Fr = Fy— 0.8 Fyy All bulk carriers
Alternate Pr =Py Fr =Fy 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 zx 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 z, for Double Bottom in Cargo Hold Region of Bulk Carrier
Cargo hold
Bulk carrier type
Foremost Others

Bulk carriers less than 50,000 ¢ deadweight with Type-B freeboard zr=0.95 D, zr=0.85 D,

Other bulk carriers zp=D; zr=0.9 D,
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

. coil
Wiring Shoring

Chocking

Dunnage

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

Dunnage ’<7 lg — 5

Steel coil Steel coil Steel coil

Inner bottom

n, and l’,,, are given by < ——————————>
Tables 9 and 10

Bottom shell
Floor Floor Floor

Fig. 10 Steel Coils Loaded between Inner Bottom Floors

ﬁi[sr*)

Dunnage

Steel coil Steel coil

Inner bottom

Bottom shell

Floor Floor Floor

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 7, of load point dunnages per elementary plate panels is to be found in comply with Table 9.
The distance /,,, 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 7, of Load Point Dunnages per Elementary Plate Panel
ns
1]
2 3 4 5
1 0<—<0.5 O<LSO.33 0<LS0.25 0</LS0.2
st “ st st st
4 l 4 !
2 05<—<12 0.33<—<0.67 025<—<0.5 02<—<04
'é.w v st é.\'t gst
3 12< <17 0.67<— <12 05< <075 04< <06
Zsl “ st “ st st
A 17<L <24 12<-L <153 0.75< <12 0.6<—<08
- st é.rl [xt f st
)4
5 24<L <29 153<L <187 12<L <145 08<——<12
st ﬁst ﬁsl gst
6 29<L <36 187< <24 145< L <17 12<L<1a
g.ﬁ‘t ESY ﬁsl v st
; 3.6<%§4.1 24< <273 17<-L <195 1a<t <16
7 st st st v st
o s1<L<ag 273<-<3.07 195< <24 16<—<18
st fst st ZA‘I
0 48< <53 307<<36 24< <265 18<- <20
st gst st f.il
l l l !
10 53<—x<6.0 3.6<—<3.93 2.65<—<29 20<—<24
“ st st “ st © st
Table 10 Distance between Outermost Load Point Dunnages per Elementary Plate Panel, 7, , in m
ns
n
2 3 4 5
1 Actual breadth of dunnages
2 0.5¢, 0.337, 0.257, 0.27,
3 1.2¢, 0.67¢, 0.50¢ , 040,
4 1.7¢ 1.20¢ 0.75¢ 0.6¢,
5 240, 1.53¢, 1.20¢, 0.8¢
6 2.9¢, 1.87¢, 1.450, 120,
7 3.60,, 2.40¢ 1.707 140,
8 410, 2.73¢0,, 1,950, 160,
9 4.8/, 3.07¢, 2.40¢, 1.87,
10 5.3¢0, 3.607 2.65¢ 2.0,
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4.14  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 n, of load point dunnages per elementary plate panels is to be taken as: n, = n;
The distance ¢, 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
Xgse 18 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

szc = ETH

(c) Vertical position

Zgee =hpg + |:1+ (nl _l)g}&

2
where:
& Coefficient to be taken as:
e=1.0 when a port side structural member is assessed.
c=-1.0 when a starboard side structural member is assessed.
4.2 Total Loads

4.2.1 Total load on the inner bottom
The total load F;..;, in kN, due to steel coil cargoes on the inner bottom is to be taken as:

F, ., =cos(Cyo go)cos(CYG H)Ii_c_,.b_s +F, _,;_, butnot less than 0
where:

Fi.»s : Static load, in kN, on the inner bottom, given in 4.3.1.
Fi.ir-a : Dynamic load, in kN, on the inner bottom, given in 4.4.2.

Cys, Cys : Load combination factors, as defined in Ch 4, Sec 2, 2.2.

4.2.2 Total load on the hopper side
The total load F., in &N, due to steel coil cargoes on the hopper side is to be taken as:
P cos(6, + & Cyg 0)cos(Cg @)

sc—hs F,
cosd,

sc—hs—s

+F,._,_q butnotlessthan 0

where:

Fyenss - Static load, in kN, on the hopper side, given in 4.3.2.
Fiepns.a ©  Dynamic load, in &N, on the hopper, given in 4.4.3.

Cys 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 Fi..;p-, in kN, on the inner bottom due to steel coils is to be taken as:

F‘scfibfs = Msn‘fib g
where:
M, - Equivalent mass of steel coils, in 7, to be taken as:
nn
M, ,=KW-—=% for n,<10 and n,<5

ny

0
=K Wn — for n,>10 or n,;>5
st
Ks : Coefficient to be taken as:
Ks=14 when steel coils are lined up in one tier with a key coil.

M

sc—ib

K& 1.0 in other cases.
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4.3.2  Static load on the hopper side
The static load Fj. ., in kN, on the hopper side due to steel coils is to be taken as:
F. =cosO, M, , g

sc—hs—s
where:
M;..,s : Equivalent mass of steel coils, in ¢, to be taken as:

Mscfhs = Ck Wn_z for n2 < 10 and n3 < 5
ny
4

M, , =CW— for n,>10 or n, >5
' l

st

C, : Coefficient to be taken as:

C,=32 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.
C,=20 for other cases.
4.4 Dynamic Loads

4.4.1 Tangential roll acceleration
The tangential roll acceleration az, in mls”, is to be taken as:

2
ag = 0 z (2_7[) y(z?sc +(R_ZGSC)2

1801 7,

where:

Yese : Y coordinate, in m, of the centre of gravity of the steel coil cargo of the considered cargo hold, given
in 4.1.5.

zZgse : Z coordinate, in m, of the centre of gravity of the steel coil cargo of the considered cargo hold, given
in 4.1.5.

4.42 Dynamic load on the inner bottom
The dynamic load Fi. .4, in kN, on the inner bottom due to steel coils is to be taken as:
Foya=M, ,a,
where:
a. : Vertical acceleration, in m/s’, 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.
4.43 Dynamic load on the hopper side
The dynamic load F. .4, in kN, on the hopper side due to steel coils is to be taken as:

- th —Cys d,, SIn gh]

Y Gsc

ch—hs—d =& Msc—hs |:CYR aR Sil’l{taﬂ -
- ZGsc

where:

Cys, Cyz : Load combination factors, defined in Ch 4, Sec 2, 2.2.

Sway acceleration, in m/s*, as defined in Ch 4, Sec 3, 2.2.2.

asway .
ap : Tangential acceleration, in mls®, as defined in 4.4.1.
Vese . Y coordinate, in m, of the centre of gravity of the steel coil cargo of the considered cargo hold, given
in 4.1.5.
Zgse - 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.
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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/m? for accommodation
decks and 10 kN/m” for other decks and platforms.
The pressure P, in kN/m?, due to this distributed load for the static (S) design load scenarios, given in Ch 4, Sec
7, is to be taken as:
Py=P,
The pressure Py, in kN/m?, due to this distributed load for the static plus dynamic (§+D) design load scenarios, is
to be derived for the envelope of dynamic load cases and is to be taken as:
P,=P, + P, , butnotlessthan 0.
where:
P,.s . Static pressure, in kN/m?, due to the distributed load.
P,s: Dynamic pressure, in kN/m?, due to the distributed load, in AN/, to be taken as:

a,._
Py, = / B genv Py

Envelope of vertical acceleration, in m/s, at the load position being considered, for the dynamic load
cases, given in Ch 4, Sec 3, 3.3.3.

Az-env -

53 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 Fy; 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:
Fy=F,
The force Fy; 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:
F, =F,  +F, , butnotless than 0.
where:
Fy.s : Static force, in kN, due to the unit load to be taken as:
Fy =my; g
Fy.q : Dynamic force, in kN, due to unit load to be taken as:
Fy_y=my f/} a,_eny
my : Mass of the unit load carried, in .
: Envelope of vertical acceleration, in m/s”, at the centre of gravity of the unit load carried for the

az-env
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 #2°, 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, b, see
6.4.2, greater than 0.56 B or a maximum effective sloshing length, ¢, , see 6.3.2, greater than 0.13 Lcg at any

filling level from 0.05 £,,,, to 0.95 k.., 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 Py, acting on any load point of a tank boundary or internal
divisions, in kN/m?, for the sloshing design load scenario, given in Ch 4, Sec 7, is to be taken as follows, without

being less than Py, as given in 6.2:

Py = Pjing for transverse bulkheads, as defined in 6.3.3.
Py, = Pyppory for web frames and transverse stringers, as defined in 6.3.4.
Py, = Py, for longitudinal bulkheads, as defined in 6.4.3.
Pon = Pyigra for longitudinal girders and stringers, see 6.4.4.
6.2 Minimum Sloshing Pressure

6.2.1

The minimum sloshing pressure, Py, for tanks of cellular construction, i.e. double hull construction with
internal structures restricting the fluid motion, is to be taken as 12 kN/m".

The minimum sloshing pressure, Pg,..in, for cargo and all other tanks is to be taken as 20 KNIm?.

6.3 Sloshing Pressure due to Longitudinal Liquid Motion
6.3.1 Application

The sloshing pressure due to longitudinal liquid motion, Py, 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 4, to 0.95
Nipar, 0 0.05 h,,,. increments.

6.3.2  Effective sloshing length
The effective sloshing length, ¢, , in m, is to be taken as defined in Table 11.

Table 11 Effective Sloshing Length 7,

Type of transverse bulkhead o
_ (l + My Qyr )(1 + fnf Ay ymh
Transverse tight bulkheads Coy = (1 n )(1 +f )
wT Jwf

[1 + (”WT - l)aWT ](1 + fuy‘ Ay )/ th—h
(1+n,, )(1 + fwf)

Transverse wash bulkheads Loy =

where:

nyr - Number of transverse wash bulkheads in the tank.
ayr - Transverse wash bulkhead coefficient, to be taken as (see Fig. 11):

o = Aowr
!
th—t—h
a,,  Transverse web frame coefficient, to be taken as (see Fig. 12):
Ay s
_ —wf —h
e
th—t—h

For tanks with changing shape along the length and/or with web frames of different shape the
transverse web frame coefficient, @, , may be taken as the weighted average of all web frame

locations in the tank given as:

Ylw
3 dowrn
il Atk—r—h,
aw ;=
R,

Aowr © Total area of openings, in m’, in the transverse section in way of the wash bulkhead below the
considered filling height.

Ay © Total transverse cross sectional area, in m”, of the tank below the considered filling height.

Ao.yn: Total area of openings, in m’, in the transverse section in way of the web frame below the
considered filling height.
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Jwr + Factor to account for number of transverse web frames and transverse wash bulkheads in the
tank, to be taken as:
n
wf
+ My
ny +  Number of transverse web frames, excluding wash bulkheads, in the tank.

l,_, o Length of cargo tank, in m, at considered filling height.

Fig. 11 Transverse Wash Bulkhead Coefficient
A
- A
hml
\ A e
iy | Ly
0.25 05
- o

Transverse Web Frame Coefficient
A

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, Py.jue, in kN/n?®, for a particular filling level, is to be taken as:

170, L
Pszh—zng = Pan &L i Fan {0-4 - (0-39 - L—MJ%}
CSR

where:
¢, +  Effective sloshing length, in m, as defined in 6.3.2.

fan :  Coefficient taken as:
2
hi
fup =1 —2[0.7 - hn:” J
hgr @ 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, Py, in kN/m?, provided it is
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located within 0.25 ¢, from the bulkhead, is to be taken as:

s wf ’
th—m" = Pslh—lng l-—
f sth
where:
¢, Effective sloshing length, in m, as defined in 6.3.2.
Pyping @ 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
0.25¢,
( Deck 5

) (—%\ﬁj s

an = Pt

Pop = 0.5Pgr
>\(stringer 1)
Py = 0.5Pgp10g
Transverse _
bulkhead Pun = Pang

(As for stringer 1)

§ (As for stringer 1)

() Inner bottom ()

( (
) Bottom )

6.4 Sloshing Pressure due to Transverse Liquid Motion
6.4.1 Application

The sloshing pressure due to transverse liquid motion, Py, 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 4,,,, to
0.95 K4y, in 0.05 A, iIncrements.
6.4.2  Effective sloshing breadth

The effective sloshing breadth, by, in m, is to be taken as in Table 12, but not less than 0.3B.

Table 12 Effective Sloshing Breadth by,

Type of longitudinal bulkhead by
Loneitudinal tieht bulkhead b = (1+”WL Ay )(] +fgrd Ao P
t t t sth —
ongitudinal tig 100 cads 1 (1 + I’lWL )(1 T fg,,d )
Longitudinal wash bulkhead b = [1 + (nWL - l)aWL ](1 + ford Qora P
t sth —
ongitudinal wash bulkheads (1+ ", )(1+ » )
where:
nwr : Number of longitudinal wash bulkheads in the tank.

oy, Longitudinal wash bulkhead coefficient:
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AOWL

oy, =
Atk—L—h
o Girder coefficient, to be taken as:

_ AOfgrdfh

a grd

Atka—h

Aowr : Total area of openings, in m?, in the longitudinal section in way of the wash bulkhead below the
considered filling height.

Aurn : Total longitudinal cross sectional area, in m2, of the tank below the considered filling height.

Ao-gran :  Total area of openings, in m*, in the longitudinal section in way of the web frame below the
considered filling height.

Seord . Factor to account for number of longitudinal girders and longitudinal wash bulkheads in the
tank, to be taken as:

_ ngrd
f grd 1 + nWL
Ngq  : Number of longitudinal girders, excluding longitudinal wash bulkheads, in the tank.
bun . 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, Py, in kN/m?, for a particular filling level, is to be taken as:

b
Py =7 Py gfs/h( ;;h - 0-3JGM o

where:

bgn . 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.

s . 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, Pyj.gq, in kN/mz, provided it is located within 0.25 by, from
the bulkhead, is to be taken as:

2
K
_ grd
[)slh—grd - Pslhr[l - b ]
sth

where:
by, : Effective sloshing breadth defined in 6.4.2.
Py, Sloshing pressure due to transverse liquid motion acting on longitudinal bulkhead, as defined in 6.4.3.
Sga :© Distance from longitudinal bulkhead to girder under consideration, in 7.
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
(___ Deck

| [

0.25b,, 0.25b,,

? (As for stringer 2)

Longijtudinal
bulkhead Py = 0.5P, 4,

%‘(ﬁ/ﬂngem)

Pgp = Py,

; (As for stringer 2)
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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, Pgr, in kN/m?, is to be taken as:
Py = IO(ZST _Z)
where:
zgr : Design testing load height, in m, as defined in Table 13.

Table 13 Design Testing Load Height zgr

Compartment Zsr

The greater of the following:
Double bottom tanks ¥ 257 = Ziop + N

ZST = Zbd

) ) ) The greater of the following:
Hopper side tanks, topside tanks, double side tanks, +h
ZST = Zi0, air
fore and aft peaks used as tank ST s
ZsT = Ztop +2.4

The greater of the following:
. ZsT = Ztop + hair

Tank bulkheads, deep tanks, fuel oil bunkers
Zg7 = Zyp + 2.4

257 = Ziop 0.1 Ppy

Ballast hold zer=12z,+0.9

@

Chain locker (if aft of collision bulkhead) ZsT = Z¢

The greater of the following:
Independent tanks 2857 = Ziop t Nair

Z57 = Zigp 7 0.9

Testing load height corresponding to ballast pump
Ballast ducts .
maximum pressure

where:

Zpq - Z coordinate, in m, of the bulkhead deck.

z, : Zcoordinate, in m, of the top of hatch coaming.

DI z. : Zcoordinate, 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, zgr
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 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.

M, : 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.

M., : 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.

M., : Permissible hull girder hogging or sagging still water bending moment M,,,., for seagoing operation in the
flooded condition, in kNm, as defined in Ch 4, Sec 4, 2.2.4.

M,..c : 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.

M,,..c © Horizontal wave bending moment for a considered dynamic load case, in kNm, as defined in Ch 4, Sec 4,
3.54.

TM  : Design torsional moment, in kNm.

M,..c : 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.

O : 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.

Osp : 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.

Osy + 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.

Ow-rc : Vertical wave shear force for a considered dynamic load case, in kN, as defined in Ch 4, Sec 4, 3.5.3.

P, : Design external pressure, in kNIn?*.

Ps : Static sea pressure at considered draught, in kN/m’, as defined in Ch 4, Sec 5, 1.2.1.

Py . Dynamic pressure for a considered dynamic load case, in kN/m?, as defined in Ch 4, Sec 5, 1.3.2 to Ch 4,
Sec 5, 1.3.8.

Pp . Green sea load for a considered dynamic load case, in kN/m?, as defined in Ch 4, Sec 5, 2.2.3 and Ch 4,
Sec 5,2.2.4.

P;, . Design internal pressure, in kN/m>.

Pgr : Tank testing pressure, in kN/m?, see Ch 4, Sec 6, 7.1.1.

Py . Static liquid pressure in tank, in kN/m?, as defined in Ch 4, Sec 6, 1.2.

Py : Dynamic liquid pressure in tank for a considered dynamic load case, in kN/m’, as defined in Ch 4, Sec 6,
1.3.

Py . Dry bulk cargo static pressure, in kN/m*, as defined in Ch 4, Sec 6, 2.5.2.

Py . Dry bulk cargo dynamic pressure for a considered dynamic load case, in kN/m?, as defined in Ch 4, Sec 6,
2.53.

Py : Static pressure in compartments and tanks in flooded condition, in kN/m?, as defined in Ch 4, Sec 6, 1.4.1.

Py : Dynamic pressure in compartments and tanks in flooded condition, in kN/nm?, as defined in Ch 4, Sec 6,
1.5.1

Pu, @ Static pressure on non-exposed decks and platforms, in kN/m*, as defined in Ch 4, Sec 6, 5.2.1.

Ps4 : Dynamic pressure on non-exposed decks and platforms for a considered dynamic load case, in kN/m’, as
defined in Ch 4, Sec 6, 5.2.1

Fy, @ 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.

—210—



2019 Rules for the Survey and Construction of Steel Ships (Part CSR-B&T Part 1 Chapter 4 Section 7) CIaSSNI(

Fyq @ Dynamic load acting on supporting structures and securing systems for heavy units of cargo, equipment
or structural components, in k&N, as defined in Ch 4, Sec 5, 2.3.2.

Py, . Bottom slamming pressure, in kN/m?, as defined in Ch 4, Sec 5, 3.2.

Prp : Bow impact pressure, in kN/m?, as defined in Ch 4, Sec 5, 3.3.

Py, : Sloshing pressure, in kN/m?, 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 (/) 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

Seagoing

conditions

Ballast water

Accidental flooded conditions “

)

. with extreme exchange
and testing
sea loads
. Static + Static + ) ) )
Static . . Static Static + dynamic
Load components Dynamic dynamic
) 4:9) (4: S+D)
(S+D) (S+D)
VBM Mvw—p Mrw + MW—LC Mrw + MW—LC Mw—f @ Alxw—f+ Mvw—LC ©
o}
= HBM - My My - My
)
m: VSF wa—p Q.vw + Qwv-LC Q.vw + Qwv-LC - Q.vw-f + Qwv-LC ®
™ - My 1c M1 - -
External deck for green sea - Pp - - -
Py
Hull envelope Py Ps+ Py Ps+ Py - -
Ballast tanks " P+ Py -
Liquid cargo tanks M, (P, Psr) P+ Py - - -
§ P;, | Other tanks - -
3
5] Watertight boundaries - - -
S Py Pyt P
Cargo holds Py Py + Py -
Internal decks for dry spaces Py Pys+ Pyg - - -
External deck for distributed
Py P Purs + Para - - -
loads
External deck for heavy units Fu Fys+Fug - - -
(1)  WB cargo hold is considered as ballast tank except for design load scenario ‘ballast water exchange’.
(2) M, 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 Lz of 150 m or above
(4)  Applicable to prescriptive assessment only
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2.2 Additional Design Load Scenarios
221

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 Bottom Sloshing

Impact (/) slamming Sloshing (SL)
Load components Impact (/)

VBM - - M,,

HBM - - -

VSF - - -

Hull Girder

™ - - -

External deck for green sea - - -

Hull envelope Prp Pgp. -

Ballast tanks

Liquid cargo tanks - - Py

P;, Other tanks

Watertight boundaries - -

Local Loads

Cargo holds (" - - -

Internal decks for dry spaces - - -

Py 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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3.1
3.1.1

Design Load Scenarios for Fatigue Assessment

The design load scenarios for fatigue assessment are given in Table 3.

Design Load Scenarios

Table 3 Design Load Scenarios for Fatigue Assessment

Design load scenario

Fatigue: Static + Dynamic

Load components (F: $+D)
VBM Mvw + Mvw—LC
B
= HBM Myrc
@)
E VSF wa + Qwv—LC
™ M,y.1c
External deck for green sea -
PEX
Hull envelope Ps+ Py
Ballast tanks
Liquid cargo tanks P+ Py
72}
<
§ P, Other tanks designed for liquid filling
]
§ Watertight boundaries -
Cargo holds Py + Py
Internal decks for dry spaces -
Py 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.

¢ : Distance from propeller centreline to the waterline, in m.

D,: Propeller diameter, in m.

Mp,;:  Cargo mass, in ¢, as defined in Ch 4, Sec 6.

My: Cargo mass, in ¢, as defined in Ch 4, Sec 6.

Mpyp:  Cargo mass, in ¢, as defined in Ch 4, Sec 6.

Mpx: Maximum cargo mass in cargo holds in block loading conditions, in #, as defined in Ch 4, App 1.

Caurc: Coefficient taken as the percentage of permissible SWBM, defined in Table 2 to Table 9 and Table 12 to
Table 21.

Csrrc: Coefficient taken as the percentage of permissible SWSF, defined in Table 2 to Table 9 and Table 12 to
Table 21.

Xp-air Xpqni  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.

Twis Tur, Tz, Tha Minimum permissible draught, in m2, in harbour condition as defined in Ch 4, App 1.

1. Application
1.1 Ships Having a Length Lz of 150m or above
1.1.1

The requirements in 2 to 5 are applicable to ships having a length Lcgz 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 L 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 Lcgz 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 Lesg 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 0.015L;.
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@D (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
24.1
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 D,/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. QOil 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 0.015L;;.

(b) Mid-voyage conditions relating to tank cleaning or other operations where these differ significantly from
the ballast conditions.

(¢) 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 /MO 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 0.97.

(c) Seagoing loading conditions with cargo tanks less than 25% full with the combination of mean ship’s
draught greater than 0.97c.

(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 1.025¢#m or greater and a mean ship’s
draught of 0.67sc.

(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.
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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 Outside midship Foremost cargo
) ) Aftmost cargo tanks
hold region cargo hold region tanks
Tankers with two oil-tight
Table 2 Table 4 Table 6 Table 8
bulkheads
Tankers with one centreline
. Table 3 Table 5 Table 7 Table 9
oil-tight bulkhead

Note 1: Outside midship cargo hold region means the forward or aft cargo hold region except the foremost and aftmost

cargo holds

322

For tankers with two oil-tight longitudinal bulkheads, where the cargo tank length is less than 0.15 Lcgg, the
draughts given in Table 2, Table 4, Table 6 and Table 8 are subject to special consideration by the Society.
323

For tankers with one centreline oil-tight longitudinal bulkhead, where the cargo tank length is less than 0.11 L¢gg,
the draughts given in Table 3, Table 5, Table 7 and Table 9 are subject to special consideration by the Society.
324

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 &, 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 £, 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.

327

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 arc 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

Al1, 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 0.657s¢ and 0.67sc respectively. If conditions in the ship loading manual specify lesser draughts for
loading pattern A5 or All, then the minimum specified draught in the ship’s loading manual for the loading pattern
is to be used.
329
For loading patterns Al, A2, B1, B2 and B3, with cargo tank(s) empty, in Table 2 to Table 9, a minimum ship
draught of 0.9Tc 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 T4;.r,
Coarze = 100% (sag.),
Csrrc = 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 k, from the loading manual are to be used in the FE analysis. Where
the GM and k, are not given in the ship’s loading manual, GM and k, 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
Still water loads Dynamic load cases
No. Loading pattern Coisc s % of Cspre: % of o .
Draught Midship cargo region
perm. SWBM perm. SWSF
Seagoing conditions
100%
P . 100% HSM-1 BSP-1P/S N/A
0.97# (sagging)
Al 0.9Tsc
s 100% HSM-2 OST-2P/S
. 100% BSP-1P/S
(hogging) FSM-2 OSA-1P/S
100% BSR-1P/S
P . 100% HSM-1 N/A
o.sﬁ (sagging) BSP-1P/S
A2 * 0.9T ¢
s 100% HSM-2 BSR-1P/S
. 100% N/A
(hogging) FSM-2 BSP-1P/S
100% ¥
HSM-2 N/A N/A
Max SFLC
100% 5
(hogging) 100% HSM-2 N/A N/A
oggin -
p seie Max SFLC
0657, k
A3 ﬁ - 0-65Tsc 100% N/A BSP-1P/S N/A
100% ©
HSM-1 N/A N/A
0% Max SFLC
100% N/A BSP-1P/S N/A
P
100% BSR-1P/S
A4 067w L J 0.6Tsc . 100% HSM-1 OSA-2P/S
S (sagging) BSP-1P/S
100%
HSM-1 N/A N/A
Max SFLC
100% 5
( ing) 100% HSM-1 N/A N/A
saggin -
P s8ine Max SFLC
A °'°5’# L J r 65T,
: - 0655 100% N/A BSP-1P/S N/A
100% ©
HSM-2 N/A N/A
0% Max SFLC
100% N/A BSP-1P/S N/A
p
100% BSR-1P/S
A6 067 L J 0.6Tsc . 100% HSM-2 OSA-1P/S
s (hogging) BSP-1P/S
p OST-2P/S
100% HSM-2 BSR-1P/S
ATa Tie Tic . 100% OSA-1P/S
(hogging) FSM-2 BSP-1P/S
s OSA-2P/S
P OST-2P/S
100% HSM-2 BSR-1P/S
ATb T T . 100% OSA-1P/S
(hogging) FSM-2 BSP-1P/S
s OSA-2P/S

—220—




2019 Rules for the Survey and Construction of Steel Ships (Part CSR-B&T Part 1 Chapter 4 Section 8) CIaSSNI(

100% BSR-1P/S
Tene TBAL-E 100% HSM-1 OSA-2P/S

A8 .
5 (sagging) BSP-1P/S
Harbour and testing conditions
P
100%
A9 | | 0.25Ts¢ . 100% N/A
0.25T,, s (sagging)
P
100%
A10 | | 0.25Ts¢ . 100% N/A
0.25T,) 5 (sagging)
100% @
P N/A
- 100% Max SFLC
All 0.6Tsc .
s (sagging) 100% @
N/A
Max SFLC

Al12a) L J L 0.33 Tsc N/A N/A N/A

0.33 T,

L J — 0.33T5¢ N/A N/A N/A

(1)
Al12b 0T
s
100% @ N/A
P
011 [ 100% Max SFLC
Al3 L J 0.7Ts¢ .
s (hogging) 100% @ NA
Max SFLC

- i —— 100%
Al4 Tse 100% N/A

5 (hogging)

(M

@

)
“4)

)

(6)

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.
The shear force is to be adjusted to target value at aft bulkhead of the mid-hold.

The shear force is to be adjusted to target value at forward bulkhead of the mid-hold.
For the mid-hold where Xy g S 0.5Lcgy and X5 pua 2 0.5Lcsp > the shear force is to be adjusted to target value at aft bulkhead of

the mid-hold.

For the mid-hold where Xp g $05Lcge and Xy o 2 0.5L the shear force is to be adjusted to target value at forward

CSR >

bulkhead of the mid-hold.
This load combination is to be considered only for the mid-hold where x, , >0.5L.g OF x, ., <0.5Lg-
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Table 3 Load Combinations for FE Analysis for One Centreline Oil-tight Bulkheads Oil Tankers Applicable to
Midship Cargo Region
Still water loads Dynamic load cases
No. Loading pattern Conpc: % of Csprc: % of
Draught Midship cargo region
perm. SWBM perm. SWSF
Seagoing conditions
100% HSM-1
P . 100% BSP-1P/S N/A
0o, LJ (sagging) HSA-1
Bl o 0.9Tsc
s 100% HSM-2 BSR-1P
, 100% OST-2P
(hogging) FSM-2 BSP-1P
100% HSM-1
. 100% BSP-1P/S N/A
057 LJ (sagging) HSA-1
B2 o 0.9Tsc
100% HSM-2 BSR-1S
. 100% OST-2S
(hogging) FSM-2 BSP-1S
100% HSM-2
N/A N/A
Max SFLC FSM-2
100% 4
, 100% @ HSM-2
(hogging) N/A N/A
B3 09Ty 0-9TSC Max SFLC FSM-2
100% N/A BSP-1P/S N/A
100% © HSM-1
0% N/A N/A
Max SFLC FSM-1
] LJ L 100%
B4 06Ty 0.6Tsc . 75% HSM-1 BSP-1P OSA-2P/S
(sagging)
| LJ L 100%
BS 0.67e 0.6Tsc . 75% HSM-1 BSP-1S OSA-2P/S
(sagging)
100% ©
HSM-1 N/A N/A
Max SFLC
( 100% ) 100% HSM-1 N/A N/A
saggin -
B6 O.GE‘ LJ ’> 0.6TSC gging Max SFLC
100% N/A BSP-1P/S N/A
100% ©
0% HSM-2 N/A N/A
Max SFLC
100%
B7 T Tpar . 100% HSM-1 BSP-1P/S N/A
. (sagging)
Harbour and testing conditions
100% N/A
B8 «l LJ L 0.33T. 100% e
33 1sc .
0.33 T (Saggmg) 100% @
N/A
Max SFLC
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100%
B9 _ L 0.33Tsc , 75% N/A
0387 5 (sagging)
[
B10 LJ 0.33T. 100% 75% N/A
0.33 Ty | - ’ sc (sagging) °
100% @
P N/A
= LJ 100% Max SFLC
BI1 Toe _
s (hogging) 100% ©
N/A
Max SFLC

(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 x, ,

of the mid-hold.

<0.5Lcg, and x, 4, 20.5L, , the shear force is to be adjusted to target value at aft bulkhead

(4) For the mid-hold where x, , <05L.g, and x, 5, >05L,, 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 x, ., >0.5Lcg; O x, 4, <0.5L

CSR *
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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
Still water loads Dynamic load cases
No. Loading pattern Consc: % of | Cgpre: % of
Draught ' Aft region Forward region
perm. SWBM | perm. SWSF
Seagoing conditions
100% HSM-1 HSM-1
, 100%
(sagging) BSP-1P/S BSP-1P/S
A T oz
Al 0.95c FSM-2 HSM-2
100%
(hogging) 100% BSP-1P/S FSM-2
oesmg OST-2P/S BSP-1P/S
OSA-1P/S
HSM-1
100% HSM-1 FSM-1
. 100%
(sagging) BSP-1P/S BSP-1P/S
A2 o_arzt r 0.9Tc OSA-2P/S
HSM-2
100% HSM-2
(hogging) 100% FSM-2 BSP-1P/S
0oggin -
geme BSP-1P/S
100% HSM-2
HSM-2
(hogging) BSP-1P/S
100% BSP-1P/S
OSA-2P/S
A3 o.asﬁ r 0.65Tsc
100%
HSM-1 HSM-1
Max SFLC
0%
BSP-1P/S
100% N/A
OSA-2P/S
HSM-1
HSM-1
100% BSP-1P/S
A4 0.6Tsc 0.6Tsc . 100% BSP-1P/S
(sagging) BSR-1P/S
BSR-1P/S
OSA-2P/S
100% HSM-1
HSM-1
(sagging) BSP-1P/S
100% BSP-1P/S
OSA-2P/S
AS o.asq r 0.65Tc
100%
HSM-2 HSM-2
Max SFLC
0%
BSP-1P/S
100% BSP-1P/S
OSA-2P/S
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HSM-2
P HSM-2
100% BSP-1P/S
A6 06Ty 0.6Tsc ) 100% BSP-1P/S
(hogging) BSR-1P/S
s BSR-1P/S
OSA-2P/S
HSM-2
FSM-2 HSM-2
BSP-1P/S FSM-2
P
100% BSR-1P BSP-1P/S
ATa T TLC i 100%
S (hogging) BSR-2S BSR-1P
OSA-1P/S BSR-2S
OSA-2P/S OSA-2P/S
OST-2P
HSM-2
FSM-2 HSM-2
BSP-1P/S FSM-2
P
100% BSR-2P BSP-1P/S
AT7b T Tic . 100%
5 (hogging) BSR-1S BSR-2P
OSA-1P/S BSR-1S
OSA-2P/S OSA-2P/S
OST-2S

Harbour and testing conditions

100%
A9 0.25Tc . 100% N/A
0.25T,. s (sagging)
P
100%
Al10 0.25T¢ . 100% N/A
0.25 T S (sagging)
100% @
P N/A
o.sq ’“ 100% Max SFLC
All 0.6Tg¢c .
5 (sagging) 100% @
N/A
Max SFLC

Al12a) J L JL 0.33Tsc N/A N/A N/A
0.33 T,

A12b" mTJ L J L 0.33T¢ N/A N/A N/A

100% @
P N/A
07T 100% Max SFLC
Al3 o M 0.7Tsc .
s (hogging) 100% ®
N/A
Max SFLC
p
Tw 100%
Al4 Tsc 100% N/A

5 (hogging)

(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
Still water loads Dynamic load cases
No. Loading pattern Conesc: % of | Csppe: % of . .
Draught Aft region Forward region
perm. SWBM | perm. SWSF
Seagoing conditions
HSM-1
HSM-1
100% FSM1
( ing) 100% BSP-1P/S BSP-1P/S
saggin; -
geme OSA-2S
OSA-1S
FSM-2 )
100% FSM-2
(hogging) 100% BSP-1P/S BSP-1P/S
0ggin -
geme OSA-1P
OSA-2S
OST-2P/S
HSM-1
HSM-1
100% FSM-1
( ing) 100% BSP-1P/S BSP-1P/S
saggin; -
geme OSA-2P
OSA-1P
B2 0.9# LJ ’> 0.9Tsc HSM-2 HSM.2
FSM-2
100% FSM-2
(hogging) 100% BSP-1P/S BSP-1P/S
0ggin -
geme OSA-1S
OSA-2P
OST-2P/S
100% HSM-2 HSM-2
100% Max SFLC FSM-2 FSM-2
(hogging) BSP-1P/S
100% BSR-1P/S
B3 o.sq LJ r 0.9Tg BSR-1P/S
100% HSM-1 HSM-1
0% Max SFLC FSM-1 FSM-1
100% BSP-1P/S BSP-1P/S
HSM-1
0.6 Tog| * 100% HSM-1
B4 0.6Tsc ( ing) 75% BSR.IP/S BSP-1P/S
saggin, -
seme OSA-2P/S
HSM-1
0.6 Teg| LJ [ 100% HSM-1
BS 0.6Ts¢ ( ing) 75% BSR-1P/S BSP-1P/S
saggin -
geme OSA-2P/S
100% HSM-1 HSM-1
100%
ax - -
0 Max SFLC FSM-1 FSM-1
(sagging)
100% OST-1P/S OSA-2P/S
B6 ﬁ % 0.6Tsc
0.6 T
100% HSM-2 HSM-2
0% Max SFLC FSM-2 FSM-2
100% OSA-2P/S OSA-2P/S
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Harbour and testing conditions

100% @
N/A
B8 — - 0.33Ts¢ .
0337w (sagging) 100% @
N/A
Max SFLC
100%
B9 — - 0.337 ¢ . 75% N/A
0381 (sagging)
B10 LJ 0.337. 100% 75% N/A
03T : T (sagging) '
100%
N/A
Bll - Tsc .
(hogging) 100% @
N/A
Max SFLC
(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.
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Table 6 Load Combinations for FE Analysis for Two Oil-tight Bulkheads Oil Tankers Applicable for Foremost
Cargo Hold
Still water loads Dynamic load cases
No. Loading pattern Conac: % of Csprc: % of
Draught ' Foremost cargo hold
perm. SWBM | perm. SWSF
Seagoing conditions
HSM-1
FSM-1
— 100% BSP-1P/S
Al 0.9T ¢ . 100%
(sagging) BSR-1P/S
— 1 OSA-2P/S
OST-1P/S
100% HSM-1
A2 0.9Tsc , 100%
(sagging) OSA-2P/S
—
100% HSM-1
A3-1 0.65Ts¢ . 100%
(sagging) OSA-2P/S
100%
HSM-2
Max SFLC
0%
— BSP-1P/S
— 100%
A3-2D 0.65Tsc OSA-2P/S
100% HSM-1
100% Max SFLC )
(sagging)
100% OSA-2P/S
FSM-1
o 50%
A4 0.6Ts¢c . 100% BSP-1P/S
(hogging)
1 OSA-2P/S
0% 100% HSM-1
— ’ Max SFLC
AS 0.65Ts¢ 100% HSM-2
100% Max SFLC
(hogging)
100% BSP-1P/S
.\
0 50%
A6 0.6Ts¢ . 100% OSA-2P/S
(hogging)
—
HSM-1
HSA-1
FSM-1
100%
ATa Tic . 100% BSP-1P/S
(sagging) B
— SR-1P/S
OST-1P/S
OSA-2P/S

—229—




ClassNIC 2019 Rules for the Survey and Construction of Steel Ships (Part CSR-B&T Part 1 Chapter 4 Section 8)

HSM-1
HSA-1
———— FSM-1
100%
A7b Tic ) 100% BSP-1P/S
(sagging)
L BSR-1P/S
OST-1P/S
OSA-2P/S
Harbour and testing conditions
_\
100%
A9 0.25Tsc ’ 100% N/A
(hogging)
\
100%
A10 0.25Tsc i 100% N/A
(hogging)
100% @ N/A
— 100% Max SFLC
All 0.6T5¢c .
(hogging) 100% @ A
— Max SFLC
A12-aV
W > 0.33T5c N/A N/A N/A
\
A12-b®
@ 0.33Tsc N/A N/A N/A
100% @ N/A
\
0 Max SFLC
A13 D 0.77. 100%
. SC .
(sagging) 100% @
N/A
Max SFLC
100%
Al4 Tsc ) 100% N/A
] (sagging)

(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
Still water loads Dynamic load cases
No. Loading pattern Corrror s % of Corr o % of perm
Draught paLe - sic: 70 OTPEI | Boremost cargo hold
perm. SWBM SWSF
Seagoing conditions
HSM-1
100%
B1 0.9Tsc ( ing) 100% BSP-1P/S
saggin;
seme OSA-2P/S
HSM-1
100%
B2 0.9Tsc ( ing) 100% BSP-1P/S
saggin;
seme OSA-2P/S
BSP-1P/S
100%
B3-1 0.9Tsc ( ing) 100% OSA-2P/S
saggin
geme HSM-1
100%
HSM-2
Max SFLC
0%
BSP-1P/S
100%
OSA-2P/S
1)
B3-2 D 097sc 100% HSM-1
Max SFLC FMS-1
100%
(sagging) BSP-1P/S
100% OST-1P/S
OSA-2P/S
" 100% BSP-1P/S
B4 0.6Tsc . 75%
(hogging) OSA-2P/S
| 100% BSP-1P/S
B5W 0.6T ¢ , 75%
(hogging) OSA-2P/S
100%
HSM-1
0% Max SFLC
100% OSA-2P/S
B6 0.6Tsc
100% HSM-2
100% Max SFLC FSM-2
(hogging)
100% OSA-2P/S
Harbour and testing conditions
100% @
N/A
100% Max SFLC
B8 0.33Ts¢ .
(hogging) 100% &
N/A
Max SFLC
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] 100%
BoM 0.33Tsc . 75% N/A
(hogging)
0 100%
B10 0.33Ts¢ _ 75% N/A
(hogging)
100%
B11-1 Tse , 100% N/A
(sagging)
100% @ N/A
- Ne .
(sagging) 100% @ A
Max SFLC

(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
Still water loads Dynamic load cases
No. Loading pattern Corrr ot % of Cerr ot % of
Draught paLe - spre- 7 Aftmost cargo hold
perm. SWBM perm. SWSF
Seagoing conditions
HSM-1
100%
( ing) 100% FSM-1
saggin
geme BSP-1P/S
Al 0.9Tsc HSM-2
100% BSP-1P/S
. 100%
(hogging) BSR-1P/S
OSA-1P/S
HSM-1
100% FSM-1
. 100%
| (sagging) BSR-1P/S
OST-1P/S
A2 | 0.9Tsc
HSM-2
100% FSM-1
. 100%
(hogging) FSM-2
OSA-1P/S
100% 100% HSM-2
(hogging) Max SFLC FSM-2
A3-10® 0.65Tsc 100% HSM-1
100% Max SFLC FSM-1
(sagging)
100% BSP-1P/S
100%
HSM-2
‘ (hogging) BSP-1P/S
l ‘ 100% OSA-1P/S
A3-200 | 0.65Tsc
] | 100% HSM-1
(sagging) BSP-1P/S
100%
OST-1P/S
100% HSM-1
, 100%
(sagging) BSP-1P/S
{ HSM-2
Ad | 0.6Tsc FSM-1
100%
(hogging) 100% BSP-1P/S
0ggIn,
seie OSA-1P/S
OSA-2P/S

—233—




ClassNIC 2019 Rules for the Survey and Construction of Steel Ships (Part CSR-B&T Part 1 Chapter 4 Section 8)

100% HSM-1
0% HSM-2
Max SFLC
FSM-1
A5-1% 0.65Tsc
100% HSM-2
100% Max SFLC FSM-1
(hogging)
100% BSP-1P/S
100% HSM-1
Max SFLC HSM-2
0%
BSP-1P/S
A5-2® 0.65Tgc 100%
BSR-1P/S
100% 100% HSM-2
(hogging) Max SFLC FSM-2
HSM-2
100% FSM-1
A6 0.6Tsc (hogsing) 100% BSP-1P/S
(0] 1n;
geing BSR-1P/S
OSA-1P/S
HSM-2
100% FSM-1
A7a Tic (hogsing) 100% BSP-1P/S
(0] 1mn;
£8Ing BSR-1P/S
OSA-1P/S
HSM-2
100% FSM-1
A7b Tic (hogging) 100% BSP-1P/S
0oggin,
geme BSR-1P/S
OSA-1P/S
Harbour and testing conditions
100%
A9 0.25Tsc , 100% N/A
(hogging)
100%
A10 0.25Tsc _ 100% N/A
(hogging)
5 100% 100% ©
Al11-1® 0.67sc , N/A
(6] 1n; ax
(hogging) Max SFLC
100% © N/A
Al1-2©® 0.6Tsc ,
(hogging) 100% © A
Max SFLC
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Al2a® 0.33Tyc N/A N/A N/A
Al12b@ 0.33Tyc N/A N/A N/A
o 100% 100% ©
A13-10@ 0.7Tsc . N/A
(hogging) Max SFLC
100% ©
N/A
(hogging) 100% ©
\ N/A
Max SFLC
A13-20® 0.7Tsc
| 100% ©
N/A
(sagging) 100% ©
N/A
Max SFLC
100%
. 100% N/A
(hogging)
Al4 Tsc
100%
. 100% N/A
(sagging)
(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
Still water loads Dynamic load cases
No. Loading pattern C % of Cerr s % of
Draught puLe s Spre- 7 Aftmost cargo hold
perm. SWBM perm. SWSF
Seagoing conditions
HSM-1
100% FSM-1
. 100%
(sagging) BSP-1P/S
Bl 0.9Tsc BSR-1P/S
HSM-2
100%
(hogging) 100% BSP-1P/S
0ggin;
geme OSA-1P/S
HSM-1
100% FSM-1
. 100%
(sagging) BSP-1P/S
B2 0.97% BSR-1P/S
HSM-2
100%
(hogging) 100% BSP-1P/S
0ggin
seme OSA-1P/S
100%
100% Max SFLC HSM-2
(hogging)
100% BSP-1P/S
B3-110® 0.9Tsc
100% HSM-1
100% Max SFLC FSM-1
(sagging)
100% BSP-1P/S
100% HSM-2
(hogging) L0000 BSP-1P/S
B3-2(0®) 0.9Tsc ’ OSA-1P/S
100% HSM-1
100% Max SFLC FSM-1
(sagging)
100% BSP-1P/S
HSM-2
100%
B4 0.6Tsc (hogging) 75% BSP-1P/S
0ggin
seme OSA-1P/S
HSM-2
100%
BS 0.6Tsc (hogging) 75% BSP-1P/S
0ggin
seme OSA-1P/S
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100%
0% HSM-1
Max SFLC
B6-1@ 0.6Ts¢
100% 100% HSM
(hogging) Max SFLC
100%
0% HSM-1
Max SFLC
B6-2©® 0.6T. 100% HSM-2
) e 100% Max SFLC
(hogging) HSA-2
100%
BSR-1P/S
Harbour and testing conditions
100% 100% @
B8-1? 0.337c .“ ’ N/A
(hogging) Max SFLC
100% ¥ N/A
(hogging) 100% ©
N/A
Max SFLC
B8-2©® 0.33Ts¢
100% @ N/A
(sagging) 100% ©® NA
Max SFLC
100%
B9 0.337¢ ) 75% N/A
(hogging)
100%
B10 0.33T¢ ) 75% N/A
(hogging)
100% 100% @ /A
(hogging) Max SFLC
B11-1"@ Tsc W
100% 100%
.“ ° N/A
(sagging) Max SFLC
100% @ N/A
(hogging) 100% © )
N/A
Max SFLC
B11-2M® Tsc
100% @ N/A
(sagging) 100% © VA
Max SFLC
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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 ¢/D, is to be at
least 60%. The trim is to be by the stern and is not to exceed 0.015L;;. The moulded forward draught is not
to be taken less than the smaller of 0.03L;; 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 3.0#/m°, 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 3.0#/m°, 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 3.0¢/#° then the additional service feature {maximum cargo density x.y t/m’} is to be
indicated as defined in Ch 1, Sec 1, 3.2.1.

4.1.4 Cargo loading condition for BC-4

As required for BC-B, plus:

At least one cargo loaded condition with specified holds empty, with cargo density 3.0¢/#°, 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 {lolds a, b, ...
may be empty}.

In such cases where the design cargo density applied is different from 3.0#/m°, 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 3.0¢/m’
then the additional service feature {holds a, b, .. may be empty with maximum cargo density x.y t/m’} 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
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ballast hold(s) are to be indicated in the loading manual.
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
4.2.1

Design Load Combinations for Direct Strength Analysis
Applicable general loading patterns

The following loading patterns are to be applied:

(a)

(b)

(©)

4.2.2

Any cargo hold carrying Mr,; 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.
Any cargo hold carrying minimum 50% of My, with all double bottom tanks in way of the cargo hold being
empty, at scantling draught.
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.

Multiport conditions

The following multiport conditions are applicable to all types of bulk carriers except when the service feature

{no MP} is assigned:

(a)

(b)

(©)

(d)

423

Any cargo hold carrying Mp,; 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.
Any cargo hold taken empty with all double bottom tanks in way of the cargo hold being empty, at 83% of
scantling draught.
Any two adjacent cargo holds carrying My, 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.
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.

Alternate conditions

The following alternate conditions are applicable to BC-4 only:

(a)

(b)

(©)

(d)

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.

Cargo holds which are intended to be loaded with high density cargo, carrying Mpp plus 10% of My, 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.

Cargo holds which are intended to be loaded with high density cargo, carrying Mpp plus 10% of My, 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.

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 My 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.
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4.2.4 Heavy ballast condition

The following condition applies to ballast holds only:

4.2.5

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.

Additional harbour condition for all bulk carriers

The following additional harbour conditions apply to all bulk carriers:

(a)

(b)

(©)

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.

Any single cargo hold holding the maximum allowable seagoing mass at 67% of scantling draught, in
harbour condition.

Any two adjacent cargo holds carrying Mg, 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

BC- BC- {no MP}
Loading pattern Requirement
A B C A B C
Full load in homogeneous condition 4.2.1 item a x x x X x x
Slack load 4.2.1item b x x x x x x
Deepest ballast 4.2.1 item ¢ x x x X x x
Multiport-1 4.2.2 item a x x x
Multiport-2 4.2.2 item b x x x
Multiport-3 4.2.2 item ¢ x x x
Multiport-4 4.2.2 item d x x x
Alternate load partial 423 itemsa & b x x
Alternate load full 4.23 items a & ¢ x x
Alternate block load 4.2.3 item d x x
Heavy ballast 4.2.4 x x x x x x
Harbour condition 4.2.5 x x x x x x
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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 Outside midship Aftmost cargo Foremost cargo
hold region cargo hold region hold 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
43.1

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.
432

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.
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Table 12 FE Load Combinations Applicable to Empty Hold in Alternate Condition of BC-4 (EA) - Midship Cargo

Hold Region
e Corrre: % | Cspre: %
Description . . .
No. Reqt ref Loading pattern Aft  Mid Fore Draught | ofperm. | ofperm. | Dynamic load case
eqt re
d SWBM SWSF
Seagoing conditions
2 Full load 50% BSP-1P/S
1 Tsc 100%
4.1.3 (sag.) OST-1P/S
Full load
a 50%
2 421 Tse 100% BSP-1P/S
. (sag.)
item a
Slack load @ [Meg || [ My | % _ _
3 4.2.1 Tsc 0% 100% BSP-1P/S
item b
Stack load | v v Wisow) H _ %
4 4.2.1 Tsc 0% 100% BSP-1P/S
item b
FSM-2
100%
100% BSR-1P/S
Deepest ballast (hog.) OST-2P/S
5004 421 | e Tharn
item ¢ 100% BSP-1P/S
100% BSR-1P/S
(sag.)
OST-1P/S
Multiport 3
100% HSM-1
6 4.2.2 0.67Tsc 100%
. (sag.) OST-1P/S
item ¢
Multiport 3
100% HSM-1
7 422 0.67Tgc 100%
i (sag.) OST-1P/S
item ¢
100% HSM-2
100%
Multiport 4 (hog.) OST-2P/S
s | 422 _ l 0Tee | BSP-1P/S
item d ’ 100% BSR-1P/S
(sag.)
OST-1P/S
100% HSM-2
100%
Multiport 4 (hog.) OST-2P/S
9 422 m _ 0.75Tsc o BSP-1P/S
item d ’ 100% BSR-1P/S
(sag.)
OST-1P/S
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100% ®
FSM-2
Max SFLC
100%
* | 100% @
(hog.) FSM-2
Alternate load Max SFLC
artial T 0
102 p Mt Mt Tsc 100% OST-2P/S
4.2.3
items aand b BSP-1P/S
100%
OST-1P/S
0%
100% 1
HSM-1
Max SFLC
100% ® FSM-2
Max SFLC HSM-2
100% o
0, -
Alternate load (hog.) 100% FSM-2
5 = Max SFLC HSM-2
full =
11 Tse
423 100% OST-2P/S
items a and ¢
100% BSP-1P/S
0% 1 100% 1
HSM-1
Max SFLC
100% FSM-2
100%
12 @| Alt-block load S (hog)) OST-2P/S
(5)(6) 1A e
(3) 423 — % % e 100% HSMHL
item d ’ 100% BSP-1P/S
(sag.)
OST-1P/S
100% FSM-2
100%
13 @[ Alt-block load S (hog.) OST-2P/S
56 K E. E.
3 23 — e 100% HSM-
item d ° 100% BSP-1P/S
(sag.)
OST-1P/S
100% 1 FSM-2
0% Max SFLC HSM-2
100% BSR-1P/S
. | Heavy ballast 100% ®
147 Tsarnt HSM-1
4.2.4 .................... MaX SFLC
100% 100% 19
(sag.) HSM-1
Max SFLC
100% BSR-1P/S
0% 100% BSR-1P/S
Heavy ballast
7
15 ny Tarr | 100%
-2 100% BSR-1P/S
(sag.)
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Harbour conditions

Harbour 100% 100% N/A
condition m: (hog.)
16 T
4.2.5 100% )
items a and ¢ (sag.) 100% N/A
Harbour Y0% v N/A
17 T
4.2.5 100% )
items a and ¢ (sag.) 100% N/A
100% "V
N/A
hog. (12)
Harbour (hoe) 100% N/A
condition Max SFLC
18 m T
4.2.5 100% A
items a and b 100% | Max SFLC
(sag.) 100% (12)
N/A
Max SFLC
Alt-block 100% 100% N/A
A K (hog.) ’
13) harbour 0.1M, ll 01M, g.
19 . Ths
condition 4.2.3 100%
item d (sag) 100% N/A
Alt-block 100% 100% N/A
Mouc Mac* (ho ) °
(13) harbour 0.1 M, 0.1 M, g.
20 . Ths
condition 4.2.3 100%
item d (sag) 100% N/A
(1) Loading pattern No. 1 with the cargo mass Mp,; 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) Incase of no ballast hold, normal ballast condition with assuming Mgy-= 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 x, ,, <0.5Lg and x, ,>0.5Lqg, the shear force is to be adjusted to target value at aft bulkhead
of the mid-hold.
(9) For the mid-hold where Xpqn S0.5Legy and x, g 20.5L gy » 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 Xpap > 05Lcgy OF xp o) <0.5Leg, -
(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-4 (FA) -
Midship Cargo Hold Region
- Coyere: % | Csppe: %
Description . . .
No. Reqt ref Loading pattern Aft  Mid Fore Draught | ofperm. | ofperm. | Dynamic load case
eqt re
a SWBM SWSF
Seagoing conditions
Full load M, | M, | 50% BSP-1P/S
Lo A A EA % % % - I
4.1.3 (sag.) OST-1P/S
Full load
a 50%
2 4.2.1 [ Mey || [ M || [ Mg | _ H ﬂ Tsc (sag) 100% BSP-1P/S
sag.
item a &
Slack load [Mray | L50% M [ M | _ % _
3 4.2.1 Tsc 0% 100% BSP-1P/S
item b
FSM-2
100%
100% BSR-1P/S
Deepest ballast E (hog.) OST-2P/S
43 421 | = 5 ‘ Toarrt
item ¢ 100% BSP-1P/S
100% BSR-1P/S
(sag.)
OST-1P/S
100% © FSM-2
Max SFLC HSM-2
100% ,
100% FSM-2
(hog.)
, Max SFLC HSM-2
vutipor:2 | Y ] _ K _
5 4.2.2 0.83Tsc 100% OST-2P/S
item b 100% (10
HSM-1
(sag.) BSP-1P/S
100%
OST-1P/S
Multiport 3
100% BSP-1P/S
6 4.2.2 0.67Tsc 100%
. (sag.) OST-1P/S
item ¢
Multiport 3
100% BSP-1P/S
7 422 0.67Tsc 100%
. (sag.) OST-1P/S
item ¢
FSM-2
100% HSM-2
" 100%
Multiport 4 (hog.) BSR-1P/S
8 4.2.2 _ 0.75Tsc OST-2P/S
item d BSP-1P/S
100%
100% BSR-1P/S
(sag.)
OST-1P/S
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FSM-2, HSM-2
100%
N 100% BSR-1P/S
Multiport 4 (hog) OST-2P/S
9 4.2.2 m _ 0.75Tg¢
. { [ BSP-1P/S
item d 100%
100% BSR-1P/S
(sag.)
OST-1P/S
100% 1 FSM-2
100% | Max SFLC HSM-2
(hog.)
100% OST-2P/S
Alternate load ®)
. 100% FSM-1
10 ) partla gﬂ,f‘; % TSC Max SFLC HSM-1
423 4Lﬁl7 E E
items aand b 100% © FSM-1
0%
Max SFLC HSM-1
BSP-1P/S
100%
OST-1P/S
100% 1 FSM-2
100% | Max SFLC HSM-2
(hog.)
Aermte load 100% OST-2P/S
ernate loa
full e 100% ®
11 2 Tsc HSM-1
4.2.3 Max SFLC
items a and ¢ 9
0% 100% ©
HSM-1
Max SFLC
100% BSP-1P/S
FSM-2
100% 100% HSM-2
2 :
@ hog.
152)(6) Alt-biozclg load o W e % & E ) (hog.) OST-2P/S
/N 1 SC
0 ) HSM-1
item d 100%
100% BSP-1P/S
(sag.)
OST-1P/S
FSM-2
100% 100% HSM-2
2 :
o hog.
1 53) : Alt—biozcl; load W E % % ] (hog.) OST-2P/S
/N SC
(13) . HSM-1
item d 100%
100% BSP-1P/S
(sag.)
OST-1P/S
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100% 19 FSM-2
0% Max SFLC HSM-2
100% BSR-1P/S
@ Heavy ballast 100% ®
14 Tiiissiis TBa/—H HSM-1
4.2.4 S Max SFLC
100% 100% ©
(sag.) HSM-1
Max SFLC
100% BSR-1P/S
0% 100% BSR-1P/S
Heavy ballast
@]
: 424 Tharrr | 100%
oo 100% BSR-1P/S
(sag.)
Harbour conditions
100% Y
N/A
100% Max SFLC
hog. (12)
Harbour (hog.) 100% N/A
| condition Max SFLC
16 W Tra
. N/A
items a and b
100% Max SFLC
(sag.) 100% (12
N/A
Max SFLC
100%
Harbour 0 100% N/A
condition m _ (hog.)
17 0.67Tsc
. 100% 100% N/A
1 0
item a (sag.)
100%
Harbour 0 100% N/A
condition E _ (hog.)
18 0.67Tsc
. 100% 100% N/A
1 0
item a (sag.)
100%
Harbour 0 100% N/A
condition _ _ (hog.)
19 Tm
e 100% 100% N/A
i 0
items a and ¢ (sag.)
100%
Harbour o 100% N/A
condition E _ _ (hog.)
20 Tm
e 100% 100% N/A
i 0
items a and ¢ (sag.)
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2
)
“4)
)
(6)

(N
®)

)

(10)
(11)
(12)
(13)

100%
Alt-block - - 100% N/A
ox, Il 03 (hog.)
harbour - il
2113 T3
dition 4.2.3 ’
o 100% 100% N/A
3 0
item d (Sag.)
100%
Alt-block — o 0 100% N/A
a3 |  harbour 01w, Jll 01, % % (hog.)
22 . T3
condition 4.2.3 100% 100% N/A
. 0
item d (sag.)
(1) Loading pattern no. 1 with the cargo mass Mp,; and the maximum cargo density as defined in 4.1.4 can be analysed in lieu of

this loading pattern.

Maximum cargo density as defined in 4.1.4 is to be used for calculation of dry cargo pressure.

In case of no ballast hold, normal ballast condition with assuming Mgy = 100% (hog.) is to be analysed.
Position of ballast hold is to be adjusted as appropriate.

This condition is only required when block loading condition is included in the loading manual.

Actual still water vertical bending moment, as given in the loading manual, may be used instead of design value.
This condition is to be considered for the heavy cargo hold which is assigned as ballast hold, if any.

For the mid-hold where «x, , <05L., and x, ,>05L,, the shear force is to be adjusted to target value at aft bulkhead

of the mid-hold.
For the mid-hold, where Xpot S0.5Lesp and x, o 2 0.5Lcgp s the shear force is to be adjusted to target value at forward

bulkhead of the mid-hold.

This load combination is to be considered only for the mid-hold, where Xpan >0.5Legp OF X 4y <0.5Lcgp-
The shear force is to be adjusted to target value at aft bulkhead of the mid-hold.

The shear force is to be adjusted to target value at forward bulkhead of the mid-hold.

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

e Coyere: % | Csppe: %
Description . . .
No. Redt ref Loading pattern Aft Mid Fore | Draught| ofperm. of perm. Dynamic load case
eqt re
d SWBM SWSF
Seagoing conditions
o) Full load 50% BSP-1P/S
1 Tsc 100%
4.1.3 (sag.) OST-1P/S
Full load
e Y = - = T 50% 100% BSP-1P/S
o M| | [Mon] | [ Mo _ _ _ 5 (sag.) ’ OST-1P/S
item a
Slack load
3 4.2.1 [ My | !_| (M | _ % _ Tsc 0% 100% BSP-1P/S
item b
FSM-2,
100% .
Deepest n 100% BSR-1P/S
S (hog.) OST-2P/S
@) ballast -
4 HHE H & ‘ Trarir
421 L0000 BSP-1P/S
item ¢ ’ 100% BSR-1P/S
(sag.)
OST-1P/S
100% FSM-2
Max SFLC HSM-2
0,
100% 100% ® FSM-2
(hog) | \ax sFLC HSM-2
Multiport 2
5 422 W _ ﬁ _ 0.83Tc 100% OST-2P/S
item b
100% ©
HSM-1
(sag.) BSP-1P/S
100%
OST-1P/S
Multiport 3 [ Mey |
p [ ey | [ My | _ _ 100% BSP-1P/S
6 4.2.2 0.67Tsc 100%
. (sag.) OST-1P/S
item ¢
Multiport 3
100% BSP-1P/S
7 4.2.2 0.67Tc 100%
. (sag.) OST-1P/S
item ¢
FSM-2
100% HSM-2
100%
Multiport 4 (hog.) BSR-1P/S
8 4.2.2 m _ 0.75Tsc OST-2P/S
item d BSP-1P/S
100%
100% BSR-1P/S
(sag.)
OST-1P/S
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FSM-2
100% HSM-2
’ 100%
. 4 (hog.) BSR-1P/S
Multiport OST2P/S
9 4.2.2 m 0.75T¢
item d , BSP-1P/S
100% 100% BSR-1P/S
(sag.) OST-1P/S
100% © FSM-2
0% Max SFLC HSM-2
100% BSR-1P/S
o/ (7)
10© Heavy ballast T 100% HSM-1
0 4.2.4 Max SFLC
100% 100% ®
(sag.) HSM-1
Max SFLC
100% BSR-1P/S
0% 100% BSR-1P/S
t
11O Heavy ballas T 100%
4.2.4 100% BSR-1P/S
(sag.)
Harbour conditions
100%
Harbour @ ; 100% N/A
.. [ Mg | og.
1 condition - ﬁ { 0.67Ts
2.5 0
) 100% 100% N/A
item a (sag.)
100%
Harbour 0 100% N/A
i m E _ (hog.)
3 condition 0.67T5
2. 0
23 100% 100% N/A
item a (sag.)
0
100% 100% N/A
Harbour (hog.)
condition Mg J1 Mo _ _ E 7
14 i
4.2.5 09
100% 100% N/A
items a and ¢ (sag.)
100%
Harbour (hog) 100% N/A
condition T
15 H1
4.2.5 0
: 100% 100% N/A
items a and ¢ (sag.)
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100%
N/A
hog. a1
Harbour (hoe) 100% N/A
condition Max SFLC
’ = '
4.2.5 100% (10)
. N/A
items a and b
(sag.) 100% D
N/A
Max SFLC
(1) Applicable to BC-B only.
(2) For BC-B ships, the loading pattern no. 1 with the cargo mass Mp,; 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) Incase of no ballast hold, normal ballast condition with assuming Mgy = 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 x, ,, <05Ly, and x,_,, >0.5L.,, the shear force is to be adjusted to target value at aft bulkhead of
the mid-hold.
(8) For the mid-hold where Xp_an S0.5Lcsp and Xy g 2 05L gy > 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 x, , >05L.g OF x, 4, <0.5Lcg, -
(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-4 (EA) -
Outside Midship Cargo Hold Region
Coverc: % | Coprc: % Dynamic load case
Description . . ) )
No. Loading pattern Aft  Mid Fore Draught | ofperm. | ofperm.
Reqt ref ) forward
SWBM SWSF aft region .
region
Seagoing conditions
HSM-1
Fullload |l 50% BSPIPIS | pop 1pss
ull loa -
1@ % % % Tye ’ 100% | OST-1P/S
4.1.3 (sag.) OST-1P/S
OSA-1P/S
OSA-2P/S
Full load [ Mey || [ e || Mo | _ _ _ S0%
2® 4.2.1 Tsc ’ 100% | BSP-1P/S | BSP-1P/S
. (sag.)
item a
Slack load
3 4.2.1 !_| [ Mea | [ [ Mea | % _ _ Tsc 0% 100% | BSP-1P/S | BSP-1P/S
item b
Slack load
4 4.2.1 P e Nsow _ _ % Tye 0% 100% | BSP-1P/S | BSP-1P/S
item b
HSM-2 FSM-2
100% HSA-2 | BSP-1P/S
100%
Deepest = m (hog.) BSR-1P/S | BSR-1P/S
ballast t { i OST-2P/S | OSA-2P/S
5@ T b B N Tsuiir
4.2.1 HSM-1
item ¢ 100% HSM-1 | BSP-1P/S
w | 100%
(sag.) BSP-1P/S | BSR-1P/S
OSA-2P/S
Multiport 3
69| 422 0.67T: 100% 1oog, | SM | TISMA
| Mag J | Mo _ _ ﬁ OIS (gag) ° | oST-1p/S | OST-1P/S
item ¢
Multiport 3
5) 100% HSM-1 | BSP-1P/S
7! 4.2.2 0.67Tsc 100%
. (sag.) OST-1P/S |OSA-2P/S
item ¢
HSM-2
100% HSM-2
100% BSR-1P/S
(hog.) OST-2P/S
Multiport 4 OST-2P/S
©)
o e (B @ T o |
item d 100% FSM-1
100% BSP-1P/S
(sag.) BSP-1P/S
OST-1P/S
OST-1P/S
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100% loov, | HSM2 | HSM-2
(hog.) °  |osT-2p/s |OST-2P/S

Multiport 4
9® 4.2.2 m E E _ 0.75Tsc HSM-1 | HSM-1
item d 100% oo | FSM-1[BSP-IPS
(sag.) ° | BSP-1P/S | BSR-1P/S

OST-1P/S [ OST-1P/S

100% FSM-2 FSM-2
Max SFLC | HSM-2 HSM-2

100% Bsp-1pss | Dor IS
(hog.) , BSR-1P/S
Alternate load _ — 100% 8:2?;2 OST-2P/S
ool o |E Bl @l | L 7S |osaams
4.2.3
items a and b BSP-1P/S BSP-1P/S
100% OST-2P/S
OST-2P/S
0% OSA-1P/S
100% HSM-1 HSM-1
Max SFLC | FSM-1 FSM-1
100% HSM-2 HSM-2
Max SFLC | FSM-2 FSM-2
100% BSP-1P/S
hog.
full T T ) )
11 423 osw, - o't _ i _ Tse OSA-2P/S
items a and ¢ HSA-1

100% BSP-1P/S
BSP-1P/S

0%
100% HSM-1 HSM-1
Max SFLC| FSM-1 FSM-1

FSM-2 FSM-2
100%
100% BSP-1P/S | BSP-1P/S

12 @ |Alt-block load | gV (hog.) OST-2P/S | OSA-2P/S
0.1 M, 0.1 M,
©O 4.2.3 . Tsc

an HSM-1 HSM-1
100% BSP-1P/S | BSP-1P/S
OST-1P/S | OSA-2P/S

item d 100%
(sag.)
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FSM-2
FSM-2
100% BSP-1P/S
100% BSP-1P/S OSAIP/S
13 @ |Alt-block load (hog.) OST-2P/S ’
[k * D Vi + -
an item d HSM-1 | HSM-I
100%
100% BSP-1P/S | BSP-1P/S
(sag.) OST-1P/S |OSA-2P/S
Harbour conditions
100%
Harbour ° 100% N/A N/A
" condition _ _ ; (hog.)
H
4.2.5 100%
. 100% N/A N/A
items a and ¢ (sag.)
100%
Harbour ’ 100% N/A N/A
H
4.2.5 100%
. 100% N/A N/A
items a and ¢ (sag.)
100% ®
N/A N/A
Max SFLC
100%
(hog.)
100% ©
N/A N/A
Harbour i _ Max SFLC
condition
16 T
4.2.5 " ®
items a and b 100% N/A N/A
Max SFLC
100%
(sag.)
100% ©
N/A N/A
Max SFLC
. 100%
Alt-block ° 100% N/A N/A
harbour (hog.)
17" condition -1* im % % Tus L00%
4.2.3 ° 100% N/A N/A
item d (sag.)
_ 100%
Alt-block ’ 100% N/A N/A
harbour (hog.)
18UD1  condition T3
1= 100%
4.2.3 100% N/A N/A
item d (sag.)
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(M

@
)
“4)
)
(6)
(N
®)
)

Loading pattern no. 1 with the cargo mass Mp,; and the maximum cargo density as defined in 4.1.4 can be analysed in lieu of
this loading pattern.

Maximum cargo density as defined in 4.1.4 is to be used for calculation of dry cargo pressure.

In case of no ballast hold, normal ballast condition with assuming Mgy = 100% (hog.) is to be analysed.

Position of ballast hold is to be adjusted as appropriate.

This condition is not required when {no MP} notation is assigned.

This condition is only required when this loading condition is included in the loading manual.

Actual still water vertical bending moment, as given in the loading manual, may be used instead of design value.

The shear force is to be adjusted to target value at aft bulkhead of the mid-hold.

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.

—255—




ClassNIC 2019 Rules for the Survey and Construction of Steel Ships (Part CSR-B&T Part 1 Chapter 4 Section 8)

Table 16 FE Load Combinations Applicable to Loaded Hold in Alternate Condition of BC-4 (FA) -
Outside Midship Cargo Hold Region
o Corerc % of| Crpe: % Dynamic load case
Description . .
No. Reqt ref Loading pattern Aft Mid Fore [ Draught perm. of perm. Aft Forward
SWBM SWSF Regi .
egion region
Seagoing conditions
HSM-1 HSM-1
@ Full load 50% HSA-1
1 Tsc 100% BSP-1P/S
413 (sag.) BSP-1P/S
OSA-1P/S
OSA-2P/S
Full load [ M., || [M M, |
o (Mo || [Pea] | (Vo _ _ _ 50% BSP-1P/S
2 4.2.1 Tsc 100% N/A
. (sag.) OSA-2P/S
item a
Slack load HSM-2 | HSM-1
acK loa
M, | ‘ I, HSA-1 HSA-1
3 421 e Qe gl _ % _ Tsc 0% 100%
b BSP-1P/S | FSM-2
rem OSA-1P/S | BSP-1P/S
100% HSM-2
100% FSM-2 HSM-2
(hog.)
OST-2P/S
Deepest ballast I I
1)) 421 |ksmmss i B N Touiir HSM-1 HSM-1
item ¢ 100% Fsmol | AT
100% FSM-1
(sag.) OST-1P/S
BSP-1P/S
OSA-2P/S
OSA-2P/S
100% HSM-2 N/A
100% | Max SFLC
(hog.)
Multiport 2 M _ E _ 100%  |BSP-1P/S [BSP-1P/S
i - e 100%  [Bspiprs| oA
item b 100% ’ BSR-1P/S
(sag.) 100%
HSM-1 N/A
Max SFLC
, HSM-1
Multiport 3
100% BSP-1P/S | HSA-1
6 4.2.2 0.67Tsc 100%
sag. - -
) (sag.) BSR-1P/S | BSP-1P/S
item ¢
OSA-2P/S
Multiport 3 HSM-1
100%
7 4.2.2 0.67Tsc (sag) 100% BSP-1P/S | HSM-1
sag.
item ¢ & OST-1P/S

—256—




2019 Rules for the Survey and Construction of Steel Ships (Part CSR-B&T Part 1 Chapter 4 Section 8) CIaSSNI(

HSM-2
FSM-2
100% Lo |BSRIPIS | FSM-2
(hog.) ° |BSP-1P/S |OSA-2P/S
Multiport 4 E _ i i OSA-1P/S
8 422 0.75Tsc OST-2P/S
item d
HSM-1
100% BSR-IP/S HSA-1
’ 100%  |BSP-1P/S
(sag.) BSP-1P/S
OST-1P/S
OSA-2P/S
100% HSM-2 FSM-2
100%  |BSR-1P/S
(hog.) BSR-1P/S
OST-2P/S
Multiport 4 m i E _
HSM-1
9 422 0.75Tsc HSM-1
item d 100% FSMAL | o
100%  |BSP-1P/S
(sag.) BSP-1P/S
BSR-1P/S
OST-1P/S
OST-1P/S
HSA-2
BSP-1P/S
BSP-1P/S
100% | g [OSA2PIS
100% OST-2P/S
(hog.) OST-2P/S

Alternate load

100° HSM-2
al o ¥ 00% X FSM-2
@ Pata 21 T Max SFLC | FSM-2

4.2.3
items a and b 100% HSM-1 HSML1

Max SFLC | FSM-1

0% BSP-1P/S
BSP-1P/S
100% OSA-1P/S
OSA-1P/S
OSA-2P/S
HSA-2
OSA-1P/S
100% BSP-1P/S OSA.IP/S
100% OSA-1P/S
Al load (hoe)
ternate loas — 100% HSM.2 FSM-2
full 01 M, Max SFLC | HSM=2
11 Tsc
4.2.3
items a and ¢ 100% HSM-1 HSM-1
Max SFLC

0%
BSP-1P/S |OSA-1P/S
OSA-1P/S [OST-2P/S

100%
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HSA-2
HSM-2
100% FSM=2 ) o
100% BSP-1P/S
(hog.) BSP-1P/S
12@] Alt-block load OSA-IPIS | o a 2pss
Mo + Vor ¥
(5)(6) 4.2.3 0.1 m,M80.1 M, % % Tsc OST-2P/S
© item d HSM-1
HSM-1
100% BSP-1P/S
100% BSP-1P/S
(sag.) OSA-1P/S
OSA-2P/S
OST-1P/S
HSM-2
100% Foma | M2
100% BSP-1P/S
(hog.) BSP-1P/S
OSA-2P/S
13 @| Alt-block load T
Fax -~ OST-2P/S
T aa .
© item d HSM-1 HSM-1
100% HSAT oA
100% FSM-1
(sag.) BSP-1P/S
BSP-1P/S
OSA-2P/S
OST-1P/S
Harbour conditions
100% 7
N/A N/A
100% Max SFLC
hog. ®)
Harbour (hoe.) 100% N/A N/A
e condition m ; Max SFLC
4.2.5 m 100% @
. N/A N/A
items a and b
100% Max SFLC
(sag) | 100% ®
N/A N/A
Max SFLC
100%
Harbour ’ 100% N/A N/A
15 condition m _ 0677 (hog.)
1 : .67Tsc
4.2.5 100% .
item a (sag) 100% N/A N/A
100%
Harbour ’ 100% N/A N/A
6 condition m _ - (hog.)
. Ne
4.2.5 100% )
item a (sag) 100% N/A N/A
100%
Harbour ’ 100% N/A N/A
17 condition w: _ _ . (hog.)
Hl
4.2.5 100% )
items a and ¢ (sag) 100% N/A N/A
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100%
Harbour ’ 100% N/A N/A
condition (hog)
] 8 TH]
425 100% .
items a and ¢ (sag.) 100% A VA
Alt-block 100% 100% N/A N/A
0
harbour ’:;J‘ ’g_;‘ % % (hog.)
19|  condition T3
100%
423 ( ‘)’ 100% N/A N/A
item d sag-
Alt-block 100% 100% N/A N/A
0
harbour % % (hog.)
20| condition T3
100%
4.2.3 ( ;’ 100% N/A N/A
item d Sag-

(1) Loading pattern No. 1 with the cargo mass Mp,; 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) Incase of no ballast hold, normal ballast condition with assuming Mgy = 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
Covse: % | Cspre: % Dynamic load case
Description . .
No. Loading pattern Aft  Mid Fore Draught | of perm. | of perm. f d
Reqt ref . orwar
SWBM | SWSF | aftregion .
region
Seagoing conditions
HSM-1
FSM-1 HSM-1
DG) Full load 50% BSP-1P/S HSA-1
1 Tsc 100%
4.1.3 (sag.) OSA-1P/S | BSP-1P/S
OST-1P/S | OSA-2P/S
OST-2P/S
HSM-1
FSM-1 HSM-1
Full load 50% BSP-1P/S | HSA-1
M M M - -
2@ 421 e L P _ _ _ Tse C 100%
. (sag.) OSA-1P/S | BSP-1P/S
item a
OST-1P/S | OSA-1P/S
OST-2P/S
HSM-1
HSM-2 HSM-1
Slack load | [ My | [ 50% Ml [ Ma | _ % _ HSA-1 HSA-1
3 4.2.1 Tsc 0% 100% FSM-2 FSM-2
item b BSP-1P/S | BSP-1P/S
OSA-1P/S | OST-2P/S
OST-2P/S
HSM-2
100%
100% FSM-2 HSM-2
(hog.)
Deepest OST-2P/S
0| allast ‘ T HSM-1
4 2 1 .......... I Bal-H HSM-l
o 100% oMol | oA
item ¢ ’ 100% FSM-1
(sag.) OSA-2P/S
BSP-1P/S
OST-1P/S
OSA-2P/S
100% HSM-2 N/A
100%  IMax SFLC
(hog.)
Multiport 2 100% | BSP-1P/S | BSP-1P/S
item b 100% ’ ’ BSR-1P/S
(sag.) | 100%
HSM-1 N/A
Max SFLC
. HSM-1
Multiport 3
100% BSP-1P/S HSA-1
6 4.2.2 0.67Tsc 100%
) (sag.) BSR-1P/S | BSP-1P/S
item ¢
OSA-2P/S
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ClassNIK

HSM-1
Multiport 3
100% FSM-1 HSM-1
7 4.2.2 0.67Tsc 100%
) (sag.) BSP-1P/S | BSP-1P/S
1tem ¢
OST-1P/S
HSM-2
FSM2 ) oM
100% BSP-1P/S
100% FSM-2
(hog.) BSRAIPIS | o
Multiport 4 m _ i i OSA-1P/S
8 4.2.2 0.75Tsc OST-2P/S
item d
HSM-1
100% BSPIPS 1 A
’ 100% | BSR-1P/S
(sag.) BSP-1P/S
OST-1P/S
OSA-2P/S
100% HSM2 o
100% BSR-1P/S
(hog.) BSR-1P/S
OST-2P/S
Multiport 4 @ i i _
HSM-1
9 4.2.2 0.75Tsc HSM-1
item d 100% FSML ) oA
100% BSP-1P/S
(sag.) BSP-1P/S
BSR-1P/S
OST-1P/S
OST-1P/S
Harbour conditions
100%
Harbour ° 100% N/A N/A
condition (hog.)
10 0.67Tsc
4.2.5 100% .
item a gy | 1% | A N/A
100%
Harbour ° 100% N/A N/A
condition (hog.)
11 0.67Tsc
4.2.5 100% o
item a agy | 10 N/A N/A
100%
Harbour ° 100% N/A N/A
condition m: (hog.)
12 T
4.2.5 100% .
items a and ¢ (sag.) 100% N/A N/A
100%
Harbour ° 100% N/A N/A
condition :m (hog.)
13 T
4.2.5 100% .
items a and ¢ (sag.) 100% N/A N/A
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100% ©
Max SFLC

N/A N/A

100%
(hog) | 100%™

Harbour N/A N/A
condition @ _ Max SFLC
14 i i Tip

4.2.5
. 100% ©
items a and b ° N/A N/A

100% Max SFLC

(sag) | 100%™
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 Mp,; 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) Incase of no ballast hold, normal ballast condition with assuming Mgy = 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-4 (FA) —

Aftmost Cargo Hold
.. Caarrc : % of | Coppe: %
Description . . .
No. Loading pattern Aft  Mid Fore Draught perm. of perm. | Dynamic load case
Reqt ref
SWBM SWSF
Seagoing conditions
FSM-1
o | Fullload q ( @ @ 80%
1@ Tsc 100% BSP-1P/S
4.1.3 (sag.)
OST-1P/S
it | (] PEYEY [
20| 421 N & 7 ’ 100% FSM-1
item a (sag.)
Slack load =T m -~ FSM-1
100%
3 421 & 7 (sag) 100% BSP-1P/S
sag.
item b & OST-1P/S
HSM-2
FSM-1
Deepest
BSP-1P/S
34 ballast 100%
4 Tat-i 100% BSR-1P/S
4.2.1 (hog.)
. OST-1P/S
item ¢
OST-2P/S
OSA-1P/S
H E 30% 000, FSM-1
Multiport 2 == (hog.) ’ OSA-1P/S
5 4.2.2 0.837 ¢
item b 30% 100% FSM-1
(sag.) BSP-1P/S
2. 67Tse ! 100%
6 422 = & | 067
X (sag.) OST-1P/S
item ¢
100% HSM-2
50% Max SFLC ’
(hog) . BSP-1P/S
Alternate load 100% OSA-1P/S
Mo+
partial H 0.1Mm [ @
(2)
’ 423 e 100% FSM-1
items a and b Max SFLC
0% BSP-1P/S
100% OST-1P/S
OSA-1P/S
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100% HSM-2, FSM-2
50% Max SFLC ’
(hog)) 00 BSP-1P/S,
Alterr;a::e load H - 0 OSA-IP/S
u 0.1 M,
' 423 = Isc 100%
2. HSM-1
items a and ¢ Max SFLC
0% BSP-1P/S
100% OST-1P/S
OSA-1P/S
Moot Mar®
52 Alt-block load g ‘ 0% BSP-1P/S
5 4.2.3 Tsc 100%
1 emd (sag.) OST-1P/S
item
Harbour conditions
100%
100% N/A
Harbour (hog)
| condition g [ @ E 100% @
10 T N/A
items a and b (hog.) 100%®
N/A
Max SFLC
50%
Harbour — 0 100% N/A
condition H @ . (hog.)
11 2 ; ; N | 0.67Tsc¢
23 100% )
item a (sag) 100% N/A
50%
Harbour — — o 100% N/A
condition g [ Maw | [ M | . . (hog.)
- 50% .
items a and ¢ (sag) 100% N/A
Alt-block 50% .
harbour Vo T Vi E‘ @ i (hog.) 100% N/A
H oiv I oim. § 2.
13| condition Ty
50%
4.2.3 ’ 100% N/A
item d (sag.)

(1) Loading pattern no. 1 with the cargo mass My 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) Incase of no ballast hold, normal ballast condition with assuming Mgy-= 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
. Couerc: % Csrrc: %
Description . . .
No. Reat ref Loading pattern Aft  Mid Fore Draught of perm. of perm. | Dynamic load case
eqt re
d SWBM SWSF
Seagoing conditions
FSM-1
Full load 80% BSP-1P/S
100 g [ @ @ Tsc ’ 100%
4.1.3 (sag.) OST-1P/S
OSA-1P/S
e |
2001 421 AR\ ( °) 100% BSP-1P/S
sag.
item a £ OST-1P/S
H ’
Slack load q 100% FSM-1
3 4.2.1 o & e ( ;’ 100% BSP-1P/S
sag.
item b £ OST-1P/S
HSM-2, FSM-1
Deepest BSP-1P/S
45 ballast 100% BSR-1P/S
4() ) f Tl Tpart 100%
4.2.1 H K (hog.) OST-1P/S
item ¢ : OST-2P/S
OSA-1P/S
FSM-1
30% 100% BSR-1P/S
Multiport 2 > (hog) 0 :
5 422 H m [ . 0.837: OSA-1P/S
2. 8315
. ;
item b 30% FSM-1,
100%
(sag.) OST-1P/S
100% BSP-1P/S
60%
1 0,
Multiport 3 [ (hog.) 100% HSM.2
6 422 \ 0.67Tsc Max SFLC
item a
100%
0% HSM-1
Max SFLC
Multiport 3 Qm [ 50% BSP-1P/S
7 422 = &S 06775 ’ 100%
. (sag.) OST-1P/S
item ¢
Harbour conditions
100%
100% N/A
Harbour (hog.)
condition H m . 100% ©
8 425 = Tin " S;LC N/A
ax
items a and 50%
b (hog.) 100% 7
N/A
Max SFLC
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Harbour 50% 100% N/A
. hog.)
condition (
9 25 H @ E 0.67Tsc
2. 100%
item a = ( ;’ 100% N/A
sag.
Harbour 50%
- 100% N/A
condition (hog.)
| a2s |1 ] T
items a and h ; 50% 100% N/A
¢ (sag.)
(1) Applicable to BC-B only.
(2) For BC-B ships, the loading pattern no. 1 with the cargo mass Mp,; 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 Mg, = 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-4 (FA) —
Foremost Cargo Hold
Coarrc: % Csprc: %
Description . . BMLC 70 SrLes 7 Dynamic load
No. Loading pattern Aft  Mid Fore | Draught of perm. of perm.
Reqt ref case
SWBM SWSF
Seagoing conditions
HSM-1
Full load v 60% BSP-1P/S
e un wm @ @ E - g 100%
4.1.3 I — (sag.) OST-1P/S
OSA-2P/S
Full load [ My | M | [/ E 0% HSM-1
2® 4.2.1 ettt = & Tsc ( °) 100% BSP-1P/S
sag.
item a £ OSA-2P/S
Slack load | o —/ = HSM-1
|m m - . 100%
3 4.2.1 I — = Tsc (sag.) 100% BSP-1P/S
sag.
item b £ OSA-2P/S
b " HSM-1
eepes P
HSM-2
34 ballast 100%
4 L Tputti 100% BSP-1P/S
4.2.1 (hog.)
. BSR-1P/S
item ¢
OSA-2P/S
HSM-1
Multiport 2 >
5 4.2.2 @;3 . E E 0.83T. 00% 100% PV
- = ooise (sag.) ’ BSP-1P/S
item b
OSA-2P/S
Multiport 3 | [P I e B—( E <00, HSM-1
6 4.2.2 ——- = 0.67Tgc ( 0) 100% BSP-1P/S
sag.
item ¢ £ OSA-2P/S
Multiport 3 —
60%
7 4.2.2 = 0.67Tsc 100% FSM-2
item a (hog.)
BSP-1P/S
100% OST-2P/S
60% OSA-2P/S
hog.
Alternate load (hoe) 100%
. =N I HSM-2
g@ partial 0.LM ' Teo Max SFLC
4.2.3
items a and b 100% HSM-1
Max SFLC
0%
BSP-1P/S
100%
OSA-2P/S
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BSP-1P/S
100% OST-2P/S
60% OSA-2P/S
(hog.)
Alternate load . > £ 100%
Al war W/ HSM-2
A ' Max SFLC
9 — N Tse
4.2.3
items a and ¢ 100% HSM-1
Max SFLC
0%
BSP-1P/S
100%

OSA-2P/S
10® | Alt-block load s0% HSM-1
516 423 vt Wi g @ @ E Tse (Sag") 100% BSP-1P/S
® item d — ' OSA-2P/S

Harbour conditions

100%
(hog) 100% N/A
og.
Harbour £
o (7)
) condition a Ton 100% N/A
4.2.5 R B \ 50% Max SFLC
items a and b (hog.) 100% ® o
Max SFLC
Harbour
condition [ My | = 100%
12 0.67Tsc 100% N/A
425 1 e (sag.)
item a
Harbour
condition M1/ [t = 50%
13 | Mg 11 Mo | B . . Tin ’ 100% N/A
425 —— o (e (hog.)
items a and ¢
Alt-block
harbour
©) s Mot IV I/ 350% 0
14 condition | % % B E Ty (o) 100% N/A
423 —— :
item d

(1) Loading pattern no. 1 with the cargo mass Mp,; 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) Incase of no ballast hold, normal ballast condition with assuming Mgy = 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.

—268—




2019 Rules for the Survey and Construction of Steel Ships (Part CSR-B&T Part 1 Chapter 4 Section 8) CIaSSNI(

Table 21 FE Load Combinations Applicable for BC-B & BC-C - Foremost Cargo Hold
Coarrc % Csprc: %
Description . . BMLC 7 SrLes 7 Dynamic load
No. Loading pattern Aft Mid Fore | Draught of perm. of perm.
Reqt ref case
SWBM SWSF
Seagoing conditions
HSM-1
(o | Fullload | FEage i @ @ E - 60% 00 BSP-1P/S
4.1.3 —— (sag.) OST-1P/S
OSA-2P/S
Full load HSM-
ull loas
7/ [ 60% BSP-1P/S
2@ 42.1 LA L . . E Tse ’ 100%
) — = (& (sag.) OST-1P/S
item a
OSA-2P/S
Slack load | s mil—/ = HSM-1
B @@t
3 4.2.1 — — N Tse (saz) 100% BSP-1P/S
item b e OSA-2P/S
b . HSM-1
cepes
b np t : 100% HSM-2
allas’
496) N Toarnt ’ 100% BSP-1P/S
4.2.1 (hog.)
BSR-1P/S
item c
OSA-2P/S
Multiport 2 HSM-L
1por
5 u4 ; 2 @;3 E E 0.83T: 60% 100% FSM-L
- A ooise (sag.) ’ BSP-1P/S
item b
OSA-2P/S
Multiport 3 | [Fu I Woa ] E 50% HSM-
6 4.2.2 s e I e 0.67Tsc ( °) 100% BSP-1P/S
sag.
item c & OSA-2P/S
BSP-1P/S
100% OST-2P/S
Mulioort 3 60% OSA-2P/S
ultiport [ hog.
7 422 L g E . E 0.67Tgc (hoe. 100%
— N HSM-2
item a Max SFLC
100%
0% HSM-1
Max SFLC
Harbour conditions
100%
100% N/A
Harbour (hog.)
condition My i E 100% ©
8 — [; A Tin N/A
4.2.5 50% Max SFLC
items a and b (hog.) 100%
N/A
Max SFLC
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Harbour
condition [t 100%
9 A 0.67Tc 100% N/A
4.2.5 I N (sag.)
item a
Harbour

condition / N [ 50%
425 —— N (hog.)

items a and ¢

(1) Applicable to BC-B only.

(2) For BC-B ships, the loading pattern no. 1 with the cargo mass Mp,; 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) Incase of no ballast hold, normal ballast condition with assuming Mgy = 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 Qil Tanker
5.1.1
Q) 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 z,,, 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
Still water loads
. . Dynamic
No. Description Loading pattern Covrc: % | Cspic: % Y
Draught of perm. of perm. load cases
SWBM | SWSF®
Oil tankers with two oil-tight bulkheads
P
Al-F Full load ﬁ m Tsc 60% (sag.) All
]
[
A2-F Normal ballast w Trar 80% (hog.) All
E
Oil tankers with centreline oil-tight bulkhead
P
BI1-F Full load ﬁ m Tsc 60% (sag.) All
S
P
B2-F Normal ballast m m 80% (hog.) All
5
(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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Standard Design FE Loading Conditions for Fatigue Assessment of Oil Tankers for Aftmost Cargo Hold
Still water loads
. . Dynamic
No. Description Loading pattern Corerc: % | Csprct % o
Draught of perm. of perm. load cases
SWBM | SWSF®
Oil tankers with two oil-tight bulkheads
|
Al-F Full load | Tsc 60% (sag.) All
A2-F Normal ballast ’ Tsar 80% (hog.) All
Oil tankers with centreline oil-tight bulkhead
BI-F Full load Tsc 60% (sag.) All
B2-F Normal ballast Tsar 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
Still water loads
Dynamic
No. Description Loading pattern Comrc:% | Csrrc: % load
Draught of perm. of perm. cases
SWBM | SWSF®"
Oil tankers with two oil-tight bulkheads
\
Al-F Full load > Tsc 60% (sag.) All
\
A2-F Normal ballast > Trar 80% (hog.) All
Oil tankers with centreline oil-tight bulkhead
\
BI-F Full load > Tsc 60% (sag.) All
—
B2-F Normal ballast > Trar 80% (hog.) All
L

(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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Bulk Carriers

The standard loading conditions to be applied to bulk carriers for fatigue assessment as required in Ch 9, Sec 1,

measured from z,, to the lowest point of tank.

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,

Table 25 Standard Design FE Load Combinations for Fatigue Assessment Applicable to Empty Hold of BC-4 in
Alternate Condition (EA) - Cargo Hold Region Except Aftmost and Foremost Cargo Holds
Corre: % | Csppe: % .
o . . Dynamic
No. Description Loading pattern Aft  Mid Fore Draught of perm. of perm. load
oad case
SWBM SWSF
Full load ™M, |[[ M, | 40%
oo ddd| L |
homogeneous (sag.)
spe | Fulllead e [l o ‘ ﬁ 7‘ T 7% 100% All
alternate 5¢ (hog.) °
3-F® | Normal ballast ¢ T 80% Al
- ormal ballast | e B BAL
= B (hog.)
4-F@®) ¢ Tpar-ir 7% 100% All
T T B (sag.)
5-FP@ | Heavy ballast ? Tpar i 3% 100% All
HHRHH R  — (hOg)
6-FV® ﬁ :; Toar s % All
R HFHHHH \_-_‘ :\\.—‘ (hog)
(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
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Table 26 Standard Design FE Load Combinations for Fatigue Assessment Applicable to Loaded Hold of BC-4 in
Alternate Condition (FA) - Cargo Hold Region Except Aftmost and Foremost Cargo Holds
Coyere: % | Csppe: % .
o . . Dynamic
No. Description Loading pattern Aft  Mid Fore Draught | of perm. of perm. load
oad case
SWBM SWSF
a Full load 40%
1-F Tsc All
homogeneous (sag.)
2 Full load 75%
2-F Tse 100% All
alternate (hog.)
@ 80%
3-F Normal ballast Tyar All
(hog.)
75%
4-FO®) Tparn ’ 100% All
(sag.)
(2)(4) 45%
5-F Heavy ballast Toar-1 100% All
(hog.)
45%
6-F® Toarn ’ All
(hog.)
(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-4 in
Alternate Condition (FA) - Aftmost Cargo Hold

Cayere: % | Csppc: %
No. Description Loading pattern Aft  Mid Fore Draught of perm. of perm.
SWBM SWSF

Dynamic

load case

[ [
Full load v, B v, 40%
= C dd | -
homogeneous * (sag.)
Full load . 7%
2 F® H @ Toe ’ 100% All
alternate (hog.)
[
80%
3-F® | Normal ballast H .................... E [ K Tpa O Al
.......... FHHH (hOg)

4-FU9 | Heavy ballast H:LL; E i Ei Toarn o M
TSIt T D h ) (hOg)

(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-4 in
Alternate Condition (FA) - Foremost Cargo Hold

Courre: % | Csppc: %
No. Description Loading pattern Aft  Mid Fore Draught of perm. of perm.
SWBM SWSF

Dynamic

load case

g | Fullload E . 40% Al
homogeneous = & * (sag.)
@ Full load -~ 75%

2-F g Tsc 100% All
alternate (hog.)

3-F® | Normal ballast \ N Trar 80% All
D e (hog.)

4-FO® Heavy ballast N Toar-n 4% All
e (hog.)

(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
Coarre: % | Cspre: % .
. . . Dynamic
No. Description Loading pattern Aft  Mid Fore Draught of perm. of perm. load
oad case
SWBM SWSF
Full load [ M, | 40%
o ddd| L |
homogeneous (sag.)
2-F® | Normal ballast ¢ ﬁ T, s0% All
-k | Normal ballast | it : : BAL
L (hog.)
3 FOO o Toant % 100% All
.................... By, (sag.)
N 45%
4FP® | Heavy ballast Toan ’ 100% All
%::J &;nnm (hOg.)
S-FHE ” ﬁ > T, % All
R T By b By, BAL-H (hog.)
(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
Coyre: % | Csppe: % .
o . . Dynamic
No. Description Loading pattern Aft  Mid Fore Draught of perm. of perm. load
oad case
SWBM SWSF
[ [
Full load M, ™, 40%
1-F® gl [ . . T All
homogeneous = (= 5 (sag.)
~ 80%
2-F"7 | Normal ballast | |} ) : Tha All
th ;2 (hog')
) 45%
3-F" | Heavyballast | ||l ) N Tpar-n All
:2 tH (hog.)

(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

.0 . 0
Coyrrc: % | Cspre: %

No. Description Loading pattern Aft  Mid Fore Draught of perm. of perm.
SWBM SWSF

Dynamic

load case

Lpo | Fullload M, mi

ho mogeneous I R

40%
(sag.)

L L
80%
2-F® | Normal ballast E E N ’ All
........................ EN B (hog.)
3-F | Heavy ballast E E Tearn . Al
Y i (hog.)

(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

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.

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.
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.

Cargo mass, in ¢, as defined in Ch 4, Sec 6.

Cargo mass, in ¢, as defined in Ch 4, Sec 6.

Cargo mass, in ¢, as defined in Ch 4, Sec 6.
The maximum cargo mass in a cargo hold of two adjacent cargo holds according to the block loading
condition in the loading manual, in 7.
In loading condition No. #, draught, in m, at mid-hold position of single cargo hold length or at mid-length
of the two adjacent cargo holds considered.
0.75Tsc or draught in ballast conditions with the two adjacent cargo holds empty, whichever is greater, in
m.
Minimum permissible draught, in 2, in harbour condition with Mp,; in each of the two adjacent holds to be
taken as:

+ For ships having {No MP} notation assigned:

0.67T,,.
. 0']SZMFLIH
T, = min| Tgc _V—
1025 L4 Va
h, h,

+ For ships not having {No MP} notation assigned:
0.15) M,

v
1.025) -~ + Ve
h, h,

Minimum permissible draught, in m, in harbour condition with Mg,; in EA holds of BC-A ships or with
M, in any holds of BC-B and BC-C ships to be taken as:
+ For ships having {No MP} notation assigned:

T, =0.67T,, —

0.67T.

Ty, =min| T, _LMI;W
1.025-

h

+ For ships not having {No MP} notation assigned:
A5M
T,, =0.67T, —OS—VF"”
1.025-
h

Minimum permissible draught, in m, in harbour condition in case of block loading with Mjp; x in each of the
two adjacent holds of BC-A ships to be taken as:
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> (0.15M 5 +0.1M ;)

Ty =Tgc =
V.,
1025 L4 Ve
h, h,
Ty, @ Minimum permissible draught, in m, in harbour condition with My in FA holds of BC-A ships to be taken
as:
0.67T.
T,y =min 7, — 0.15M,,, +V0.1MH
1.025-%
h
Vy : Volume in m’, as defined in Ch 4, Sec 6.
V, : Volume of the after cargo hold of two adjacent cargo holds excluding volume of the hatchway part, in m’.
V; : Volume of the forward cargo hold of two adjacent cargo holds excluding volume of the hatchway part, in
i
2 : 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 Lz 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, (W,..s(T}), Wuins(T:)) and in harbour
condition (W,aci(T:), Woint(T;)) at various draughts (7;) is obtained, in ¢, by the following formulae given in tables of
2 and 3 for the followings.:
* BC-4 ship not having {No MP} notation assigned,
BC-A4 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
. Curve
Hold Loading conditions Max / Min curves Ref Ref
€
Maximum: Ch 4, Sec
W, ()= M,y +0.1M, —1.025V T =1) I]8423
maxS \" i HD . H . H h - HD (b) & (C)
Seagoing
Minimum: Ch 4, Sec
T, —0.83T,. 2.
h (b)
Maximum: Ch 4, Sec
8,4.2.6
67T —T, - ?
M,, —1.025V, (06775 -T) M, L )
W s (T;) = max 111-2
Harbour w, (T)+0.15M,, <M,, Ch 4, Sec
8,4.2.5
Minimum: v Ch 4, Sec
WminH (T;): WminS(T;')_O'ISMHD - 0 8, 4.2.5
Example BC-A ships not having {No MP} for FA holds
FA
T, (min. value)
M, _+01M
2 HD H
—<M,,
a |
s 1
\
|
<’ - T
. Seagoing !
|
0.15 MHDI \ ] i 0.15 MHD
} AV
Draught (m) 0.83T,, ‘ T
Harbour
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Table 1 BC-A Ship Not Having {No MP} Notation Assigned (Continued)
. .. . Curve
Hold Loading conditions Max / Min curves Ref Ref
e
Maximum Ch 4, Sec
0.67T,. —T, 2.
WmaxS (T;) = MFLI” - 1 025VH w < MFI(” ! 8’ 422
’ h (a)
Seagoing
Minimum: Ch 4, Sec
T —T
w, (T)=1.025V,, T-T) 18423
h (a)
Maximum Ch 4, Sec
W,w(T) =W, s(T)+0.15M,,, < M i
maxH \" i maxS \" i . Full — Full 8, 4.2.5
Harbour
Minimum: v Ch 4, Sec
WminH (T:) = WminS (T; ) - 0'15MFu[I 20 8, 4.2.5
Example BC-A ships not having {No MP} for EA hold
EA
THZ
>L _____ My,
R | |
g | |
= | |
\ \
| |
-~ Seagoing ! !
0.15 MFULEIj i i
> 1 ‘
| |
Draught(m) 067 T, Teo
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2.1.2  BC-A ship having {No MP} notation assigned

Table 2 BC-A Ship Having {No MP} Notation Assigned
. .. . Curve
Hold Loading conditions Max / Min curves Ref Ref
e
Maximum: Ch 4, Sec
T, —T,
w, (T)=M,,+0.1M, —1.025V, (e -7) M, I (8423
(b) & (0
. . Ch 4, Sec
Seagoing Minimum: 8 421
T —T, >
1.0257,, % >0 -1 | (o)
W5 (T,) = min (1. -T) -2 | Ch 4, Sec
0.5M,, —1.025V, ~3<—2>0 8,4.2.1
(b)
Maximum: Ch 4, Sec
8,4.2.6
67T, —T, - ’
M,, —1.025V, 0677 -T) M, L )
WmaxH (7—; ) = max I11-2
Harbour W, s (Tl )+ 0.15M,,, <M, Ch 4, Sec
8,4.2.5
Minimum: v Ch 4, Sec
FA WminH (Tt ) = WminS (Tt )_ 015]\4HD 20 8, 4.2.5
Example BC-A ships having {No MP} for FA hold
T, (min. value) M, +01M,
/*— <M.,
£
a
©
2
-~ i _
- Seagoing 0.5M,
0.45 MHDI 0.15 M,
S

Draught (m) Tounu

sC
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Table 2 BC-A Ship Having {No MP} Notation Assigned (Continued)
. .. . Curve
Hold Loading conditions Max / Min curves Ref Ref
e
Maximum Ch 4, Sec
T, —T,
mec? (T: ) = MFLI” - 1 OZSVH M < MFI(” ! 8’ 421
‘ h (a)
Seagoing
Minimum: Ch 4, Sec
T -T
WminS (7—; ) = 1()2’SI/H M 2 0 1 8’ 423
h (a)
Maximum Ch 4, Sec
8,4.2.6
0.67T,. —T, - >
M, —1.025V), M <My, - (a)
W s (T;) = max h w2 |
Harbour WmaxS (T; )+ 0 1 SMFMH < MFLI” ’ e
8,4.2.5
Minimum: v Ch 4, Sec
WminH (T; ) = WminS (T; )_ 0'15MFu1/ 2 O 8, 4.2.5
Example BC-A ships having {No MP} for EA hold
EA
T, ,(min. value)
s 1
8 |
(] |
H ‘
\
|
015M,,, Seagoing !
\
|
Draught (m) T.

sc
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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
Curve
Loading conditions Max / Min curves Ref
Ref
Maximum Ch 4, Sec
0.67T,. —T,
W iaxs (Tz ): M,y —1.025V, M SMpy ! 5422
()
Seagoing
Minimum: Ch 4, Sec
T, —0.83T.
w,, (T)=1.025V, (T -0837c) 8422
h (b)
Maximum Ch 4, Sec
W, (=W, (T)+0.15M,, <M i
maxH \"i ) = 7" maxS \" i +0. Full = Full 8, 4.2.5
Harbour
Minimum: v Ch 4, Sec
WminH (Tl ): WminS (Tl )_ O 1SMFuH 2 0 8, 4.2.5

Example BC-B and BC-C ships not having {No MP}

Mass (t)

0.15 MFULI

Seagoing

FULL

Draught (m)

0.83T,, ‘

Harbour
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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
Curve
Loading conditions Max / Min curves Ref Ref
e
Maximum: Ch 4, Sec
T, —T,
WmaxS (TI) = MFul[ -1 'OZSVH M S MFuH ! 5421
’ h ()
Mini . Ch 4, Sec
Seagoing 1nimum: (T T ) 8,4.2.1
1.025V,, ’T’m’” >0 -1 |
W 105 (T, ) = min (1, -T) -2 |Ch 4, Sec
0.5M,, —-1.025V,, % >0 8,4.2.1
(b)
Maximum: Ch 4, Sec
M, —1.025V (0677, - 7)) o | B
W, . (T, ): max| . Ful : H i = M gy .2 (a)
Harbour WmaxS (Tl )+ 0.1 5All’ull < MFull Ch 4 Sec
8,4.2.5
Minimum: v Ch 4, Sec
WminH (Tl ): WminS (7-; )_ O 1 SMFull 2 0 8, 4.2.5
Example BC-B and BC-C ships having {No MP}
T, (min. value)
K MFULL
€
2
|
=
x~ .
- 3
0.15 M., Seagoing 0.5 M,
I).ls Mg,

Draught (m) T Tsc
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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 . Curve
. Max / Min curves Ref
conditions Ref
Maximum:
V. v Ch 4, Sec
S a ’
Z(MBLK + O‘IMH )_ 1'025[}1— + h_J(TSC - Tz ) = ZMBLK -1 ® 8,4.2.3 (d)
f a
W s (T, ) = max v -2 [Ch 4, Sec
S a
Seagoing S My, - 1.025(17—/_ + n j(0.67TSC ~T)<> My, 8,4.2.2 (¢)
Minimum:
V. v 1 Ch 4, Sec
W oins (Tl ) =1.025 h_f + ha (Tl —0.75T ¢ ) 20 8,4.2.2 (d)
f a
Maximum: Ch 4, Sec
1M
W (T ) max W s (Tz )+ 0.1 SZ My < Z M« -1 8,4.2.5
max. il= 111-2 Ch 4, S
" WmuxS (T; )+ O 1 52 MFull < Z MFu/l «
8,4.2.5
Harbour
Minimum: Ch 4, Sec
W (T ) . (WminS (Tl )_ 0 1 52 MBLK 2 0 V-1 v 8, 4.2.5
minif \Li ) = min IV-2 |Ch 4, Sec
w . AT.)—-0.15» M, >0 ’
mmS( 1) Z Full 8, 4.2.5
(1) This limit curve is only applicable when block loading condition is included in the loading manual.
Example BC-A ships not having {No MP} for two adjacent holds
. THS
Only applicable for M, . L e E(Msm*' 0.1M,)
SATTTTTT T o2 K ZMBLK
s s ZMFULL
\
Q |
= | |
0.153M,,, ! T
\ \
| |
\ \
0.15 XM Seagoing | |
) FuLL ‘ | Only applicable 0.153M,,,
1 i for M, Il
| | V-2
| | z - 3
Draught(m) 0677, 0757, | N1 O15XMy,
Harbour
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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 . Curve
» Max / Min curves Ref
conditions Ref
Maximum:
V Vv Ch 4, Sec 8,
f a
DMy +0.0M,)-1 .025[Z + ZJ(TS —T)<> My, 110 423 @)
W s (T;) = max -2 |Ch 4, Sec 8,
Ve 1
ZMFHH —1.025 h_ + h_u (TSC - TI) < ZMFHH 4.2.2 (a)
f a
Seagoing
Minimum:
V V Ch 4, Sec 8
_f _a — > E) B
1'025( h, " J(z Ry -1 |[42.2 ()
W5 (T;) = min 112 |Ch 4, Sec 8,
v, v
0.5 M, —1.025 L +—= Ty, -T7,)>0 4.2.2 (b)
hf h,
Maximum: Ch 4, Sec 8,
Wmaxs(Ti)"'O-]Sz M pyx SZMBLK L ® 4.2.5
v, v e Ch 4, Sec 8,
WmaxH (Tl ) =max Z MFI{” - 1025{}1_ + h” (067TYC - T: ) < z MFuH 1123 4.2.6 (b)
s ™ |ch 4, Sec 8,
Harbour WmaxS (Tl )+ 0. ISZ MFul/ < z MFu/l 4.2.5
Minimum: Ch 4, Sec 8,
W (T) . Wmms(T,-)—O-15Z My 20 IV-1114.2.5
min i )= min IV-2 |Ch 4, Sec 8,
" WminS (Tl )_ O 1 SZ MFull = O 4.2.5 «

(1) This limit curve is only applicable when block loading condition is included in the loading manual.

Example BC-A ships having {No MP} for two ad]jacent holds

TH3
Only applicable for M, ;é S(M,, + 0.IM,)
K ZMBLK
€
a
g ZMFULL
0.15 ZMMI
- ‘ Only applicable
0as3m T | S— } e 0.153M,
‘ 0.15 ZMFULL
A7 V-2 Y
Harbour .-~ & 0.05 M
Draught (m) Tonn VT ) BLK
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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 . Curve
» Max / Min curves Ref
conditions Ref
Maximum: Ch 4, Sec
vV, v
WmaxS (T: ): Z MFLI” —-1.025 _f + — (0677-VSC - Tl )S Z MFLI” ! 8, 422
h,  h, (©)
Seagoing
Minimum: Ch 4’ Sec
V, v
W s (T )= 1,028 — 4~ (T, = 0.75T. ) 2 0 B e
hy  h, @
Maximum: Ch 4, Sec
11
WmaxH (Tl ) = WmaxS (Tl ) +0.1 Sz MFull < z MFu[I 8, 4.2.5
Harbour
Minimum: Ch 4, Sec
v
WminH (Tl ): WminS (Tt )_ Olsz MFul[ 20 8, 4.2.5
Example BC-B and BC-C ships not having {No MP} for two adjacent holds
THI
£ J" """" IMr,
2 \
1]
=

3
0152MM§9

Seagoing

]
~ HarbouLIY?

e e —

Draught (m) 0.67T,, 0.75T

sc
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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 . Curve
o Max / Min curves Ref
conditions Ref
Maximum: Ch 4, Sec
vV, v
f a I 8,4.2.1
W s (TI ): Z My, —1.025 —+—= (TSC -T )S Z My,
h b, (@)
Minimum: Ch 4, Sec
Seagoing
Los| L Ve (7, ~ Ty )20 5421
. Z + Z it BAL-H )= -1 (©)
W s (T,) = min ‘ 112 | Ch 4, Sec
V., v
0.5 M, —1.025 L +-< Ty, -T,)>0 8,4.2.1
hy b (b)
Maximum: Ch 4, Sec
Z vV, v ( ) Z L1 8,4.2.6
M, —1.025 —+—=0.67T,. —T,)< > M, :
WmaxH (7‘1 ): max ! h/ ha * " -2 (Cal)l 4, S
, Sec
Harbour WmaxS (Tz )+ OISZ MFul[ < Z MFuH 8, 4.2.5
Minimum: Ch 4, Sec
v
WminH (Tl ): WminS (Tt )_ 0.1 Sz MFul[ 20 8, 4.2.5
Example BC-B and BC-C ships having {No MP)} for two adjacent holds
_ T, (min. value)
1
g 2:MFULL
P
L7 .
0.15 ZMMLI Seagoing 0.15M,,
0.153M,,,,

Draught (m) Town 0.67T,,
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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.

M,
M
M,
M,,:
M,
O
Osnpt
st-fi
O

Qs w-Led-

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.

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.

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.

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.

Horizontal wave bending moment, in kNm, at the hull transverse section considered, defined in Ch 4, Sec 4,
3.3.1.

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.

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.

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.

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.

Vertical still water shear force for the considered loading condition in seagoing operation, in kN, at the hull
transverse section considered.

Osw-1cap: Vertical still water shear force for the considered loading condition in harbour/sheltered operation, in kN, at

the hull transverse section considered.

Os-rca.f: Vertical still water shear force for the considered flooded condition in seagoing operation, in kN, at the hull

VD:

Zpy.
Iy-nSO:
Iz-n50:

Z 4050

transverse section considered.

X coordinate, in m, of the calculation point with respect to the reference coordinate system defined in Ch 1,
Sec 4, 3.6.

Vertical distance to the equivalent deck line, in m, as defined in 1.4.3.

Z coordinate, in m, of the calculation point with respect to the reference coordinate system defined in Ch 1,
Sec 4, 3.6.

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.

Net moment of inertia, in m*, of the hull transverse section about its horizontal neutral axis, to be calculated
according to 1.5.

Net moment of inertia, in m*, of the hull transverse section about its vertical neutral axis, to be calculated
according to 1.5.

Net section modulus, in 77, at any point of the hull transverse section, to be calculated according 1.4.1.

Zpnso» Zpaso:  Net section moduli, in m°, at bottom and deck, respectively, to be calculated according to 1.4.2 and

ZVDZ
C,:
P

1.4.3.
Z coordinate, in m, taken equal to V) +z,.

Wave parameter defined in Ch 4, Sec 4.
Seawater density, taken equal to 1.025 #/n’.
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[+ Heading correction factor, to be taken as:
f5=1.05 : for seagoing conditions.

f5=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 0.5¢., 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 2.06x105 N/mm’, the steel equivalent sectional area that may be included in hull girder

transverse section is obtained, in m?, from the following formula:
E

S
SE-n50 206 % 105 M—n50
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where:
Appnso: Sectional area, in m°, 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:
Ebg <0.06(B —Xb)
b : 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.
¥b: 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 Xb, 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 b, and Xb

Hull transverse section
! under consideration

30° N b,

b, and b, included in b and Zb,

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 0.254,,, where 4, 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
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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 7, from the following formula:

[y7;150

Z o =

|Z —Z n
1.4.2  Section modulus at bottom
The section modulus at bottom is obtained, in 7, from the following formula:

Iyﬂ’lSO

ZB*MSO =

ZVI

1.4.3  Section modulus at deck
The section modulus at equivalent deck line is obtained, in m’, from the following formula:

Iyﬂ’lSO

VD

ZD*HSO =

where:
Vp : 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 (zp—z,)/0.9 from the neutral axis at the centreline
Vo=2zp-2,

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 (zp—z,)/0.9 from the neutral axis at the centreline

v, =(z —zn)(o.9+o.2%f) >z, -z

n

Zp: Z coordinate, in m, of strength deck at side, defined in 1.3.
vr, zr: 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 V.

1.5 Moments of Inertia
1.5.1

The net moment of inertia, /,.,50 and I._,s, in m", 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 0.4L sz 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, o, 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, o, at any point of the hull transverse section located below zyp is to comply with the
following formula:

O-L < O-perm

where:
o,: Normal stress, in N/mm?, as defined in 2.2.2.

o, : Permissible hull girder bending stress, in N/mm’, as given in Table 1.

perm

222

The normal stresses, o, in N/mm?, induced by vertical bending moments are given in Table 2:
223

The normal stresses in a member made in material other than steel with a Young’s modulus, £ equal to 2.06 x
10° N/mm?, included in the hull girder transverse sections as specified in 1.2.8, are obtained from the following

formula:
E

=——0
2.06x10°

where:
o0,s: Normal stress, in N/mm®, in the member under consideration, calculated according to 2.2.2

oy LS

considering this member as having the steel equivalent sectional area Agg defined in 1.2.8.

23 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, /.5, is to be
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not less than the value obtained, in m*, from the following formula:
I =2.7Cy Legy B(Cy +0.7)107

Table 1 Permissible Hull Girder Bending Stress o,
Permissible hull girder bending stress, & ,,,,,
. Design . . . T
Operation load T <01 | 01<——<03 | 03<——<07 | 0.7<——<09 >0.9
Lesg CSR Lesr CSR Lesg
. Linear Linear
Seagoing (S+D) 140/k . . 190/k . . 140/k
interpolation interpolation
Harbour/sheltered Linear Linear
) 105/k ) . 143/k . ) 105/k
water interpolation interpolation
Flooded
condition at sea
for bulk carriers Linear Linear
. (4:5+D) 140/k . . 190/k . . 140/k
having a length interpolation interpolation
LCSR of 150m or
above
Table 2 Normal Stress, o,
Normal stress, o,
Operation At any point located below At bottom " At deck V)
Zyp
. MSW"'fﬂMWV -3 MSW+.fﬁMWV 23 MSW+.f/7MWV 23
Seagoing o, =——7————10 o, =——7——10 o, =————10
ZA4750 ZB*HSO ZD*PISO
Harbour/sheltered O_L _ MSW—p 1073 O'I_ _ SW-p 1072 O_L _ MSW—p 1073
water ZA—nSO ZB—nSO annso
Flooded condition at
sea for bulk carriers o, = Mgy, + My, 10° o, = Mgy, + My, 10° o, = Mg, ,+M,, 10°
having a length Lz of Z 4 uso Z 50 Z puso
150m or above
(1) The o, values at bottom and deck, correspond to the application of formula given for any point, calculated at
equivalent deck line and at baseline.

232
At the transverse section in the midship part, the vertical hull girder net section modulus at the deck and the
bottom, Zp..so and Zg.s0, are not to be less than the value obtained, in 7, from the following formula:
Zp =0.9kCyy Logg” B(Cy +0.7)107°

2.4 Extent of High Tensile Steel
2.4.1 Vertical extent

The vertical extent of higher strength steel, Z,; 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:

o
_ perm,i
ths,i =z|1-
oy

where:

z: Distance from horizontal neutral axis to moulded deck line or baseline respectively, in m.

Opermi+  Permissible hull girder bending stress of the considered steel, in N/mmi’, as given in Table 1 and
Fig. 3.

o, Hull girder bending stress, o, at moulded deck line or o, at baseline respectively, in N/mm®
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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
MSW+.f/3MlVl’ B MSW+.fﬁMWV _
Seagoing Oy = |—Zn 107 Oax = g(zdk—s -z,)10 ’
I y-n50 I y-n50
M, _
Harbour/sheltered o, = | sw p| 21 0 o, = | sw p| s =zl 0
water y-n50 1 y-n50
Flooded condition at
sea for bulk carriers |MSW—f + MWV| 3 |MSW Tt va| 3
oy =——"7—""2,10 oy =——F— (245 —2,)10
having a length Loz of I, .5 I, .50
150m or above
| Zaks Distance from baseline to moulded deck line at side, in m.
Fig. 3 Vertical Extent of Higher Strength Steel

|

Vertical upper limit of steel “1”

z, Vertical upper limit of steel “2” \

2.42 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
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3. Hull Girder Shear Strength Assessment
31 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, Ox 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:
0, = min(M]OSJ
! 9,
ti-ns50: Net thickness of plate 7, in mm. For longitudinal bulkheads between cargo tanks of oil tankers, 7,50
is to be taken as 7, 50 (see 3.4.1) and #y;.4..50 (see 3.5.1) as appropriate.
Qi Contribution ratio for hull girder shear force per mm, in mm’', for the plate i based on net
scantlings with deduction of 0.57,, 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.
Permissible shear stress, in N/mm?, as given in Table 4, for plate i.

T perm -
Table 4 Permissible Hull Girder Shear Stress
Operation Design load Permissible hull girder shear, Ti perm
Seagoing (S+D) 120/k
Harbour/sheltered water (S) 105/k
Flooded condition at sea of bulk
carriers having a length Lcgz of 150 m (4:5+D) 120/k
or above
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33 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:

|QSW| < QR _|fﬁQWV|

For harbour/sheltered water operation:

Og-,| < Ox
For flooded condition at sea of bulk carriers having a length Lcgz of 150m or above:
|QSW—/'| < QR - |QWV|

where:
Or: Total vertical hull girder shear capacity, in kN, as defined in 3.2.1.
The shear force Q,,, used in 2 above criteria is to be taken with the same sign as the considered shear forces Q,,
and Q,,.srespectively.
3.3.2 Vertical still water shear force
The vertical still water shear forces, in &N, for all loading conditions are to comply with the following criteria:
For seagoing operation:
1O e = A0, | <[ Q|
For harbour/sheltered water operation:
|QSW—Lcd—p - Adef| < |QSW—p|
For flooded condition at sea of bulk carriers having a length Lgz of 150m or above:

|QSW—L(:d—f - Adef| < |QSW—f|

where:
AQ,,r: 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, AQ,, =0
The permissible shear forces Oy, Qswp and Oy, are to be taken with the same sign as the considered shear

forces Ogy-rcds Osw-redp and Oy rcarrespectively.

34 Effective Net Thickness for Longitudinal Bulkheads between Cargo Tanks of Oil Tankers
34.1
For longitudinal bulkheads between cargo tanks, the net thickness of the plating above the inner bottom, ;.50
for plate i, in mm is given by:
Lionso = Lizpso —Iai
where:
t,;: Thickness deduction for plate 7, in mm, as defined in 3.4.2.
342
The vertical distribution of thickness reduction for shear force correction is to be triangular as indicated in Fig. 5.
The thickness deduction, ¢,, in mm, to account for shear force correction on the plate i, is to be taken as:

fo= 00, [] X J[z_ 2(Zp _hdb)j
AT
By 7, 0.5¢, L

i—perm

where:
&0, : 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 AN.

¢, Length of cargo tank, in m.

hyy: 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.

Xplk: 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/, .

—298—



2019 Rules for the Survey and Construction of Steel Ships (Part CSR-B&T Part 1 Chapter 5 Section 1) CIaSSNI(

Zp! Vertical distance from the lower edge of plate i to the base line, in m, but not taken less than /.
hap: Height of double bottom, in m, as shown in Fig. 5.
:Permissible hull girder shear stress, in N/mm?, for plate i:

Ti —perm
T porm <1207k
Fig. 5 Shear Force Correction for Longitudinal Bulkheads
\
t, for
— Xoik =\
t, for P
| Kok = 0.25 lm |
< /
Xoik hap
A
0
% 0.5¢,

6Q,

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, 0, ,

in kN, is to be obtained from the following formula:
00, =0.5K,F,

where:
F;,: Maximum resulting force on the double bottom in a tank, in kN, as defined in 3.4.5.

Kj: Correction factor, to be taken equal to:
K, = 0.4(1 —L)—f;
l1+n

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, 0, in kN, is to

be obtained from the following formula:
0, =0.5K,F,,

where:
F;: Maximum resulting force on the double bottom in a tank, in kN, as defined in 3.4.5.

Kj: Correction factor, to be taken equal to:

1 1
K _0'5(]_1+n)(r+1)_f3

where:
n:  Number of floors between transverse bulkheads.
Ratio of the part load carried by the wash bulkheads and floors from longitudinal bulkhead to the double

r:
side taken as:
1

|: As_ 50 n 2x10* by (ng +DA;_5 }
A0 + Ayyso Ly(ngAr_ 50+ R)

V=
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Ot
bg()l

Length of cargo tank, between transverse bulkheads in the side cargo tank, in .

80% of the distance from longitudinal bulkhead to the inner hull longitudinal bulkhead, in m, at tank mid
length.

Arnso: Net shear area of the transverse wash bulkhead, including the double bottom floor directly below, in

Ainsos Arnso, Aznso - Net areas, as defined in Table 7, in m”.

S
ngs.

R:

the side cargo tank, in cmr’, taken as the smallest area in a vertical section.
2

Shear force distribution factor, as defined in Table 7.
Number of wash bulkheads in the side cargo tank.
Total efficiency of the transverse primary supporting members in the side tank in cn’.

2 4

300b802AQ—n50
+ —

=1

psm—n50

Apnso: Net shear area, in cm’, 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.

Lyomnso:  Net moment of inertia for transverse primary supporting members, in em®, 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, F, 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, F,;, in kN, is to be taken as:

oy =gWer +Werpr = P02l 4 T

where:
Wer: Weight of cargo, in tonnes, as defined in Table 6.
Wewpr: Weight of ballast, in tonnes, as defined in Table 6.

Breadth, in m, as defined in Table 6.
Length of cargo tank, in m.

Tean:  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, F, Minimum condition

Ships with centreline bulkhead

Max positive net vertical force,

» 0.97,.and empty cargo tanks and ballast tanks
db+

Max negative net vertical force,

» 0.67.and full cargo tanks and empty ballast tanks
db-

Ships with two longitudinal Fap+
bulkheads Max negative net vertical force, 0.67,.and full centre cargo tank and empty ballast
Fap. tanks

Max positive net vertical force,
0.97,.and empty cargo tanks and ballast tanks
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Table 6 Design Conditions for Double Bottom
Structural configuration Wer Wewsr b,
Weight of cargo in cargo Maximum breadth between
Ships with centreline tanks, in tonnes, using a Weight of ballast between port | port and starboard inner sides
bulkhead minimum density of 1.025 | and starboard inner sides, in #. | at mid length of tank, in m, as
1. shown in Fig.6.
Weight of cargo in the Maximum breadth of the
Ships with two longitudinal | centre tank, in tonnes, using [ Weight of ballast below the centre cargo tank at mid
bulkheads a minimum density of 1.025 centre cargo tank, in 7. length of tank, in m, as shown
tin’. in Fig.6.
Fig. 6 Tank Breadth b,
Centre Cargo Cargo
cargo tank tank
tank port starboard
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Table 7 Shear Force Distribution Factor for Oil Tanker

Hull configuration /3 factor

One centreline bulkhead

4 A
£y =0.504—-0.076 =152 _ (.1 56 210

2-n50 3-n50

Two longitudinal bulkheads

A A
£, =0.353-0.049 250 _ 095 22ns0

| AZ*I’ISO A37n50

|/

where:

Avnso, Aznso, Aznso:

Net projected area onto the vertical plane based on net thickness, #,59, of the side shell, inner hull or the longitudinal
bulkhead respectively, at one side of the section under consideration.

The area 4,50 includes the net plating area of the side shell, including the bilge.

The area A,_,59 includes the net plating area of the inner hull, including the hopper side and the outboard girder under.
The Area 43,5 includes the net plating area of the longitudinal bulkheads, including the double bottom girders in line.
The area As.,s0 for the centreline bulkhead is not to be reduced for symmetry around the centreline. When the

longitudinal bulkhead is made with corrugation,

Aj_,s0 1s 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, 7.,,.,50,
to be used for the calculation of the effective net shear area and for the unit shear flow, is given as follows:
_lvg T lg e

Loornso = T 0.5¢.

where:

t,.e: Gross corrugation web thickness, in mm.

I Gross corrugation flange thickness, in mm.

s..  Projected length of one corrugation, in mm, as defined in Ch 3, Sec 6, Fig.21.

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, #y;.r..50 in mm, where the index k refers to the identification number of the stringer, is not to be

taken greater than:

t =t 1_ Tsn'fk
sti—k-n50 — ‘sfi-n50
z-ifperm

where:

T

sti—k *

t

T

st—k :

Qst-k:

th-k .

hde

Py

Zst-k-

P st-k-

Pr-
Do

hkl

bst-k:

sfi-n50 :

t—perm *

Shear stress in plate 7, in N/mm®, in the longitudinal bulkhead due to the stringer force in way of

stringer k, taken as:
Qs
lssztyifnso
Effective net plating thickness as defined in 3.4.1, in mm, calculated at the transverse bulkhead for

Cstick =

the height corresponding to the level of the stringer.
Permissible hull girder shear stress, in N/mm?, for the plate i.

T =120/k

i—perm
Connection length of stringer £, in m, as defined in Fig. 7.
Shear force on the longitudinal bulkhead from the stringer in loaded condition with tanks abreast full
in kN, taken as:

Z, oy —h
Q.vtfk = 0'8Fﬂk(1 _MJ

o
Total stringer supporting force in way of a longitudinal bulkhead, in kN, taken as:
p o PeibedOth)
2
Double bottom height, in m.
Height of bulkhead, in m, defined as the distance from inner bottom to the deck at the top of the
bulkhead.
Z coordinate of the stringer £, in m.

Pressure on stringer &, in kN/m?, taken as:

Py =8ph

Density of the liquid in cargo tank, in #/m’, ad defined in Ch 4, Sec 6.

Height from the top of the tank to the midpoint of the load area between /,/2 below and /4;.,/2 above
the stringer k, in m.

Vertical distance from the considered stringer £ 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.

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.

Load breadth acting on stringer £, in m, as defined in Fig.9 and Fig.10.
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Fig. 7 Effective Connection Length of Stringer
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Fig. 9

Load Breadth of Stringers for Ships with a Centerline Bulkhead
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Load Breadth of Stringers for Ships with 2 Inner Longitudinal Bulkhead

A A b..
0.5b,,
b | ¥ \ Y
st-k I
y

Fig. 10
A
0.5b,,

by, \ Y

Notes

b, is the breadth of wing cargo tank, in m.

b, 1s the breadth of centre cargo tank, in m.
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352

Where reinforcement is provided to meet the above requirement, the reinforced area based on the maximum
value of 7,150 1s 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 0.5/ below the stringer, where /4, 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, Z;....s0 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:
Adef = Cda[% - pTLC,th
where:
C,: Distribution coefficient taken as:

Cy=-1 at the aft end of the considered cargo hold except for aftmost cargo hold.
Cy=1 at the fore end of the considered cargo hold except for foremost cargo hold.
C,=0 at mid-length of the cargo hold.

C,=0 at the aft bulkhead of the aftmost cargo hold.

C,=0 at the fore bulkhead of the foremost cargo hold.

C,: Linearly distributed at other locations.
a : Coefficient taken as:
2,b,
I
2+ -2
@ by

M: Mass, in ¢, in the hold in way of the considered transverse section for the considered loading condition.

a=g

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.

By: Breadth of the cargo hold, in m, as defined in Ch 4, Sec 6.

¢, : Length of the cargo hold, in m, as defined in Ch 4, Sec 6.

l,,b,: Length and breadth, respectively, in m, of the flat portion of the double bottom in way of the hold

considered; b, is to be measured on the hull transverse section at the middle of the hold.

l
0= 1.38+1.55b—0 , but not greater than 3.7.

0
Ticmn:  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.
AQ,: Shear force correction for the full hold.

AQ.;: Shear force correction for the empty hold.
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Fig. 11 Shear Force Correction, AQ,.
Bulkhead
Bulkhead
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Section 2 HULL GIRDER ULTIMATE STRENGTH

Symbols

For symbols not defined in this section, refer to Ch 1, Sec 4
M, M, 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.
Mypns My,.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.
M, 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 Lcgg.
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.

+  Foroil 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 4, for seagoing, harbour/sheltered water and flooded conditions.
+  For oil tankers: design load scenario 4, 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, M,,,.;s
S+D M. o My,
A N My OF My
A: S+D M.,
3 D Maximum sagging still water bending moment for operational
seagoing homogeneous full load condition "

(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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212
The vertical hull girder ultimate bending capacity at any hull transverse section is to satisfy the following

criteria:

v <Mu

VR
where:
M: Vertical bending moment, in kNm, to be obtained as specified in 2.2.1.
My: Vertical hull girder ultimate bending capacity, in kNm, to be obtained as specified in 2.3.
v . Partial safety factor for the vertical hull girder ultimate bending capacity to be taken equal to:

YR =7muVps

v, - 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:
vy =11

vpp: 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:
vpp =1.25 for empty cargo holds in alternate condition of BC-4 bulk carriers,

7ps =1.10 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: y,, =1.0

For hogging and sagging condition, for flooded condition: y,, =1.0

2.2 Hull Girder Ultimate Bending Loads

221
The vertical hull girder bending moment, M in hogging and sagging conditions, to be considered in the ultimate

strength check is to be taken as:
M=yM, ,+ 7’Wprw
where:
M,.: Permissible still water bending moment, in kNm, in hogging and sagging conditions at the hull
transverse section considered as defined in Table 1.
M,,: 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.
vs:  Partial safety factor for the still water bending moment, as defined in Table 2.

vy - Partial safety factor for the vertical wave bending moment, as defined in Table 2.

fp + Heading correction factor, as defined in Sec 1, Symbols.

Table 2 Partial Safety Factors
Design load scenarios 7s Tw
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 y of the

transverse section considered (see Fig. 1). The curvature y is positive for hogging condition and negative for

sagging condition.
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Fig. 1 Bending Moment Capacity Versus Curvature y
M

M Hogging condition
UH

“Xr %
Xr

MUS

Sagging condition

The hull girder ultimate bending capacity, My, is to be calculated according to Ch 5, App 2.
232
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 Lcgp.
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 4, as defined in Table 1:

Table 1 Design Load Scenarios
Design load scenario Permissible still water bending moment in damage, M,,,.p
Collision A: S+D M,,,.;, or My,
Grounding A: S+D M, or M,

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:
Mup

¥ rpCa

Mp <

where:
Mp: Vertical bending moment in the damaged condition, in kNm, to be obtained as specified in 2.3.
Myp: Vertical hull girder ultimate bending capacity in the damaged condition, in kNm, to be obtained as
specified in 2.4.
vep - Partial safety factor for the vertical hull girder ultimate bending capacity in the damaged condition, to
be taken equal to:
Vep =1.0
Cyi: Neutral axis coefficient taken as:
Cy, =1.0 for grounding,

Cy,=1.1 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 / and upward without limit,
transversally inboard for a distance d and outward without limit,

where / 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

Side shell arrangement

Damage penetration, in m

Single side Double side

Height, & 0.75D 0.60D
Depth, d B/16 B/16
Fig. 1 Damage Extent for Collision

d
e

hlo

|
[
|
|
|
|
i
I B |

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, /

Min (B/20, 2)

Min (B/15, 2)

Breadth, b

0.608

0.60B
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Fig. 2 Damage Extent for Grounding
| _
[
|
b
X
2.3 Hull Girder Ultimate Bending Loads in the Damaged Condition

2.3.1
The vertical bending moment, M), 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:
My =yopM,, p+rmpM,,
where:
M,,.p: Permissible still water bending moment, in kNm, in hogging and sagging conditions at the hull
transverse section considered, as defined in Table 1.
M,,: 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.
vsp . Partial safety factor for the still water bending moment in the damaged condition, to be taken equal to:

Vvop = 1.1
vyp . Partial safety factor for the vertical wave bending moment in the damaged condition, to be taken equal

to:
Vyp = 0.67
24 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, Myp of the damaged hull sections, damaged area as defined in 2.2 carries no loads and is to be removed in
the capacity model.
242

The effective area of the intact parts for the hull girder ultimate strength capacity assessment is specified in Ch 5,
App 2.
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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 ¢,, at each location in the cross section, is calculated where
considering the cross section is subjected to a unit vertical shear force, 1, in the direction of z coordinate.

The unit shear flow per mm, g, in N/mm, can be considered equal to:

q,=4p 14
where:
qp : Determinate shear flow, as defined in 1.2.
q; :Indeterminate shear flow which circulates around the closed cells, as defined in 1.3.
In the calculation of the unit shear flow, g,, the longitudinal stiffeners are to be taken into account.

1.2 Determinate Shear Flow

1.2.1
The determinate shear flow, gp in N/mm, at each location in the cross section can be obtained from the following

line integration:

1 s
qp($) = ————| (2= 2,)1,5,ls
10 1y7n50 IO
where:
s Coordinate value of running coordinate along the cross section, in m.

I,..50:  Moment inertia of the cross section, in m?,
Net thickness of plating, in mm, or equivalent net thickness of corrugated plate as defined in Ch 5,

Secl, 3.4.6.

Ins0:

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.

t ol
= HN=——-" (7,42 =22 )+7q,,
qu qD( ) 2 « 106 [y7n50 ( k i n) qu
where:
qpk, qpi: Determinate shear flow at node & and node 7 respectively, in N/mm.
l Length of line segments, in m.
Zk, Zit 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
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Fig. 2 Calculation of Determinate Shear Flow at Bifurcation
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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.
q,k§Lds _zqﬁ §Lds = _§q_Dds
k tnSO i k,[tnso k tnSO
where:
qu> qni: Indeterminate shear flow around the closed cell £ 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:

" zi—zq,,{ﬂ .

cell k tns() i cell k

common wall with cell k

‘ 2
¢:.[qZD(S)ds= ! (zk+22i—3zn)+LqD.
0

_ - I
n50 6x10 [y—n50 Loso

where:
qp; : 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.
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Fig. 3 Closed Cells and Common Wall
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7
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14 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:
l= \/(yk - yi)2 +(z, _21)2

—103 _

Ayso = 10 ZtnS() AnSO - ZaMSO

a

_ “'ns50 —

Syons0 = 2 (z; +2) Sy—nSO = Zsy—nSO

a
: _ “'n50 2 2 _ .
Lo-nso = 3 (z; + 7z, +2) Iy07n50 = Zlyofnso
where:

apso, Anso: Area of the line segment and the cross section respectively, in m-.
Syns0, Synso:  First moment of the line segment and the cross section about the baseline, in m’.

Lyo-ns0, Lyons0: Moment inertia of the line segment and the cross section about the baseline, in m*.

1.4.2
The height of horizontal neutral axis, z; in m, can be obtained as follows:
7 = S y—-n50
"4

n50

1.4.3
Inertia moment about the horizontal neutral axis, in 7, can be calculated as follows:

_ 2
nynSO - Iy()fnSO -z, AnSO

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) | aso (m?) Syn50 (m®) i0-n50 (m*)
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
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2.1.2
The Z coordinate of horizontal neutral axis and the inertia moment about the neutral axis are calculated as

follow:

S, .
z,= 25 _ 11686 =8.255

" Yas 1416
Iyso =20 i 0 050 — 20 D, @y50) = 2(185.138 —8.255% x1.416) =177.34

Fig. 4 Numbering of Nodes and Lines

@11 @ 10
12
S

i :Node number

@: Line number @

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, gp. 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

Path 4

I
I
O Start point I
” Virtual slit yl]
® End point 1
I
I
I
Path 5
Path 7 Path 6
I_&———«——eo———«——
v/
H>——-!——— —— Path 3
Path 1 Path 2
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Table 3 Calculation of Determinate Shear Flow
Pathno. | Line no. Node i Node & G 10 (N/mm) G 10°(NImm) Note
1 0 1 0.0 4.6 Start from the virtual slit
1
15 1 7 4.6 5.6 -
2 1 2 0.0 4.7 Start from the virtual slit
2
14 2 6 4.7 5.7 -
3 2 3 0.0 2.2 Start from the virtual slit
3 4 3 4 2.2 39 -
5 4 5 3.9 5.8 -
10 9 10 0.0 -5.6 Start from the virtual slit
11 10 11 -5.6 -19.2 -
4 12 11 12 -19.2 -20.2 -
13 12 9 -20.2 -27.7 -
9 9 5 -27.7 -29.2 -
Start with the sum of ¢p; at
5 6 5 6 -23.4 -20.5
the ends of path 3 & 4
Start with the sum of ¢p; at
6 7 6 7 -14.8 -10.2
the ends of path 2 & 5
Start with the sum of ¢p; at
7 8 7 8 -4.5 0.0
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 //¢,,, and ¢ around Cell 1
Line no. Node i | Nodek G 10 (N/mm) 01,5 ¢ <107 (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 ¢/¢,, and ¢ around Cell 2
Line no. Nodei | Nodek g 10°(N/mm) U115 ¢ *10°(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 //¢,, and ¢ around Cell 3
Lineno. | Nodei | Nodek | gpix10°(N/mm) 01t ¢ *10°(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 -

232
The following system of equations can be developed by using the results of the contour integration around each
closed cell:
Cell 1: 852.0q, —112.0q,, =2.68x107°

Cell 2: —112.0¢,, +988.3¢,, =6.07x10"
Cell 3: 1327.5q,, =2.219x107*

The solution of this system gives indeterminate shear flows of the closed cell 1 to 3:
g, =401x10"°, ¢, =6.60x10°, ¢, =1.67x10"°

Fig. 6 Numbering of Closed Cells
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2.4 Summation
2.4.1

The shear flow gy, at all locations of the cross section can be obtained by the summation of determinate shear
flow, gp and indeterminate shear flow, g; as shown in Fig. 7.

Fig. 7 Calculation Results of Shear Flow g, in 10 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.

Iys0 . Moment of inertia, in m®, of the hull transverse section around its horizontal neutral axis, to be
calculated according to Ch 5, Sec 1.

Zpns0s Zonso - Section moduli, in 77, at bottom and deck, respectively, defined in Ch 5, Sec 1.

R.ys: Minimum yield stress, in N/mmz, of the material of the considered stiffener.

Rerp: Minimum yield stress, in N/mm?, of the material of the considered plate.

As..50 - Net sectional area, in cm2, of stiffener, without attached plating.

Ap.s0 © Net sectional area, in e, of attached plating.

z;i 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:
My to be used in the hull girder ultimate capacity check according to Ch 5, Sec 2,
Myp 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, My or Myp, 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, Myp, 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 M; acting on the transverse section at each
curvature value y, is obtained by summing the contribution given by the stress ¢ acting on each
element. The stress o corresponding to the element strain, & is to be obtained for each curvature
increment from the non-linear load-end shortening curves o — & 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, o is selected as the lowest among the values obtained from each of the considered load-end
shortening curves o—¢.

The procedure is to be repeated until the value of the imposed curvature reaches the value y, in m’, in

hogging and sagging condition, obtained from the following formula:

M
2p =30.003—

y-n50

where:
My : Lesser of the values My, and My,, in kNm.
My, = 103ReHZB—n50
My, = 103ReHZD—n50
If the value y, is not sufficient to evaluate the peaks of the curve M — y, 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 M — y 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, My, is defined as the peak value of the
curve with vertical bending moment M versus the curvature y 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 A; which
acts on the hull transverse section as the effect of an imposed curvature ;.

For each step, the value y, is to be obtained by summing an increment of curvature, Ay to the value
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relevant to the previous step y,, . 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, & 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 o induced in each structural element by the strain & is to be obtained from the load-end
shortening curve o —¢& 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 o—& 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 M; around the new position of the neutral axis, which
corresponds to the curvature y, 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 y; 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:

R, 1
X =Ay= O.OIT—

Zp —Z,
where:
zp . 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, & = y(z, —z,) and the corresponding
stress o, .

(e) Step 5: Determine the neutral axis zy, . at each incremental step by establishing force equilibrium
over the whole transverse section as:
Z A 500; = Z A; ,500; (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:
MU = Z O-UiAFnSO‘(Zi - ZNA_cur)

(g) Step 7: Compare the moment in the current incremental step with the moment in the previous
incremental step. If the slope in M — y relationship is less than a negative fixed value, terminate the
process and define the peak value of M. Otherwise, increase the curvature by the amount of Ay 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.

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

20t,50 on transversely stiffened panel and to 0.5s on a longitudinally stiffened panel, see Fig. 2.

where:

t.s0 - 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.

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 M — y
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(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
s, =min(20 ¢, s,/2)
______ S, - (si + s3)/2 e . ) 52 - 51 - 53/2 . o 84/2
4810 N (T T I
(Long. Stiff.) (Transv. Stiff.) (Long. Stiff.) (Transv. Stiff.) (Long. Stiff.)
(:" ------ \/. Stiffener element

™

o Stiffened plate element

==mmm 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

s/f2 s

Example showing girder on
s v longitudinal bunkhead
s/2 .
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i { | He—stiffener elements
20 tn50 5/2
20 ty0 20t,s ~
%} Hard corner
U elements
s Hard corner element
Stiffener element
20t.5 20, ‘ — /
20t,5 memmewmy - Stiffened plate element
= s/2
|
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|
s/2 ¢ /1L
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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 #,5, 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.
_ liusoS1 Hlo_ys5052 R Retiprt1-n5051 + Reppata_ns0S2
tnSO - eHp —
S Lys0S
where

Re]-]p], RerZ, 11505 120505 S1, 52 and s are shown in Flg. 6.

Fig. 4 Extension of the Breadth of the Attached Plating and Hard Corner Element
| Sy T w, S TS . 53 |

Fig.5 Plating with Knuckle Point

Knuckle point
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Fig. 6 Element with Different Thickness and Yield Strength
s
Sy S,
tl—nSO t2-n§0
Rer:L Rer2
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 o —¢ defined in
Lengthened stiffened plate element or .
. Elasto-plastic collapse 2.3.3
stiffener element
Beam column buckling 2.3.4
. Torsional buckling 2.3.5
Shortened stiffener element .
Web local buckling of flanged profiles 2.3.6
Web local buckling of flat bars 2.3.7
Shortened stiffened plate element Plate buckling 2.3.8

2.3.2  Hard corner element

The relevant load-end shortening curve o — ¢ 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 o—¢& for the elasto-plastic collapse of structural

elements composing the hull girder transverse section is to be obtained from the following formula, valid for
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both positive (shortening) and negative (lengthening) strains, see Fig. 7:
o=DR,,
where:
Rops: Equivalent minimum yield stress, in N/mm?, of the considered element, obtained by the

following formula:
_ R Apfn50 + ReH.vA.PHSO

ReHA —
Ap*VISO + AS*I’ISO

o Edge function, equal to:

D=-1 for e<-1

b=¢ for -1<e<1

D=1 for e>1
& Relative strain, equal to:

&
E= ZE
8)’
& Element strain.
& Strain at yield stress in the element, equal to:
— ReHA
"E
Fig. 7 Load-end Curve o—¢ for Elasto Plastic Collapse
o
A
ReHA
€
-RsHA

2.3.4 Beam column buckling
The equation describing the load-end shortening curve o, —¢ for the beam column buckling of

stiffeners composing the hull girder transverse section is to be obtained from the following formula, see Fig. 8:

AS—V!SO + A E-n50
Ocp1 = Poyg, ﬁ
S—-n50 + p—n50
where:
D Edge function, as defined in 2.3.3.
o Critical stress, in N/mm’, equal to:
R
Oy =—2EL for o <—4LE ¢
£ 2
R R
Oy = Roypp| 1 - —ettEE for op >—4E ¢
4oy 2
Rous - Equivalent minimum yield stress, in N/mm?, of the considered element, obtained by the
following formula:

R, A 0+ Ry A, ol

R _ eHp PE 1-n50 " pE s—n50 " SE

eHB
ApElfnSOZ pE + Asfn50(5E
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Ayp,5 - Effective area, in cm®, equal to:
ApElfnSO = ]ObEltnSO
Cop Distance, in mm, measured from the neutral axis of the stiffener with attached plate of width

bg to the bottom of the attached plate.

0y Distance, in mm, measured from the neutral axis of the stiffener with attached plating of
width bg; to the top of the stiffener.
g Relative strain, as defined in 2.3.3.
g - Euler column buckling stress, in N/mm’, equal to:
1
UEI _ 7T2E E-n50 - 1074
E —nSOg
Irus0 Net moment of inertia of stiffeners, in cm®, with attached plating of width by;.
Ap_pso Net area, in cnr’, of stiffeners with attached plating of width bg.
bg Effective width corrected for relative strain, in m, of the attached plating, equal to:
K
by, =— for Br>1.0
B
by =s for P <1.0
&R
. —103 5 [t
B B e

Apenso: Net sectional area, in cm?, of attached plating of width b, equal to:
ApE—nSO =10bt,5,

b : Effective width, in m, of the attached plating, equal to:
225 1.2
b, :( S ZSJS for pr >1.25
Be  Be
by =s for B <1.25
Fig. 8 Load-end Shortening Curve o, —¢& for Beam Column Buckling
oCRi
A
Oy |

oy

2.3.5 Torsional buckling
The equation describing the load-end shortening curve o, — & 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.
Ay y500cr + Ap*ﬂSOO-CP
A +4

5-n50

Ocgy =P
p—n50

where:
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D Edge function, as defined in 2.3.3.
fo N Critical stress, in N/mm’, equal to:
o R
Oy =—E2 for o, <4
& 2

R R
O-CZZReHs[l_Lng for o, > ;Hsg

4o,
o Euler torsional buckling stress, in N/mn’, taken as o, in Ch 8, Sec 5, 2.3.4
& Relative strain, as defined in 2.3.3.
Ocp Buckling stress of the attached plating, in N/mm?, equal to:
225 1.25
Ocp :( 5, - 7 jRGHp for B >1.25
Ocp =Ry, for P <1.25
B Coefficient, as defined in 2.3.4.
Fig. 9 Load-end Shortening Curve o, —& for Flexural-torsional Buckling
Ocra
A
002

™y

2.3.6  Web local buckling of stiffeners made of flanged profiles

The equation describing the load-end shortening curve o, —¢ for the web local buckling of flanged
stiffeners composing the hull girder transverse section is to be obtained from the following formula:
103 bEtnSORer + (hwetwfrlSO + bftffnSO )ReHv

o =
o 10° Styso L 50 + bft/'—nSO
where:
D Edge function, as defined in 2.3.3.
bg: Effective width, in m, of the attached shell plating, as defined in 2.3.4.
Nye Effective height, in mm, of the web, equal to:
h,, = (2— 1'225 Jhw for g, >125
ﬁn" ﬂW
h,, =h, for p,6<1.25
ﬁ : — hw & ReHs
" " Zw—nSO 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 o, —& 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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Apfn500-CP + A4, ,500¢4
Ocra =P

Ap*VISO + AsfnSO
where:
@ Edge function, as defined in 2.3.3.
Ocp Buckling stress of the attached plating, in N/mm?, as defined in 2.3.5.
Ocy - Critical stress, in N/mnt*, equal to:
Ocy = Ok4 for Oy < R P
£
R
ey =Ry, 1_£ for Oy > Ry P
4oy, 2
., : Local Euler buckling stress, in N/mm’, equal to:
2
t
o, =160000 (“—"SOJ
h,
& Relative strain, as defined in 2.3.3.
Fig. 10 Load-end Shortening Curve o, —¢ for Web Local Buckling
OOR4
A
004

oy

2.3.8 Plate buckling

The equation describing the load-end shortening curve o s —¢ for the buckling of transversely

stiffened panels composing the hull girder transverse section is to be obtained from the following formula:

Rer Q)
. 2
O pps = Min
s =M p ﬁ(z.zs ) 1.2;) . 0.1(1 _5)[1 L J
By B 4 B
where:
D Edge function, as defined in 2.3.3.
&R
: _103 5 | Zletp.
ﬁE ﬁE tnso E
s

Plate breadth, in m, taken as the spacing between the stiffeners
¢ : 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, M — y, 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.
(¢) 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.
322

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 o, , in N/mm?, 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 A4, both in hogging and in sagging.

M. +M M
O_hg — [ sw wyv—LC (Z _ Zn) _ wh—LC leO}

l y=n50 z-n50

where:

M, 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.

M, ic: 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.

M1c 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.

Lynso: Net vertical hull girder moment of inertia, at the longitudinal position being considered, in m*.
L0 Net horizontal hull girder moment of inertia, at the longitudinal position being considered, in m®.
b2 Transverse coordinate of load calculation point, in .
z: Vertical coordinate of the load calculation point under consideration, in .
Zy: 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
Q) 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.
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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, k., 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 Lz 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
Design load Load Design . o
Item Draught Loading condition
set component load
External shell and exposed SEA-1 P, Pp Tsc S+D Full Load condition "
deck SEA-2 Py Tsc S Harbour condition
WB-1 Py —Pe. ¥ Tsar S+D Normal ballast condition
Water ballast tank (oil tanker WB. p,—p,.® Tous S+D Normal ballast condition
and bulk carrier) Water ballast exchange
WB-3 Py = Pe, ¥ 0.25 Tsc S Harbour/test condition
WB-4 Py —Pe. ¥ Tarn” S+D Heavy ballast condition
Water ballast tank (bulk " ballast conditi
eavy ballast condition
carrier) and bulk cargo hold WB-5 @ Py —Pe, ¥ Tparn " S+D y
. Water ballast exchange
assigned as ballast hold
WB-6 Py, - S Harbour/test condition
OT-1 Py, Tsc S+D Full Load condition
Cargo oil tank OT-2 Py, 0.6 Tsc S+D Partial load condition
OT-3 Py, - S Harbour/Test condition
BC-1 Pin Tsc $+D Homogeneous loading, fully
BC-2 P, - S filled
BC-3 Py, Tsc S+D Homogeneous heavy cargo,
partially filled (BC-4, B
BC-4 P, - S ships)
Bulk cargo hold
BC-5 Pin Tsc S+D Alternate light cargo, fully
BC-6 P, - S filled (BC-4 ships)
BC-7 Pin Tsc S+D Alternate heavy cargo,
BC-8 P, - S partially filled (BC-A ships.)
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Table 1 Design Load Sets (Continued)
Design load Load Design . .
Item Draught Loading condition
set component load
Other tanks (fuel oil tank, TK-1 Py—P® Tpar S+D Normal ballast condition
fresh water tank) TK-2 Piy—Pe® | 0.25 Tyc N Harbour/test condition
(6) . .-
Compartments not carrying FD-1 Pi, Tsc S+D Flooded condition
liquids FD-2 © Pi, - S Flooded condition
(8) .
Exposed deck, internal decks DL-1 Pa, Fy Tsc S+D Full load condition
or platforms DL-2® Pa, Fy - S Harbour condition

(5) Bulk cargo hold only.

® (6)

(2) For external shell only.

(3) P, is to be considered for external shell only.

(4) Not to be applied to bulk cargo hold assigned as ballast hold.

(7)  Minimum draught among heavy ballast conditions is to be used.

(1)  For bulk carrier BC-4 and BC-B, full load condition means ‘homogeneous heavy cargo’.

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.

(8) Distributed or concentrated loads only. Need not be combined with simultaneously occurring green sea pressure.
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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
Keel - 7.5+ 0.03L,
Fore Part 6.5+ 0.03L,
Bottom
Shell ) Machinery space
Side shell 7.0 +0.03L,
. Aft part
Bilge
Elsewhere 5.5+0.03L,
Breasthook - Fore part 6.5
Weather deck, strength deck, internal tank boundary - 4.5+ 0.02L,
Deck Machinery space 2.8 +0.0067s
Platform deck
Elsewhere 6.5
Machinery space 6.6 +0.024L,
Inner bottom -
Elsewhere 5.5+ 0.03L,
Longitudinal . .
Inner side, hopper tank top, top wing tank . n
bulkheads of bulk o Cargo hold region 0.7L,
. longitudinal bulkhead
carriers
Internal tank boundary,
o . - 4.5+0.02L,
Transverse/longitudinal watertight bulkhead
Non-tight bulkhead,
Bulkheads
Wash bulkhead, - 45+ 0.01L,
Bulkheads between dry spaces.
Pillar bulkheads in fore and aft peaks - 7.5
Diaphragms in lower/upper stool - 5.0+ 0.015L,
Engine casing (in the cargo hold region) Cargo hold region 5.5
Other members
Engine casing (in way of accommodation) Accommodation 4.0
Other plates in general - 4.5+ 0.01L,

(D 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
Watertight boundary 3.5+0.015L,
Stiffeners and attached end brackets
Other structure 3.0+ 0.015L,
Foremost hold " 6.0 +0.026L s
Cargo hold side frames webs of single side bulk carriers
Other holds ") 5.2 +0.023L sk
Tripping brackets 5.0+0.015L,

(1) Lcsg 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
Machinery space 1.55 L, +3.5
Double bottom centreline girder
Elsewhere 5.5+0.025L,
Machinery space 1.70,"* + 1.0
Other bottom girder Fore part of ships with Legg 2 150 m 0.7 L,
Elsewhere and fore part of ships with Lcgz<150 m 5.5+0.02L,
Girders bounding a duct keel Machinery space 0.8L,">+2.5
Machinery space 1.7L,"* + 1.0
Bottom floor Fore part 0.7L,"
Elsewhere 0.6L,"?
Aft peak floor - 0.7L,"
Aft part / fore part 0.7L,'
Other primary supporting member In oil cargo tanks 5.5+0.015L,
Elsewhere
For other cases 0.6L,"?
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Section 4 PLATING

Symbols

For symbols not defined in this section, refer to Ch 1, Sec 4.
a, : Correction factor for the panel aspect ratio to be taken as follow but not to be taken greater than 1.0.

a, =1.2—L

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/m".

. - Hull girder bending stress, in N/mm?, as defined in Ch 6, Sec 2, 1.1, calculated at the load calculation point as
defined in Ch 3, Sec 7, 2.2.

¢ Coefficient taken equal to:

oy,

In intact condition:
D] + x=0.70 for inner bottom and bilge hopper tank plating in cargo holds of bulk carriers,
x=1.00 for other cases.
In flooded condition:
x=1.00 for collision bulkheads for acceptance criteria set AC-S,
x=0.95 for collision bulkheads for acceptance criteria set AC-SD,

x =1.15 for other watertight boundaries of compartments.

1. Plating subjected to Lateral Pressure

1.1 Yielding Check
1.1.1  Plating

The net thickness, ¢ 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:

|17
1=0.0158a,b |———
ZCaReH

where:
C, : Permissible bending stress coefficient for plate taken equal to:

o
C,=p- ozM , not to be taken greater than C

a—max *
e

S Coefficient as defined in Table 1.
a : Coefficient as defined in Table 1.
C : Maximum permissible bending stress coefficient as defined in Table 1.

a—max
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Table 1 Definition #, a and C, .
Acceptance
. p Structural member Vit a Co-max
criteria set
Longitudinal Longitudinally stiffened plating 0.9 0.5 0.8
strength
AC-S members Transversely stiffened plating 0.9 1.0 0.8
Other members 0.8 0 0.8
Longitudinal Longitudinally stiffened plating 1.05 0.5 0.95
strength
AC-SD members 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:

1=0.0158, | |11
CB" " eH

where:
b,: Breadth of plane corrugation plating:
b,=a for flange plating, in mm, as defined in Ch 3, Sec 6, Fig. 21.
b, =c for web plating, in mm, as defined in Ch 3, Sec 6, Fig. 21.
Ccp : 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.
C.p =0.75
+ For acceptance criteria set AC-SD for transverse corrugated bulkheads and vertically corrugated
longitudinal bulkheads.
Cep =0.90

+  For horizontally corrugated longitudinal bulkheads, without being greater than C,,

o
ReH
By Coefficient as defined in Table 2.
o, Coefficient as defined in Table 2.

Cipmax - Maximum permissible bending stress coefficient as defined in Table 2.

Cep =By — Acp

Table 2 Definition B, o and Ceg 0
Acceptance
. p Structural member Bes Ccp Cepmax
criteria set
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, #; 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:

fo.ooosza2 P
4= P| | _122
CCBReH

where:

t1: Net thickness of the thicker plating, either flange or web, in mm.
t,:  Net thickness of the thinner plating, either flange or web, in mm.
bp: Breadth of thicker plate, either flange or web, in mm.

Ccp: 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, #, in mm, is not to be taken less than:
t=6.45x107"(P,s,)"* R"®
where:
P, : 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 AN/m?.
R: Effective bilge radius in mm.
R =R, +0.5(As, + As,)
R, : Radius of curvature, in mm. See Fig.1.
As, : 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.
As, :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.
s, . 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 s,/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 s,/4 beyond the outboard bottom longitudinal. For definition of 5, and s,, see Fig. 1.
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Fig.1 Transverse Stiffened Bilge Plating
—
Sz
As,

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, As,, is generally not to be greater than one-third of the spacing between the two outermost bottom
longitudinals, s;. Similarly, the distance between the upper turn of the bilge and the lowest side longitudinal, As,, is

generally not to be greater than one-third of the spacing between the two lowest side longitudinals, s,. See Fig. 1.

2.3 Side Shell Plating
2.3.1 Fender contact zone

The net thickness, ¢ 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:

b BT\
£=26] ——+0.7 | 225
1000 R,

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
T4z 10 0.25T5c (minimum 2.2 m) above Tgc.

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.
252

Within 0.6L¢sz 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 t0 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) 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 %, 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.

@D (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 & 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 /4 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.
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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.
d,, : Effective shear depth, in mm, as defined in Ch 3, Sec 7, 1.4.3.

{44, +  Effective bending span, in m, as defined in Ch 3, Sec 7, 1.1.2.

¢, 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/m?.

x: Coefficient taken equal to:

In intact condition:
D] =090 for inner bottom and bilge hopper tank plating in cargo holds of bulk carriers,
7 =1.00 for other cases.

In flooded condition: y 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, 7, 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:

f:\'}’l}” P |S€ shr :

t,=—————with yC, not to be taken greater than 1.0.
dshr IC t TeH

where:

fenr - Shear force distribution factor taken as:
For continuous stiffeners with fixed ends, f;;, is not to be taken less than:
far=0.5 for horizontal stiffeners and upper end of vertical stiffeners.
fanr=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.
C,: Permissible shear stress coefficient for the design load set being considered, taken as:
C, =0.75 for acceptance criteria set AC-S.
C, =0.90 for acceptance criteria set AC-SD.
1.1.2  Section modulus
The minimum net section modulus, Z in ¢nr’, 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:
o |,
Ji bdg XCR

where:

with yC, not to be taken greater than 1.0.

Jrae: Bending moment factor taken as:
For continuous stiffeners with fixed ends, 54, is not to be taken higher than:
Jrag = 12 for horizontal stiffeners and upper end of vertical stiffeners.
Jrag = 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.
C,: Permissible bending stress coefficient as defined in Table 1 for the design load set being considered.
0y, - Hull girder bending stress, in N/mm?, as defined in Ch 6, Sec 2, 1.1, calculated at the load calculation
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point as defined in Ch 3, Sec 7, 3.2.
B, : Coefficient as defined in Table 2.

a, : Coefficient as defined in Table 2.

C, ... Coefficient as defined in Table 2.
Table 1 Definition of C,
Sigr.1 of hull girder Lateral pressure Coefficient C,
bending stress, Oy acting on
Tension (positive) Stiffener side C.-p-a |0'hg|
. . ReH
Compression (negative) Plate side but not to be taken greater than C,_ .
Tension (positive) Plate side
CS = C.vfmax
Compression (negative) Stiffener side
Table 2 Definition of f,, «, and C,
Acceptance criteria set Structural member B o8 C-max
Longitudinal strength member 0.85 1.0 0.75
AC-S
Transverse or vertical member 0.75 0 0.75
Longitudinal strength member 1.0 1.0 0.9
AC-SD
Transverse or vertical member 0.9 0 0.9
1.1.3  Group of stiffeners
@D 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:

R, s < (RM - GS|0”g|Jﬁ+ 2l

e Bs )Z B
where:
R.us: Minimum specified yield stress of the material of the stiffener, in Nimm>.
R.p.p: Minimum specified yield stress of the material of the attached plate, in Nimm?.

0, - Hull girder bending stress, in N/mm?, as defined in Ch 6, Sec 2, 1.1 with |0hg| not to be taken less than

0.4R.11.p.
Z:  Net section modulus, in way of face plate/free edge of the stiffener, in cm’.

Zp. Net section modulus, in way of the attached plate of stiffener, in cm’.
a,, p.: Coefficients defined in Table 2.

1.2 Beam Analysis
1.2.1  Direct analysis
The maximum normal bending stress, o and shear stress, 7 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:
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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 C, and C;, are defined in 1.1.1 and

1.1.2.

c < yCr,y

+ o< yCR,
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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/m?.

{44+ Effective bending span, as defined in Ch 3, Sec 7, 1.1.6, in m.

¢, Effective shear span, as defined in Ch 3, Sec 7, 1.1.7, in m.
x: Coefficient taken equal to:
In intact condition:
x = 0.90 for primary supporting members attached to inner bottom or bilge hopper tank plating
in cargo holds of bulk carriers,
x = 1.00 for other cases.
In flooded condition: y 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 Lcgz 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 Lz 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
231

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.
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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, Z,s, in cm’, 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:
|P|SC3

Z,., =1000
mdngReH

where:
Jrae: Bending moment distribution factor, as given in Table 2.
C,: Permissible bending stress coefficient for the acceptance criteria set, as given in Table 1.
3.2.2 Net shear area
The net shear area, 4, 5, in cn®, 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:

](Shr P |S€ shr

ZCI TeH

10

shr—n50 —

where:
Jfsm+ Shear force distribution factor, as given in Table 2.
C;: 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 Csand C,

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, £, and fy,
Bending moment and shear force distribution
Load and boundary condition factors (based on load at mid span, where load
varies)
Position 1 2 3
1 2 3 ﬁ)dgl fbng _ﬁ)dg}
Load model . f B 1.
Support Field Support shrl Jshr3
7.
12.0 24.0 12.0
A
0.50 - 0.50
%
- 14.2 8.0
B 0.38 0.63
7. 7
- 8.0 -
¢ 0.50 0.50
7 Z ' '
5 % m 15.0 233 10.0
0.30 - 0.70
2 Z
E 0.20 0.80
WA 7
- - 2.0
F
- - 1.0
7
Note 1 The bending moment distribution factor, f,4, for the support positions is applicable for a distance of 0.2 7,,,
from the end of the effective bending span of the primary supporting member.
Note 2 The shear force distribution factor, f;;, for the support positions is applicable for a distance of 0.2 7, from the
end of the effective shear span of the primary supporting member.
Note 3 Application of f},4, and fg,:
The section modulus requirement within 0.2 ¢,,, from the end of the effective span is to be determined using
the applicable f;4,1 and fy4.3, however f4, is not to be taken greater than 12.
The section modulus of mid-span area is to be determined using f;4,=24, or f4,, from the table if lesser.
The shear area requirement of end connections within 0.2 7, from the end of the effective span is to be
determined using f;;, = 0.5 or the applicable £, or f;;,3, whichever is greater.
For models A through F, the value of f;;, may be gradually reduced outside of 0.2 ¢, towards 0.5 f;, at
mid-span, where f;;, is the greater value of f;;,1 and f;;,.

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 C, and C;, are defined in
3.2:
o< yC.R,,
< yCty
where:
7 : Shear stress in member, in N/mmz, based on 7,5.
o : Normal stress in member, in N/mm?, based on ,s.

4. Pillars

4.1 Pillars subjected to Compressive Axial Load
4.1.1 Criteria

The maximum applied compressive axial load on a pillar, F,;, 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:
F.,=Pb, .1 +F

P a-sup™ a-sup pill—upr
where:
baosup: Mean breadth of area supported, in m.
g Mean length of area supported, in m.
Fittupr: Axial load from pillar including axial load from pillars above, in kN, if any.

Apinso:  Net cross section area of the pillar, in cm’.
The buckling check of the pillar is to be performed according to Ch 8, Sec 4, 5.1, with o, in N/mm?, as

defined in Ch 8, Sec 5, 3.1 given by:

F
_ pill
o, =10—2
pill—n50

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 Lcgg 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.
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Fig. 1 Flow Diagram of Finite Element Analysis
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criteria > stress
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Very Fine Mesh FE (fail) Screening Criteria
Fatigue Analysis (Fatigue)

2. Net Scantling
21 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

Line element with axial stiffness only and constant cross sectional area
Rod (or truss) element
along the length of the element.

Line element with axial, torsional and bi-directional shear and bending
Beam element . . .
stiffness and with constant properties along the length of the element.

Shell element with in-plane stiffness and out-of-plane bending stiffness
Shell (or plate) element . .
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.

(1) 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.

() 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.

M,,: Permissible vertical still water bending moment, in kNm, as defined in Ch 4, Sec 4.

M,,: Vertical wave bending moment, in kNm, in hogging or sagging condition, as defined in Ch 4, Sec 4.
M,;,: Horizontal wave bending moment, in kNm, as defined in Ch 4, Sec 4.

M,,: Wave torsional moment in seagoing condition, in kNm, as defined in Ch 4, Sec 4.

Oy,: Permissible still water shear force, in kN, at the considered bulkhead position, as provided in Ch 4, Sec 4.
O..: Vertical wave shear force, in kN, as defined in Ch 4, Sec 4.

Xp-api» Xppwd:  X-coordinate, in m, of respectively the aft and forward bulkhead of the mid-hold.

X4 X-coordinate, in m, of the aft end support of the FE model.

Xt X-coordinate, in m, of the fore end support of the FE model.

x;i:  X-coordinate, in m, of web frame station i.

Qu  Vertical shear force, in kN, at aft bulkhead of mid-hold as defined in 4.4.6.

Oswa: Vertical shear force, in kN, at fore bulkhead of mid-hold as defined in 4.4.6.

Qure-ani  Target shear force, in kN, at the aft bulkhead of mid-hold as defined in 4.3.3.

Quaresna:  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 S.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
0.65Le
Engine [Slop
o e e] e] o e o] o
room (tank
AE 0.3Les © 0.7Lcsr FE
Aftmost  After cargo Midship cargo hold region Forward Foremost
cargo hold(s) hold region cargo cargo hold(s)
hold region

Holds in the forward cargo hold region are defined as holds with their longitudinal centre of gravity position forward of 0.7Lcsz 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 0.3Lcg from
AE and at or aft of 0.7L¢sz from AE.

Holds in the after cargo hold region are defined as holds with their longitudinal centre of gravity position aft of 0.3L¢s 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
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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.

23 Finite Element types
2.3.1

Shell elements are to be used to represent plates.
232

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.
233

Face plates of primary supporting members and brackets are to be modelled using rod or beam elements.
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Example of 3 Cargo Hold Model within Midship Region of Oil Tankers

Fig. 3
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Example of 3 Cargo Hold Model within Midship Region of a Bulk Carrier

Fig. 4

Example of cargo hold model of a bulk carrier (shows only port side of the full breadth model)
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Example of FE Model for the Foremost Cargo Hold Structure of an Oil Tanker

Fig. 5

Example of FE Model for the Aftermost Cargo Hold Structure of a Bulk Carrier

Fig. 6
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Fig. 7 Typical Finite Element Mesh on Web Frame
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Structural Modelling

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.
242 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)

(b)
(©)

(d)

(e)

®

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.
One element between every stiffener on transverse bulkheads, see Fig. 8.

One element between every web stiffener on transverse and vertical web frames, cross ties and stringers,
see Fig. 7 and Fig. 9.

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.

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.

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
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243

Fig. 10 Typical Finite Element Mesh on Transverse Web Frame Main Bracket

Rod or beam element
notconnectedto —— 7

longitudinal bulkhead
and inner bottom plate Face plate modeled by
rod or beam element

/

N

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)
(b)

(©)

(d)

(e)

Q)

(2

(h)
245

The corrugation is to be modelled with its geometric shape.
The mesh on the flange and web of the corrugation is in general to follow the stiffener spacing inside the
bulkhead stool.
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.
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.
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.
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.
When corrugated bulkhead is subjected to liquid cargo or ballast, dummy rod elements with a cross
sectional area of 1mm? 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.
Manholes in diaphragms are to be modelled according to 2.4.9.

Example of mesh arrangements of the cargo hold structure are shown in Fig. 11 to Fig. 14.

—366—



2019 Rules for the Survey and Construction of Steel Ships (Part CSR-B&T Part 1 Chapter 7 Section 2) CIaSSNI(

Example of FE Mesh Arrangements of Cargo Hold Structure for a Bulk Carrier

Fig. 11

LT A DA LN

Example of FE Mesh on Transverse Corrugated Bulkhead Structure for a Product Tanker

Fig. 12

Example of FE Mesh Arrangements of Cargo Tank Structure for an Aframax Tanker

Fig. 13
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Fig. 14 Examples of FE Mesh Arrangements of Cargo Tank Structure for VLCC and Product Tanker
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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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249 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

. To be evaluated by the screening
h, /h<0.5and g,< 2.0 Openings do not need to be modelled ) )
procedure as given in Ch 7, Sec 3, 3.1.1

ol The geometry of the opening is to be To be evaluated by the screening
manholes
modelled by removing the adequate elements | procedure as given in Ch 7, Sec 3, 3.1.1

The geometry of the opening is to be To be evaluated by fine mesh as given in

h, 1h>0.5org,>2.0
ore, modelled Ch 7, Sec3,2.1.1

where:

( 2
= 14—"0
& [+2.6(h—h0)2]

l, : Length of opening parallel to primary supporting member web direction, in m, see Fig. 15. For sequential
openings where the distance, d, between openings is less than 0.25 A, the length /. is to be taken as the length
across openings as shown in Fig. 16.

h, :  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
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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.
253 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
Translation Rotation
Location
5)( é‘}’ 52 0)( 9}’ 0:
Aft End
Independent point - Fix Fix My ona - -
. Rigid link Rigid link | Rigid link . .

Cross section
End beam, see 2.5.4

Fore End

Independent point - Fix Fix Fix - -

Intersection of centreline and )
) Fix - - - - -
inner bottom

- Rigid link Rigid link | Rigid link - -

Cross section

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
Translation Rotation
Location
5)( 5)/' 5: ev ez
Aft End
Independent point - Fix Fix Fix - -
Intersection of centreline and .
. Fix - - - -
inner bottom
- Rigid link Rigid link Rigid link - -
Cross section
End beam, see 2.5.4
Fore End
Independent point - Fix Fix Mrtona - -
Cross section - Rigid link Rigid link Rigid link - -

Note 1:
Note 2:
Note 3:

See Fig. 17.

[-] means no constraint applied (free).

remains continuous from the base line to the strength deck.

Boundary constraints in fore end are to be located at the most forward reinforced ring or web frame which

Fig. 17

Independent

/ point

NA

Centreline inner
/ bottom point

-,

\

Independent
point

NA

Centreline inner
/ bottom point

N

J

2.5.4 End constraint beams

Boundary Conditions Applied at the Model End Sections

Independent

int
/ pomI

NA
— Centreline inner |
/ bottom point
| ),
¢
Independent
/ point NA
L 4

Centreline inner
/ bottom point

/

¢

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: /.50 = lo--nso = Lwenso (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: 4,50 and A4..,50 = 1/80 of the fore/aft end cross sectional areas based on the net FE

model.
where:
Lyyns0: Moment of inertia about local beam Y axial, in m*.
L. s50: Moment of inertia about local beam Z axial, in m*.
Linso (J): Torsional inertia, in m’.
Ayps0: Shear area in local beam Y direction, in m?.
A _ps0: Shear area in local beam Z direction, in m”.
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 (§+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, M,.,,,, in kNm, at a longitudinal position for a given FE load
combination is taken as:
M v—targ — Coprre My, + M, ¢
where:
Caarrc:  Percentage of permissible still water bending moment applied for the load combination under
consideration as given in Ch 4, Sec 8,
M, 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.
M,,.;c: 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 M, 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 Cgyrrc M, and M, ;¢ 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, Q/ug.qs
and Qyre-iva» In kN, for a given FE load combination is taken as:

Opva > Qup
Qtargfq/r =Cs_1c 'stfneg —AQ,.. + [, /}|CQW|Qwv—neg
OQurefwd = Csrrc " O pos TAO0,r + 1, ﬁ|CQW O pos
Ofiva < Qapi
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Qrargfqﬁ = CSF*LC : stfpox + AQXWH + .fﬂ|CQW|Qwvfpox
Qtargf_/Wd = CSF*LC ' stfneg _Astf + fﬂ|CQW Qwvfneg

where:

Ojvas Quie 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.
Csrrce Percentage of permissible still water shear force as given in Ch 4, Sec 8, for the FE load
combination under consideration.
Osuposs Oswneg:  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.
AQ,,,:  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 AQws¢s 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:

AQ.&w/ = MinqAQm‘j/|Mid ’|Adef|Fwd )
For oil tankers:
Astf =0
AQ...:  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 AQws¢s 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:

Awaa = Mn(|AQn1d/'|Mid 5|Adef|Aﬁ J

For oil tankers:

AQSW’(I = 0
fo: Wave heading factor, as given in Ch 4, Sec 4.

Cow: Load combination factor for vertical wave shear force, as given in Ch 4, Sec 2.
Owvposs Owneg: Positive and negative vertical wave shear force, in kN, as defined in Ch 4, Sec 4, 3.2.1.

The values of Og-o ad Qyarg.fiva 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

435

h—targ

The target hull girder horizontal bending moment, Mj, e, in kNm, for a given FE load combination is taken as:

= MwhflC

where:

M,y 1c 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 M, ;¢ 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.

Target hull girder torsional moment
For bulk carriers only, the target hull girder torsional moment, M,;.sar,, in kNm, for the dynamic load cases OST

and OS4 is the value at the target location taken as:

M wi—targ = M wi—LC (xlarg )
where:
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M,,.1c (x): Wave torsional moment, in kNm, for the dynamic load case OST and OS4, defined in Ch 4, Sec 4,
3.5.5, calculated at x position.
Xwrg: Target location for hull girder torsional moment taken as:
For midship cargo hold region:
If X,is =0.531Lcsz: after bulkhead of the mid-hold.
« Ifx,z > 0.531Lcsz: forward bulkhead of the mid-hold.
Outside midship cargo hold region:
The transverse bulkhead of mid-hold where the following formula is minimum:
M ) [M wi-LC (xbhd ) — My gy (xbhd )]
|M wi-LC (xbhd )|
Xmid: X-coordinate, in m, of the mid-hold centre.
Xpha: 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 OS4 and for all dynamic load cases of oil tankers,
hull girder torsional moment M,,,.,., 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, f,; and f};, 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:

Z (xi ~Xap )fvi

RVﬁfare == RVﬁaﬁ = wa +RVJbre
i

X fore ™ Xa
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Z(xi _xa/i) hi

Ry fore =t Ry = _thi +Ry e
X fore = Xapt 7
F = zf/z
i
QViFEM(xj): Ry 4 _zf.vi when x; <x;
i
Oy FEM(x')zRH at+2fhi when x; <x;,
_ J _aft J
i
) (xj—xaﬁ)RViqﬂ—Z(xj—x,.)ﬁ, when x; <x;

VﬁFEM(xj =
i
.): x.—xaﬁ)RHiaﬁ+Z(xj—xl.)fhi when x; <x;
i

M
M H_FEM (x,/

J

where:
Ry apis Rv fores Riz ais Rit fore: Vertical and horizontal reaction forces at the aft and fore ends, in AN.

X4 X-coordinate of the aft end support, in m.

Xore: 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.
frir Lumped horizontal local load at longitudinal station i as defined in 4.4.2, in kN.

F;: Total net longitudinal force of the model, in AN.

fi: Lumped longitudinal local load at longitudinal station i as defined in 4.4.2, in kN.

x;:  X-coordinate, in m, of considered longitudinal station ;.

x;:  X-coordinate, in m, of longitudinal station i.

Ov rem (%), Ou rem (X)), My pen (X)), My peu (x3): Vertical and horizontal shear forces, in kN, and bending
moments, in kNm, at longitudinal station x; 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.

444 Longitudinal unbalanced force
In case total net longitudinal force of the model, F}, is not equal to zero, the counter longitudinal force, (F);, is to
be applied at one end of the model, where the translation on X-direction, ¢, is fixed, by distributing longitudinal axial

nodal forces to all hull girder bending effective longitudinal elements, as follows:

(F) — F} A]?nSO
x/j

A s n;
where:
(Fy;: Axial force applied to a node of the j-th element, in kN.
Foo Total net longitudinal force of the model, as defined in 4.4.3, in kN.
A pso Net cross sectional area of the j-th element, in m?.
A nso: Net cross sectional area of fore end section, in %,
A, 5o = ZA‘/fnso
J
n; Number of nodal points of j-th element on the cross section, #; = 1 for beam element, »; = 2 for

J
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 . Condition on | Mid-hold bulkhead for SF
. Bulkhead location M, 1c .
conditions Ofvd adjustment
<0 wad > Qa/t Fwd
(sagging) Opa< Oup Aft
Xp-afi > 0~5LCSR
>0 wad > Qa/t Aft
(hogging) Opa< Oup Fwd
Seagoing conditions <0 Opwa> Oup Aft
(sagging) Opa< Oup Fwd
Xppivd < 0.5Lcsr
>0 wad > Qa/t Fwd
(hogging) Opa< Oup Aft
Xb-aft < O.SLCSR and Xb-fwd > O.SLCSR - - W
Harbour and testing . |
. whatever the location - - M
conditions
(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.
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Table 5 Vertical Shear Force Adjustment by Application of Vertical Bending Moments My .; and My . for Method 1

Vertical shear force diagram Target position in mid-hold
Q
Bkhd Bkhd R Bkhd
\\
\\\\
/ - AN Forward bulkhead
\__\\\\ {
e 7\an Bkhd
MY_,!H Q.!’! )MYM
A A

Bkhd

Aft bulkhead

{x )

A MYJb's

Vertical shear force after adjustment
———————— Vertical shear force due to local loads

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:

X - X
_ _ b =) )
MYfaft - MYiﬁ)re - Qtarg—aft - Qq/i

2
+ Forward bulkhead

X, ., —X
_ _ ( Sfore aft )( )
Y_aft — MYfﬁ)re - 7 Qt arg—fwd wad

M

where:
My 41, My s = 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.
Qu: Vertical shear force, in kN, due to local loads at aft bulkhead location of mid-hold, xj 4
resulting from the local loads calculated according to 4.4.3.
Since the vertical shear force is discontinued at the transverse bulkhead location, Q. is the
maximum absolute shear force between the stations located right after and right forward of the
aft bulkhead of mid-hold.
Qs Vertical shear force, in kN, due to local loads at the forward bulkhead location of mid-hold, x; 4va,
resulting from the local loads calculated according to 4.4.3.
Since the vertical shear force is discontinued at the transverse bulkhead location, Qg is the
maximum absolute shear force between the stations located right after and right forward of the
forward bulkhead of mid-hold.
4.47 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 4, My s at model ends and,
* Vertical loads at the transverse frame positions as shown in Table 7 in order to generate vertical shear
forces, AQ,, and AQ,, at the transverse bulkhead positions.

Table 6 shows examples of the shear adjustment application due to the vertical bending moments and to vertical

loads.
M, = X ore = Xapr Qrang-pud = Ppod T Qrarg-an ~ P
- 2 2
MYifore = MYiaft
A Qﬁm _ Qrarg—fwd - Q fwd — (Q{argfafl - Qafz)
2
AQaﬁ = _AQ_/wd
where:

My a1 My s 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.

AQ,, : Adjustment of shear force, in kN, at aft bulkhead of mid-hold.

AQ,, ¢ Adjustment of shear force, in kN, at fore bulkhead of mid-hold.

The above adjustments in shear forces, AQ,, and AQ,,, 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
Aft Bhd Fore Bhd
Vertical shear force diagram
SF target SF target
Bkhd Bkhd Bkhd
Qt arg—aft (—ve) O, et (+V€)
Bkhd Bkhd
yd Oy (+7€) OC)
Bkhd
Vertical shear force after both adjustments
———————— Vertical shear force after adjustment by use of M, ., and M,
--------------- Vertical shear force due to local loads
Note 1 :  -ve means negative.
Note 2 :  +ve means positive.
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Table 7 Distribution of Adjusting Vertical Force at Frames and Resulting Shear Force Distributions
Bkhd Bkhd Bkhd Bkhd
| l1 lz la |
I I
Alera aw, = W1/(n, - 1) ow,= W2/(n, - 1) aw,=W3/(n, - 1) Al
W1 = total load applied W2 = total load applied W3 = total load applied
n, = number of frame spaces n, = number of frame spaces n, = number of frame spaces
FA in aft tank of FE model in middle tank of FE in forward tank of FE F
model model ¢
ow, dw, ow, ow, dw, ow, ow, ow, ow, ow, dw, ow, dw, ow,
Simply Simply
support aw, dw, dw, dw, aw, dw, aw, support
end end

Note: Transverse bulkhead frames not loaded
Frames beyond aft transverse bulkhead of aft most tank and forward bulkhead of forward most tank not loaded

F = Reaction load generated by supported ends

Bkhd AQ..+ F—__ |Bkhd Bkhd Bkhd

SF distribution generated
(end reactions not included)

VY Y VY

ow, ow, ow, dw, dw, Ow, dw, ow, ow, dw, ow, Ow, O

1 1
Simply Simply
support support
end end
Shear Force distribution due to adjusting vertical force at frames
Bkhd Bkhd Bkhd Bkhd

Shear force generated
by reaction force

FA F
! / !

Simply Simply
support support
end end

Note: F=0if £,={¢,and A¢, =A¢_, andloads are symmetrical about mid-length of model

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

s AQ,, (200, —0,)+A0,, (0, +1,) wi(e,+¢,)-w3(¢, +£3))
: (n, —1)20—0, =20, -1,) ‘

F-og

w1+w3) (80, -A0,,)

5‘4} = =
’ (”2 - 1) (”2 - 1)
S = _AQ/Wd(zg_fl _fz)_AQaﬁ(fl +f2)
’ (ny—1)20—0,-20,—1,)
where:
l, Length of aft cargo hold of model, in m.
l, Length of mid-hold of model, in m.
ly Length of forward cargo hold of model, in m.

AQ,, * Required adjustment in shear force, in kN, at aft bulkhead of middle hold, see 4.4.7.
AQ‘M, . 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.

wy Total evenly distributed vertical load, in kN, applied to aft hold of FE model,
(n, =Dow,

Wy . Total evenly distributed vertical load, in kN, applied to mid-hold of FE model,
(n, —1)ow,

Wi . Total evenly distributed vertical load, in kN, applied to forward hold of FE model,
(ny —1)ow,

n - Number of frame spaces in aft cargo hold of FE model.

n - Number of frame spaces in mid-hold of FE model.

ny - Number of frame spaces in forward cargo hold of FE model.

ow, Distributed load, in kN, at frame in aft cargo hold of FE model.

ow, : Distributed load, in kN, at frame in mid-hold of FE model.

5W3 Distributed load, in &N, at frame in forward cargo hold of FE model.

Al,, . Distance, in m, between end bulkhead of aft cargo hold to aft end of FE model.
A/

 fore - 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:

=0, +0,+1, +Mend+Mfm

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 : W] + 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 / is used to

av—i

calculate the average distributed frame loads ow according to Table 8, where i = 1, 2, 3 for each hold.

av—i >

Then ow,, ; is redistributed to the non-uniform frame as follows:

i

o =dw,, . /';“H k=1,2, ... ni-1, for each frame in cargo hold i,i =1, 2,3

where:

¢+ Average frame spacing, in m, calculated as ¢,/ n;, in cargo hold i with i =1, 2, 3.

¢, Length, in m, of the cargo hold i with i = 1, 2, 3 as defined in Table 8.

n, : Number of frame spacing in cargo hold i with i =1, 2, 3 as defined in Table 8.

ow,, ,: Average uniform frame spacing, in m, distributed force calculated according to Table 8 with the
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average frame spacing ¢, , incargo holdiwithi=1,2,3.

&vl.k . Distributed load, in kN, for non-uniform frame % in cargo hold i.
¢* i . Equivalent frame spacing, in m, for each frame k with k=1, 2,..., n; - 1, in cargo hold i, taken as:
1 2
Cai =1 —z‘l’v’—"g" +£—" for k = 1 (first frame), in cargo hold i
eo+0m 2
Y k ¢ k+1
O = fork=2,3,...,n -2,in cargo i
2 2
. ., f B (In, g.nﬁl ) )
i =0 == —— for k =n; - 1 (last frame), in cargo i
0; 40 2
L ,.k : Frame spacing, in m, between the frame & - 1 and k in the cargo hold i:

The required vertical load 6w, for a uniform frame spacing or 5wik 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 6w, , the shear flow, g at the middle point of the element is calculated as:

M,

9 sk [y7n50 Qk—nSO

where:

qri Shear flow calculated at the middle of the k-th element of the transverse frame, in N/mm.

ow, : Distributed load at each transverse frame location for i-th cargo hold, i = 1, 2, 3, as defined in Table
8, in V.

I,..s50 © Moment of inertia of the hull girder cross section, in mm’”.

QOnso:  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 s, for shear flow gy, in mn?’, taken as;

Sk
QkfnSO = IO Zneu tnSO dS
Vertical distance from the integral point, s, to the vertical neutral axis.

1450 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, £}, is obtained from the shear flow of the

Zneu

connected elements as following:

n ‘,
Fi gra = Zq/'fk B3

k=1

where:
¢, : 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 ;.

The shear flow has direction along the cross section and therefore the distributed force, F.g,4, 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:
M v_end — M M

v—targ v—peak
where:
M, ..a:  Additional vertical bending moment, in kNm, to be applied to both ends of FE model in accordance
with 4.4.10.

M,..arg :  Hogging (positive) or sagging (negative) vertical bending moment, in kNm, as specified in 4.3.2.

M, peqr: 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.
M, pear 1s to be taken as the maximum bending moment if M, ., is hogging (positive) and as the
minimum bending moment if M,. .., is sagging (negative). M, ,.q is to be calculated as follows based
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on a simply supported beam model:

X=X,
Mv—peak = Extremum MViFEM (X)+ Mlineluad + MYﬁaft 2—-1

xﬁ)re - xaft

My peum(x): Vertical bending moment, in kNm, at position x, due to the local loads as described in 4.4.3.
My .+ @ 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 4= 10
Myineroaa: 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:
M, o :—(x—xqﬂ)F—Z(x—x,)ﬁwi when x; < x

i

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.

ow, : vertical load, in kN, at web frame station i applied to generate required shear force.

ow, =—56w,  when frame i is within after hold

i

ow, = ow, when frame 7 is within mid-hold

ow, =—ow,  when frame / 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:

M h—end — M h—targ M h—peak
where:
My ena:  Additional horizontal bending moment, in kNm, to be applied to both ends of the FE model
according to 4.4.10.
My are:  Horizontal bending moment, as defined in 4.3.4.
My, peax : 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.
M, pear 1s to be taken as the maximum horizontal bending moment if M, ., is positive (starboard side
in tension) and as the minimum horizontal bending moment if M, ., is negative (port side in
tension).
M), pear 18 to be calculated as follows based on a simply supported beam model:
M, peak = Extremum{M HFEM (x)}
My rey (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, m,;, 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, 1s to be calculated as follows:

® xi - xai‘
F= M O My () Mo (), -[z —1j
xﬁzre - xaft
Fli)+ fli+1) &
=0
mv_end = _z,m\g/'

j=0

where:

—384—



2019 Rules for the Survey and Construction of Steel Ships (Part CSR-B&T Part 1 Chapter 7 Section 2) CIaSSNI(

i : Index corresponding to the i-th station, starting from i =1 at the aft end section up to 7,

n, .  Total number of longitudinal stations where the vertical bending moment adjustment, m,;, is applied.

my; - Vertical bending moment adjustment, in kNm, to be applied at transverse frame or bulkhead at
station i.

m, o.q . Vertical bending moment adjustment, in kNm, to be applied, at the fore end section (n+1 station).
m,; :  Argument of summation to be taken as:
* my, =0 when ;=0
*  my=m,; when j=i
M,1are() : Required target vertical bending moment, in kNm, at station 7, calculated in accordance with 4.3.2.
My.rep(i): Vertical bending moment distribution, in kNm, at station i due to local loads as given in 4.4.3.
Miineinaa(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
iTransv. bhd iTransv. bhd

nt end

mp; can be substituted to m,; in this figure and m; 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, m,,, 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:

f(l) = thtarg (i)_ MH—FEM (’)

SO/ s,

hi B var
my epq = _Z my,
j=0

where:

i : Longitudinal location for bending moment adjustments, ;.

n, :  Total number of longitudinal stations where the horizontal bending moment adjustment, my,;, is
applied.

my; :  Horizontal bending moment adjustment, in kNm, to be applied at transverse frame or bulkhead at
station i.

my, ena:  Horizontal bending moment adjustment, in kNm, to be applied at the fore end section (n,+1 station).

my; :  Argument of summation to be taken as:
c my,=0 when j=0
C My = my, when j=i

M1arei) © Required target horizontal bending moment, in kNm, at station i, calculated in accordance with
4.34.
My rev(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, m,; and m,;, 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
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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:

(Fr)l- _ Mv AI'*)’ISO z

i n,

y-n50 i

+  For horizontal bending moment:

(F()l' — Mh AifnSO ¥

where:
M,

M,

(in:

[y—nSO :

[Z-VISO :

Ainso -

n;

I .50 m [
Vertical bending moment adjustment, in kNm, to be applied to the considered cross section of the
model.
Horizontal bending moment adjustment, in kNm, to be applied to the considered cross section the
ends of the model.
Axial force, in kN, applied to a node of the i-th element.
Hull girder vertical moment of inertia, in m*, of the considered cross section about its horizontal
neutral axis.
Hull girder horizontal moment of inertia, in m*, of the considered cross section about its vertical
neutral axis.
Vertical distance, in m, from the neutral axis to the centre of the cross sectional area of the i-th
element.
Horizontal distance, in m, from the neutral axis to the centre of the cross sectional area of the i-th
element.
Cross sectional area, in m?, of the i-th element.
Number of nodal points of i-th element on the cross section, »; = 1 for beam element, n; = 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, Mz.gy; in kNm, is determined by the

following formula (see Fig. 20):

MT—FEMi

where:
My pgy

z

Sk
Joik
Yik
Zik

Mr.peyo

RHJW{Z

_ ;[ Fralza =2, )]~ z(f Vi)

Lumped torsional moment, in kNm, due to local load at longitudinal station i.

Vertical coordinate of torsional reference point, in m:

For bulk carrier, z, = 0.

For oil tanker, z,= z,., shear centre at the middle of the mid-hold.

Horizontal nodal force, in kN, of node £ at longitudinal station i.

Vertical nodal force, in kN, of node & at longitudinal station i.

Y-coordinate, in m, of node £ at longitudinal station i.

Z-coordinate, in m, of node k at longitudinal station i.

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:

My pppge = _Z [thk (Z ok — 2 )] + Z(fv()k Yok ) TRy o (Zmd - Zr) for foremost cargo hold model
k k
My pevo = Z[fh()k (z(,k -z, )]— Z(fvok Yor )+ RH_aﬁ «(zmd — zr) for the other cargo hold models
X [

Horizontal reaction forces, in kN, at the forward end, as defined in 4.4.3.
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Ry ¢t Horizontal reaction forces, in kN, at the aft end, as defined in 4.4.3.
zma - 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
fu

A
—V—O Reference point

4.5.3  Hull girder torsional moment
The hull girder torsional moment, Mr.gzfx;) in kNm, is obtained by accumulating the station torsional moment
from the aft end section (forward end for foremost cargo hold model) as follows:
My e (xj): ZMF FEM + when x;>x; for foremost cargo hold model,

+ when x; < x; otherwise.

where:
My pem(x)) Hull girder torsional moment, in kNm, at longitudinal station x;.
x; :  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 My.,,, in kNm, at the
independent point of the aft end section of the model (forward end for foremost cargo hold model), given as follows:
My .. =M wi—targ My gy (xtarg )
where:
Xuarg ©  X-coordinate, in m, of the target location for hull girder torsional moment, as defined in 4.3.5.
M,y.rarg - Target hull girder torsional moment, in kNm, specified in 4.3.5, to be achieved at the target location.
Mr.pEm(X1arg) @ 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

After and Forward

Aft most cargo holds

Foremost cargo holds

Torsional Moment

region cargo hold region
Adjustment of Vertical
See 4.4.5
Shear Forces
Adjustment of
: See 4.4.8 See 4.4.9
Bending Moments

Adjustment of

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

o S—

-

Fig. 22

N

mid-hold

N

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, o, , in N/mm?, is to be

vm 2

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:

2 2 2
O = \/Ux -o,0,+0, + 3z'xy

where:
o, o, Element normal membrane stresses, in N/mm’.
7. :  Element shear stress, in N/mnr".

xy
5.2.2 Axial stress in beams and rod elements
For beams and rod elements, the axial stress, o

ot » i N/mm®, 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, A

‘yperm 2

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

Coarse mesh permissible yield utilisation
factor, A

‘yperm

Structural component

Plating of all longitudinal hull girder structural members, primary

supporting structural members and bulkheads. o
1.0 (load combination S+D)

Face plate of primary supporting members modelled using shell
P P v Supp & & 0.8 (load combination §)

or rod elements.

Dummy rod of corrugated bulkhead

Corrugation of vertically corrugated bulkheads with lower stool

and horizontally corrugated bulkhead, under lateral pressure from L
0.90 (load combination §+D)

liquid loads, for shell elements only. 0.72 (load bination S)
. oad combination

Supporting structure in way of lower end of corrugated bulkheads

without lower stool".

Corrugation of vertically corrugated bulkheads without lower L
0.81 (load combination §+D)

stool under lateral pressure from liquid loads and without lower L
0.65 (load combination S)

stool, for shell elements only.

(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:
A, <A
y yperm

where:
/1}, : Yield utilisation factor.
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A, == for shell elements in general.
"R
y
Gariul :
A, =— for rod or beam elements in general.
y

o,, - Von Mises stress, in N/mn1".
O il Axial stress in rod or beam element, in N/mm’.
Ayperm = 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, ©,,, , in shell elements on the flange and web of the corrugation.

vm 2

(b) The axial stress, o in dummy rod elements, modelled with unit cross sectional properties at the

avial >
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.

_ h t mod—n50
Ceor = A Telem
shr—n50
where:
T, - Corrected element shear stress, in N/mn1’.

h Height of web of girder, in mm, in way of opening, see Table 1. Where the geometry of the
opening is modelled, /% is to be taken as the height of web of the girder deducting the height of the
modelled opening.

twoanso - Modelled web thickness, in mm, in way of opening.

Agwnso:  Effective net shear area of web, in mm?, 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.

T Element shear stress, in N/mmi’, before correction.

elem
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 4,/C, complies with the criteria given in 5.2.4.
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Table 11 Exceptions for Shear Stress Correction

Difference between modelled shear

area and the net effective shear area ]
Reduction factor for

Identification Figure in % of the modelled shear area ) o
A _4 yield criteria, C,
FEM —n50 shr—n50 100%
AFEM—nSO
cS) cS)
Upper and lower slots for local
. . ~ =
support stiffeners fitted with <15% 0.85
lugs or collar plates
S )
Upper or lower slots for local
. . = =
support stiffeners fitted with <20% 0.80
lugs or collar plates
cS) =
In way of opening; upper and
~ =
lower slots for local support < 40% 0.60
stiffeners fitted with collar plates

Agynso - Effective net shear area of the web, in mm?, 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, A,, 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, A , 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
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O Fine mesh analyses of lower and upper hopper knuckles are required for typical web frame of double side/hull ship
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Fig. 2 Mandatory Areas at Lower Upper Knuckle and Side Frame End Brackets for Single Side Bulk Carrier
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O Fine mesh analyses of lower hopper knuckle, lower and upper end bracket
of side frame are required for typical web frame of single side skin 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, 4, 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.

@D 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, A, ,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.
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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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mesh analysis

Longitudinal
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=
> bulkhead
>
Bottom >
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Screening Areas
Outside midship cargo hold region for the details given in 3.2.2.

Within the full cargo hold region for the details given in 3.2.1,

Screening Procedure
The structural details subject to this screening procedure are checked in the following ship areas:

3.1
3.1.1
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Table 1 Screening Areas of Transverse Web Frame in Oil Tanker

Bracket toes

Openings and manholes (shaded regions)

[ ]

Screening check to be performed for openings except if:

ho/h < 0.35 and g, < 1.2, and, each end of the opening forms
a semi circle arc (i.e. radius of opening equal to 5/2). This
Openings and manholes (unshaded regions) criterion does not apply to manholes which are to be
evaluated by screening irrespective of size.

he, h and g, is defined in Ch 7, Sec 2, 2.4.9, b is the smallest
of the length and breadth of the opening.

3.2
3.2.1

List of Structural Details
Cargo hold region

The following structural details and areas in the cargo hold region are to be evaluated by screening:

(a)

(b)

(©)
(d)

(e)
®
(8)
(h)

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.

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.

9Heels of transverse bulkhead horizontal stringers specified in Table 3.

Connections of transverse lower stool to double bottom girders and longitudinal lower stool to double
bottom floors as indicated in Fig. 5.

Connection of lower hopper to transverse lower stool structure as indicated in Fig. 5.

Connection of topside tank to inner side as indicated in Fig. 6.

Connection of corrugation and upper supporting structure to upper stool as indicated in Fig. 7.

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, 4, is

maximum

Table 2 Screening Areas for Transverse Web Frame in Bulk Carrier
<) (- N
0
E] O s
[0fofo afofo] [0]0[0] | [0[0[0]

Bracket toes

. Openings and manholes (shaded regions)

Screening check to be performed for openings except if:

ho/h <0.35 and g, < 1.2, and, each end of the opening forms a
semi circle arc (i.e. radius of opening equal to b/2). This
|:| Openings and manholes (unshaded regions) criterion does not apply to manholes which are to be evaluated
by screening irrespective of size.

hy, h and g, 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)

Screening check to be performed for openings except if:
ho/h < 0.35 and g, < 1.2, and, each end of the opening forms a semi
circle arc (i.e. radius of opening equal to 5/2). This criterion does not

Openings and manholes (unshaded . o .
apply to manholes which are to be evaluated by screening irrespective

regions) .
of size.

h, h and g, 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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Screening Areas at Connections of Lower Stool to Inner Bottom and Hopper Tank

Fig. 5

Web Web Web

Web

Web Web Web Web

Web

Screening Areas at Connections of Topside Tank to Inner Side

Fig. 6
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Fig. 7 Screening Areas at Connection of Corrugation and Upper Supporting Structure to Upper Stool
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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, 4,, 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.

33 Screening Criteria
3.3.1  Screening factors and permissible screening factors
The screening factors, A_ and the permissible screening factors, A

sC scperm

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
Screening Permissible screening factors,
Type of Details
factors, j’ss ‘scperm
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 Table 5 1.70 1.36
indicated in Table 1 and Table 2, horizontal stringers as indicated in
Table 3, floors and longitudinal girders in double bottom.
Manholes @ ﬂ“y 0.85 ﬂ“yperm
Bracket toes on transverse web frames as indicated in Table 1 and Table
2, horizontal stringers and transverse plane bulkhead to double bottom Table 6 1.50 1.20
connection or buttress structure specified in Table 3.
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 p) 0.75 4
indicated in Fig. 5. The connection of topside tank to inner side as ' e
indicated in Fig. 6. The connection of corrugation and upper supporting
structure to upper stool as indicated in Fig. 7.
Hatch corner area. ﬂ‘y 0.95 /l)yierm
Outside midship cargo hold region
Hopper knuckle 0.65 }’yperm
Side frame end bracket 4, 0.85 lyperm
Large openings 0.85 /q’yperm
L Koo
Connections of corrugation to adjoining structure e T R 1.507; 1.207;
where:
/Iy : Coarse mesh yield utilisation factor, as defined in Ch 7, Sec 2, 5.2.4.
werm - Coarse mesh permissible yield utilisation factor, as defined in Ch 7, Sec 2, 5.2.4.
K. Screening stress concentration factor, taken as:
Kk =Z%m
Y oo

Oy @ Von Mises fine mesh stress, in N/mm*, for the considered detail calculated in the midship cargo hold region

according to 2.

Oy @ Von Mises coarse mesh stress, in N/mm*, for the considered detail calculated in the midship cargo hold region

according to Ch 7, Sec 2.

Oq: Von Mises coarse mesh stress, in N/mm?, for the area in way of considered detail.

I

: Fatigue factor defined in 6.2.1.
(1)  For each screened detail,

O ru

and 5, 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
A, Screening factor taken as
0.74 0.74
4 h
A, =085C, o, +o |+ 24| 2] +|> I
’ ’ 2r 2r =235
Cy: Coefficient taken as ®:

For opening in web of PSM.

h hY
C,=1.0-023 2 |+2.12] =2
h h

For opening in web of main bracket and buttress (see figures below).

c, =10
r Radius of opening, in mm.
hy: Height of opening parallel to depth of web, in mm.
ly: Length of opening parallel to girder web direction, in mm.
h: Height of web of girder in way of opening, in mm.
o : Axial stress in element x-direction determined from cargo hold FE analysis according to the coordinate system

shown, in N/mm’.
o Axial stress in element y-direction determined from cargo hold FE analysis according to the coordinate system

shown, in N/mm>.
Tt Element shear stress determined from cargo hold FE analysis ", in N/mm®.

y

h C,=10 |:| Individual element in
F==T——1—" web to be verified
===t | | against criteria
l | -1
I N I
ol = I
l il - —
l il S
= I II \} :
I ,” ~ |
l === I I
L _ ! |

(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
A Screening factor taken as:
b 0.5 4 0.5 k
Ao =C,[0.68 = | o, +0.50( e | g | —
) bt 5o 235
Cy Coefficient taken as:

2
€ =1.0-02 L
1400

by, by:  Height of shell element in way of bracket toe in cargo hold FE model, in mm.

Apeamnso: Sectional area of beam or rod element in cargo hold FE model representing the face plate of bracket, in mm®.
Beam or rod element axial stress determined from cargo hold FE analysis, in N/mm®.

Gbeam :
0,,.  Von Mises stress of shell element in way of bracket toe determined from cargo hold FE analysis, in N/mm?.
ts0: Net thickness of shell element in way of bracket toe, in mm.
R, Leg length, in mm, not to be taken as greater than 1400mm.
b,

¢10°

Bar element in

cargo tank FE , p

Plate element in model / / R,
way of bracket toe , / p /
in cargo tank FE Y2 y ,
model / / /
/ / /
/ / /
/ / /

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.

Aie = Ascperm

where:

At Screening factor defined in 3.3.1

A . Permissible screening factor defined in 3.3.1

scperm *

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

A Screening factor taken as:

sc
For heels at side horizontal girder and transverse bulkhead horizontal stringer, at the locations 1, 2 and 3 in

figure below.

A.=1.670,, L
' 235

For heel at longitudinal bulkhead horizontal stringer, at the location 4 in figure below.

235
o . Axial stress in element x direction determined from cargo hold FE analysis in accordance with the coordinate

x

A, =32

UX

system shown, in N/mm?.

0,,: Von Mises stress of shell element in way of heel determined from cargo hold FE analysis, in N/mm’.
N
Longitudinal
bulkhead ——— .|
Side
horizontal
girder
Horizontal Horizontal Horizontal
stringer stringer stringer
2
1 4
Transverse o
bulkhead x- direction Horizontal
Inner hull girder
" N__—

Individual element in web to be verified against criteria

D 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
421

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
43.1

The mesh size in the fine mesh zones is not to be greater than 50 x 50 mm.
432

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
44.1

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.
442

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.
443

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 x 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.
444

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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Fine Mesh Zone Around Bracket Toes

Fig. 9

Element size <50 mm x 50 mm

Fine mesh zone

Extent - at least 10 elements in all directions
Face plate modelled by plate elements

Y/ /
/ /.
Y~

Fine Mesh Zone around an Opening

Fig. 10

Element size <50 mm x 50 mm

Fine mesh zone:

[
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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.
452

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.
453

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
Model Extent
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Fig. 12 Close-up View of Finite Element Mesh at the Lower Part of a Transverse Web Frame
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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
Model Extent
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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
?,

i

Ko 7%
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 x 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
Fine mesh zone:
mesh size <60 mm x 50 mm

Preferably at mesh
line in global model

N

min
1500 mm

* min 500 mm

Vertical extent min 500 mm
of sub-model

el VO

___F__..______-

min 500 mm

y min 500 mm

min{500 mm
(<>
y.4

min 500 mm

Inner
bottom

Trans Web/ Trans Web/ Trans Web/
(Diaphragm) (Diaphragm) (Diaphragm)

Horizontal extent of Longitudinal extent

sub-model of the sub-model

o -t |1—11- =.==.=’=.==.==|.==.==.

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

T

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.
492

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, o, 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 x 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:

3 % A
where:
A;:  Fine mesh yield utilisation factor.
o .
Ap = R”"’ or shell elements in general
Y
|O-axiall :
A, =—=4=  for rod or beam elements in general
Y
o,,: Von Mises stress in N/mm’.
o, Axial stress in rod element, in N/mmn*.

axial *
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: Permissible fine mesh utilisation factor, taken as:

+  Element not adjacent to weld:
* Aporm = 1.70f for S+D
<A =1.36f; for S

fperm
+  Element adjacent to weld:

<A =1.50f; for S+D

Jperm

* Aporm = 1.20f for §

Fatigue factor, taken as:
* fr= 1.0 in general,
* fr= 1.2 for details assessed by very fine mesh analysis complying with the fatigue assessment
criteria given in Ch 9, Sec 2.
The maximum permissible stresses are based on the mesh size of 50 x 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.
Average von Mises stress is to be calculated based on weighted average against element areas:

n
le-

i vm—i

O, = P
A
145

vm-av

where:
o is the average von Mises stress.

vim—av

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 7. from the gross offered thickness, where ¢, 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, 77, is defined as the ratio between the applied loads and the corresponding ultimate

capacity or buckling strength.
322
For combined loads, the utilisation factor, 7,,, 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:
74

act __

w V.

u

nact =

where:
W, : Applied equivalent stress, in N/mm?:

Wact = \/UfoJ"TZ fOr plate

w.=0,+0,+0, forstiffener

act

W, : Equivalent buckling capacity, in N/mm’, to be taken as:

W, =, o.+o. +7, forplate
ReH =S 1
W, = ~5 for stiffener

y. - 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 o,

and o, stresses.
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Fig. 1 Example of Buckling Capacity and Buckling Utilisation Factor
%A
Buckling strength interaction curve
WIJ
Woer
e
33 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 1. » Allowable buckling utilisation factor
Plates and stiffeners
Stiffened and unstiffened panels o
) ] ) ) ) ) ) 1.00 for load combination: S+D
Vertically stiffened side shell plating of single side skin bulk o
) 0.80 for load combination: S
carrier
Web plate in ways of openings
. . 0.75 for load combination: S+D
Struts, pillars and cross ties L
0.65 for load combination: S
Corrugation of vertically corrugated bulkheads with lower
stool and horizontally corrugated bulkhead, under lateral o
L 0.90 for load combination: S+D
pressure from liquid loads, for shell elements only. o
) ) 0.72 for load combination: S
Supporting structure in way of lower end of corrugated
bulkheads without lower stool.
Corrugation of vertically corrugated bulkheads without lower L
o 0.81 for load combination: S+D
stool under lateral pressure from liquid loads, for shell o
0.65 for load combination: S
elements only.
Note I :  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.
Note2 :  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:
Mact < Man
where:

n,.. - Buckling utilisation factor based on the applied stress, defined in 3.2.2.
n., - 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.
brow : Maximum distance, in mm, from mid thickness of the web to the flange edge, as shown in Fig. 1.
hy, . Depth of stiffener web, in mm, as shown in Fig. 1.
l, : Effective length of edge of bracket, in mm, as defined in Table 3.
Sefr . Effective width of attached plate of stiffener, in mm, taken equal to:
Sy =0.8s
t : Net flange thickness, in mm.
t, : Net thickness of plate, in mm.
t . 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:
¢ 23 RLH
7 c\ 235
where:
C : Slenderness coefficient taken as:
C =100 for hull envelope and cargo and tank boundaries.
C=125 for other structures.
Rey :  Specified minimum yield stress of the plate material, in N/mm’.
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:

t, zﬂ Ren
"¢ V235

(b) Flange:
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tf > b/’fmzt Re[-[
C, V235
where:
C. G Slenderness coefficients given in Table 1.
Fig. 1 Stiffener Scantling
Brow brout by broue
- 1] L]
hw hw hw hw hw
@ y L 4 & @ g
f b b 1 11 11
Flat bars Bulb flats Angles T bars L2 L3
Table 1 Slenderness Coefficients
Type of Stiffener Cy Cr
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 byin mm, for angle and T-bars is to satisfy the following criterion:

b, 2 0.25h,

3.1.3 Bending stiffness of stiffeners

The net moment of inertia, in cm®, 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:

R
I, >Cl A4, -

where:
Agr
ReH .
C

235

Net sectional area of stiffener including effective attached plate, s,z in cn’.

Specified minimum yield stress of the material of the attached plate, in N/mm?.

Slenderness coefficient taken as:

C=1.43 for longitudinal stiffeners including sniped stiffeners.

C =0.72 for other stiffeners.
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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:

t_Zi RLH
"= V235

(b) Flange:
1,2 ﬂ Ri
C, V235

where:
Sy Plate breadth, in mm, taken as the spacing of the web stiffeners.
C, Slenderness coefficient for the web plate taken as:

C, =100
G Slenderness coefficient for the flange taken as:

C,=12

4.1.2  Deck transverse primary supporting members
The net moment of inertia for deck transverse primary supporting members, /.50, in em®, 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:
4

l
[ sm—n50 2 300 deg Ist

P 3

s
where:
Lyomnso @ Net moment of inertia, in em®, of deck transverse primary supporting member, with effective
width of attached plate equal to 0.8S.
e :  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.
I : Moment of inertia of deck stiffeners within the central half of the bending span, in cem®, 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 cm’, of web stiffener, I, fitted on primary supporting members, with effective
attached plate, sz, is not to be less than the minimum moment of inertia defined in Table 2.
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Table 2 Stiffness Criteria for Web Stiffeners
Stiffener arrangement Minimum moment of inertia of web stiffeners, in cm”
Web stiffeners fitted along the PSM span
< A
> R
A > S I,> Cr? A, el
>l > o ’ 7235
Web stiffeners fitted normal to the PSM span
S
10007 s R
B A A A I,>1.1445°t | 2.5——-2—— |=4L107°
A ‘ s 1000¢ ) 235
I ¢
Y Y Y Y ¥
where:
C: Slenderness coefficient to be taken as:
C=143 for longitudinal stiffeners including sniped stiffeners.
C=0.72 for other stiffeners.
¢ . 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.
Aqp: Net section area of web stiffener including effective attached plate, s, in cem?.
t,: Net web thickness of the primary supporting member, in mm.
Ruy:  Specified minimum yield stress of the material of the web plate of the primary supporting member, in N/mm’*.
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:

A _ 235
S,=b,C J=n30 (— , but need not be less than S_,i.
‘ (A Awfn50 ) k ReH
ot
3
where:
by Flange breadth of primary supporting members, in mm.
c Slenderness coefficient taken as:
C=0.022 for symmetrical flanges.
C=0.033 for asymmetrical flanges.
Apnso Net cross sectional area of flange, in cem?.
A,nso Net cross sectional area of the web plate, in cm?.
R.y Specified minimum yield stress of the PSM material, in N/mn.
Sh-min Minimum unsupported flange length taken as:

S

bh—min

=3.0m for the cargo tank/hold region, on tank/hold boundaries or the hull envelope

including external decks.
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S, in =4.0m 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, ¢, as defined in Table 3, in mm, is greater than:

0, =175t

where:

t, 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:

_ db R(’H
" cV23s
where:
dy . Depth of brackets, in mm, as defined in Table 3.
C . Slenderness coefficient as defined in Table 3.
Ry Specified minimum yield stress of the end bracket material, in N/mm’.
53 Edge Reinforcement

5.3.1 Edge reinforcements of bracket edges

The depth of stiffener web, 4,, in mm, of edge stiffeners in way of bracket edges is not to be less than:

L= £l R or 50 mm, whichever is greater.
1000 V 235
where:
C . Slenderness coefficient taken as:
Cc=75 for end brackets.
C=50 for tripping brackets.
R.; : Specified minimum yield stress of the stiffener material, in N/mm’.

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

c=20 % | 116
gb

where:

O.ZSSZI—}’SI.O

b

d,

Brackets with edge stiffener

d

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, ¢, of circular section pillars, in mm, is to comply with the following criterion:

,
t>—
50
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, 4,, in mm, of edge stiffeners in way of openings is not to be
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less than:
R, . .
h,=Cl |~ or 50 mm, whichever is greater.
235
C . Slenderness coefficient taken as:
C=50
R.y . Specified minimum yield stress of the edge stiffener material, in N/mn.

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
| | | ¢

+ 1yl 1 L 1

\

LA
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Section 3 PRESCRIPTIVE BUCKLING REQUIREMENTS

Symbols

n., - 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, #.
The width of this equivalent plate panel, b,,, in mm, is defined by the following formula:

y 1.5
b, =1, +£2(—‘J
t2

where:
¢, : Width of the part of the plate panel with the smaller net plate thickness, #,, in mm, as defined in Fig. 1.

¢, : Width of the part of the plate panel with the greater net plate thickness, #,, in mm, as defined in Fig. 1.

Fig. 1 Plate Thickness Change over the Width
I3 3

|l

-
€ > >
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1.2.2

In transverse stiffening arrangement, when an £PP 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 £PP 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, o, , in N/mm?, are determined according to Ch 6, Sec 2.

2.1.2
The hull girder shear stresses, 7, , in N/mm?, in the plate i are determined as follows:

QTut (x)qvi 103

hg =
tifnSO

where:
Ora(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:
O () =10, + Qs
For flooded conditions at sea for bulk carriers having a length Lcgz of 150 m or above:

QTot ()C) = Q.vwf f + QwvaC|

For the design load combination S

For harbour/sheltered water operations:

Or, (x) = |Q.Yw—p|
Qi : Contribution ratio in way of the plate i, as defined in Ch 5, Sec 1, 3.2.1.
tinso - Net thickness of the plate i, in mm as defined in Ch 5, Sec 1, 3.2.1, used for shear stress
calculation.
0Oy, : Permissible positive or negative still water shear force for seagoing operation, in ky, at the hull

transverse section considered, as defined in Ch 4, Sec 4, 2.3.3.

Osp : Permissible positive or negative still water shear force for harbour/sheltered operation, in ky, at the
hull transverse section considered, as defined in Ch 4, Sec 4, 2.3.4.

Osy @ Permissible positive or negative still water shear force in flooded condition at sea, in ky, at the hull
transverse section considered, as defined in Ch 4, Sec 4, 2.3.5.

Ow.rc : Vertical wave shear force in seagoing condition, in ky, 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:

O, =0y
o,=0
7=0.77,,

Stress combination 2 with:
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o,=070,
o,=0
T=7,

(b) Transverse stiffening arrangement:
Stress combination 1 with:

o =0
Oy = Oy
7=0.77,

Stress combination 2 with:
o =0
c,=0.70,,
T=1,,
where:

Oy,

< Hull girder bending stress in the elementary plate panel or stiffener, as defined in 2.1.1, in N/mm".

Hull girder shear stress, in N/mm’, in the elementary plate panel or stiffener attached plate as

defined in 2.1.2.

The

3. Buckling Criteria

31 Overall Stiffened Panel
3.1.1
The buckling strength of overall stiffened panels is to satisfy the following criterion:
nOverall < nall

where:
Noveran - Maximum utilisation factor as defined in Ch 8, Sec 5, 2.1.

3.2 Plates
321
The buckling strength of elementary plate panels is to satisfy the following criterion:
Metate < Tan
where:
NMpae - Maximum plate utilisation factor calculated according to SP-A, as defined in Ch 8, Sec 5, 2.2.
For the determination of 7, 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 amean o, stressand y, =1.

33 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:
Nsioner < Mant
where:
Nsuener - Maximum stiffener utilisation factor, as defined in Ch 8, Sec §, 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.
34 Vertically Corrugated Transverse and Longitudinal Bulkheads
34.1

The shear buckling strength of vertically corrugated transverse and longitudinal bulkheads is to satisfy the
following criterion:

nShear < nall

where:
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Ngwar - Maximum shear corrugated bulkhead utilisation factor.
_ Tona
UShear -
Typd - Shear stress, in N/mm?’, 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.
T Shear critical stress, in N/mm?, as defined in Ch 8, Sec 5, 2.2.3.

c

Horizontally Corrugated Longitudinal Bulkhead

Each corrugation, within the extension of half flange, web and half flange, is to satisfy the following criterion:

n <1,

where:
n . Overall column utilisation factor, as defined in Ch 8, Sec 5, 3.1.

Struts, Pillars and Cross Ties

The compressive buckling strength of struts, pillars and cross ties is to satisfy the following criterion:

n <M.

where:
n : 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

1, - 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:

n
2 A,
_ 1
avr — n

ol

1
A; : Area of the i-th plate element.
t; ©  Net thickness of the i-th plate element.

t

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 SPA Length:  between web frames
Inner hull Width: between primary supporting members
Hopper tank side
Longitudinal bulkheads
Double bottom longitudinal girders in line
. o Length:  between web frames
with longitudinal bulkhead or connected to SP-A .
. Width: full web depth
hopper tank side
Web of double bottom longitudinal girders
o . o Length:  between web frames
not in line with longitudinal bulkhead or SP-B .
. Width: full web depth
not connected to hopper tank side
Web of horizontal girders in double side SP.A Length:  between web frames
space connected to hopper tank side Width: full web depth
Web of horizontal girders in double side SP.B Length:  between web frames
space not connected to hopper tank side Width: full web depth
Web of single skin longitudinal girders or .
UP-B Plate between local stiffeners/face plate/PSM

stringers

Transverse structure, see Fig. 2, Fig. 6 and Fig. 8

Web of transverse deck frames including

UP-B Plate between local stiffeners/face plate/PSM
brackets
. . . Length:  full web depth
Vertical web in double side space SP-B . ) )
Width: between primary supporting members
Irregularly stiffened panels, e.g. web .
UP-B Plate between local stiffeners/face plate/PSM

panels in way of hopper tank and bilge

Length:  full web depth

Double bottom floors SP-B . . .
Width: between primary supporting members
. . . Plate between vertical web stiffeners/face
Vertical web frame including brackets UP-B
plate/PSM
. Plate between vertical web stiffeners/face
Cross tie web plate UP-B

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 SPA Length:  between primary supporting members
perpendicular to the regular stiffener (such Width: between primary supporting members

as carlings)

Irregularly stiffened bulkhead panels, e.g.
web panels in way of hopper tank and UP-B Plate between local stiffeners/face plate

bilge
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Table 1 Structural Members (Continued)
Structural elements Assessment method Normal panel definition
Web plate of bulkhead stringers including .
UP-B Plate between web stiffeners /face plate
brackets
Transverse corrugated bulkheads and cross deck, see Fig. 9
. . . Length:  between internal web diaphragms
Upper/lower stool including stiffeners SP-A ] )
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 R,y 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.
222

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
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Fig. 5 Longitudinal Plates for Single Hull Bulk Carrier
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Fig. 7 Longitudinal Plates for Double Hull Bulk Carrier
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Corrugated Bulkhead and Cross Deck for Bulk Carriers

Fig. 9
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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.
3
d,
d,

d,
(c) The pair of opposite edges with the smallest total length is identified, i.e. minimum of d,+d; and dy+d,
(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.

(¢) The length of shorter side, b in mm, is to be taken as:
b=Ala
where:
A Area of the plate, in mm*
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 ¢, in mm, defines the longitudinal

direction for the capacity model.
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(c) The width of the model, ¢, , in mm, is to be taken as:
0, =Alr,
where:
A Area of the plate, in mm®

(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:

pole

tri
a=0(,-C
where:

—04 2406
/

1

tri

C

tri

(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.

24 Reference Stress
24.1
The stress distribution is to be taken from the direct strength analysis and applied to the buckling model.

242
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.

2.52
Where the lateral pressure is not constant over a buckling panel defined by a number of finite plate elements, an
average lateral pressure, N/mm?®, is calculated using the following formula:

>4 P
_ 1

1

P

avr

where:

A; : Area of the i-th plate element, in mm’.

P; : Lateral pressure of the i-th plate element, in N/mm®.
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:
Nop-a < My
where:
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Nup_4 - 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:
Mup-g < My
where:
Nup_p - 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:
Nsp-a < Ny
where:
Ne. .+ 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.
2.64 SP-B
The compressive buckling strength of SP-B is to satisfy the following criterion:
Nsp-8 = Man
where:
Nepp: 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:

Uopen ing < 77::/1

where:

NMopening©~ Maximum web plate utilisation factor in way of openings, as defined in Ch 8, Sec 5, 2.4.
3. Corrugated Bulkhead
31 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.
322

The membrane stresses at element centroid are to be used.
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323
The maximum normal stress parallel to the corrugation, o, is the maximum of the 2 following stresses:
+  The normal stress parallel to the corrugation taken at 5/2 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 5/2
from ends as defined above for the normal stress parallel to the corrugation.

The in plane stresses, o, and o, and shear stress, ¢, 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 5/2 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 35 to

a point located at »/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, o, and o, are to be made

in accordance with Ch 8, App 1, 2.1.
The shear stress at /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.
324
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.

33 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

Corrugation Orientation

Bulkhead orientation
Horizontal Vertical

Longitudinal bulkhead Required Required, when subjected to local vertical

Transverse bulkhead Required forces (e.g. crane loads)

332
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:
nOverall < ’701/
where:

Noveran - Maximum overall column utilisation factor, as defined in Ch 8, Sec 5, 3.1.1 and Ch 8, Sec §, 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

End constraint factor, f;,, 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.

34 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:
77C0rr < nall
where:
Mo 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, o, combined with the stress perpendicular to the

corrugation, o, and with the shear stress, 7, at the location where the maximum normal stress parallel to
the corrugation occurs.
+  The maximum shear stress, 7, combined with the normal stress parallel to the corrugation, o, and with

the stress perpendicular to the corrugation, o, at the location where the maximum shear stress occurs.

The buckling assessment is to be performed for an aspect ratio « 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:

Myss = Man

where:

M - 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 witha =1landy, =1
+  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 o = 2
and v, =y, =1

+ 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 o =2
and v, =y, =1
+ 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 « .
*+ The average values for longitudinal, vertical and shear stresses are to be used.
Cve=y, =1
+ 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:
Nsiigrener = Man
where:
Nsuener - Maximum stiffener utilisation factor, as defined in Ch 8, Sec §, 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:
Meittar < Man
where:
Mpuwe - 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.

A, 1 Net sectional area of the stiffener without attached plating, in mm’.

a : Length of the longer side of the plate panel, in mm.

b : Length of the shorter side of the plate panel, in mm.

by : Effective width of the attached plating of a stiffener, in mm, as defined in 2.3.5.

b.p: Effective width of the attached plating of a stiffener, in mm, without the shear lag effect taken as:
Foro, >0

For prescriptive assessment:

b = C‘,\'lbl +Cx2b2
eff'l 2
For FE analysis:
by =C.b
For o, <0
b, =b

eff 1

bs: Breadth of the stiffener flange, in mm.

by, by:  Width of plate panel on each side of the considered stiffener, in mm.

C,1, Cy2: 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.

(D] d. : Distance from upper edge of web to the top of the flange, in mm, as defined in Ch 3, Sec 2, Fig. 3.

@

es:  Distance from attached plating to centre of flange, in mm, as shown in Fig.1 to be taken as:
e, = h,  for flat bar profile.

e, =h,—0.51, for bulb profile.
e, =h, +0.51, for angle, L2 and Tee profiles.
e, =h,—d,~0.5¢t, forL3 profile.
Flong:  Coefficient defined in 2.2.4.
F,..:Coefficient defined in 2.2.5.
h,: Depth of stiffener web, in mm, as shown in Fig.1.
(: 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.
Rer p: Specified minimum yield stress of the plate in N/mm?’.
Ry st Specified minimum yield stress of the stiffener in N/mm?*,
S:  Partial safety factor to be taken as:
+§=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.
t,:  Net thickness of plate panel, in mm.
t,. Net stiffener web thickness, in mm.
tz  Net flange thickness, in mm.
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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:

a
oa=—
b
P Coefficient taken as:
1-
p=—"
a

w: Coefficient taken as:

o =min(3; @)
o, : Stress applied on the edge along x axis of the buckling panel, in N/mm’.
o, : Stress applied on the edge along y axis of the buckling panel, in N/mm’.
o, : Maximum stress, in N/mm’,
o, : Minimum stress, in N/mm’.
o, : Elastic buckling reference stress, in N/mm” to be taken as:

For the application of plate limit state according to 2.2.1:
o - °E 1, ’
(=) b
For the application of curved plate panels according to 2.2.6
o = 7’E 13 ’
Fna-vHld

Applied shear stress, in N/mm®.
. Buckling strength in shear, in N/mm’, as defined in 2.2.3.

S

v . Edge stress ratio to be taken as:
y=o
g
¥ Stress multiplier factor acting on loads. When the factor is such that the loads reach the interaction formulae,
}/ = }/c *
.. Stress multiplier factor at failure.

Fig. 1 Stiffener Cross Sections
bf bf bf bf-out bf-aut
T
= , 7, e S S S
hw tL» l«— hw € tL) «<— h, hw hy e
o C ol C ¥ o C . C _lc c
A1 I T 1 1
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 ., o,and z applied on the structural members are defined
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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:
L
c;

where ¢ and P, 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:

€ /2 /2 € €
}/cl O-XS _ B }/clo-xS ;/C]G)’S + 7/51 O-,VS + 7/01 T|S — 1
O-cx' O-ax‘ O-cy’ O-cy‘ Tc’

” /s
’ S
(K-zo_xSJ +[MJ =1 for 0,20

' Al

O-CX TC
o s
oY S
(7/‘3—{] + (@J =1 for 0,20
o, T,
7S
}/f“_’ =1
TL'
with
}/c = min(ycl’}/(fzﬂyc3’}/c4)
where:
o,, o0,: Applied normal stress to the plate panel, in N/mm?, to be taken as defined in 2.2.7.

7: Applied shear stress to the plate panel, in N/mm®.

o, : Ultimate buckling stress, in N/mm’, in direction parallel to the longer edge of the buckling panel as
defined in 2.2.3.

ch’ . Ultimate buckling stress, in N/mm’, in direction parallel to the shorter edge of the buckling panel as
defined in 2.2.3.

7. Ultimate critical shear stresses, in N/mm?, as defined in 2.2.3.

Vas Vers Ves» Veqo Stress multiplier factors at failure for each of the above different limit states. y,, and
7., areonly to be considered when o, >0 and o, >0 respectively.

B:  Coefficient given in Table 1

ep: Coefficient given in Table 1
B, : Plate slenderness parameter taken as:
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B = i ReH_P
"o, E
Table 1 Definition of Coefficients B and ¢,
Applied Stress B €y
0,20 and 0,20 0.7-038,/a’ 2By
0,<0 or 0,<0 1.0 2.0

2.2.2 Reference degree of slenderness
The reference degree of slenderness is to be taken as:
ReH P

A= =
Ko,

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/mm?, are to be taken as:
o, '= CxReHiP
ch': CyReHJJ
The ultimate buckling stress of plate panels subject to shear, in N/mm?, is to be taken as:
t.'=C h
c T \/E
where:
C, C,, C, : Reduction factors, as defined in Table 3.
For the Ist Equation of 2.2.1, when o, <0 or o, <0, the reduction factors are to taken as:
C,=C =¢C, =1
For the other cases:
For SP-A and UP-A, C, is calculated according to Table 3 by using

01:(1—i)20
a

For SP-B and UP-B, C, is calculated according to Table 3 by using

=1

For vertically stiffened single side skin of bulk carrier, C, is calculated according to Table 3 by
using

c =(1—i)20
a

For corrugation of corrugated bulkheads, C, is calculated according to Table 3 by using

q =(1—lj20
a

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 b