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Foreword
These Rules enter into force on 1st July 2019 and supersede the following Rules:

e Common Structural Rules for Bulk Carriers and Oil Tankers, January 2018

These Common Structural Rules consist of two parts. Part One provides requirements common to both Double
Hull Oil Tankers and Bulk Carriers and Part Two provides additional requirements applied to either Double Hull
Oil Tankers or Bulk Carriers.

Summary of changes from the 01 JAN 2018 Rules

Amendment Type / No. Adoption Date | Rule Version Date | Effective Date
1 Rule Change Notice 1 17 DEC 2018 01 JAN 2018 01 JULY 2019
2 | Corrigendal 17 DEC 2018 01JAN 2018 01JULY 2018
3 Corrigenda 2 17 JAN 2019 01 JAN 2018 01 JULY 2018

Note: Full revision history for Common Structural Rules is available on IACS website, including all previous RCNs and
associated TBs.

Guideline of RCN Label

1. RCN (Rule Change Notice) label is used to identify the rule change made since last rule version with the
format of “RCN {Number} to {Rule Version Date}”, e.g. RCN1 to 01 JAN 2018.
2. For corrigenda update, the same format will be followed, e.g. CORR1 to 01 JAN 2018.
3. Modification and addition of rule texts:
e RCN label is inserted at the end of modified contents.
4. Modification and addition of titles, figures and tables:
e RCN label is inserted at the end of modified contents.
5. Deletion of rule texts and titles:
e Replace contents by the word “DELETED”.
e RCN label is inserted at the end of the word “DELETED”.
6. Deletion of Table:
e Replace contents of Table by the word “DELETED” (only shown first row).
e RCN label is inserted at the second row of Table.
7. Deletion of Figure:
e Replace Figure by a generic graphic marked “DELETED”.
e RCN label is inserted under the generic graphic.



Disclaimer

Copyright in these Common Structural Rules is owned by each IACS Member as at 15 July 2012.
Copyright © IACS 18t July 2012.

The IACS members, their affiliates and subsidiaries and their respective officers, employees or agents (on behalf of whom this disclaimer is given) are,
individually and collectively, referred to in this disclaimer as the "IACS Members". The IACS Members assume no responsibility and shall not be liable
whether in contract or in tort (including negligence) or otherwise to any person for any liability, or any direct, indirect or consequential loss, damage or
expense caused by or arising from the use and/or availability of the information expressly or impliedly given in this document, howsoever provided,
including for any inaccuracy or omission in it. For the avoidance of any doubt, this document and the material contained in it are provided as information
only and not as advice to be relied upon by any person.

Any dispute concerning the provision of this document or the information contained in it is subject to the exclusive jurisdiction of the English courts and will

be governed by English law.
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SECTION 1
APPLICATION

1 SCOPE OF APPLICATION

1.1 General

111
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;

¢) Contracted for construction on or after 15t July 2015.

Note 1: Unrestricted navigation means that the ship is not subject to any geographical restrictions (i.e. any oceans, any seasons) except
that limited by the ship’s capability for operation in ice.

Note 2: The ‘contracted for construction” means the date on which the contract to build the ship is signed between the prospective owner
and the builder. For further details regarding the date of ‘contracted for construction’, refer to IACS Procedural Requirement (PR)
No. 29.

1.1.2

These Rules apply to ships constructed of welded steel structures and composed of stiffened plate panels. The
ship’s structure is to be longitudinally or transversely framed with full transverse bulkheads and intermediate
web frames.

The typical arrangements of ships covered by the rules assume that the structural arrangements include:
* Double bottom, the depth of which is to be in accordance with applicable statutory requirements.

* Engine room located aft of the cargo tank/hold region.

113

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

121

These Rules apply to the hull structures of single side skin and double side skin bulk carriers having a length L
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 Figure 1.

Hybrid bulk carriers, where at least one cargo hold is constructed with hopper tank and topside tank, see
typical arrangements in Figure 1, and other cargo holds are constructed without hopper tank and/or topside
tanks, see examples of a transverse section in Figure 2, are to comply with the strength criteria defined in
these Rules.
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These Rules are not applicable to the following ship types:
* Ore carriers.
* Combination carrier.
¢ Woodchip carrier.

e Cement, fly ash and sugar carriers provided that loading and unloading is not carried out by grabs
heavier than 10 tons, power shovels and other means which may damage cargo hold structure.

e Ships with inner bottom construction adapted for self-unloading.

Figure 1 : Typical arrangements of bulk carriers

h N

|

Figure 2 : Examples of transverse sections of cargo hold without hopper tank and/ or topside tank

J

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 L of 150 m or above. Qil tanker
is defined as a ship which has to comply with Annex | of MARPOL73/78.

The typical arrangements of oil tankers covered by the rules are shown in Figure 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 Figure 3 are typical examples only and other variations of cross tie and web frame
arrangements are also covered.
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1.3.2 Cargo temperature application

The Rules are based on the following design temperatures for the cargo:

a) maximum temperature: 80°C

b) minimum temperature: O°C.

Figure 3 : Typical arrangements of double hull oil tankers

IACS

2 RULE APPLICATION

2.1 Rule description

2.1.1 Rule structure
The rules contain 2 parts:
* Part 1: General hull requirements.

e 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.
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2.1.2 Numbering
The system of numbering is given in Table 1.

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

2.21 Partl
Part 1 of the Rules provides requirements common to all ship types as follow:
e Chapter 1: Rule General Principles.
* Chapter 2: General Arrangement Design.
e Chapter 3: Structural Design Principles.
e Chapter 4: Loads.
e Chapter 5: Hull Girder Strength.
e Chapter 6: Hull Local Scantling.
e Chapter 7: Direct Strength Analysis.
* Chapter 8: Buckling.
e Chapter 9: Fatigue.
e Chapter 10: Other Structure.
e Chapter 11: Superstructure, Deckhouses and Hull Outfitting.
e Chapter 12: Construction.
e Chapter 13: Ship in Operation - Renewal Criteria.

The provisions of the Ch 1, 2, 3, 4, 5, 6, 8, 12, 13 and Ch 10, Sec 4 are applicable all over the ships length.
The Ch 7, 9, 10 and 11 define their own scope of application.

2.2.2 Part 2

Part 2 of the Rules provides requirements coming in addition to those of Part 1 specific for ship types and is
divided as follow:

e Chapter 1: Bulk Carriers.

e 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 Figure 4.
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Figure 4 : Application of the Rules
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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 scantlin 6
P P . ng Fore part 10.1
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.

2.3 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:

e Fore part.

* (Cargo hold region.
* Machinery space.
e Aft part.

e Superstructures and deckhouses.

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

e The stem.

2.4.3 Cargo hold region

The cargo hold region is the part of the ship that contains cargo holds, cargo tanks, and slop tanks. It includes
the full breadth and depth of the ship, the collision bulkhead and the transverse bulkhead at its aft end. The
cargo hold region does not include the pump room, if any.

2.4.4 Machinery space

The machinery space is the part of the ship between the aft peak bulkhead and the transverse bulkhead at
the aft end of the cargo hold region and includes the pump room, if any.

2.4.5 Aft part

The aft part includes the structures located aft of the aft peak bulkhead.

2.4.6 Superstructures and deckhouses

A superstructure is a decked structure on the freeboard deck extending from side to side of the ship or with the
side plating not being inboard of the shell plating more than 0.04 B.

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 appliances

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 may be covered by the
Society’s rules for lifting appliances, and/or by the certification (especially the issuance of the Register of
ship’s lifting appliances and cargo handling gear) of lifting appliances when required.
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2.5.3 Structures supporting fixed lifting appliances

The design of the structure supporting fixed lifting appliances and the structure that might be called to support
a mobile appliance is to be designed taking into account the additional loads that may be imposed on them by
the operation of the appliance and environmental conditions as declared by the builder or its sub-contractors.

2.6 Novel designs
2.6.1

Ships with novel features or unusual hull design are to comply with Ch 1, Sec 3, [6.2].

3  CLASS NOTATIONS

3.1 Class notation CSR

3.1.1 Application

In addition to the class notations granted by the Society and to the service features and additional class
notations defined hereafter, ships fully complying with these Rules are assigned the notation CSR.

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 L of 150 m or above.
Bulk carriers are to be assigned one of the following additional service features:

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

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

¢) BC-C: For bulk carriers designed to carry dry bulk cargoes of cargo density less than 1.0 t/m3.

The following additional service features are to be provided giving further detailed description of limitations to
be observed during operation as a consequence of the design loading condition applied during the design in
the following cases:

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

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

* {Holds a, b, ... may be empty} for additional service feature BC-A, see also Ch 4, Sec 8, [4.1].
* {Block loading} for additional service feature BC-A, when the ship is intended to operate in alternate
block load condition, see also Ch 4, Sec 8, [4.2.3], item 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:

e 35t forships with L > 250 m,
e 30t for ships with 200 m <L <250 m,
e 20t otherwise.

For all other ships, the additional class notation GRAB [X] is voluntary.
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4  APPLICATION OF THE RULES OF THE SOCIETY

4.1 Structural parts not covered by these Rules

411

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

111

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.

e 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 desigh 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

211

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.

21.2

The Rules are based on the assumption that the applicable statutory requirements are complied with.

2.2 Application and implementation of the Rules

221

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.
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2.2.2

These Rules address the hull structural aspects of classification and do not include requirements related to
the verification of compliance with the Rules during construction and operation. In order to achieve the safety
level targeted by the Rules, a number of aspects related to design, construction and operation of the ship are
assumed to be adhered to by the parties involved in the application and implementation of the Rules. A
summary of these assumptions are given in the following;:

a) General aspects:

Relevant information and documentation involved in the design, construction and operation is
communicated between the builder, the designer, the Society and the owner as agreed between
builder and owner. Desigh documentation according to Rule requirements is provided.

Quality systems are applied to the design, construction, operation and maintenance activities by
owners and other relevant parties to ensure the compliance with the requirements of the Rules.

b) Design aspects:

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

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

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

The design is performed by appropriately qualified, competent and experienced personnel.

The Society performs a technical appraisal of the design plans and related documents for a ship
to verify compliance with the appropriate classification Rules.

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

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

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

¢) Construction aspects:

The builder provides adequate supervision and quality control during the construction.
Construction is carried out by qualified and experienced personnel.

Workmanship, including alighment 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.
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¢ Operations personnel receive sufficient training such that the ship is properly handled so that
the loads and resulting stresses imposed on the structure are minimised.

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

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

3 DESIGN BASIS

3.1 General

3.11

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
[6.3.2] and [5.3.3] anticipated during the design life, for the appropriate loading conditions. Structural
strength is to be 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 L 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 L of 150 m 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 L of 150 m 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

3.21
The Rules assume the following hull form with respect to environmental loading:

e [ <500m
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. Cy>0.6
e L/B>5
. B/D<25

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

3.3 Design life

3.3.1

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

3.4 Environmental conditions

3.4.1 North Atlantic wave environment

The rule requirements are based on a ship trading in the North Atlantic wave environment for its entire design
life.

3.4.2 Wind and current

The effects of wind and current with regard to the strength of the structure are not considered.

3.4.3 Ice

The effects of ice and ice accretion are not taken into account by the Rules.

3.4.4 Design temperatures

The Rules assume that the structural assessment of hull strength members is valid for the following design
temperatures:

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

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

In the above, the following definitions apply:

Mean : Statistical mean over observation period (at least 20 years).
Daily Average : Average during one day and night.

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.
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3.5.2
The Rules assume the following:
* The ballast cargo hold of bulk carriers is not to be partly filled in seagoing operations.

* Ballasting and deballasting operations in the ballast cargo hold of bulk carriers are not to be performed
when the weather is not fair.

3.6 Operating draughts

3.6.1

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

* Scantling draught for the assessment of structure.
*  Minimum ballast draught at midship for assessment of structure.
* Minimum heavy ballast draught at midship for assessment of bulk carrier structure.

¢ Minimum forward draughts for the assessment of bottom structure forward subjected to slamming
loads, Tr,and T, with and without ballast tanks in way filled.

Teeand Tg;are defined in Ch 4, Sec 5, [3.2.1]
¢ For oil tankers: maximum draughts amidships for both conditions:
* with all cargo tanks abreast empty.
* with centre cargo tank empty and wing cargo tanks full.
* with centre cargo tank full and wing cargo tanks empty.

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

3.7 Internal environment

3.7.1 Oil cargo density for strength assessment

A density of 1.025 t/m3, or a higher value if specified by the designer, is to be used for oil cargoes for the
strength assessment of all relevant tank structures.

3.7.2 OQil cargo density for fatigue assessment

For the fatigue assessment of cargo tank structures, the mean density is to be taken as 0.9 t/m3, or a higher
value if specified by the designer.

3.7.3 Dry cargo density
The density for dry bulk cargo is to be taken according to the specifications in Ch 4, Sec 6, [2.3].

3.7.4 Water ballast density
A density of 1.025 t/m?3 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
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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 materials as necessary.

3.8.3

The Rules define the renewal criteria for the individual structural items. The structural requirements included
are developed on the assumption that the structure is subject to appropriate monitoring by the owner once the
ship is in operation and to periodical survey in accordance with Society rules and regulations.

3.84

Tank strength and tightness testing are to be carried out as a part of the verification scheme according to the
Rules and/or documents of the individual Society which incorporate IACS UR S14.

3.8.5

Specifications for material manufacturing, assembling, joining and welding procedures, steel surface
preparation and coating are to be included in the ship construction quality procedures. It is assumed that the
owner has approved these builder specifications.

3.9 Maximum service speed

3.9.1

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

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:

e 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.
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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.

e 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.

¢ [t 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
integrity or containment integrity, affect the performance of structural or other systems or are difficult to
inspect and repair.

* It has adequate structural redundancy to survive in the event that the structure is accidentally damaged
by a minor impact leading to flooding of any compartment.
4.1.3 Limit state design principles
The rules are based on the principles of limit state design.

Limit state design is a systematic approach where each structural element is evaluated with respect to
possible failure modes related to the design scenarios identified. For each retained failure mode, one or more
limit states may be relevant. By consideration of all relevant limit states, the limit load for the structural
element is found as the minimum limit load resulting from all the relevant limit states.

The limit states defined in Ch 3, Sec 5 are divided into the four categories: Serviceability Limit State (SLS),
Ultimate Limit State (ULS), Fatigue Limit State (FLS) and Accidental Limit State (ALS).

The Rules include requirements to cover the relevant limit states for the various parts of the structure.

4.2 Loads

4.2.1 Design load scenarios

The structural assessment of the structure is based on the design load scenarios encountered by the ship.
Refer to Ch 4, Sec 7.

The design load scenarios are based on static and dynamic loads as given below:
» Static design load scenario (S):

Covers application of relevant static loads and typically covers load scenarios in harbour, sheltered
water, or tank testing.

» Static plus Dynamic design load scenario (S+D):

Covers application of relevant static loads and simultaneously occurring dynamic load components and
typically cover load scenarios for seagoing operations.

* Impact design load scenario (l):

Covers application of impact loads such as bottom slamming and bow impact encountered during
seagoing operations.
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e Sloshing design load scenario (SL):

Covers application of sloshing loads encountered during seagoing operations.
» Fatigue design load scenario (F):

Covers application of relevant dynamic loads.
* Accidental design load scenario (A):

Covers application of some loads not occurring during normal operations.

4.3 Structural capacity assessment

4.3.1 General

The basic principle in structural design is to apply the defined design loads, identify plausible failure modes
and employ appropriate capacity models to verify the required structural scantlings.

4.3.2 Capacity models for ULS, SLS and ALS

The strength assessment method is to be capable of analysing the failure mode in question to the required
degree of accuracy.

The structural capacity assessment methods are in either a prescriptive format or require the use of more
advanced calculations such as finite element analysis methods.

The formulae used to determine stresses, deformations and capacity are deemed appropriate for the selected
capacity assessment method and the type and magnitude of the design load set.

4.3.3 Capacity models for FLS

The fatigue assessment method provides Rule requirements to assess structural details against fatigue
failure.

The fatigue capacity model is based on a linear cumulative damage summation (Palmgren-Miner’s rule) in
combination with a design S-N curve, a reference stress range and an assumed long-term stress distribution
curve.

The fatigue capacity assessment models are in either a prescriptive format or require the use of more
advanced calculations, such as finite element analysis methods. These methods account for the combined
effects of global and local dynamic loads.

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.
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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.

e The WSD method has the following composition:
Wsae < M1 R for condition A.
Wieat + Wy, < Mo R for condition B.
where:

Wqae @ Simultaneously occurring static loads (or load effects in terms of stresses).

Wy,  : 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
Ystat-1 Wstat + Yayn-1 Wdyn < ;{" for condition A.
R

R .
Ystat-2 Wetat + Yayn—2 Wayn < 'Y_ for condition B.
R

where:

Ystati - Partial safety factor that accounts for the uncertainties related to static loads.

Yayn-i : Partial safety factor that accounts for the uncertainties related to dynamic loads.

Yr : 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.

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.
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5.3 Load-capacity based requirements

5.3.1 General

In general, the Working Stress Design (WSD) method is applied in the requirements, except for the hull girder
ultimate strength criteria where the Partial Safety Factor (PSF) method is applied. The partial safety factor
format is applied for this highly critical failure mode to better account for uncertainties related to static loads,
dynamic loads and capacity formulations.

The identified load scenarios are addressed by the Rules in terms of design loads, design format and
acceptance criteria set, as given in Table 2. The table is schematic and only intended to give an overview.

Load based prescriptive requirements provide scantling requirements for all plating, local support members,
most primary supporting members and the hull girder and cover all structural elements including deckhouses,
foundations for deck equipment.

In general, these requirements explicitly control one particular failure mode and hence several requirements
may be applied to assess one particular structural member.

5.3.2 Design loads for SLS, ULS and ALS

The structural assessment of compartment boundaries, e.g. bulkheads, is based on loading condition deemed
relevant for the type of ship and the operation the ship is intended for.

To provide consistency of approach, standardised Rule values for parameters, such as GM, R,,;, T, and Cg are
applied to calculate the Rule load values.

The probability level of the dynamic global, local and impact loads (see Table 1) is 102 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 102
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.
e Dynamic pressure from cargo.

The load values are based on Rule parameters corresponding to the loading conditions, e.g. GM, Cg, 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.
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Operation Load type Design load scenario Acceptance criteria
Seagoing operations
Static and dynamic loads in heavy S+D AC-SD
weather
. Impact
Impact loads in heavy weather N AC-l
Transit Sioshi
oshin
Internal sloshing loads g AC-S
(SL)
Fatigue
Cyclic wave loads g -
(F)
BWE by flow
through pr Static and dynamic loads in heavy S+D AC-SD
sequential weather
methods
Harbour and sheltered operations
Loading, . . . .
unloading and Typ|cal_maX|mum Ioad_s durmglo_adlng, S AC-S
. unloading and ballasting operations
ballasting
Tank testing Typlpal maX|m_um loads during tank S AC-S
testing operations
. Typical maximum loads during special
Special ) )
. . operations in harbour, e.g. propeller
conditions in . . . S AC-S
inspection afloat or dry-docking
harbour . Y
loading conditions
Accidental condition
Flooded Typ|ca!ly maxmgm_loads on mte.rnal AC-SD
conditions watertight subdivision structure in A ACS
accidental flooded conditions )
Table 2 : Acceptance criteria - prescriptive requirements
Plate panels and local Primary supporting members .
Acce?pta.nce support members @ Hull girder members
criteria
Yield Buckling Yield Buckling Yield Buckling
Pterm|§5|ble Control of Allowable
Permissible Control of Sress. stiffness and Permissible buckling
AC-S stress: stiffness and | Ch 6, Sec6 proportions: stress: utilisation
ACSD | Ch6,Sec4 | proportions: gtes’fh L lchs sect he seeq | IO
Ch 6, Sec 5 Ch 8, Sec 2 Ch 8, Sec 2 ’ Ch 8, Sec 1,
Pt2,Ch2, Pillar buckli [3]
Sec 3 illar buckling
Control of Control of
Plastic stiffness and | Plastic stiffness and
criteria: proportions: criteria: proportions:
AC-l N/A N/A
Ch 10,Sec 1, |Ch 8, Sec 2 Ch 10,Sec 1, |Ch 8, Sec 2
[3] Ch 10, Sec 1, |[3] Ch 10, Sec 1,
(3] (3]
(1) Refer to Ch 10 for Other structures and to Ch 11 for Superstructure, deckhouses and hull outfitting
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Table 3 : Acceptance criteria - FE analysis

Acceptance Cargo hold analysis Fine mesh analysis
criteria Yield Buckling Yield
ACS Permissible stress: Allowable buckling Permissible Von Mises stress:
ACSD Ch 7. Sec 2, [5] ) utilisation factor: Ch 7, Sec 3, [6]
’ ’ Ch 8, Sec 1, [3] Screening criteria: Ch 7, Sec 3, [3.3]

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:
e Used for prescriptive requirements.
b) FE analysis:
* Coarse mesh for cargo hold model.
* Fine mesh for local models.

* Very fine mesh for fatigue assessment.

5.4 Acceptance criteria

5.4.1 General

The acceptance criteria are categorised into three acceptance criteria sets. These are explained below and
shown in Table 2 and Table 3. The specific acceptance criteria set that is applied in the rule requirements is
dependent on the probability level of the characteristic combined load.

The acceptance criteria set AC-S is applied for the static design load combinations, and for the sloshing design
loads. The allowable stress for such loads is lower than that for an extreme load to take into account effects of:

* Repeated yield.
¢ Allowance for some dynamics.
* 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-l 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.
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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.

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

111

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.

e Attends tests and trials provided for in the Rules.

* Assigns the classification character of the Society’s notation.

113

The Society defines in specific Rules 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.

114

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.
e 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.
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1.2 Shipsin service

121

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.
b) A description of the structural modelling.

c) A summary of the analysed parameter including properties and boundary conditions for direct analysis,
when applicable.

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

The responsibility for error free specification and input of program data and the subsequent correct transposal
of output resides with the designer.

Reference is made to Ch 7, Sec 1, [4.1] for required reporting of finite element analysis.

2.2 Submission of plans and supporting calculations

2.2.1 Plans and supporting calculations are to be submitted for approval

For the application of these Rules, the plans and supporting calculations to be submitted to the Society for
approval are listed in Table 1.

Plans are to be submitted electronically or physically. When physically submitted plans are to be submitted in
triplicate, with one copy necessary for supporting documents and calculations. In addition, the Society may
request the submission of information, other plans and documents deemed necessary for the review of the
design.

Structural plans are to show scantling, details of connection of the various parts and are to specify the design
materials including, in general, their grades, manufacturing processes, welding procedures and heat
treatments, and are to include information related to the renewal thickness as specified in Ch 13.

For welding requirements, see Ch 12, Sec 2 and Ch 12, Sec 3.

In case there are deviations from the design basis, then these are to be documented and submitted to the
Society.
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Table 1 : Plans and supporting calculation to be submitted for approval

Plan or supporting calculation

Containing also information on

Midship section
Transverse sections
Shell expansion
Decks and profiles
Double bottom
Pillar arrangements
Framing plan

Deep tank and ballast tank bulkheads,
Wash bulkheads

Standard construction details

Class characteristics

Ship’s main dimensions

Minimum ballast draught

Frame spacing

Maximum service speed

Density of cargoes

Design loads on decks and double bottom

Steel grades

Corrosion protection

Openings in decks and shell and relevant compensations
Boundaries of flat areas in bottom and sides

Details of structural reinforcements and/or discontinuities
Bilge keel with details of connections to hull structures
Welding

Watertight subdivision bulkheads
Watertight tunnels

Openings and their closing appliances, if any

Fore part structure

Aft part structure

Machinery space structures

Foundations of propulsion machinery and
boilers

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

Superstructures and deckhouses
Machinery space casing

Extension and mechanical properties of the aluminium alloy
used (where applicable)

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
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Plan or supporting calculation

Containing also information on

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

Plan of ventilation including ventilators and
tank vents

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

Plan of tank testing

Testing procedures for the various compartments
Height of pipes for testing

Equipment number calculation

Geometrical elements for calculation
List of equipment
Construction and breaking load of steel wires

Material, construction, breaking load and relevant elongation
of synthetic ropes

Anchoring arrangement

Hawse pipes

Loading manual and/or trim and stability
booklet

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

2.2.2 Plans to be submitted for information
In addition to those in [2.2.1], the following plans are to be submitted to the Society for information:
a) General arrangement.

b) Capacity plan, indicating the volume and position of the centre of gravity of all compartments and
tanks.

c) Lines plan, when deemed necessary by the Society.
d) Hydrostatic curves.

e) Lightweight distribution.
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f) Docking plan.

g) Arrangement of lifting appliances

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

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

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

One copy of the final approved loading manual, see [2.1.1].

)
c) One copy of the final approved loading instrument, see [2.1.1].
) 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.

f) Details and information on use of special materials, such as an aluminium alloy, used in the hull
construction.

g) Towing and mooring arrangements plan, see Ch 11, Sec 3.
h) Structural access manual.

i) Structural details for which post weld treatment methods are applied, showing the description of the
details and their locations.

Other plans or instrument may be required by the Society.

3 SCOPE OF APPROVAL

3.1 General

311

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.

3.12

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
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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

411

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

511

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, 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].
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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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SYMBOLS AND DEFINITIONS

1 PRIMARY SYMBOLS AND UNITS

1.1 General
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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 m2
A Sectional area of stiffeners and primary members cm?
Coefficient -
Force and concentrated loads kN
Hull girder inertia m#*
: Inertia of stiffeners and primary members cm*
M Bending moment kKNm
M Mass t
P Pressure kN/m?
Q Shear force kN
T Draught of ship, see [3.1.5] m
Hull girder section modulus m3
g Section modulus of stiffeners and primary supporting members cm?3
a; Acceleration for the effect ‘i’ m/s?
Width of attached plating mm
0 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
/ Length/span of stiffeners and primary supporting members m
n Number of items -
Radius mm
' Radius of curvature of plating or bilge radius mm
t Thickness mm
X X coordinate along longitudinal axis, see [3.6] m
y Y coordinate along transverse axis, see [3.6] m
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Symbol Meaning Units
z Z coordinate along vertical axis, see [3.6] m
n Permissible utilisation factor (usage factor) -
Y Safety factor -
) Deflection/displacement mm
0 Angle deg
P Density of seawater, taken equal to 1.025 t/m?3 t/m3
o Normal stress N/mm?2
T Shear stress N/mm?

2 SYMBOLS

2.1 Ship’s main data

211

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
L Rule length m
L, Freeboard length m
Lpp Length between perpendiculars m
Lo Rule length, L, but not to be taken less than 110 m m
L, Rule length, L, but need not be taken greater than 250 m m
L, Rule length, L, but need not be taken greater than 300 m m
B Moulded breadth of ship m
Moulded depth of ship m
T Moulded draught m
Tsc Scantling draught m
Tear Ballast draught (minimum midship) m
Teain Heavy ballast draught m
TeaLe Emergency ballast draught or gale ballast draught m
Tic Midship draught at considered loading condition m
Minimum draught at forward perpendicular for bottom slamming, with
Ten Tre respectively all ballast tanks full or with any tank empty in bottom m
slamming area
A Moulded displacement at draught Tg t
Cs Block coefficient at draught Tg, -
vV Maximum service speed knot
XY,z XY, Z-coordinates of the calculation point with respect to the reference m
coordinate system
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221
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
2(1+v)
Roy Specified minimum yield stress, see Ch 3, Sec 1, [2] N/mm?
Specified shear yield stress,
TeH 1., = Rey N/mm?2
J3
Poisson’s ratio, see Ch 3, Sec 1, [2] -
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?2
2.3 Loads
231
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 -
To Roll period S
0 Roll angle deg
To Pitch period S
(0] Pitch angle deg
a, Common acceleration parameter -
a, Vertical acceleration m/s?
a, Transverse acceleration m/s?
a, Longitudinal acceleration m/s?
T, 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 -
Py Total sea pressure, see Ch 4, Sec 5, [1.1] kN/m?
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Symbol Meaning Units
P, Total internal pressure due to liquid, see Ch 4, Sec 6, [1], or due to dry KN/m?
bulk cargo, see Ch 4, Sec 6, [2.4.1]
P, Static sea pressure kN/m?
Py Static tank pressure kN/m?
P, Dynamic wave pressure kN/m?
Py Dynamic tank pressure kN/m?
Py Green sea deck pressure kN/m?2
Pgin Sloshing pressure, j=direction kN/m?2
P, Total pressure due to distributed load on deck or platform, see Ch 4, Sec KN/m?
5,[2.3]or Ch 4, Sec 6, [5.2]
Pg, Bottom slamming pressure kN/m?
Peg Bow impact pressure kN/m?2
P Static pressure in flooded conditions kN/m?2
Pz Dynamic pressure in flooded conditions kN/m?
Pyr Tank testing pressure (static) kN/m?
F, Total force due to concentrated load on deck or platform, see Ch 4, Sec KN
5, [2.3] or Ch 4, Sec 6, [5.3]
My Vertical still water bending moment, j = h, s, p (hog, sag, harbour) kKNm
Qsw Vertical still water shear force kN
M,.; Vertical wave bending moment, j = h, s (hog, sag) KNm
Quy Vertical wave shear force kN
M, Torsional wave moment KNm
M, Horizontal wave bending moment KNm

2.4 Scantlings

241
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
ly.ns0 Net vertical moment of inertia of hull girder m*
l,.ns0 Net horizontal moment of inertia of hull girder m*
Zpn50y Zenso Net vertical hull girder section moduli, at deck and bottom respectively m3
z, 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
Ly Bracket arm length m
01 JAN 2019 COMMON STRUCTURAL RULES




IACS

Symbol Meaning Units
t Net thickness with full corrosion reduction mm
ths0 Net thickness with half corrosion reduction mm
[ Corrosion addition mm
ty Gross thickness mm
tas_buit As built thickness mm
tar off Gross thickness offered mm
tar req Gross thickness required mm
ot Net thickness offered mm
treq Net thickness required mm
Lol add Thickness for voluntary addition mm
tres Reserve thickness mm
tors teo Corrosion addition on each side of structural member mm
h, Web height of stiffener or primary supporting member mm
t, Web thickness of stiffener or primary supporting member mm
b; Face plate width stiffener or primary supporting member mm
hg Height of stiffener mm
t; Face plate/flange thickness of stiffener or primary supporting member mm
t Thickness of the plating attached to a stiffener or a primary supporting mm

P member
d, Distgnce from the upper edge of the web to the top of the flange for L3 mm

profiles
Desr Effective breadth of attached plating, in bending, for yield and fatigue mm
Agyr OF Auyrrso Net sectionaliarea of §tiffeners or primary supporting members, with om?
attached plating (of width s)

Ashr OF Aghrnso Net shear sectional area of stiffeners or primary supporting members cm?
Iy Net polar moment of inertia of stiffener about its connection to plating cm?
| _Net moment pf inertia of the stiffgner, with attached shell plating, about om?

its neutral axis parallel to the plating
ZorZe, Net section mpdulus of a stiffener or primary supporting member with om?
attached plating (of breadth b.4)
3 DEFINITIONS

3.1 Principal Particulars

3.1.1 L, Rule length

The Rule length L is the distance, in m, measured on the waterline at the scantling draught Ty, from the
forward side of the stem to the centre of the rudder stock. L is to be not less than 96% and need not exceed
97% of the extreme length on the waterline at the scantling draught T.

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 T.

In ships with unusual stem or stern arrangements, the Rule length is considered on a case-by-case basis.
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3.1.2 [, 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 L, 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 Figure 1.

Figure 1 : Concave stem contour

0.85D
Forward terminal of 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,
TSC-

3.1.4 Moulded depth

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 Tg. 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.

Tga. is the minimum design normal ballast draught amidships, in m, at which the strength requirements for the
scantlings of the ship are met. This normal ballast draught is the minimum draught of ballast conditions
including ballast water exchange operation, if any, for any ballast conditions in the loading manual including
both departure and arrival conditions.

Tgarn is the minimum design heavy ballast draught, in m, at which the strength requirements for the scantlings
of the ship are met. This heavy ballast draught is to be considered for ships having heavy ballast condition.

3.1.6 Moulded displacement

Moulded displacement, in t, corresponds to the underwater volume of the ship, at a draught, in seawater with
a density of 1.025 t/m3.
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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

Cg, the block coefficient at the draught, Tg. is defined in the following equation:

A
Cg= ————
1.025 L B T
where:
A : Moulded displacement of the ship at draught Tg.

3.1.9 Lightweight

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

3.1.10 Deadweight

The deadweight DWT is the difference, in t, between the displacement, at the summer draught in seawater of
density p = 1.025 t/m?, and the lightweight.

3.1.11 Foreend

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

Figure 2 : Ends and midship

AE Midship FE
|
e
Y

L/2 L/2

A

3.1.12 Aftend

The aft end (AE) of the rule length L, see Figure 2, is the perpendicular to the scantling draught waterline at a
distance L aft of the fore end.

3.1.13 Midship

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

3.1.14 Midship part

The midship part of a ship is the part extending 0.4 L amidships, unless otherwise specified.
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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:
e Exposed freeboard and raised quarter decks.

* Exposed superstructure decks situated forward of 0.25 L, from FP,,.

3.2.2 Position 2
Position 2 includes:

* Exposed superstructure decks situated aft of 0.25 L;, from FP,, and located at least one standard
height of superstructure above the freeboard deck.

* Exposed superstructure decks situated forward of 0.25 L;;, from FP;; and located at least two standard
heights of superstructure above the freeboard deck.

3.3 Standard height of superstructure

331
The standard height of superstructure is defined in Table 6.

Table 6 : Standard height of superstructure

Standard height hg, in m
Freeboard length L, in m

Raised quarter deck All other superstructures
90< L, £125 0.3+0.0121L;; 1.05+0.01L;,;

L, >125 1.80 2.30

3.3.2

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

3.4 Type A and Type B freeboard ships

3.4.1 Type A ship
Type A ship is one which:
* Is designed to carry only liquid cargoes in bulk.

* Has a high integrity of the exposed deck with only small access openings to cargo compartments,
closed by watertight gasketed covers of steel or equivalent material.

* Has low permeability of loaded cargo compartments.

Type A ship is to be assigned a freeboard following the requirements specified in the ICLL.
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3.4.2 Type B ship

All ships which do not come within the provisions regarding Type A ships stated in [3.4.1] are to be considered
as Type B ships.

Type B ship is to be assigned a freeboard following the requirements specified in ICLL.

3.4.3 Type B-60 ship

Type B-60 ship is any Type B ship of over 100 m in length which, according to applicable requirements of ICLL
is assigned with a value of tabular freeboard which can be reduced up to 60% of the difference between the
‘B’ and ‘A’ tabular values for the appropriate ship lengths.

3.4.4 Type B-100 ship

Type B-100 ship is any Type B ship of over 100 m in length which, according to applicable requirements of ICLL
is assigned with a value of tabular freeboard which can be reduced up to 100% of the difference between the
‘B’ and ‘A’ tabular values for the appropriate ship lengths.

3.5 Operation definition

3.5.1 Multiport

Multiport corresponds to short voyage with loading and unloading in multiple ports.

3.5.2 Sheltered water

Sheltered waters are generally calm stretches of water when the wind force does not exceed 6 Beaufort scale,
i.e. harbours, estuaries, roadsteads, bays, lagoons.

3.6 Reference coordinate system

3.6.1

The ship’s geometry, motions, accelerations and loads are defined with respect to the following right-hand
coordinate system, see Figure 3:

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

X axis :Longitudinal axis, positive forwards.
Y axis : Transverse axis, positive towards portside.

Z axis : Vertical axis, positive upwards.

Figure 3 : Reference coordinate system
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3.7 Naming convention

3.7.1 Structural nomenclature

Figure 4 to Figure 8 show the common structural nomenclature used within these Rules.

Figure 4 : Corrugated transverse bulkhead of double hull tanker
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Figure 5 : Transverse bulkhead of double hull tanker
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Figure 6 : Mid cargo hold transverse section of double hull tanker
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Figure 7 : Mid cargo hold transverse section of single side bulk carrier
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Figure 8 : Transverse bulkhead of bulk carrier
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3.8 Glossary

3.8.1 Definitions of terms

Section without diaphragm

Vooe—e—l N ]

Section with diaphragm

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.

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 ship in position; it is designed to grip the bottom when it is

Anchor dragged by the ship trying to float away under the influence of wind and current,
usually made of heavy casting or casting.

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

Bay The area between adjacent transverse frames or transverse bulkheads.

Bilge hopper tank

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

Bilge keel

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

Definition

Bilge plating

The bilge plating is the curved plating between the bottom shell and side shell. It
is to be taken as follows:
Within the cylindrical part of the ship: From the start of the curvature at the
lower turn of bilge on the bottom to the end of the curvature at the upper turn of
the bilge,
Outside the cylindrical part of the ship: From the start of the curvature at the
lower turn of the bilge on the bottom to the lesser of:

* Apointon 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.

An extra structural component used to increase the strength of a joint between

Bracket two structural members.
Bracket toe The narrow end of a tapered bracket.

Inclined and stiffened plate structure on a weather deck to break and deflect
Breakwater

the flow of water coming over the bow.

Breast hook

Atriangular plate bracket joining port and starboard side structural members at
the stem.

Bridge

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

Buckling panel

Elementary plate panel considered for the buckling analysis.

The party contracted by the owner to build a ship in compliance with the

Builder specifications including Rules.
) A stiffener utilising an increase in steel mass on the outer end of the web
Bulb profile .
instead of a separate flange.
Bulkhead A structural partition wall sub-dividing the interior of the ship into

compartments.

Bulkhead deck

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

Bulkhead stool

The lower or upper base of a corrugated bulkhead.

Bulkhead structure

The transverse or longitudinal bulkhead plating with stiffeners and girders.

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

Bulwark surrounding the exposed deck(s).

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

Cable A rope or chain attached to the anchor.

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

the ship.

Cargo hold region

See Ch 1, Sec 1, [2.4.3].

Cargo hold

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

Cargo tank

Tank carrying cargoes

Cargo tank bulkhead

A boundary bulkhead separating cargo tanks.
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Terms Definition
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.

Connected metal rings or links used for holding anchor, fastening timber

Chain cargoes, etc.
. A compartment usually at the forward end of a ship which is used to store the
Chain locker .
anchor chain.
. A section of pipe through which the anchor chain enters or leaves the chain
Chain pipe

locker.

Chain stopper

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

Coaming The vertical boundary structure of a hatch or skylight.
Cofferdams See Ch 2, Sec 3, [1].
Collar plate A patch used to, partly or completely, close a hole cut for a longitudinal stiffener

passing through a transverse web.

Collision bulkhead

The foremost main transverse watertight bulkhead.

Companionway

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

Compartment

An internal space bounded by bulkheads or plating.

Confined space

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

Corrugated bulkhead

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

Corrugation Plating arranged in a corrugated fashion.

Cross deck The area between cargo hatches.
Large transverse structural members joining longitudinal bulkheads or joining a

Cross ties longitudinal bulkhead with double side structures and used to support them
against hydrostatic and hydrodynamic loads.

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

Deckhouse See Ch 1, Sec 1, [2.4.6].

Deck structure

The deck plating with stiffeners, girders and supporting pillars.

Deck transverse Transverse PSM at the deck.
Any tank which extends between two decks or the shell/inner bottom and the
Deep tank .
deck above or higher.
A party who creates documentation submitted to the Society necessary for
Designer approval or for information. The designer can be the builder or a party
contracted by the builder or owner to create this documentation.
Discharges Any piping leading through the ship’s sides for conveying bilge water, circulating

water, drains etc.

Docking bracket

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

Definition

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

EPP members, such as stiffeners, PSM, bulkheads, etc.
The section of a stiffening member attached to the plate via a web and is
Face plate
usually parallel to the plated surface.
The section of a stiffening member, typically attached to the web, but is
Flange sometimes formed by bending the web over. It is usually parallel to the plated
surface.
Flat bar A stiffener comprised only of a web.
Floor A bottom transverse member.
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.

An opening in the bulwarks to allow water shipped on deck to run freely

Freeing port overboard.
Gangwa The raised walkway between superstructure, such as between the forecastle
y and bridge, or between the bridge and poop.
Girder A collective term for primary supporting structural members.
A block with a hole in the centre to receive the pintle of a rudder; located on the
Gudgeon . .
stern post, it supports and allows the rudder to swing.
Gunwale The upper edge of the ship’s sides.
Gusset A plate, usually fitted to distribute forces at a strength connection between two

structural members.

Hatch cover

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

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

Hatchways compartment below.

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

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

Hopper plating

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

HP

Bulb profile in accordance with the Holland profile standard.
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Terms Definition
IACS International Association of Classification Societies
ICLL IMO International Convention on Load Lines, 1966, as amended.
IMO International Maritime Organisation
Independent tank A self supporting tank.
Inner hull The innermost plating forming a second layer to the hull of the ship.
Intercostal Non-continuous member between stiffeners or PSM.
JIS Japanese industrial standard.
The main structural member or backbone of a ship running longitudinally along
Keel the centreline of the bottom. Usually a flat plate stiffened by a vertical plate on
its centreline inside the shell.
. Keel line is the line parallel to the slope of the keel intersecting the top of the
Keel line . .
keel at amidships.
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 longjtudinal
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.
Marsin plate The outboard strake of the inner bottom and when turned down at the bilge the
gin p margin plate (or girder) forms the outer boundary of the double bottom.
MARPOL IMO International Convention for the Prevention of Pollution from Ships, 1973
and Protocol of 1978, as amended.
. Middle hold(s) of the three cargo hold length FE model as defined in Pt 1, Ch 7,
Mid-hold
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
owner operation of the ship and who on assuming such responsibilities has agreed to
take over all the duties and responsibilities on delivery of the ship from the
builder with valid certificates prepared for the owner.
. A vertical support placed between decks where the deck is unsupported by the
Pillar
shell or bulkhead.
The void space running in the midships fore and aft lines between the inner
Pipe tunnel bottom and shell plating forming a protective space for bilge, ballast and other
lines extending from the engine room to the tanks.
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Terms Definition
Plate panel Unstiffened plate surrounded and supported by structural members, such as
P stiffeners, PSM, bulkheads, etc. See also EPP.
. Sheet of steel supported by stiffeners, primary supporting members or
Plating
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.

Primary supporting
members
PSM

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

Propeller post

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

Rudder post

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

Scallop A hole cut into a stiffening member to allow continuous welding of a plate seam.
Scarfing bracket A bracket used between two offset structural items.

Scantlings The physical dimensions of a structural item.

Scupper Any opening for carrying off water from a deck, either directly or through piping.
Scuttle A small opening in a deck or elsewhere, usually fitted with a cover or lid or a

door for access to a compartment.

Shedder plates

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

Sheer strake

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

Shelf plate

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

Shell envelope plating

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

Side frame

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

Side shell

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

Single skin member

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

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

Skylight ventilator for engine room, quarters, etc.

A tank in an oil tanker which is used to collect the oil and water mixtures from
Slop tank ]

cargo tanks after tank washing.
SOLAS IMO International Convention for the Safety of Life at Sea, 1974 as amended.
Spaces Separate compartments including tanks.
Stay Bulwark and hatch coaming brackets.
Stern The after end of the vessel.

Stern frame

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

A tube through which the shaft passes to the propeller; and acts as an after

Stern tube bearing for the shafting. It may be water or oil lubricated.
Stiffener A collective term for secondary supporting structural members.
Stool A structure supporting tank bulkheads.

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

Definition

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
Generic term for spaces intended to carry liquid, such as, seawater, fresh water,
Tank I
oil, liquid cargoes, FO, DO, etc.
Tank top The horizontal plating forming the bottom of a cargo tank.

Towing pennant

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

Topside tank

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

Transom

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

Transverse ring

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

Transverse web frame

The primary transverse girders which join the ships longitudinal structure.

Tripping bracket

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

Trunk A decked structure similar to a deckhouse, but not provided with a lower deck.
. An abbreviation of between decks, placed between the upper deck and the tank
Tween deck .

top in the cargo tanks.
Ullage The quantity represented by the unoccupied space in a tank.
Void An enclosed empty space in a ship.

Wash bulkhead

A perforated or partial bulkhead in a tank.

Watertight means capable of preventing the passage of water through the

Watertight 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 Wgathertlght 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

111

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.

113

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.

114

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

121

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.
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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,

e 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%.

The loading manual is to be prepared in a language understood by the users. If this language is not English, a
translation into English is to be included.
2.1.3 Loading conditions

The loading manual is to include the design (cargo and ballast) loading conditions, subdivided into departure
and arrival conditions as appropriate, upon which the approval of the hull scantlings is based, as defined in
Ch 4, Sec 8.

The loading conditions common to both oil tankers and bulk carriers are listed in Ch 4, Sec 8, [2].

2.1.4 Operational limitations
The loading manual is to describe relevant operational limitations:
e Scantling draught,
e 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,
e Maximum cargo density in any loading condition in the Loading Manual,
e Maximum service speed,
* Envelope results and permissible limits of still water bending moments and shear forces.

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

2.2 Requirements specific to oil tankers

221
The loading manual is to contain the loading conditions described in Ch 4, Sec 8, [3].

This requirement applies in addition to [2.1].
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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].

2.3.2

The loading manual is to describe:

2.3.3

Envelope results and permissible limits of still water bending moments and shear forces in the flooded
conditions 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 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. Figure 1 contains, as guidance only, an example of a Loading Sequence
Summary Form.
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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 Rules of the individual Society. The approval is to
include:

* Verification of type approval, if any,

* Verification that the final data of the ship has been used,
e 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
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,
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¢ 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 150 m in length and above.

41.2

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.

413

Typical loading and unloading sequences are to be prepared and submitted for approval by the builder.

4.1.4
The typical loading sequences as relevant are to include:
* Alternate light and heavy cargo load condition,
* Homogeneous light and heavy cargo load condition,
* Short voyage condition where the ship is loaded to maximum draught but with limited bunkers,
e 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.

417

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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SECTION 1
GENERAL

1 GENERAL
1.1 General
111

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

111

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.

113
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.

114

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 Number of bulkheads for ships with aft
inm machinery ®
90<L <105 4
105<L <120 5
120<L <145 6
145 <L <150 7
1) Aft peak bulkhead and aft machinery bulkhead are the same.

115

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

121

The number of openings in watertight bulkheads is to be kept a minimum, where penetrations of watertight
bulkheads and internal decks are necessary for access, piping, ventilation, electrical cables. Arrangements
are to be made to maintain the watertight integrity.

1.2.2

The tightness, operability and indication of the doors in watertight bulkheads are to be in accordance with
Ch II-1, Reg 13-1 of SOLAS Convention, as amended.

2  COLLISION BULKHEAD

2.1 Extent and position of collision bulkhead

211

A collision bulkhead is to be fitted on all ships and is to extend to the freeboard deck. It is to be located
between 0.05 L;, or 10 m, whichever is less, and except as may be permitted by the Administration, 0.08 L, or
0.05 L;; + 3 m, whichever is the greater, aft of the reference point, where the reference point is as defined in
[2.1.2].

21.2

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 L;, is measured. For ships with bulbous bows, it is to be
measured from the forward end of L,, 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,.

c) 3.0m.

2.2 Arrangement of collision bulkhead

221

In general, the collision bulkhead is to be in one plane; however, the bulkhead may have steps or recesses
provided that they are within the limits prescribed in [2.1.1] and [2.1.2].

2.2.2

Doors, manholes, permanent access openings or ventilation ducts are not to be cut in the collision bulkhead
below the freeboard deck. Where the collision bulkhead is extended above the freeboard deck, the number of
openings in the extension is to be kept to a minimum compatible with the design and proper working of the
ship. Reference is made to Ch 1, Sec 2, [2.1].
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3  AFT PEAK BULKHEAD

3.1 General

311

An aft peak bulkhead, enclosing the stern tube and rudder trunk in a watertight compartment, is to be
provided. Where the shafting arrangements make enclosure of the stern tube in a watertight compartment
impractical, alternative arrangements are specially considered.

3.1.2

The aft peak bulkhead may be stepped below the bulkhead deck, provided that the degree of safety of the ship
as regards subdivision is not thereby diminished.

3.1.3

The aft peak bulkhead location on ships powered and/or controlled by equipment that do not require the
fitting of a stern tube and/or rudder trunk are also subject to special consideration.

3.14

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

111
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

1.21
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.

123

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].
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2 DOUBLE BOTTOM

2.1 General

211

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 II-1, Reg 9.

2.2 Extent of double bottom

221

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.

2.3 Height of double bottom

2.3.1
Unless otherwise specified, the height of the double bottom is not to be less than the lesser of:

* For oil tankers: B/15 or 2 m, however not less than 1.0 m measured at right angles to the shell plating
at any cross section.

e 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.

[RCN1 to 01 JAN 2018]

2.4 Small wells in double bottom tank

241

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
20000

Wy, = 0.5+ but not less than 1.0

01 JAN 2019 COMMON STRUCTURAL RULES



IACS

W, = 2.0

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

411

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

511

Fuel oil tanks are to be arranged in accordance with the requirements in SOLAS Ch 1I-2, Reg 4.2 and MARPOL,
Annex |, Ch 3, Reg 12A.

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.
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7  BALLAST TANKS

7.1 Capacity and disposition of ballast tanks

71.1

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:

* Foroil tankers, Ch 4, Sec 8, [3.1].

* In addition, for oil tankers, the moulded draught amidships, T, excluding any hogging or sagging
correction, is not to be less than:

Thia=2.0+0.02L,inm.

e For bulk carriers, Ch 4, Sec 8, [4.1].
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SECTION 4
ACCESS ARRANGEMENT

1 CLOSED SPACES

1.1 General

111

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:

¢ Qil 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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SECTION 1
MATERIALS

1 GENERAL

1.1 Standard of material

111

Materials used during construction are to comply with the Rules for Materials of the Society.

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

121

Materials are to be tested in compliance with the applicable requirements of Rules for Materials of the Society.

1.3 Manufacturing process

131

The requirements of this section presume that welding and other cold or hot manufacturing processes are
carried out in compliance with current sound working practice defined in the Rules and/or documents of the
individual Society which incorporate IACS UR W and the applicable requirements of Rules for Materials of the
Society.

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.

e 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.
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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.

Table 1 : Mechanical properties of hull steels

Steel grades for plates R.y, specified minimum R,,, specified tensile

with t,_puir < 100 mm yield stress, in N/mm? strength, in N/mm?
A-B-D-E 235 400 - 520
AH32-DH32-EH32-FH32 315 440 - 570
AH36-DH36-EH36-FH36 355 490 - 630
AH40-DH40-EH40-FH40 390 510 - 660

213

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,,, 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

221

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 Rgpy.

For intermediate values of R, 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

R, specified minimum yield K
stress, in N/mm?
235 1.00
315 0.78
355 0.72
390 0.68
01 JAN 2019 COMMON STRUCTURAL RULES
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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 7. 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 7.

Table 3 : Material classes and grades

Structural member category

Material class/grade

Al. Longitudinal bulkhead strakes, other than those belonging

>
& | to the Primary categor
S y category |- Class I within 0.4 L amidships
S | A2. Deck plating exposed to weather, other than that belonging Grade A/AH outside 0.4 L idshi
§ to the Primary or Special category - Grade A/AH outside 0. amidships
A3. Side plating
B1. Bottom plating, including keel plate
B2. Strength deck plating, excluding that belonging to the
- Special category
g B3. Continuous longitudinal plating of strength members above | - Class Il within 0.4 L amidships
= strength deck, excluding hatch coamings - Grade A/AH outside 0.4 L amidships
B4. Uppermost strake in longitudinal bulkhead
B5. Vertical strake (hatch side girder) and uppermost sloped
strake in topside tank
C1. Sheer strake at strength deck® Class Ill within 0.4 L amidships
C2. Stringer plate in strength deck @ - Class Il outside O 4 L amidships
C3. Deck strake at longitudinal bulkhead, excluding deck - Class | outside 0 6 L amidships
plating in way of inner-skin bulkhead of double-hull ships @ '
- Class Il within 0.4 L amidships
C4. Strength deck plating at outboard corners of cargo hatch - Class Il outside 0.4 L amidships
openings for ships with hatch opening configurations similar to Class | outside 0 6 L amidships
those of container carriers ) )
- Min. Class Ill within cargo hold region
- Class Il within 0.6 L amidships
-g C5. Strength deck plating at corners of cargo hatch openings | - Class Il within rest of cargo hold
;)5. region

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

- Class Il within 0.6 L amidships
- Class | outside 0.6 L amidships

C7. Bilge strake in other ships @

- Class Il within 0.4 L amidships
- Class Il outside 0.4 L amidships
- Class | outside 0.6 L amidships

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

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

- Class Il within 0.4 L amidships
- Class Il outside 0.4 L amidships
- Class | outside 0.6 L amidships
- Not to be less than Grade D/DH

1)

Single strakes required to be of class Ill within 0.4L amidships are to have breadths not less than 800+5L, in mm, need not be

greater than 1800 mm, unless limited by the geometry of the ship’s design.
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Table 4 : Minimum material grades for ships with length exceeding 150 m

Structural member category

Material grade

Longitudinal plating of strength deck where contributing to the
longitudinal strength

Grade B/AH within 0.4 L amidships

Continuous longitudinal plating of strength members above
strength deck

Grade B/AH within 0.4 L amidships

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

Grade B/AH within cargo hold region

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 0.4 L amidships

Stringer plate in strength deck

Grade E/EH within 0.4 L amidships

Bilge strake

Grade D/DH within 0.4 L amidships

(1) Single strakes required to be of Grade E/EH and within 0.4 L amidships are to have breadths not less than 800+5 L (mm), need

not be greater than 1800 (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 0.125¢ above and below the intersection of side Grade D/DH
shell and bilge hopper 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, Figure 2).

Table 7 : Material grade requirements for classes I, Il and 11l

Class | 1l 1l
As-built
_ o MS HT MS HT MS HT
thickness, in mm
t<15 A AH A AH A AH
15<t<20 A AH A AH B AH
20<t<25 A AH B AH D DH
25<t<30 A AH D DH D DH
30<t<35 B AH D DH E EH
35<t<40 B AH D DH E EH
40<t<50 D DH E EH E EH
2.3.2
For strength members not mentioned in Table 3 to Table 6, 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 Il.
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2.4 Structures exposed to low air temperature

241

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 Rules for

Materials of the Society. These steels are to be designated on the approved plan by the required steel strength
grade followed by the letter Z (e.g. EH362).

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

311

Mechanical and chemical properties of steels for forging and casting to be used for structural members are to
comply with the applicable requirements of the Rules for Materials of the Society.

3.1.2

Steels of structural members intended to be welded are to have mechanical and chemical properties deemed
appropriate for this purpose by the Society on a case-by-case basis.

3.1.3

The steels used are to be tested in accordance with the applicable requirements of the Rules for Materials of
the Society.

3.2 Steels for forging

3.21
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 the Rules for Materials of the Society,
relevant to the quality and testing of rolled parts accepted in lieu of forged parts, may be required.
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3.3 Steels for casting

331

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 the
Society’s Rules for Materials.

3.3.2

The welding of cast parts to main plating contributing to hull strength members is considered by the Society on
a case-by-case basis.

The Society may require additional properties and tests for such casting, in particular impact properties which
are appropriate to those of the steel plating on which the cast parts are to be welded and non-destructive
examinations.

4 ALUMINIUM ALLOYS

4.1 General
41.1

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
fabrication is to be submitted for approval.

Material requirements and scantlings are to comply with the Rules for Materials of the Society. 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.

4.1.4

Details of the proposed method of joining any aluminium and steel structures are to be submitted for approval.

4.2 Extruded plating

421

Extrusions with built-in plating and stiffeners, referred to as extruded plating, may be used.

4.2.2

In general, the application of extruded plating is limited to decks, bulkheads, superstructures and deckhouses.
Other uses may be permitted by the Society on a case-by-case basis.

4.23

Extruded plating is to be oriented so that the stiffeners are parallel to the direction of main stresses.

4.2.4

Connections between extruded plating and primary members are to be given special attention.
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4.3 Mechanical properties of weld joints

43.1

Welding heat input lowers locally the mechanical strength of aluminium alloys hardened by work hardening
(series 5000 other than condition O or H111) or by heat treatment (series 6000).

4.3.2

The as-welded properties of aluminium alloys of series 5000 are in general those of condition O or H111.
Higher mechanical characteristics may be considered, provided they are duly justified.

4.3.3

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

4.4 Material factor, k

44.1

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

’

R’im : Minimum guaranteed yield stress of the parent metal in welded condition R, ,, in N/mm?, 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?Z.

R’y :Minimum guaranteed yield stress, in N/mm?, of material in welded condition.

R’p0.2 = N4Rpo2

R, : Minimum guaranteed tensile strength, in N/mm?2, of material in welded condition.
Rm = nZRm
Ryoo  : Minimum guaranteed yield stress, in N/mm?, of the parent metal in delivery condition.
R, : Minimum guaranteed tensile strength, in N/mm?2, of the parent metal in delivery condition.

n4, M, : Specified in Table 8.

Table 8 : Aluminium alloys - Coefficients for welded construction

Aluminium alloy N1 N2
Alloys without work-hardening treatment (series 5000 in
annealed condition O or annealed flattened condition 1 1
H111)

Alloys hardened by work hardening (series 5000 other

than condition O or H111) Rvo2/ Ryoz Rim/ R
Alloys hardened by heat treatment (series 6000) @ R’p0.2/ Rpo.2 0.6
1) When no information is available, coefficient ; is to be taken equal to the metallurgical efficiency coefficient
as defined in Table 9.
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Table 9 : Aluminium alloys - Metallurgical efficiency coefficient 3

Aluminium alloy Temper condition As-built thickness, in B

mm

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

t>6 0.40
6005A (Closed sections) T5 or T6 All 0.50
6061 (Sections) T6 All 0.53
6082 (Sections) T6 All 0.45

4.4.2

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

4.5 Others

4.5.1

Aluminium fittings in tanks used for the carriage of oil, and in cofferdams and pump rooms are to be avoided.
Where fitted, aluminium fittings, units and supports, in tanks used for the carriage of oil, cofferdams and
pump rooms are to satisfy the requirements of Pt 2, Ch 2, Sec 2, [1.2] for aluminium anodes.

4.5.2

The underside of heavy portable aluminium structures such as gangways, is to be protected by means of a
hard plastic or wood cover, or other approved means, in order to avoid the creation of smears. Such protection
is to be permanently and securely attached to the structures.

5 OTHER MATERIALS AND PRODUCTS

5.1 General

511

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 the Rules for Materials of the Society.

5.1.2

The use of plastics or other special materials not covered by these Rules is to be considered by the Society on
a case-by-case basis. In such cases, the requirements for the acceptance of the materials concerned are to be
agreed by the Society.

5.2 Iron cast parts

5.2.1

As a rule, the use of grey iron, malleable iron or spheroidal graphite iron cast parts with combined
ferritic/perlitic structure is allowed only to manufacture low stressed elements of secondary importance.

5.2.2

Ordinary iron cast parts may not be used for windows or sidescuttles; the use of high grade iron cast parts of a
suitable type is to be considered by the Society on a case-by-case basis.
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SECTION 2
NET SCANTLING APPROACH

SYMBOLS

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

t : Net thickness in mm.

[ : Corrosion addition in mm.

ty : Gross thickness in mm.

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

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

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

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

t; : 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 Figure 3.
d; : Distance in mm, for the extension of flange for L2 profiles, see Figure 3.

ts pur - As-built thickness, in mm, taken as the actual thickness provided at the newbuilding stage.
ty o - Gross offered thickness, in mm, as defined in [1.2.2].

g roq - Gross required thickness, in mm, as defined in [1.2.1].

ot : Net offered thickness, in mm, as defined in [1.2.3].

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

treq : Net required thickness, in mm, as required in [1.3.1].

o ads - 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 t..

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

t.1, t.o : Corrosion addition on one side of the considered structural member, in mm, as defined in
Ch 3, Sec 3, Table 1.

1 GENERAL

1.1 Application

1.1.1 Net thickness approach

The net thickness, t, of a structural element is required for structural strength in compliance with the design
basis. The corrosion addition, t,, for a structural element is derived independently from the net scantling
requirements as shown in Figure 1. This approach clearly separates the net thickness from the thickness
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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

Iltems 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:

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

* Scantlings of massive pieces made of steel forgings and steel castings.

Figure 1 : Net scantling approach scheme

/ A A tvo/,add A tvol,add /
A A A A
‘ tdm

/
\

Roundup, g (t,; + t.,)

>

t

as_built tgr,off tgr,req

t

res

req

1.2 Gross and net scantling definitions

1.2.1 Gross required thickness

The gross required thickness, ty, ., is the thickness obtained by adding the corrosion addition as defined in
Ch 3, Sec 3 to the net required thickness, as follows:

tgr_req = treq + tc

1.2.2 Gross offered thickness

The gross offered thickness, ty . 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:

tgr_off = tas_built_ tvo!_add

1.2.3 Net offered thickness

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

Lorr = tgr?off_ te = tas_buit = tvor_ada — te
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1.3 Scantling compliance

131
The net required thickness, t,.,, is obtained by rounding the net thickness calculated according to the Rules to
the nearest half millimetre. For example:

e For10.75<t<11.25 mm, the Rule required net thickness is 11.0 mm.
e For11.25<t<11.75 mm, the Rule required net thickness is 11.5 mm.

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

* The net offered thickness of plating is to be equal to or greater than the net required thickness of
plating.

* The required net section modulus, moment of inertia and shear area properties of local supporting
members are to be calculated using the net thickness of the attached plate, web and flange. The net
sectional dimensions of local supporting members are defined in Figure 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 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.

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

Table 1 : Assessment for corrosion applied to the gross scantlings

Structural requirement Property/analysis type Applied corrosion addition
Minimum thickness
i t
(all members including PSM) Thickness ¢
Local strength (plates, stiffeners, | Thickness/sectional properties t.
and hold frames) Stiffness / proportions / Buckling capacity t,
Pri ] o Sectional properties 0.5¢,
rimary supporting members - -
(prescriptive) Stiffness/proportions of web and flange .
Buckling capacity
Cargo tank/cargo hold 0.5t
Buckling capacity t.
Strength assessment by FEM -
Local fine mesh 0.5t
Specified fine mesh areas 0.5t
. Sectional properties 0.5¢,
Hull girder strength - -
Buckling capacity t.
Hull girder ultimate strength Sectional properties 0.5¢,
Hull girder residual strength Buckling/collapse capacity 0.5t
Fatigue assessment Hull girder section properties 05t
(simplified stress analysis) Local support member e
Fatigue assessment Coarse mesh FE model 0.5t
(FE Stress analysis) Very fine mesh portion e
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Figure 3 : Net sectional properties of local supporting members (continued)
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SECTION 3
CORROSION ADDITIONS

SYMBOLS

t. : Corrosion addition, in mm.
t.1, t.o : 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

111

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

121
The corrosion addition for each of the two sides of a structural member, t.; or t.,, is specified in Table 1.

The total corrosion addition, t,, in mm, for both sides of the structural member is obtained by the following
formula:

tc = ROUndUpO‘5 (tcl + tcz) + tres

For an internal member within a given compartment, the total corrosion addition, t, is obtained from the
following formula:

t. = Roundupgs (2t.1) + t,es
where t , is the value specified in Table 1 for one side exposure to that compartment.
Roundup, 5 (t) means that t is rounded to the upper half millimetre.

The total corrosion addition, t,, in mm, for compartment boundaries and internal members made from
stainless steel, or aluminium is to be taken as:

t, = to= 0.5

In case of stainless clad steel, the corrosion additions, t.;, for the carbon steel side and t,,, for the stainless
steel side are respectively to be taken as:

* t., as specified for the corresponding compartment in Table 1

* t,=0
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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.

124

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.

Table 1 : Corrosion addition for one side of a structural member

t,, or tc2
Compartment BC-Aor
type Structural member oil BC-B Other BC
tankers | ships with ships
L>150 m
Ballast water Within 3m below top of tank @ 2.0
tank, bilge Face plate of PSM
) Elsewhere 1.5
tank, drain
ithi @
storgge tank, Other members @ Within 3m below top of tank 1.7
chain locker | (3,
@ Elsewhere 1.2
Within 3m below top of tank @ 1.7
Face plate of PSM
Elsewhere 1.4
Cargo oil tank, ;
slop tank Inner-bottom plating/bottom of tank 2.1 N/A
Within 3m below top of tank ¥ 1.7
Other members
Elsewhere 1.0
Upper part © 2.4 1.0
Transverse Lower stool: sloping plate, 5.2 26
bulkhead vertical 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 ® N/A
hold ® Webs and flanges of the upper 18 1.0
end brackets of side frames of
single side bulk carriers
Other members
Webs and flanges of lower
brackets of side frames of 2.2 1.2
single side bulk carriers
Other parts 2.0 1.2
Exposed to Weather deck plating 1.7
atmosphere | Other members 1.0
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t.; ortc2

Compartment s I ) BC-A or

type tructural member oil BC-B Other BC
tankers | ships with ships
L>150 m

Shell plating between the minimum design ballast 15

Exposed to draught waterline and the scantling draught waterline '

seawater -
Shell plating elsewhere 1.0

Fuel and lube oil tank 0.7

Fresh water tank 0.7
Spaces not normally accessed, e.g. access only via

. bolted manhole openings, pipe tunnels, inner surface

Void spaces® P gs. P b 0.7
of stool space not common with a dry bulk cargo hold
or ballast cargo hold, etc.
Internals of machinery spaces, pump room, store

Dry spaces . ysp pump 0.5
rooms, steering gear space, etc.

(1) 1.0 mm is to be added to the plate surface within 3m 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/slop tanks. 0.3mm 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/slop tanks. Heated oil tanks are
defined as tanks/slop 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/slop 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.

[RCN1 to O1 JAN 2018]
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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
211

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.

21.2

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.

213

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:

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

e 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.

e 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:

e 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
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accidental or abnormal loads, or in damaged conditions with environmental loads the ship meets during a
limited time frame:

¢ The safety of life.
e 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

121

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.

Table 1 : Failure modes in relation to the limit states to be considered

Possible failure modes to Limit states
be considered SLS UuLS 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.
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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
211

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 check, and fatigue check as indicated in Table 2.

Table 2 : Structural assessment

- . Ultimate .
1 Yielding Buckling Fatigue
Structural Elements @ strength
check check check
check
Local Stiffeners Y Y Y@ Y
Structures Plating Y \% 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 108 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 108 probability level.

2.2.3 Stiffeners

For the yielding check of stiffeners, the stress corresponds to a load at 108 probability level.
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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 108 probability level.

2.3.3 Stiffeners

The ultimate strength of stiffeners is to be checked against the loads at 108 probability level.

2.4 Fatigue limit state

2.4.1 Structural details

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

2.5 Accidental limit state

2.5.1 Hull girder

For bulk carriers, the yielding and ultimate strength of the hull girder in cargo hold flooded condition and in the
damaged condition is to be assessed in accordance with Ch 5, Sec 1 and Ch 5, Sec 2.

The residual strength of oil tankers and bulk carriers is to be assessed according to Ch 5, Sec 3, for damages
resulting from collision or grounding.

2.5.2 Double bottom structure

For bulk carriers, the double bottom structure in cargo hold flooded condition is to be assessed in accordance
with Pt 2, Ch 1, Sec 3.

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

311

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

111

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 longjtudinal 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.
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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 0.4 L amidships and as far as practicable outside 0.4 L 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.

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 Figure 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.
Figure 1 : Example of reinforcement at knuckles
Section, in way of Horizontal girder at
typical hopper upper hopper knuckle
View A-A
— T ——
Vertical i
- I
web v v
I € 5
A - i~
— Vertical i i
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. 0
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—
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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

23.1

Where the hull girder stress at the strength deck or at the bottom as defined in Ch 5, Sec 1, [2.2.2] is higher
than the permissible stress as defined in Ch 5, Sec 1, [2.2.1] for normal strength steel, longitudinal members
not contributing to the hull girder longitudinal strength and welded to the strength deck or bottom plating and
bilge strake, such as longitudinal hatch coamings, gutter bars, strengthening of deck openings, bilge keel, are
to be made of steel with the same specified minimum yield stress as the strength deck or bottom structure
steel.

2.3.2

The requirement in [2.3.1] is also applicable to non-continuous longitudinal stiffeners welded on the web of a
primary structural member contributing to the hull girder longitudinal strength such as hatch coamings,
stringers and 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

311

All types of stiffeners (excluding web stiffeners) are to be connected at their ends. However, in special cases
such as isolated areas of the ship where end connections cannot be applied, sniped ends may be permitted.
Requirements for the various types of connections (bracketed, bracketless or sniped ends) are given in [3.2] to
[3.4].

3.1.2

Where the angle between the web plate of the stiffener and the attached plating is less than 50 deg as shown
on Figure 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.
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Figure 2 : Stiffener on attached plating with an angle less than 50 deg

A7

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

3.2 Bracketed end connections of non-continuous stiffeners

3.21
Where continuity of strength of longitudinal members is provided by brackets, the alignment of the brackets on
each side of the primary supporting member is to be ensured, and the scantlings of the brackets are to be

such that the combined stiffener/bracket section modulus and effective cross sectional area are not less than
those of the member.

3.2.2

At bracketed end connections, continuity of strength is to be maintained at the stiffener connection to the
bracket and at the connection of the bracket to the supporting member.

3.23

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

ty> (2 + fore Z) Ren-st and need not be greater than 13.5 mm.

eH— bkt
where:
fout : Coefficient taken as:
fore = 0.2 for brackets with flange or edge stiffener.
fore = 0.3 for brackets without flange or edge stiffener.
4 : Net required section modulus, of the stiffener, in cm3. In the case of two stiffeners connected, Z is

the smallest net required section modulus of the two connected stiffeners.
R..sr : Specified minimum yield stress of the stiffener material, in N/mm?2.

Reroe - Specified minimum yield stress of the bracket material, in N/mm?2.
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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:

Z
Lokt = Coxe //:
ty

Lo 1S not to be taken less than:

* (e = 1.8 hy,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 Figure 3.

* (= 2.0 hy, for other cases, see items (a), (b) and (d) in Figure 3.

where:
Chit : Coefficient taken as:
Coit = 65 for brackets with flange or edge stiffener.
Coe = 70 for brackets without flange or edge stiffener.
Z : Net required section modulus, for the stiffener, in cm?, as defined in [3.2.4].
tp : Minimum net bracket thickness, in mm, as defined in [3.2.4].

For connections similar to item (b) in Figure 3, but not lapped, the bracket arm length is to comply with
gbkt 2 hstf'

For connections similar to items (c) and (d) in Figure 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 hy;.

Figure 3 : Bracket arm length of non-continuous stiffeners
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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 7,,, and each arm not to be less than 0.8 /., where /., is as defined in [3.2.5].

3.2.7 Edge stiffening of bracket

Where an edge stiffener is required, the web height of the edge stiffener, h,,, in mm, is not to be less than:

Z
h, = 45 (1 + ) .
5000 but not less than 50 mm
where:
Z : Net section modulus, of the stiffener, in cm?3, as defined in [3.2.4].

3.3 Bracketless connections

331
The design of bracketless connections is to be such as to provide adequate resistance to rotation and

displacement of the connection.

3.4 Snipedends

3.4.1

Sniped ends may be used where dynamic loads are small, provided the net thickness of plating supported by

the stiffener, t,, is not less than:

s SPk
6 = cy J(ioooz-z) b

where:
P : Design pressure for the stiffener for the design load set being considered, in kN/m?2.
(of} : Coefficient for the design load set being considered, to be taken as:

c; = 1.2 for acceptance criteria set AC-S.
c; = 1.1 for acceptance criteria set AC-SD.

Sniped stiffeners are not to be used on structures in the vicinity of engines or generators in the machinery
space, propeller impulse zone in the stern area nor on the shell envelope.

[RCN1 to 01 JAN 2018]

3.4.2

Bracket toes and sniped stiffeners ends are to be terminated close to the adjacent member. The distance is
not to exceed 40 mm unless the bracket or member is supported by another member on the opposite side of
the plating. Tapering of the sniped end is not to be more than 30 deg, where it is not practical to comply with
this requirement, alternative arrangements are specially considered. 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.

[RCN1 to 01 JAN 2018]
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4 PRIMARY SUPPORTING MEMBERS (PSM)

4.1 General

411

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

43.1
Tripping brackets (see Figure 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.

e At the toe of end brackets.
e At ends of continuous curved face plates.
* In way of concentrated loads.

* Near the change of section.

4.3.2

Where the width of the symmetrical face plate is greater than 400 mm, backing brackets are to be fitted in way
of the tripping brackets.

4.3.3

Where the face plate of the primary supporting member exceeds 180 mm on either side of the web, a tripping
bracket is to support the face plate.

4.3.4 Arm length

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

d=0.38b

d = 0.85b J%

where:

b : Height, in m, of tripping brackets, shown in Figure 4.

S : Spacing, in m, of tripping brackets.

t : Net thickness, in mm, of tripping brackets.
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Figure 4 : Primary supporting member: Tripping bracket arrangement

a \

- >
- >

Tripping bracket in way of stiffener

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

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 Figure 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.

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, A, in cm?, of face plates of brackets is not to be less than:

A= Lyt

where:

4, : Length of bracket edge, in m, see Figure 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.
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Figure 5 : Dimension of brackets

Arm length
(Bracket height)
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Arm length
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4.4.3 Arrangement of end brackets

Where the length of free edge of bracket, /,, is greater than 1.5 m, 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¢, 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.

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 Figure 6),
the face plate is to be sniped and tapered at an angle not greater than 30°.

Figure 6 : Bracket face plate adjacent to the edge

—

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.
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5 INTERSECTION OF STIFFENERS AND PRIMARY SUPPORTING MEMBERS

5.1 Cut-outs

511

Cut-outs for the passage of stiffeners through the web of primary supporting members, and the related
collaring arrangements, are to be designed to minimise stress concentrations around the perimeter of the
opening and on the attached web stiffeners.

5.1.2

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

5.1.3

Cut-outs in way of cross tie ends and floors under bulkhead stools or in high stress areas are to be fitted with
full collar plates, see Figure 7.

Figure 7 : Full collar plates

R >0.2b but not less than 25 mm.

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 Figure 8 for
typical lug arrangements.

5.1.5

At connection to shell envelope longjtudinals below the scantling draught, T, 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, ¢, 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 Figure 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 Figure 7. Consideration is to be given to other shapes on the basis of maintaining
equivalent strength and minimising stress concentration.

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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Figure 8 : Symmetric and asymmetric cut-outs

Primary supporting Primary supporting
member web stiffener member web stiffener

\
\
{)C
1
(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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Figure 9 : Primary supporting member web stiffener details

~

1dw = dy

AWC = tWS dWC 1072
AW = tWS dW 1072

(a) Straight heel no bracket

max. 15 mm

H»l(—

(c) Keyhole in way of soft heel

dw2

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

Oy = d,; =8 + 1,5+ 2t,+ 0.8t,, for T bars

(b) Soft toe and soft heel

ch = chl + chZ

Aw = Awl + Aw2

(d) Symmetrical soft toe brackets

Oy, =0, =4+, +1,+0.4¢,, for angles and bulb flats

twsr tussy twso : Net thickness of the primary supporting member web stiffener/backing bracket, in mm.
d,, dy1, d,»: Minimum depth of the primary supporting member web stiffener/backing bracket, in mm.
0o duesr dueo - 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, t; is to be obtained as defined in Pt 1, Ch 3, Sec 7, [1.4.1].
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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,
[6.2.2] and [5.2.3] are to be applied. In case of bottom slamming or bow impact loads, [5.2.4] is to be applied.

The cross sectional areas of the connections are to be determined from the proportion of load transmitted
through each component in association with its appropriate permissible stress.
5.2.2
The load, W4, in kN, transmitted through the shear connection is to be taken as follows.
* If the web stiffener is connected to the intersecting stiffener:
W, =w (oca + L)
A4f A, + A,

* If the 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:
s s
PS(S— 1)+PS(S— 2)
ATt 2000/ T P2\T? 20007 |,
W = > 10

P,, 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.

$1, S, : 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.
o, = S
1000 S
S = S;+S,
2
s = S1+S,
2
A; : Effective net shear area, in cm?, of the connection, to be taken equal to:
Ar=At A,

In case of a slit type slot connections area, A,, is given by:
A;=2A,,
In case of a typical double lug or collar plate connection area, A4, is given by:
A;=2A
Ay : Net shear connection area, in cm?, excluding lug or collar plate, as given by:

A =1l4t, 1072

Ly : 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:
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A =f, 0l t, 102

L : 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:

f; = 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 Figure 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 Figure 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 Figure 9.

f, : Collar load factor taken equal to:

For intersecting stiffeners of symmetrical cross section:

f,=1.85 for A, <14

f,=1.85-0.0441(A, - 14) for 14<A,<31

f,=1.1-0.013(A, - 31) for 31<A,<58

f,=0.75 for A, > 58

For intersecting stiffeners of asymmetrical cross section:
ls

f. = 0.68 + 0.0172 m

L : Connection length equal to:
For a single lug or collar plate connection to the PSM:
ly=1,
For a single sided direct connection to the PSM:
=1Ly
In the case of a lug or collar plus a direct connection:
ly=0.5(l, + 1)

5.23

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—oca—-———il————)
4f A, +A;

* If the web stiffener is not connected to the intersecting stiffener:

The values of A,, A, and A; 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, < Opem
» For the connection to the PSM web stiffener in way of the weld: o, < Germ

* For the shear connection to the PSM web: 7, < 7,
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where:
w : Load, in kN, as defined in [5.2.2].
f, : Collar load factor as defined in [5.2.2].
a, : Panel aspect ratio, as defined in [5.2.2].
A : Effective net shear area, in cm?2, as defined in [5.2.2].
A, : Effective net cross sectional area, in cm?, as defined in [5.2.2].
(o : Direct stress, in N/mm?, in the PSM web stiffener at the minimum bracket area away from the weld
connection:
_ 10w,
w A
Owe : Direct stress, in N/mm?2, in the PSM web stiffener in way of the weld connection:
" Awe
7, : Shear stress, in N/mm?2, in the shear connection to the PSM web:
_ 10w,
w A,
Ae : Effective net area, in cm?, of the PSM web stiffener in way of the weld as shown in Figure 9.

Operm : Permissible direct stress given in Table 1 for AC-S and AC-SD, in N/mm?.

Tem - Permissible shear stress given in Table 1 for AC-S and AC-SD, in N/mm?2,

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]:

(Al Tperm + Aw Gperm)

0.9wW< )

where:

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

A : Effective net shear area, in cm?2, as defined in [5.2.2].

A, : Effective net cross sectional area, in cm?, as defined in [5.2.2].

Operm - Permissible direct stress given in Table 1 for AC-l, in N/mm?2,

Tem : Permissible shear stress given in Table 1 for AC-l, in N/mm?.

5.2.5

Where a backing bracket is fitted in addition to the PSM web stiffener, it is to be aligned with the web stiffener.
The arm length of the backing bracket is not to be less than the depth of the web stiffener. The net cross
sectional area through the throat of the bracket is to be included in the calculation of A, as shown in Figure 9.

5.2.6

Lapped connections of PSM web stiffeners or tripping brackets to stiffeners are not permitted in the cargo hold
region.
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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 Figure 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.

Table 1 : Permissible stresses for connection between stiffeners and PSMs

Direct stress, O,e,m, in N/mm? Shear stress, 7,..,, in N/mm?
Item Acceptance criteria set Acceptance criteria set
AC-S AC-SD AC- AC-S AC-SD AC-
PSM web stiffener 0.83R,,@ Ren Rey - - -
PSM web stiffener to intersecting
stiffener in way of weld
connection:
 Double continuous fillet 0.58R.,@® | 0.70R.,@® Ren - - -
* Partial penetration weld 0.83R,,W® Rg,@® Ren - - -

PSM stiffener to intersecting

.50R .60R, R - - -
stiffener in way of lapped welding 0.50R 0.60Re eH

Shear connection including lugs
or collar plates:

* Single sided connection - - - 0.71 7, | 0.85 74 Ty
* Double sided connection - - - 0.83 74 Ten Ton
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.

Figure 10 : Offset PSM web stiffeners

Primary supporting member
‘AN web stiffener offset from
’_> intersecting stiffener

I ) I b

\_) Stiffener view ‘A-'A
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5.2.9

The size of the fillet welds is to be calculated according to Ch 12, Sec 3, [2.5] based on the weld factors given
in Table 2. For the welding in way of the shear connection the size is not to be less than that required for the
PSM web plate for the location under consideration.

Table 2 : Weld factors for connection between stiffeners and PSMs

Item Acce_pta_nce Weld factor
criteria
PSM stiffener to intersecting stiffener ACS 0-6 Gyc/ Gperm
AC-SD not to be less than 0.38
L . AC-S
Shear connection inclusive of lug or collar plate 0.38
AC-SD
Shear connection inclusive of lug or collar plate, where the web AC-S 0.6 %,/ Tyerm
stiffener of the PSM is not connected to the intersection stiffener AC-SD not to be less than 0.44
PSM stiffener to intersecting stiffener ACH 0.6 ow
Shear connection inclusive of lug or collar plate A; Toerm + Ay Operm
Note 1:
7, : Shear stress, in N/mm?, as defined in [5.2.3].
Oy : Stress, in N/mm?2, as defined in [5.2.3].
Toerm : Permissible shear stress, in N/mm?, see Table 1.
Operm : Permissible direct stress, in N/mm?2, see Table 1.
w : Load, in kN, as defined in [5.2.2].
A, . Effective net shear area, in cm?, as defined in [5.2.2].
A, . Effective net cross sectional area, in cm?, as defined in [5.2.2].
6 OPENINGS

6.1 Openings and scallops in stiffeners

6.1.1

Figure 11 shows examples of air holes, drain holes and scallops. In general, the ratio of a/b, as defined in
Figure 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 Figure 12. In areas where the shear stress is
less than 60 percent of the permissible stress, alternative arrangements may be accepted.

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 Figure 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.
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Figure 11 : Examples of air holes, drain holes and scallops
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ﬁ %] <100 mm A

The details shown in this figure are for guidance and illustration only.
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Figure 12 : Location of air and drain holes
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Nomnings to be kept clear of these areas.

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:

e 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.
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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 Figure 13.

Figure 13 : Web plate with openings

I = . -
\ ( ple
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Example 2
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\ )
? 1o} —
00 n

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:

A 50 = A17n50 + A2—n50
s-n
1 + 32I§hr Al—nSO 1 + 32I§hr A2—n50
Il—n50 I2—n5O
where:

l1.n500 Ionso © 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;ns00 Asnso: 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.

Lopr : 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 Figure 14.
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Figure 14 : Large openings in the web of primary supporting members

Web (1) I17n50, Al—n50

Web (2) IZ—nSD, A2rn50

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 Figure 15 in dashed area, defined by:

* The bent area of a rounded sheer strake, if any, or the side shell.

e e=0.25(B-b) from the edge of opening.

e ¢=0.07/+ 0.1b or 0.25b, whichever is greater.

where:
b : Width, in m, of the hatchway considered, measured in the transverse direction, see Figure 15.
Y4 : Width, in m, in way of the corner considered, of the cross deck strip between two consecutive

hatchways, measured in the longitudinal direction, see Figure 15.

Transverse distance between the above limits and openings or between hatchways and openings as shown in
Figure 15 is not to be less than:

e g,=2a,forcircular openings.
* g, =a, for elliptical openings.

Transverse distance between openings as shown in Figure 16 is not to be less than:
e 2 (ay + ay,) 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.
as : Longitudinal dimension of elliptical openings, or diameter of circular openings.

Longitudinal distance between openings is not to be less than:
* (ay* ay) 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].
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Figure 15 : Position of openings in strength deck
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Figure 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.
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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 Figure 17.

Figure 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.

7.1.6 Duct keel

Where a duct keel is arranged, the centre girder may be replaced by two girders spaced, no more than 3 m
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

721
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 + L/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 0.25 B 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.
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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 0.15 L, the material of the bilge keel and
ground bar is to be of the same grade as the material to which they are attached.

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 Figure 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 Figure 18 and Figure 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.

Figure 18 : Bilge keel construction

As close as
practicable
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Figure 20 : Bilge keel end design (continued)
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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 Figure 19/Figure 20. Rounded ends are to be as shown in item (c)
of Figure 19. Cut-outs on the bilge keel web, within zone A’ (see items (b) and (e) of Figure 19/Figure 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 Figure 19/Figure 20.

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 Figure 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 Figure 19/Figure 20).

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

811

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 0.2 L 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.
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8.2.4 Sheer strake

Sheer strakes are to have breadths not less than 0.8 + L/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 t,, where t, is the net thickness, in
mm, of the sheer strake.

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 0.6 L 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 + L/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.
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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 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].
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10.4 Corrugated bulkheads

10.4.1 General

For ships of 18 m moulded depth and above, the transverse vertically corrugated watertight bulkheads are to
be fitted with a lower stool, and generally with an upper stool below deck. For ships 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, Dy.oe degr U Ly, Seg OF cOrrugated bulkheads are defined in Figure 21.
The corrugation angle ¢is not to be less than 55°.
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.
Figure 21 : Dimensions of a corrugated bulkhead

fcg

cg

10.4.3 Corrugated bulkhead depth

The depth of the corrugation, d.g, in mm, is not to be less than:

10007,
dog = =

L, : Mean span of considered corrugation, in m, as defined in [10.4.5].
C : Coefficient to be taken as:

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 cm?, from the following formula:

7 = |:dcg(3bf—cgtf+bw—cgtw)i| 10—3
6

where:
t,t, :Netthickness of the plating of the corrugation, in mm, shown in Figure 21.
degr bregr by g Dimensions of the corrugation, in mm, shown in Figure 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 cm?, from the following formula:
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Z = 0.5b;_td,, 107°

10.4.5 Span of corrugations
The span /, of the corrugations is to be taken as the distance shown in Figure 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.

Figure 22 : Span of the corrugations
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(*) upper stool height
(**) lower stool height

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.

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.
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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 Figure 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.

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.

Figure 23 : Permitted distance, d, from the edge of the stool top plate to the surface of the corrugation flange
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Corrugation flange
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Y
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Y
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10.4.10 Upper stool

The upper stool, when fitted, is to have a height:
* Not less than two times the corrugation depth, for bulk carriers.
* Atleast one corrugation depth, for oil tankers.

Rectangular stools are to have a height in general equal to twice the depth of corrugations, measured from the
deck level and at the hatch side girder or at the inner hull as applicable. Brackets or deep webs are to be fitted
to connect the upper stool to the deck transverse or hatch end beams.
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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+0.0151L,
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.
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11 PILLARS

11.1 General

1111

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 girders or equivalent structures are to be fitted as necessary to support the pillars.

1113
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

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

Dy 1 Angle, in deg, between the stiffener or primary supporting member web and the attached plating, see
Figure 14. ¢, is to be taken equal to 90 deg if the angle is greater than or equal to 75 deg.

Logg : Effective bending span, in m, as defined in [1.1.2] for stiffeners and [1.1.6] for primary supporting
members.

Lopr : Effective shear span, in m, as defined in [1.1.3] for stiffeners and [1.1.7] for primary supporting
members.

/ : Full length of stiffener or of primary supporting member, in m, between their supports.

s : Stiffener spacing, in mm, as defined in [1.2].

S : Primary supporting member spacing, in m, as defined in [1.2].

a : Length, in mm, of EPP as defined in [2.1.1].

b : Breadth, in mm, of EPP as defined in [2.1.1].

D : Stiffener height, including the face plate, in mm.

: Net thickness of attached plate, in mm.

t, : Net web thickness, in mm. For bulb profiles, see [1.4.1].
b : Breadth of flange, in mm, see Ch 3, Sec 2, Figure 2. For bulb profiles, see [1.4.1].
t : Net thickness of flange, in mm.

PSM  : Primary Supporting Member.
EPP : Elementary Plate Panel.
LCP : Load Calculation Point.

1 STRUCTURAL IDEALISATION OF STIFFENERS AND PRIMARY SUPPORTING
MEMBERS

1.1 Effective spans

1.1.1 General

Where arrangements differ from those defined in this article, span definition may be specially considered.

1.1.2 Effective bending span of stiffeners

The effective bending span /.4, of stiffeners is to be measured as shown in Figure 1 for single skin structures
and Figure 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 Figure 1.
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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 Figure 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), (¢) and (d) of Figure 1.

Figure 1 : Effective bending span of stiffeners supported by web stiffeners (single 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 Figure 3.

Figure 3 : Effective bending span for local support members with continuous face plate along bracket edge
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1.1.3 Effective shear span of stiffeners

The effective shear span, (g, in m, of stiffeners is to be measured as shown in Figure 4 for single skin

structures and Figure 5 for double skin structures.

Figure 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 s/4000 m at
each end of the member, hence the effective shear span /g, is not to be taken greater than:

Eshr < f - > E
2000 .
Figure 5 : Effective shear span of stiffeners supported by web stiffeners (double skin construction) .
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For curved and/or long brackets (high length/height ratio), the effective bracket length is to be taken as the
maximum inscribed 1:1.5 right angled triangle as shown in item (c) of both Figure 4 and Figure 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 Figure 6.

Figure 6 : Effective shear span for local support members with continuous face plate along bracket edge

Shear Span, {,

j/\/

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 0.7/,.

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

Figure 7 : Span of stiffeners with one strut
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Figure 8 : Span of stiffeners with two struts
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Figure 9 : Effective bending span of primary supporting member

a) Integral bracket with

continuous curved face plate

Bending span |

A
h, /4
Y
C
~ 1.5x
h, (effective length

of bracket)

c) Integral straight bracket with continuous face
plate - length to height ratio > 1.5

Bending span ‘

\ %
h, /4
r ______
_ 1.5x
h, (effective length

of bracket)

b) Separate welded brackets

Bending span

1 ot

h, /2

IACS
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a) Integral bracket with
continuous curved face plate

Figure 10 : Effective shear span of primary supporting member
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1.1.6 Effective bending span of primary supporting members

l
g
The effective bending span, /,4, 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, £, of @ primary supporting member may be taken as less than the full length of
the member between supports provided that suitable end brackets are fitted.
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The effective bending span /.4, 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 Figure 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 Figure 9, the effective bending span /.., 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 Figure 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 Figure 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 Figure 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 Figure 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 Figure 11.

_by+by+bs+by
4

S

where:
b1, b,, bs, b,: 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 Figure 11.

_bi+by+bs+by
4

S
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where:
b4, by, bs, 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.

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.

Figure 11 : Spacing of plating
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1.3 Effective breadth

1.3.1 Stiffeners

The effective breadth, b4 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 = 2007, or
Detr = S
whichever is lesser.
* Where the plating extends on one side of the stiffener (i.e. stiffeners bounding openings):
bes = 1007, or
bes=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].
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1.3.2 Primary supporting members

The effective breadth of attached plating, b.s in m, for calculating the section modulus and/or moment of
inertia of a primary supporting member is to be taken as:

by = S - min %;1.0 for gb_:/’fz 1
S.J/3
/ /
b, = 0.407 22 for & <1
eff A/é S/\/§

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, Agns0, iN MM?, is to be taken as:
Acttnso = Cr tenso by
where:
C : Flange efficiency coefficient taken equal to:

C, = Cy —“r"éf*”“ but not to be taken greater than 1.0.

1

Cqy : Coefficient taken equal to:
¢ For symmetrical and unsymmetrical face plates,

_ 0.643 (sinhf coshf + sinf3 cosf)

Cfl
(sinhB)® +sin’ B

* For attached plating of box girders with two webs,

_ 0.78 (sinhf + sinB) (coshP — cosf)
(sinhB)’ + sin” B

Cfl

¢ For attached plating of box girders with multiple webs,

c.. — 1.56 (coshP — cosP)
" sinhf + sinf

Jij : Coefficient calculated as:

_1.285 b,

ATt nso

b4 : Breadth, in mm, to be taken equal to:

B

, in rad.

* For symmetrical face plates, b; = 0.5 (bs - t,..50)
* For unsymmetrical face plates, b; = by
* For attached plating of box girders, b; =s,, - t,..50

Sy : Spacing of supporting webs for box girders, in mm.
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trso - Net flange thickness, in mm. For calculation of C; and B of unsymmetrical face plates, t,s, is
not to be taken greater than t,,..so-

tvnso - Net web plate thickness, in mm.
re : Radius of curved face plate or attached plating, in mm, see Figure 12 at mid thickness.
b; : Breadth of face plate or attached plating, in mm, see Figure 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:

3ty 5o+ C; S7
Actt_nso = (""f""f'"ﬂig"""'"t"gi) tr_nso br
3rete_nso+ Sy
where:
S, : Spacing of tripping brackets or web stiffeners or stiffeners normal to the web plating, in mm,

see Figure 12.

Figure 12 : Curved shell panel and face plate

1.4 Geometrical properties of stiffeners and primary supporting members

1.4.1 Stiffener profile with a bulb section
The properties of bulb profile sections are to be determined by direct calculations.

Where direct calculation of properties is not possible, a bulb section may be taken equivalent to a built-up
section. The net dimensions of the equivalent built-up section are to be obtained, in mm, from the following
formulae.

where:

h’,, t',, : Net height and thickness of a bulb section, in mm, as shown in Figure 13.
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a : Coefficient equal to:
7 N2
o= 11+ 320N g <120
3000
o= 1.0 for h’, > 120

Figure 13 : Dimensions of stiffeners
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Bulb Equivalent angle

1.4.2 Net elastic shear area of stiffeners

The net elastic shear area, A, in cm?, of stiffeners is to be taken as:

Agy = dgp, t, 1072

dgpr : 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, Figure 2.
1.4.3 Effective shear depth of stiffeners

The effective shear depth of stiffeners, d,,, in mm, is to be taken as:

dshr = (hstf_ O'5tc—stf + tp + 0-5tc—pl)Sin(pw

where:

D : Height of stiffener, in mm, as defined in Ch 3, Sec 2, Figure 2.

t, : Net thickness of the stiffener attached plating, in mm, as defined in Ch 3, Sec 2, Figure 2.

t st : Corrosion addition, in mm, of considered stiffener as given in Ch 3, Sec 3.

[ : Corrosion addition, in mm, of attached plate of the stiffener considered as given in Ch 3, Sec 3.

Oy 1 Angle, in deg, as defined in Figure 14. ¢, is to be taken as 90 degrees if the angle is greater than or

equal to 75 degrees.

1.4.4 Elastic net section modulus and net moment of inertia of stiffeners

The elastic net section modulus, Z, in cm® and the net moment of inertia, /, in cm* of stiffeners, is to be taken
as:

Z=27ysin @,

I=lgsin? @,

where:
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Ly : Net section modulus of the stiffener, in cm3, considered perpendicular to its attached plate, i.e. with
o, =90 deg.

Is : Net moment of inertia of the stiffener, in cm?, considered perpendicular to its attached plate, i.e. with
o, =90 deg.

Oy : Angle, in deg, as defined in Figure 14. ¢, is to be taken as 90 degrees if the angle is greater than or

equal to 75 degrees.

Figure 14 : Angle between stiffener web and attached plating

¢)W

1.4.5 Effective net plastic shear area of stiffeners

The net plastic shear area, A, Of stiffeners, in cm?2, which is used for assessment against impact loads is to
be taken as:

Ashr—pl = Ashr
where:

Agpr : 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

i Of stiffeners, in cm3, which is used for assessment against
impact loads, is to be taken as:

_fuhity  (2Y-1) Ao

Z, = 5000 1000 for 75° < ¢,<90°
7, = th2(t)wogin(pw L2r-1) A (hf,cta-gion(;pw— Brocw 00SQu) for ¢ < 75°
where:
fu : Web shear stress factor, taken equal to:
* For flanged profile cross sections withn =1 or 2, f,, = 0.75.
* For flanged profile cross sections withn =0, f,, = 1.0.
* For flat bar stiffeners, f,, = 1.0.
n : Number of plastic hinges at end supports of each member, taken equal to: O, 1 or 2.
A plastic hinge at end support may be considered where:
* The stiffener is continuous at the support.
e 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).
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h,, : Depth of stiffener web, in mm, taken equal to:
e ForT, L (rolled and built-up) profiles and flat bar, as defined in Ch 3, Sec 2, Figure 2.
e For L2 and L3 profiles as defined in Ch 3, Sec 2, Figure 3.
¢ For bulb profiles, to be taken as defined in [1.4.1].

¥ : Coefficient equal to:

y = 1+A/3+12[§
4

B : Coefficient equal to:

tof, 02
o Bp= R 10°+ Lt for L profiles without a mid-span tripping bracket,
80b7 t; hi_ct 2Dy

but not to be taken greater than 0.5.
* B =0.5for other cases.
As : Net cross sectional area of flange, in mm?2:
* Aq= 0 for flat bar stiffeners.
* A= b;t;for other stiffeners.
bt.cir : Distance from mid thickness of stiffener web to the centre of the flange area:
* Dbrer = 0.5 (bs—t,) for rolled angle profiles and bulb profiles.
bt = O for T profiles.
Pecer : Height of stiffener measured to the mid thickness of the flange:

heer = h,, + 0.5 t; for profiles with flange of rectangular shape except for L3 profiles and for
bulb profiles.

h¢er = h,, - d, - 0.5 t; for L3 profiles as defined in Ch 3, Sec 2, Figure 3.

d, : Distance from upper edge of web to the top of the flange, in mm, for L3 profiles, see Ch 3, Sec 2,
Figure 3.
fp : 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.
t; : Net flange thickness, in mm.
* t.= 0 for flat bar stiffeners.

* For bulb profiles t;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 cm3, can be obtained from the following formulae:

¢ Actual net shear area:

Ash—nSO = Ash—O—n5O sin 2% for Pu < 75°
Ash-nso = Ash-0-ns0 for 75° < ¢, <90°
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¢ Actual net section modulus:

ZnSO = Zperp—nSO sin ¢w fOI’ ¢w< 750
Zn50 = Zperp—nSO for 75° < Dy <90°

where:

Aqn_o-nso- Actual net shear area, in cm?, of the primary supporting member assumed to be perpendicular to the
attached plating, to be taken equal to:

Ash—O—nSO = (hw+ tf—n50+ tp—nSO) tw—nSO 10_2

Z

perp-ns0 - Actual section modulus, in cm?, 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, h., in mm, to be considered for calculating the effective net shear area, Ay, 50 iS tO
be taken as the lesser of:

hett = hys + hyy

hett = hy1 + Dy + hyy

where:

h, : Web height of primary supporting member, in mm.
h,1, Ry hys, hy4: Dimensions as shown in Figure 15.

Where an opening is located at a distance less than h,,/3 from the cross-section considered, h.is to be taken
as the smaller of the net height and the net distance through the opening. See Figure 15.

Figure 15 : Effective shear area in way of web openings

>~ h, —_
- = e
y A
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2 PLATES

2.1 Idealisation of EPP

2.1.1 EPP

An elementary plate panel (EPP) is the unstiffened part of the plating between stiffeners and/or primary
supporting members. The plate panel length, a, and breadth, b, of the EPP are defined respectively as the
longest and shortest plate edges, as shown in Figure 16.

Figure 16 : Elementary Plate Panel (EPP) definition
— > — >

PSM or
Stiffener

[
)

Strake considered
i
i
i
i
i
i
i
i
®
i
! i

' B i ;
Strake considered
Iw
— _|/_ p— p— p— p— V_ - -

Y : : PSM or
: : : Stiffener

i P
PSM or PSM or PSM or PSM or
Stiffener Stiffener Stiffener Stiffener

Longitudinal/horizontal framing Transverse/vertical framing
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 Figure 17.

The maximum corrosion addition within a strake is to be applied according to Ch 3, Sec 3, [1.2.4].

Table 1 : Strake considered in a given EPP

a’b>2 a/b<2

a;>b/2 All strakes (St1, St2, St3, St4) All strakes (St1, St2, St3, St4)

a;<b/2 Strakes St2 and St4 All strakes (St1, St2, St3, St4)

Figure 17 : Strake considered in a given EPP

EPP
a;
<> /
St1 St2
AN b
St3 St4
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.
213

For direct strength assessment, the EPP is idealised with the mesh arrangement in the finite element model.
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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.
Table 2 : LCP coordinates for yielding
General ® Horizontal plating Vertical transverse structfjre
LCP and transverse stool plating
coordinates Longltu.dln Transv.erse Longitudin | Transverse Horlzo.ntal Vertical framing
al framing framing al framing | framing framing (Figure 21)
(Figure 18) (Figure 19) (Figure 20)

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 @

The greater of

of the strake

The greater of

. Lower
) Loweredge | lower edge of the | Corresponding to x and lower edge of the
z coordinate of the EPP | EPP or lower edge y values edgcés;the EPP or lower edge

of the strake

(1) All structures other than horizontal platings or vertical transverse structures.
(2) For transom plate, the y coordinate of the load calculation point is to be taken corresponding to y value at side shell at z level
of the load calculation point, for the external dynamic pressure calculation.
Figure 18 : Load calculation point (LCP) for longitudinal framing
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7)) Figure 19 : Load calculation point for transverse framing
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Figure 20 : Load calculation point for horizontal framing on transverse vertical structure
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Figure 21 : Load calculation point for vertical framing on transverse vertical structure
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2.2.2 Buckling

For the prescriptive buckling check of the EPP according to Ch 8, Sec 3, the LCP for the pressure and for the
hull girder stresses are defined in Table 3.

For the FE buckling check, Ch 8, Sec 4 is applicable.

Table 3 : LCP coordinates for plate buckling

LCP coordinates

LCP for pressure

LCP for hull girder stresses (Figure 22)

Bending stresses ¥

Non horizontal plate

Horizontal plate

Shear stresses

X coordinate

y coordinate

Same coordinates
as LCP for yielding

z coordinate

See Table 2

Mid-length of the EPP

Corresponding to x
and z values

Outboard and inboard
ends of the EPP

(points A1 and A2)

Mid-point of EPP
(point B)

Both upper and lower
ends of the EPP

(points A1 and A2)

Corresponding to x and y values

1)

The bending stress for curved plate panel is the mean value of the stresses calculated at points A1 and A2.
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Figure 22 : LCP for plate buckling - hull girder stresses
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3 STIFFENERS

3.1 Reference point

3.11

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 Figure 23 for typical profiles.

Figure 23 : Reference point for calculation of section modulus and hull girder stress for local scantling assessment
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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.
For stiffeners located on transom plate, the y coordinate of the load calculation point is to be taken

corresponding to y value at side shell at z level of the load calculation point, for the external dynamic pressure
calculation.

3.2.2 LCP for hull girder bending stress
The load calculation point for the hull girder bending stresses is defined as follows:
* For yielding verification according Ch 6:
* At the middle of the full length, ¢, of the considered stiffener.
* At the reference point given in Figure 23.
e 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 = F% when the upper end of the vertical stiffener is below the lowest zero pressure level.

p = é p.  when the upper end of the vertical stiffener is at or above the lowest zero pressure level, see
T ¢ 2 Figure 24.

where:

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

P, P, :Lateral pressures at the upper and lower end of the vertical stiffener span ¢, respectively.

Figure 24 : Definition of pressure for vertical stiffeners
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4 PRIMARY SUPPORTING MEMBERS

4.1 Load calculation point

411

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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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 Desigh 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 108, 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 102,

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
(5+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:
e Still water hull girder loads in Ch 4, Sec 4.
e External loads in Ch 4, Sec 5.

* |nternal loads in Ch 4, Sec 6.
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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 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.
e 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:
e Dynamic hull girder load components in Ch 4, Sec 4.
* External loads in Ch 4, Sec 5.

* |Internal loads in Ch 4, Sec 6.

1.2 Definitions

1.2.1 Coordinate system

The coordinate system is defined in Ch 1, Sec 4, [3.6.1].

1.2.2 Sign convention for ship motions

The ship motions are defined with respect to the ship’s centre of gravity (COG) as shown in Figure 1, where:
* Positive surge is translation in the X-axis direction (positive forward).
* Positive sway is translation in the Y-axis direction (positive towards port side of ship).
* Positive heave is translation in the Z-axis direction (positive upwards).

* Positive roll motion is positive rotation about a longitudinal axis through the COG (starboard down and
port up).

* Positive pitch motion is positive rotation about a transverse axis through the COG (bow down and stern
up).

* Positive yaw motion is positive rotation about a vertical axis through the COG (bow moving to port and
stern to starboard).
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Figure 1 : Definition of positive motions
Heave

1.2.3 Sign convention for hull girder loads

The sign conventions of vertical bending moments, vertical shear forces, horizontal bending moments and
torsional moments at any ship transverse section are as shown in Figure 2, namely:

e 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,, Q,, 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.

Figure 2 : Sign conventions for shear forces Q,,, Q,,, and bending moments M,,,, M,,,, M, and M,

QSW’ QWV
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Aft Fore
Msw! va < (+) > 5

Aft Fore
Mwh < (+) ) ’
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SECTION 2
DYNAMIC LOAD CASES

SYMBOLS

For symbols not defined in this section, refer to Ch 1, Sec 4.
Bsurges Apitchxr swayr Brollyr Aneaver Arolizr Apitchz - ACCEIETation components, as defined in Ch 4, Sec 3.

ful : Ratio between X-coordinate of the load point and L, to be taken as:

fuo = X , but not to be taken less than 0.0 or greater than 1.0.

L
fr : Ratio between draught at a loading condition and scantling draught, as defined in Ch 4, Sec 3.
Tio : Factor depending on longitudinal position along the ship, to be taken as:

fp =210 for x/L<0.5
f, =-1.0 for 0.5 <x/L

frost : Factor for the longitudinal distribution of the torsional moment for the OST load case, to be taken as:

fip-ost =5 . for x/L<0.2

fip-ost = 1.0 for 0.2<x/L<0.4
fpost=-7.6f,, + 4.04 for 0.4 <x/L <0.65
fip0st = -0.9 for 0.65 < x/L < 0.85
fposT=61f, -6 for 0.85 < x/L

frosa - Factor for the longitudinal distribution of the torsional moment for the OSA load case, to be taken as:

fposa =-(0.2 + 0.3 f;) for x/L<0.4
fiposa =-(0.2 + 0.3 1)(5.6 - 11.51,) for 0.4<x/L<0.6
foosa = 1.3(0.2 + 0.3 1)) for 0.6 <x/L
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.
CZ\I My : Vertical wave bending moment, in kNm, defined in Ch 4, Sec 4.
9 Qwv : Vertical wave shear force, in kN, defined in Ch 4, Sec 4.
L_) My : Horizontal wave bending moment, in kKNm, defined in Ch 4, Sec 4.
(U[J) Myr : Torsional wave bending moment, in KNm, defined in Ch 4, Sec 4.
Cuwv : 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.
E Cun : Load combination factor to be applied to the horizontal wave bending moment.
E Cur : Load combination factor to be applied to the wave torsional moment.
% Cxs : Load combination factor to be applied to the surge acceleration.
o Cyp : Load combination factor to be applied to the longitudinal acceleration due to pitch.
\n Cye : Load combination factor to be applied to the longitudinal acceleration due to pitch motion.
E Cys : Load combination factor to be applied to the sway acceleration.
E Cyr : Load combination factor to be applied to the transverse acceleration due to roll.
162 01 JAN 2019 COMMON STRUCTURAL RULES



IACS

Cyq : Load combination factor to be applied to the transverse acceleration due to roll motion.
Coy : Load combination factor to be applied to the heave acceleration.

Csr : Load combination factor to be applied to the vertical acceleration due to roll.

Csp : Load combination factor to be applied to the vertical acceleration due to pitch.

o : Roll angle, in deg, as defined in Ch 4, Sec 3, [2.1.1].

10 : Pitch angle, in deg, as defined in Ch 4, Sec 3, [2.1.2].

1 GENERAL

1.1 Definition of dynamic load cases

111

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 EDWSs that minimise and maximise the vertical wave bending moment
amidships respectively.

¢ HSA load cases:

HSA-1 and HSA-2: Head sea EDWSs that maximise and minimise the head sea vertical acceleration at FP
respectively.

e 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.

e 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 EDWSs that maximise and minimise the hydrodynamic pressure at the
waterline amidships on the starboard side respectively.

e OST load cases:

OST-1P and OST-2P: Obliqgue sea EDWs that minimise and maximise the torsional moment at 0.25L
from the AE with waves from the port side respectively.

OST-1S and OST-2S: Obliqgue sea EDWs that maximise and minimise the torsional moment at 0.25L
from the AE with waves from the starboard side respectively.

¢ OSA load cases:

OSA-1P and OSA-2P: Obligue sea EDWs that maximise and minimise the pitch acceleration with waves
from the port side respectively.

OSA-1S and OSA-2S: Oblique sea EDWs that maximise and minimise the pitch acceleration with waves
from the starboard side respectively.

Note 1: 1 and 2 denote the maximum or the minimum dominate load component for each EDW.
Note 2: 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.
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1.2 Application

121

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.
2 DYNAMIC LOAD CASES FOR STRENGTH ASSESSMENT

2.1 Description of dynamic load cases

211

Table 1 to Table 3 describe the ship motions responses and the global loads corresponding to each dynamic
load case to be considered for the strength assessment.

Table 1 : Ship responses for HSM, HSA and FSM load cases - Strength assessment

Loadcase 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 - - - - - -
AN ™ - - - - - -
% Surge To stern To bow To stern To bow To bow To stern
5 Asurge 1 > ; | ; L\ > { Lk‘_ { Lk<_ { LL > {
I
n Sway - - - - - -
asway - - - - - -
¢
o Heave Down Up Down Up - -
L
<
L Roll - - - - - -
o
8roll - - - - - -
i Pitch Bow down Bow up Bow down Bow up Bow up Bow down
-
o e | P | S | A S S |
E piteh 1 1 I 1 \ I
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2.2 Load combination factors

221

The load combinations factors, LCFs for the global loads and inertia load components for strength assessment

are defined in:

Table 4 : LCFs for HSM, HSA and FSM load cases.
Table 5 : LCFs for BSR and BSP load cases.
Table 6 : LCFs for OST and OSA load cases.

Table 4 : Load combination factors, LCFs for HSM, HSA and FSM load cases - Strength assessment

IACS

Load LCF | HSM-1 HSM-2 HSA1 | HSA2 | FSM-1 | FSM=2
component
My | Cuy 1 1 -0.7 0.7 |-0.4f;-0.6 | 0.4f; + 0.6
Hull girder | Qwv | Cow -1.0f,, 1.0f, -0.6f;, 0.6f,, -1.0f,, 1.0f,,
loads My | Cwn 0 0 0 0 0 0
Mwr | Cwr 0 0] 0 0 0 0
@surge | Cxs | 0.3-0.2fr | 0.2f;-0.3 0.2 0.2 0.2 - 0.4f; | 0.4f;-0.2
Longitudinal
i - . - + -
accelerations Apitch-x CXP 0.7 0.7 O.4fT 0.4 O.4fT 0.4 0.15 0.15
gsing | Cys 0.6 -0.6 0.4f; + 0.4 | -0.4f;- 0.4 -0.2 0.2
asway CYS 0 O 0 0 0 0
Transverse
accelerations | 2o Cre 0 0 0 0 0 0
gsin® | Cye 0 0 0 0 0 0
@peave | Cazy | 0.5f;-0.15 | 0.15 - 0.5f; | 0.4f;- 0.1 | 0.1 - 0.4f; 0 0
Vertical
accelerations | 21z Car 0 0 0 0 0 0
Bpitenz | Czp -0.7 0.7 -0.4f;-0.4 | 0.4, +0.4| 0.15 -0.15
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Table 5 : Load combination factors, LCFs for BSR and BSP load cases - Strength assessment

Load LCF BSR-1P BSR-2P BSR-1S BSR-2S
component
Mwv | Cuv 0.1 - 0.2f; 0.2f;-0.1 0.1 - 0.2f; 0.2f;-0.1
Hull girder Owv | Cow (0.1 -0.2f) f}, (0.2f-0.1) 1), (0.1-0.2f) f}, (0.2fr-0.1) 1),
loads | Myy | Cun 1.2 - 1.1f, 1.1f - 1.2 1.1f - 1.2 1.2 - 1.1f,
Myr | Cur 0 0 0 0
asurge CXS O O 0 O
Longitudinal
accelerations | 2°ienx Cxe 0 0 0 0
gsinp| Cyg 0 0 0 0
Bsnay | Crs 0.2 - 0.2f; 0.2f,;-0.2 0.2f,-0.2 0.2 - 0.2f;
Transverse
accelerations | 2" Cre 1 1 1 1
gsin®| Cyg -1 1 1 -1
e | Con 0.7 - 0.4f; 0.4f,-0.7 0.7 - 0.4f; 0.4f;- 0.7
Vertical
accelerations | 2" Czr 1 1 1
apitenz| Czp 0 0 0 0
Load LCF BSP-1P BSP-2P BSP-1S BSP-2S
component
My | Con 0.3 - 0.8f; 0.8f,-0.3 0.3 - 0.8f; 0.8f,- 0.3
Hull girder | Quwv | Cow (0.3 - 0.8f;) f), (0.8f;-0.3) 1), (0.3 - 0.8f) f}, (0.8f;-0.3) 1),
loads Myt | Com 0.7 - 0.7f; 0.7f,;-0.7 0.7f,- 0.7 0.7 - 0.7f;
Myr | Cur 0 0 0
asurge CXS O O O
Longitudinal ~ - ~ _
oo [aniens| Cre 0.1 - 0.3f; 0.3f,-0.1 0.1 - 0.3f; 0.3f,- 0.1
gsing| Cy 0.3f;-0.1 0.1 - 0.3f; 0.3f;-0.1 0.1 - 0.3f;
Asway | Cys -0.9 0.9 0.9 -0.9
Transverse
oo oy | Cim 0.3 0.3 0.3 0.3
gsind| Cyq 0.2 0.2 0.2 0.2
Aneave | Czn 1 -1 1 1
Vertical
accelerations iz | Czr 0.3 -0.3 -0.3 0.3
apicnz| Cop 0.1 - 0.3f; 0.3f,-0.1 0.1 - 0.3f; 0.3f,- 0.1
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Table 6 : Load combination factors, LCFs for 0ST and 0SA load cases - Strength assessment
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Load LCF 0ST-1P 0ST-2P 0ST-1S 0ST-25
component
Muyy | Cov -0.3-0.2f; 0.3 + 0.2f; -0.3-0.2f7 0.3 + 0.2f;
Hull girder Qwv | Cow (-0.35-0.2f7) f), (0.35+0.2f) 1}, (-0.35-0.2f) f}, (0.35+0.2) f),
loads Muy | Cwn -0.9 0.9 0.9 -0.9
M wT CWT - flp—OST flp—OST flp—OST - flp—OST
Agyrge | Cxs 0.1f;-0.15 0.15 - 0.1f; 0.1f;-0.15 0.15 - 0.1f;
Longitudinal
accelerations Apitchx | Cxp 0.7 - 0.3f; 0.3f;-0.7 0.7 - 0.3f; 0.3f;-0.7
gsing | Cyg 0.2f;-0.45 0.45 - 0.2f; 0.2f;-0.45 0.45 - 0.2f;
asway CYS 0 O 0 0
Transverse
accelerations aony | Cyr 0.4f;-0.25 0.25 - 0.4f; 0.25-0.4f; 0.4f;-0.25
gsind | Cyg 0.1-0.2f; 0.2f;-0.1 0.2f;-0.1 0.1-0.2f;
Apeave | Can 0.2f;- 0.05 0.05 - 0.2f; 0.2f;- 0.05 0.05-0.2f;
Vertical
accelerations Az | Com 0.4f;-0.25 0.25 - 0.4f; 0.25 - 0.4f; 0.4f;- 0.25
Apitchz | Czp 0.7 -0.3f; 0.3f;-0.7 0.7 -0.3f; 0.3f;-0.7
Load LCF OSA-1P 0SA-2P 0SA-1S 0SA-2S
component
Mwv | Cuv 0.75 - 0.5f; -0.75 + 0.5 0.75-0.5f; -0.75 + 0.5f;
Hull girder Owv | Cow (0.6-0.417) 1), (-0.6+0.417) 1), (0.6-0.41) 1), (-0.6+0.417) 1),
loads Muws | Cun 0.55 + 0.2f; -0.55-0.2f; -0.55-0.2f; 0.55 + 0.2f;
M Wt CWT - flp-OSA flp-OSA f/p-OSA 'flp-OSA
Agyrge | Cxs 0.1f;-0.45 0.45 - 0.1f; -0.45 + 0.1f; 0.45 - 0.1f;
Longitudinal
accelerations Apitcnx | Cxp 1.0 -1.0 1.0 -1.0
gsing | Cyg -1.0 1.0 -1.0 1.0
Asway | Cvs -0.2 - 0.1f; 0.2 + 0.1f; 0.2 + 0.1f; -0.2 - 0.1f;
Transverse
accelerations aony | Cyr 0.3-0.2f; 0.2f;-0.3 0.2f;-0.3 0.3-0.2f;
gsind | Cyg 0.1f;-0.2 0.2-0.1f; 0.2-0.1f; 0.1f;-0.2
Apeave | Con -0.2f; 0.2f; -0.2f; 0.2f;
Vertical
accelerations iz | Cor 0.3-0.2f; 0.2f;-0.3 0.2f;-0.3 0.3-0.2f;
Apitenz | Czp 1.0 -1.0 1.0 -1.0
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3 DYNAMIC LOAD CASES FOR FATIGUE ASSESSMENT

3.1 Description of dynamic load cases

311

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 HSM-1 HSM-2 FSM-1 FSM-2
case
EDW HSM FSM
Heading Head Following
Effect Max. bending moment Max. bending moment
VWBM Sagging Hogging Sagging Hogging
VWSE 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
Asurge 1 —> 5 < ] < ) L__’_5
Sway - - - -
asway B - - -
Heave Down Up - -
Roll - - - -
aroII - - - -
Pitch Bow down Bow up Bow up Bow down
1 \ \ ]
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Table 9 : Ship responses for OST load cases - Fatigue assessment

Load 0ST-1P 0ST-2P 0ST-1S 0ST-25
case
EDW OSsT
Heading Oblique
Effect Max. torsional moment
VWBM Sagging Hogging Sagging Hogging
VWSE 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 oy . o
™
& g
Surge To bow To stern To bow To stern
Asurge l ~ ) E — 5 E =~ 5 :_):
Sway - - - -
asway - - - -
Heave Up Down Up Down
Bheave WS LS WS LS LS Ls| A [ws
Roll Portside down Portside up Starboard down Starboard up
Ao
8ro WS LS WS LS LS W.S LS W.S
Pitch Bow up Bow down Bow up Bow down
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3.2 Load combination factors

3.2.1

IACS

The load combinations factors, LCFs for the global loads and inertial load components for fatigue assessment

are defined in:

Table 10: LCFs for HSM and FSM load cases.
Table 11: LCFs for BSR and BSP load cases.
Table 12: LCFs for OST load case.

Table 10 : Load combination factors, LCFs for HSM and FSM load cases - Fatigue assessment

Load LCF | HSM-1 HSM-2 FSM-1 FSM-2
component
My, | Cuy 1 1 0.75 - 0.2f; 0.75 + 0.2f;
Hull girder | Quw | Cow | -1.0f, 1.0, (0.75:0.2f)f, | (0.75+0.2f)f,
loads M Cun 0 0 0 0
Myr | Cur 0 0 0 0
Asurge Cys 0.3 - 0.2f; 0.2f;- 0.3 -0.4f;+ 0.2 0.4f;-0.2
Longitudinal
accelerations | 2Pierx Cxe 09 0.9 0.1 01
gsing | Cy | 0.4f+0.4 | -0.4f-0.4 0.15 0.15
asway CYS 0 0 O O
Transverse
accelerations | 2" Crr 0 0 0 0
gsind | Cyg 0 0 0 0
Apheave Cy,y | 0.8f;-0.15 | 0.15 - 0.8f; 0 0
Vertical
accelerations |21 Czr 0 0 0 0
apions | Cop 0.9 0.9 0.1 0.1
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Table 11 : Load combination factors, LCFs for BSR and BSP load cases - Fatigue assessment

Load LCF BSR-1P BSR-2P BSR-1S BSR-2S
component
My | Cuy 0.1 - 0.2f; 0.2f;-0.1 0.1 - 0.2f; 0.2f;-0.1
Hull girder | Quw | Cow | (0.1-02f)f, | (0.2f-0.0)f, | (0.1-02f)f, | (0.2f;-0.1)f,
loads My | Cun 11-f, fr-1.1 fo1.1 11-f,
Myr | Cur 0 0 0 0
asurge CXS 0 0 O 0
Longitudinal
accelerations |27 Cxe 0 0 0 0
gsing | Cyg 0 0 0 0
say | Cis 0.2 - 0.2f; 0.2f;-0.2 0.2f;- 0.2 0.2 - 0.2,
Transverse
accelerations |27 Cre 1 1 1 1
gsin@ | Cyg -1 1 1 -1
Bneove | Can 0.7 - 0.4f; 0.4f,-0.7 0.7 - 0.4f; 0.4f,-0.7
Vertical
accelerations |27 Czr 1 1 1
Apitcnz | Czp 0 0 0 0
Load LCF BSP-1P BSP-2P BSP-1S BSP-2S
component
Myy | Cuv 0.3 - 0.8f; 0.8f,-0.3 0.3 - 0.8f; 0.8f,-0.3
Hull girder | OQuws | Cow | (0.3-08f)f, | (0.8f-0.3)f, | (0.3-0.8f)f, | (0.8f-0.3)f,
loads Myy | Cun 0.6 - 0.6f; 0.6f,-0.6 0.6f,- 0.6 0.6 - 0.6f,
asurge CXS 0 0 0 0
Longitudinal
accelerations | 2Pt Cxe 0 0 0 0
gsing | Cyg 0 0 0 0
dsway | Crs -0.95 0.95 0.95 -0.95
Transverse
cooverse | ay | G 0.3 03 0.3 0.3
gsinf | Cyo 0.2 0.2 0.2 0.2
aheave CZH 1 ‘1 1 -1
Vertical
accelerations 810z Csr 0.3 -0.3 -0.3 0.3
apitenz | Czp 0 0 0 0
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Table 12 : Load combination factors, LCFs for 0ST load cases

- Fatigue assessment

IACS

Load LCF OST-1P OST-2P 0ST-1S 0ST-2S
component
My | Cun 0.4 0.4 0.4 0.4
Hull girder Ow | Cow 0.4 1, 0.41, -0.4 1, 0.41,
loads My | Cu 0.9 0.9 0.9 0.9
MWT CWT - flpfOST flpfOST flpfOST - flpfOST
deuge | Cxs | -0.25+0.2f; 0.25 - 0.2f; 0.25 + 0.2f, 0.25 - 0.2f,
Longitudinal
o et | dnians | O 0.4-0.2f; 0.4 + 0.2f; 0.4-0.2f; 0.4 + 0.2f;
gsing | Cyo 0.4 +0.2f, 0.4 -0.2f; 0.4 +0.2f; 0.4 - 0.2f;
asway CYS O 0 O 0
Transverse
oo | amy | Cw 0.4 + 0.6f; 0.4 - 0.6f; 0.4-0.6f; 0.4 + 0.6f;
gsind | Cy 0.2-0.3f, 0.2 +0.3f, 0.2 + 0.3, 0.2 - 0.3f,
Bneove | Con -0.05 0.05 -0.05 0.05
Vertical C 0.4 + 0.6 0.4-0.6f 0.4-0.6f 04+ 0.6f
accelerations rollz 2R : T : T : T : T
apiens | Cop 0.4-0.2f, 0.4 +0.2f, 0.4-0.2f, 0.4 +0.2f,
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SECTION 3
SHIP MOTIONS AND
ACCELERATIONS

SYMBOLS

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

ap : Acceleration parameter, to be taken as:
ao = (1.58 - 0.47Cy) (?:-‘1 434 §9.Q)
NS
To : Roll period, in s, as defined in [2.1.1].
6 : Roll angle, in deg, as defined in [2.1.1].
T, : Pitch period, in s, as defined in [2.1.2].

: Pitch angle, in deg, as defined in [2.1.2].

T S

: Vertical coordinate, in m, of the ship rotation centre, to be taken as:
T
R = min (%+?ch)
Cxar Cxss Cxpy Cyar Cys, Cyr, Cayy Cog, @nd Cyp: Load combination factors, as defined in Ch 4, Sec 2.
aon, : Transverse acceleration due to roll, in m/s?, as defined in [3.3.2].
apnenx - Longitudinal acceleration due to pitch, in m/s2, as defined in [3.3.1].
a,, - Vertical acceleration due to roll, in m/s?, as defined in [3.3.3].

apenz - Vertical acceleration due to pitch, in m/s?, as defined in [3.3.3].

fr : Ratio between draught at a loading condition and scantling draught, to be taken as:
TLC f
fr = = butis not to be taken less than 0.5.
SC
Tic : Draught, in m, amidships for the considered load case

x,¥,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].

PART1 CHAPTER 4 SECTION 3

Tos : Coefficient for strength assessments which is dependant on the applicable design load scenario
specified in Ch 4, Sec 7, and to be taken as:
fps = 1.0 for extreme sea loads design load scenario.
f,s = 0.8 for the ballast water exchange design load scenario.
f,s = 0.8 for the accidental flooded design load scenario at sea.
f,s = 0.4 for the harbour/sheltered water design load scenario.

fra : Fatigue coefficient to be taken as:
fr =0.9
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1 GENERAL

1.1 Definition

111

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 T, in s, to be taken as:

The roll angle 6, in deg, to be taken as:

_ 9000 (1.25-0.025T,) f, fgx

0
(B+75)w
where:
T, : Coefficient to be taken as:
f, = fys for strength assessment.
f, = £,(0.23 - 4f, Bx 10™*) for fatigue assessment.
fax : To be taken as:
fax = 1.2 for ships without bilge keel.
fsx = 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 condition ® @ Tic K, GM
Full load condition Tsc 0.35B 0.12B
Optional conditions that have a draught Actual draught but >
greater than 0.9T, 0.9T¢. 0.35B 0.128
Partial load condition <0.6Tg 0.40B 0.24B
Ballast condition Taar 0.45B 0.33B
1) For optional loading conditions or gale/emergency ballast conditions with draught between 0.6T¢. and 0.9T,
the values of k, and GM, unless provided in the loading manual, are to be obtained by linear interpolation
between the optional condition at 0.9T¢. and the partial load condition at 0.6T. based on the actual draught.
(2) For flooded loading conditions, the values of k, 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 0.358B | 0.12B
N Alternate heavy cargo BC-A 0.40B | 0.20B
Full load condition Alternate light cargo BCA 0.358 | 0.12B
Homogeneous heavy cargo BC-B, BC-A Tsc 0.42B | 0.25B
All bulk carriers
Steel coil loading® ?ﬁ:'ggfﬁ:g;%; 0.42B | 0.25B
steel products
Heavy ballast condition All bulk carriers Tearn 0.40B | 0.25B
Normal ballast condition All bulk carriers Tear 0.45B | 0.33B

(1) For Multi-port (MP) loading conditions with draught greater than or equal to 0.9Tg, 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 Tg,, ,, and 0.9T, 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 Tg,, 4, the values of k,and GM for the heavy ballast condition
are to be used.

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

(3) When steel coil loading condition is provided by the designer according to Ch 1, Sec 2, [3.6] in the loading manual, this
condition is to be assessed with draught, k, and GM values given in this table.

4) 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 T, in s, is to be taken as:

T=21‘C7\,EP
TN g

where:
Ao =06 (1+f) L

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

1.2
¢ = 1350 f, L% {1.0 + (2—-—'57) }

J8L
where:
f, : Coefficient to be taken as:

p

f, = f,s for strength assessment.

f, = f»[(0.27 - 0.02f;) — (13 - 5f;) L x 10°°] for fatigue assessment.

2.2 Ship accelerations at the centre of gravity

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

Asyrge = 0.2, 80 &

PART1 CHAPTER 4 SECTION 3

where:
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: Coefficient to be taken as:

f, = f,s for strength assessment.

f, = f,[0.27 — (15 + 4f;) L X 107°] for fatigue assessment.

2.2.2 Sway acceleration

The transverse acceleration due to sway, in m/s?, is to be taken as:
Asway = 0.3 f, 808

where:

f

» : Coefficient to be taken as:

f, = f,s for strength assessment.

f, = f,[0.24 - (6-2f;) Bx 10*] for fatigue assessment.

2.2.3 Heave acceleration

The vertical acceleration due to heave, in m/s?, is to be taken as:
Aheave = T80 8

where:

f

» : Coefficient to be taken as:

f, = f,s for strength assessment.

f, = f[(0.27 + 0.02f;) — 17L x 10°°] for fatigue assessment.

2.2.4 Roll acceleration

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

2
Aro = fp 0 £ (2_71:)

180 \ T,
where:
6 : Roll angle using f, equal to 1.0.
f, : Coefficient to be taken as:

p

f, = f,s for strength assessment.

f, = f,[0.23 - 4f; Bx 10‘4] for fatigue assessment.

2.2.5 Pitch acceleration

The pitch acceleration, a,., in rad/s?, is to be taken as:

apiten = Tp (% + 1.0) (0} % @_—:)2
where:
1) : Pitch angle using f, equal to 1.0.
T : Coefficient to be taken as:
f, = f,s for strength assessment.
f, = f,[0.28 = (5 + 6f;) L x 107°] for fatigue assessment.
COMMON STRUCTURAL RULES 01 JAN 2019
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3  ACCELERATIONS AT ANY POSITION

3.1 General

311

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,
machinery foundations, etc.

3.2 Accelerations for dynamic load cases

3.2.1 General

The accelerations to be applied for the dynamic load cases defined in Ch 4, Sec 2 are given in [3.2.2] to
[3.2.4].

3.2.2 Longitudinal acceleration
The longitudinal acceleration at any position for each dynamic load case, in m/s?, is to be taken as:

ay = —Cyg 8 SINQ + Cxs asyrge + Cxp @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 = Cye 8 sin0 + Cys asyay— Cyvr @,01(2—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:
8z = Czy @neave + Czr @ron ¥ — Czp @piten (X —0.45L)
3.3 Envelope accelerations

3.3.1 Longitudinal acceleration

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

2

L .
Ay_env = 0'7/\/asurge2 + |:§'"2'5 (gsm(P + apitch—x):|

where:

apienx  : Longitudinal acceleration due to pitch, in m/s?

apitch—x = apitch (Z_ R)
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3.3.2 Transverse acceleration

The envelope transverse acceleration, ay.p,, in m/s?, at any position, is to be taken as:

2 . 2
ay—ernv = ’\/asway + (g Slne + aroll—y)
where:

a.ny  : Transverse acceleration due to roll, in m/s?.

aroll—y = aroll (Z_R)

3.3.3 Vertical acceleration

The envelope vertical acceleration, a,...,, in m/s2, at any position, is to be taken as:
Z-env:

L 2
Ay _eny = /\/aheave2 + ((03 + ﬁg) apitch—z) + (:I--2aroll—z)2

where:

ayene - Vertical acceleration due to pitch, in m/s?.
apitch—z = apitch (X_O45L)
a,, - Vertical acceleration due to roll, in m/s?.

aroll—z = arolly

PART1 CHAPTER 4 SECTION 3
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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
Ch4,Sec1,[1.2.1].

C, : Wave coefficient, to be taken as:
300 — L) 1
— _ <L<
C, = 10.75 ( 100 for 90m <L <300m
C, = 10.75 for 300m <L <£350m
L— 350) o
= 10.75 - <
C, = 10.75 ( 150 for 350m <L <£500m
s : Heading correction factor, to be taken as:

* For strength assessment:
fz=1.05 for HSM and FSM load cases for the extreme sea loads design load scenario.
fz= 0.8 for BSR and BSP load cases for the extreme sea loads design load scenario.
fz= 1.0 for HSA, OST and OSA load cases for the extreme sea loads design load scenario.

fﬂ = 1.0 for ballast water exchange at sea, harbour/sheltered water and accidental flooded
design load scenarios.

* For fatigue assessment:
fz=1.0.
Tos : 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

111

The hull girder loads for the static (S) design load scenarios is to be taken as the still water loads defined in [2].

11.2

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].
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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
girder shear forces are at least 10% above the maximum still water shear force from loading condition in the loading manual, to
account for growth and design margins during the design and construction phase of the ship.

2.1.2 Flooded condition

The designer is to provide the envelope of permissible still water bending moment and shear force in flooded
condition.

2.1.3 Still water loads for the fatigue assessment

The still water bending moment and shear force values and distribution to be used for the fatigue assessment
are to be taken as the most typical values applicable for the loading conditions that the ship will operate in for
most of its life. Typically, these conditions will be the normal ballast condition and full homogeneously loaded
condition for double hull oil tankers. For bulk carriers, these will be the normal ballast condition, heavy ballast

condition, full homogeneously loaded condition and full alternate loaded condition; note the latter is only
applicable to BC-A bulk carriers. The definition of loading conditions to use is specified in Ch 9.

2.2 \Vertical still water bending moment

2.2.1 Minimum still water bending moment

The minimum still water bending moment, Mg,.n.min @Nd Mg,.c.min, iN KNM, in hogging and sagging condition,
respectively is to be taken as:

Hogging conditions:

My - min = faw (171C,, L B(Cg+ 0.7) 107> = Moy - mia)
Sagging conditions:

My s min = —0.85f,, (171C,, L? B(C5+0.7) 10 + Moy o mig)
where:

M,..n-mia - 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,,.s.miq : Vertical wave bending moment for strength assessment in sagging condition, as defined in [3.1.1]
using f, and f,, equal to 1.0.
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fow : Distribution factor along the ship length. To be taken as, see Figure 1:

fow = 0.0 for x<O
faw=0.15at x=0.1L
fow=21.0 for 0.3L<x<0.7L
faw=0.15at x=0.9L

foo =0.0 for x>L

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

Figure 1 : Distribution factor f,,,
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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, 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, ,, 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%.
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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, Q,,.in 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:

{0-225pg Biocar Lux Tsc
st—min = Imax
0.5pg [0.98 (Vo7 + 2Vsr) = 0.7Bocar Lo Tscl

and is to be taken as the maximum value of Q,, i, 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:
st—min = i04pg Blocal Etk TSC

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

where:

B, :Local breadth, in m, at Tg. at the middle length of the tank under consideration.

Lo : Length of cargo tank under consideration, in m, taken at the forward or aft side of the transverse
bulkhead under consideration, in m.

Ver : Volume of centre cargo tank, in m3, taken for the cargo tank on the forward or aft side of the
transverse bulkhead under consideration.

Vsr : Volume of side cargo tank, in m3, taken for the cargo tank on the forward or aft side of the transverse

bulkhead under consideration.

2.3.2 Minimum still water shear force in harbour/sheltered water conditions for oil tankers

The minimum hull girder positive and negative vertical still water shear force, Qsypmin in kKN 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:

0275Pg Blucal gtk TSC

st—p—min = imax{
0.5pg [0.98 (Ver+ 2Vsr) —0.6B)5car Lok Tscl

and is to be taken as the maximum value of Qg , min Calculated for cargo/ballast tanks forward and aft
of the transverse bulkhead.
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b) For oil tankers with two cargo tanks across the breadth of the ship:

st—min = i045pg Blocal Etk TSC

and is to be taken as maximum value of Qs,.,mi» Calculated for cargo/ballast tanks forward and aft of
the transverse bulkhead.

2.3.3 Permissible still water shear force in seagoing condition

The permissible vertical still water shear forces, Q,,, for oil tankers and bulk carriers, in seagoing condition at
any longitudinal position are to envelop:

* The most severe still water shear forces, positive or negative, for the seagoing loading conditions
defined in Ch 4, Sec 8 after shear force correction in case of bulk carrier.

* The most severe still water shear forces for the seagoing loading conditions defined in the loading
manual after shear force correction in case of bulk carrier.

* For oil tankers, the minimum still water shear forces for seagoing conditions defined in [2.3.1].

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

The permissible vertical still water shear forces, Qs,,,, for oil tankers and bulk carriers, in the harbour/sheltered
water and tank testing condition at any longitudinal position are to envelop:

* The most severe still water shear forces, positive or negative, for the harbour/sheltered water loading
conditions defined in Ch 4, Sec 8 after shear force correction in case of bulk carrier.

* The most severe still water shear forces for the harbour/sheltered water loading conditions defined in
the loading manual after shear force correction in case of bulk carrier.

* For oil tankers, the minimum still water shear forced for harbour/sheltered water conditions defined in
[2.3.2].

The following value may be used as guidance at preliminary design stage:

st—p = QSW + 0'6QWV

where:
Qsw : Permissible still water shear force Q,,, as defined in [2.3.3].
Quv : Vertical wave shear force for strength assessment Q505 @nd Qyy.nee @S defined in [3.2.1] using f,

equal to 1.0.

2.3.5 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:

* 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 to 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.

e The permissible still water shear force is defined in [2.3.3].
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3 DYNAMIC HULL GIRDER LOADS

3.1 Vertical wave bending moment

3.11

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

Myy_n = 0.19F,_y f f, C, L BCg

Sagging condition:

Myy_s = =0.19f,_ f f, C, L® BCg

where:
foivn : Coefficient considering nonlinear effects applied to hogging, to be taken as:
fon = 1.0 for strength and fatigue assessment.
fotvs : Coefficient considering nonlinear effects applied to sagging, to be taken as:
Cg+ 0.7
fos= 0.58 ( - C ) for strength assessment.
B
fos= 1.0 for fatigue assessment.
T, : Coefficient to be taken as:
o = Tos for strength assessment.
f, =0.9[0.27 — (6 + 4f;) L x 10°°] for fatigue assessment.
fm : Distribution factor for vertical wave bending moment along the ship’s length, to be taken as:

f,=0.0 for x<0
fn=210 for 0.4L<x<0.65L
f,=0.0 for x>L

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

Figure 2 : Distribution factor f,,,,
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3.2 \Vertical wave shear force

3.21

The vertical wave shear forces at any longitudinal position, in kN, are to be taken as:

COMMON STRUCTURAL RULES 01 JAN 2019

PART1 CHAPTER 4 SECTION 4

187



IACS

Quv_pos = 0.52f,_,0s , C,, LBCg

Quy_neg = ~0.52f, e f> Cuy LBCy

where:
Ty : Coefficient to be taken as:
Ty = fos for strength assessment.
f,=0.9[0.27 — (17 - 8f;) L x 107°] for fatigue assessment.
fepos - Distribution factor along the ship length for positive wave shear force, to be taken as:
fapos = 0.0 forx<O0
fopos = 0.92 f,_,,for0.2L<x<03L
fapos = 0.7 for0.4L<x<0.6L
fopos = 1.0 s for0.7L<x<0.85L
fapos = 0.0 forx=L
Intermediate values of £, ,,; are to be obtained by linear interpolation (see Figure 3).
fenes - Distribution factor along the ship length for negative wave shear force, to be taken as:
Taneg = 0.0 forx<0
foneg = 0.92f,_,for0.2L <x<0.3L
fones = 0.7 for0.4L<x<0.6L
foneg = 1.0 f_,, for 0.7L<x<0.85L
Tanes = 0.0 forx>L

Intermediate values of f, .., are to be obtained by linear interpolation, see Figure 4.

T Trivs: CO€fficient considering nonlinear effects defined in [3.1.1].

Figure 3 : Distribution factor of positive vertical shear force f,
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Figure 4 : Distribution factor of negative vertical shear force f, .,
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3.3 Horizontal wave bending moment

3.3.1

The horizontal wave bending moment at any longitudinal position, in KNm, is to be taken as:

M,, = fn,hfp(0.31+ 58%6) f C, L2 T, Cs
where:
foin : Coefficient considering nonlinear effect to be taken as:
fn = 0.9 for strength assessment
f.n = 1.0 for fatigue assessment
T : Coefficient to be taken as:
T =Tps for strength assessment.
f, = 0.9-[(0.2+0.04f;) +(11-8f;) L x 107°] for fatigue assessment.
fm : Distribution factor defined in [3.1.1].

3.4 Wave torsional moment

34.1

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

th = fp(th1+th2)

where:
L 2
thl = 0'4ftl CW —_— B DCB
Tic
M, = 0.22f, C, LB® Cg

f.1, fo  : Distribution factors, taken as:

f;=0 for x< 0O
fir = sin(z—f)-() for 0<x<L
f;=0 for x> L
fo=0 for x<O0

fi, = sinQ(T%) for 0<x<L
fo=0 for x> L

: Coefficient to be taken as:

fo=Tos for strength assessment.
f, = 0.9[0.2 + (5f;—4.25) Bx 10™*] 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].
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3.5.2 Vertical wave bending moment

The vertical wave bending moment, M,,..,, 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 M .ic
CWVZO fB CWV va—h
CWV< O fB CWV |va—s|
where:
Cuwv : Load combination factor for vertical wave bending moment, to be taken as specified in Ch 4, Sec 2.

M,..n» M- 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, Q,,...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 Quvic
CQW 2 0 f[i CQW Qwv—pos
CQW <0 f[?s C‘QW |Qwv—neg|
where:
Cow : Load combination factor for vertical wave shear force, to be taken as specified in Ch 4, Sec 2.

Quvposr Quv-neg - POSItive and negative vertical wave shear force taking account of the considered design load
scenario, as defined in [3.2.1].
3.5.4 Horizontal wave bending moment

The horizontal wave bending moment, M,,;,, ¢, in kNm, to be used for each dynamic load case defined in
Ch 4, Sec 2, is to be taken as:

Mun_1c = fﬁ Cywn My

where:

Cwn : 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:

Mye_1c = fﬁ Cyr My,

where:

Cur : 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, ¥,z :X, Yand Z coordinates, in m, of the load point with respect to the reference coordinate system
defined in Ch 4, Sec 1, [1.2.1].
fu : Ratio as defined in Ch 4, Sec 2.
fys : Ratio between Y-coordinate of the load point and B,, to be taken as:
fre = %}4 , but not greater than 1.0.
f,g = 0 when B, = 0.
fip1 : Ratio between Y-coordinate of the load point and B, to be taken as:
fog1 = % , but not greater than 1.0
C, : Wave coefficient defined in Ch 4, Sec 4.
fr : Ratio as defined in Ch 4, Sec 3.
Pww. : Wave pressure at the waterline, kN/m?2, for the considered dynamic load case.
Pyw. =Py fory=By/2andz=T,
hy : Water head equivalent to the pressure at waterline, in m, to be taken as:
pg
Tos : Coefficient for strength assessment, as defined in Ch 4, Sec 3.
g : Roll angle, in deg, as defined in Ch 4, Sec 3, [2.1.1].
T : Roll period, in s, as defined in Ch 4, Sec 3, [2.1.1].
fr : Coefficient defined in Ch 4, Sec 3.
Tz : Coefficient defined in Ch 4, Sec 4.
Zsp : Z coordinate, in m, of the midpoint of stiffener span, or of the middle of the elementary plate panel.
[CORR1 to 01 JAN 2018]
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1 SEAPRESSURE

1.1 Total pressure

111

The external pressure P, at any load point of the hull, in kN/m?, for the static (S) design load scenarios, is to
be taken as:

P.x = Ps but not 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., = Ps+ P, but not less than O.

where:
Pg : Hydrostatic pressure, in KN/m?, defined in [1.2].
Py : Wave pressure, in kN/m?2, is defined in [1.3].

1.2 Hydrostatic pressure

1.21
The hydrostatic pressure, Pg at any load point, in kN/m?, is obtained from Table 1. See also Figure 1.

Table 1: Hydrostatic pressure, Pg

Location Hydrostatic Pressure, Pg, in kN/m?
z<Tc pE(Tc—2)
z>T,¢ 0

Figure 1 : Hydrostatic pressure, Pg

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].
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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?2, are to be
obtained from Table 2. See also Figure 2 and Figure 3.

Table 2 : Hydrodynamic pressures for HSM load cases

Wave pressure, in kN/m?

Load case z<T.c Te<z<hy+ T, z>hy+ T .
HSM-1 | Py = max (=Pys, p8 (z—T.¢)) .
Pw=Pww. - PE(Z-Ty) Py =0.0 .
HSM-2 Py = max (Pys, pg (2-T.c)) °
where: E
PHS=f[5 psfnlfhka kpfysz E"Q'ﬂz:"j;g'? :
T : Coefficient considering non-linear effects, to be taken as: E
* For extreme sea loads design load scenario: E
f,=0.7atf, =0 :
f,=09atf,, =0.3 :
f,=09atf, =0.7 .
f,=06atf, =1
* For ballast water exchange design load scenario: E
f,=0.85atf, =0 :
f,=0.95atf, =0.3 .
f,=095atf, =0.7 .
f,=0.80atf, =1
Intermediate values are obtained by linear interpolation. E
Ty : Girth distribution coefficient, to be taken as: .
f,= = +fp+1 :
T : 0
T : Coefficient to be taken as: E %
f,= 3.0(1.21-0.66 f;) § E)
K, : Amplitude coefficient in the longitudinal direction of the ship, to be taken as: N7
20 2 .
k, = (0.5 +f;) (3—2@)——§fo(7—6@) +3(1-1) for f, <0.15 <
S <
k, = 1.0 for 0.15<f, <0.7 . W
a — -+ . = IxL . o =
S o
k, = 1+(fo—0.7){(%9fT—5) +2(1—fy8)[%§f7(fo—O.7)—0.25(2—fT)J} for £, >20.7 E %
B . E)
A : Wave length of the dynamic load case, in m, to be taken as: . |
A= 0.6(1+f)L E
Ky, : Phase coefficient to be obtained from Table 3. Intermediate values are to be interpolated. . E
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Table 3 : k, values for HSM load cases

fu 0 03-01f |035-0.1f| 0.8-0.21 | 0.9-0.2f; 1.0

| —0.25 f; (1+1) 1 1 1 1 1

Figure 2 : Transverse distribution amidships of dynamic pressure for HSM-1, HSA-1 and FSM-1 load cases
T

|
|
|
|
|
|
|
|
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|
|
|
|
|
|
|
|
I

Figure 3 : Transverse distribution amidships of dynamic pressure for HSM-2, HSA-2 and FSM-2 load cases

1.3.3 Hydrodynamic pressures for HSA load cases

The hydrodynamic pressures, P,, for HSA-1 and HSA-2 load cases at any load point, in kN/m?, are to be
obtained from Table 4. See also Figure 2 and Figure 3.

Table 4 : Hydrodynamic pressures for HSA load cases

Wave pressure, in kKN/m?

Load case z< T, Tice<z<hy+ T z>hy+ T

HSA-1 Py, = max(—Pys, pg(z-T.c))

Pw = Pyw. - p8(z-T.c) Py =0.0

PART1 CHAPTER 4 SECTION 5

HSA-2 Py = max(Pys, p&(z—T.c))
where:
Lo+A—-125
PHS = fps fnl fh ka kp fyz Cw T
fo : Coefficient considering non-linear effects, to be taken as defined in [1.3.2].
T : Girth distribution coefficient, to be taken as:
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z
f, = i—c+fy3+1

: Coefficient to be taken as:

f,= 2.4(1.21-0.66 f,)

: Amplitude coefficient in the longitudinal direction of the ship, to be taken as defined in [1.3.2].

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

A= 0.6(1+F)L

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

Table 5 : k, values for HSA load cases

0 03-0.1f | 0.5-02f | 0.8-02f | 0.9-0.2f, 1.0

1.5-f;—0.5 f,q 1 1 1 1 1

1.3.4 Hydrodynamic pressures for FSM load cases

The hydrodynamic pressures, P,, for FSM-1 and FSM-2 load cases, at any load point, in kN/m?, are to be
obtained from Table 6. See also Figure 2 and Figure 3.

Table 6 : Hydrodynamic pressures for FSM load cases

Wave pressure, in kKN/m?
Load case z<T,¢ Tic<z<hy+ T, z>hy+ T,
FSM-1 Py = max(—Pes, pg(z-T.c))
Py =P - p8Z-T.() Py =0.0
FSM-2 Pw = max(Pgs, pg(z—T.c))

where:

PFS = fB ps fnl fh ka kp fyz Cw L0+x+125

fnl

COMMON STRUCTURAL RULES

: Coefficient considering non-linear effects, to be taken as:

f,; = 0.9 for extreme sea loads design load scenario.

f,, = 0.95 for ballast water exchange design load scenarios.

: Girth distribution coefficient, to be taken as:

f,= 2 +fp+1
T

: Coefficient to be taken as:

f,=2.6

: Amplitude coefficient in the longitudinal direction of the ship, to be taken as:

K, = 1+(3.75-2 f;)(1-5 f,)(1—f,;) for f, <0.2
k, = 1.0 for 0.2<f,<0.9
k, = 1+20(1—f;) (f, —0.9) for f,>0.9

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

A =0.6(1+2/3f)L

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

0

0.35-0.1f;

05-0.2f;

0.75

0.8

1.0

~0.75-0.25 f,q

-1

1

41 | -0.75-0.25 f,,

1.3.5 Hydrodynamic pressures for BSR load cases

The wave pressures, P, for BSR-1 and BSR-2 load cases, at any load point, in kN/m2, are to be obtained from
Table 8. See also Figure 4 and Figure 5.

Table 8 : Hydrodynamic pressures for BSR load cases

Wave pressure, in KN/m?
Load case z< T, Tic<z<hy+ T z>hy+ T,
BSR-1P Py = max (Pgsg, p8 (z- Tic))
BSR-2P Py = max (- Pgsg, p8 (- T¢))
Pw=Pww. - pg(Z-T.c) Py=0.0
BSR-1S Py = max (Pgsg, 08 (2 - Ti¢))
BSR-2S Py = max (- Pgsg, p8 (- Ty¢))
where:

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

Pasn = Ty fn,(ioysine +0.88 f,,C, /wf_m(fysl + 1))

e For BSR-1S and BSR-2S load cases.

P = fy fn,(—ioysine +0.881,.C, /M(fysl + 1))

fo : Coefficient considering non-linear effect, to be taken as:

f,y = 1 for extreme sea loads design load scenario.

f,, = 1 for ballast water exchange design load scenarios.

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

_ &
7»—215

Ts

Figure 4 : Transverse distribution of dynamic pressure for BSR-1P (left) and BSR-1S (right) load cases
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Figure 5 : Transverse distribution of dynamic pressure for BSR-2P (left) and BSR-2S (right) load cases
Port Starboard Port Starboard

N

Wave

Wave

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 Figure 6 and Figure 7.

Table 9 : Hydrodynamic pressures for BSP load cases

Wave pressure, in kN/m?
Load case z<T,¢ Tic<z<hy+T z>hy+ T
BSP-1P Py = max (Pgsp: p8 (- Ty))
BSP-2P Py = max (- Pgsp, pg (- Tyc))
Pw = Pyw. - P8 (z-Tic) Py =0.0
BSP-1S Py = max (Pgsp, P8 (- Ti¢))
BSP-2S Pw = max (- Pgsp, P8 (z- T )
where:
Lo+A-125
Posp = 4.5 fy £, £ £,, Cy | LL——
A : Wave length of the dynamic load case, in m, to be taken as:
A=02(1+2f)L
Ty : Girth distribution coefficient, to be obtained from Table 10.
Table 10 : Girth distribution coefficient, f,, for BSP load cases
Transverse position BSP-1P - BSP-2P BSP-1S - BSP-2S
z 2 z 1
y=0 fyz=2T—LC+2.5fyBl+0.5 fyZ=§m+§fy51+O.5
2z 1 z
y<o fyz:g?L—c+§fyBl+o'5 fyZ:2T_L;+2.5fyBl+o.5
T : Coefficient considering non-linear effect, to be taken as:
* For extreme sea loads design load scenario:
fy,=0.6atf, =0
f,=0.8atf,, =0.3
f,=0.8atf, =0.7
f,=0.6atf, =1
COMMON STRUCTURAL RULES 01 JAN 2019
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* For ballast water exchange design load scenario:
f,=0.6atf, =0
f,=0.8atf, =0.3
f,=0.8atf, =0.7
f,=0.6atf, =1

Intermediate values are obtained by linear interpolation.

Figure 6 : Transverse distribution of dynamic pressure for BSP-1P (left) and BSP-1S (right) load cases

Port Starboard Port Starboard
I I
i i
Wave | i\ /é | Wave
Z ; v v ; <2
i i
i i
i i
i i
i |
Figure 7 : Transverse distribution of dynamic pressure for BSP-2P (left) and BSP-2S (right) load cases
Port Starboard Port Starboard
Wave Wave

1.3.7 Hydrodynamic pressures for OST load cases

The wave pressures, Py, for 0ST-1 and OST-2 load cases, at any load point are to be obtained, in KN/m?, from
Table 11. See also Figure 8 and Figure 9.

Figure 8 : Transverse distribution of dynamic pressure amidships for 0ST-1P (left) and 0ST-1S (right) load cases

Port Starboard Port Starboard

Wave Wave

» -
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Figure 9 : Transverse distribution of dynamic pressure amidships for 0ST-2P (left) and 0ST-2S (right) load cases

Port P, Starboard Port P, Starboard
I I
/- | | AN
Wave : : Wave
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§ | |
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\ | |
| |
Table 11 : Hydrodynamic pressures for OST load cases
Wave pressure, in kN/m?
Load case z<T,c Tc<z<hy+T, z>hy+ T,
OST-1P Py = max (Posr, p8 (Z - Tic))
0ST-2P Pw = max (- Posr, P8 (2 - Tic))
Py = Pww. - p8(Z-T.() Py=0.0
0ST-1S Py = max (Posr, p8 (Z- T,¢))
OST-2S Py =max (- Posr, p8 (2 - Tic))
where:
Lo+A—-125
Pos; = 1.38 f,q ., k, k, ,, C, /—Q—t—z-————
Ty . Girth distribution coefficient, to be obtained from Table 12.
T : Coefficient considering non-linear effect, to be taken as:
f,, = 0.8 for extreme sea loads design load scenario.
f,; = 0.9 for ballast water exchange design load scenarios.
A : Wave length of the dynamic load case, in m, to be taken as:
A =045L
Kk, : 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.
Table 12 : Girth distribution coefficient, f,, for OST load cases
Transverse position OST-1P - OST-2P OST-1S - OST-2S
z z
y=0 5 —+35fz+15 15 —+15
TLC TLC
z z
y<O0 15 —+15 5 —+35f+15
Tic Tic
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Table 13 : k, values for OST load cases

Transverse | Longitudinal OST-1P - OST-2P 0ST-1S - OST-2S
position Position
f,<0.2 1.0+3.5(1—f5) (15 f,) 1.0+ (35— (4f; - 0.5)f,5](1-5 f,,)
y>0 | 02<f,<08 1.0 1.0
f.>0.8 1.0 1.0+4 (1-f;) (5 —4)f,
£,<02 | 10+[35-(4£-05)fsl (1-5f,) 1.0+35(1-fg)(1-5f,)
y<0 | 02<f,<08 1.0 1.0
f,.>0.8 1.0+ 4(1—F,)(5 f,—4) fg 1.0
Table 14 : k,, values for OST load cases
Transverse fu OST-1P - OST-2P 0ST-1S - 0ST-25
position
0.0 1.0 1.0
0.2 1.0 1.0+(0.75- 1.5 f;) f,5
0.4 1.0 ~1.0+(L75-05 ;) f,g
y=0 05 1.0 ~1.0+(L75-05 ;) £,
0.7 —0.1+ (L6 f-15)f, | ~0.1+(0.25-03 ) f,
0.9 0.8+0.2 f,g 0.8-(0.9 f;+0.85) f,q
1.0 ~ 1.0+, ~1.0+(0.5-05 f)) f s
0.0 1.0 1.0
0.2 1.0 +(0.75-15 f,) f 5 1.0
0.4 ~1.0+(L75-05 ;) f,g 1.0
y<O 05 ~1.0+(1.75-05 f;) f,g 1.0
0.7 ~0.1+(0.25-03 ) f5 | —0.1+(L6f—15)f,
0.9 0.8-(0.9 f;+0.85) f,q 0.8+0.2 f,
1.0 ~1.0+(05-05 f)) f,g _1.0+f,

1.3.8 Hydrodynamic pressures for OSA load cases

The wave pressures, Py, for 0SA-1 and OSA-2 load cases, at any load point, in kN/m?, are to be obtained from

Table 15. See also Figure 10 and Figure 11.

Table 15 : Hydrodynamic pressures for 0SA load cases

PART1 CHAPTER 4 SECTION 5

Wave pressure, in kN/m?
Load case z< T Tie<z<hy+ T z>hy+ T
OSA-1P Py = max (Posa P8 (Z - Tic))
OSA-2P Py = max (- Posa, P8 (2 - Tic))
0SA-1S Py = max (Posa 08 (2- T,0)) P = P - P82 Tid Pu=00
OSA-2S Py =max (- Posa, pE (- T,¢))
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where:

,L -12
Posa = 0.81 fps fnl K, kp fyz Cw % (1 +0.5 fT)

A : Wave length of the dynamic load case, in m, to be taken as:
A =070L
fo : Coefficient considering non-linear effect, to be taken as:
* For extreme sea loads design load scenario:
f,=05atf, =0
f,=08atf, =0.3
f,=0.8atf,, =0.7
f,=06atf, =1
* For ballast water exchange design load scenario:
f,=0.75atf, =0
f,=0.9atf, =0.3
f,=0.9atf, =0.7
f,=08atf, =1
Intermediate values are obtained by linear interpolation.
. Girth distribution coefficient, to be obtained from Table 16.
Kk, : Amplitude coefficient in the longitudinal direction of the ship, to be obtained from Table 17.

: Phase coefficient to be obtained from Table 18. Intermediate values are to be interpolated.

Table 16 : Girth distribution coefficient, f,, for 0SA load cases

Transverse

" OSA-1P - OSA-2P 0OSA-1S - 0SA-2S
position

y>0 5.5 -TZ- +53f+22 |09 Tz_ +0.4 fg+2.2

LC LC

y<0 0.9 Ti +0.4 fg+22 5.5Ti +5.3 fg+2.2

LC LC
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Table 17 : k, values for 0SA load cases

Transverse | Longitudinal 0SA-1P - 0SA-2P 0SA-1S - 0SA-2S
position position
1.0+3(2-f)(1-51,)
fu<02 | 1.0+3 (2-f) (1-5 f) (1-f) +{(287,-5)
+3 f(1-51,)} T8
0.2<f,<05 1.0 1.0+(1-2"1,) s
y=20
0.5<f,<0.8 1.0 1.0+152f,-1)fg
1.0+{1512f,-1)
f,.>0.8 1.0+ (f,,—08)(1-fp)A —(f,,—0.8)A}f;s
+(f,, —0.8)A
1.0+3 (2-f) (1-5 1)
f,. £0.2 +{(28 f,, - 5) 1.0+3(2-f) (1-51,,) (1—fyB)
+3 f(1-51,)} fs
0.2<f,<05 1.0+(1-2"7,) fs 1.0
y<O0
05<f,<0.8 1.0+15(2f,-1) fe 1.0
1.0+{1512f,-1)
f,.>0.8 —(f—0.8)A}f 1.0+ (f,,—0.8) (1 -fp) A
+(f,, —0.8)A
where:
A = 22 -15f;+ 3[22(f,, — 0.8)-0.25(2 - f7)]
Figure 10 : Transverse distribution of dynamic pressure amidships for 0SA-1P (left) and 0SA-1S (right) load cases
Port P Starboard Port P, Starboard
/ | | \
| |
Wave i i Wave
i i
| |
| |
| |
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Figure 11 : Transverse distribution of dynamic pressure amidships for 0SA-2P (left) and 0SA-2S (right) load cases
Port | Starboard Port Starboard
I
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| |
01 JAN 2019 COMMON STRUCTURAL RULES



IACS

Table 18 : k, values for 0SA load cases

Tf:ssl‘t’:)’:e f, OSA-1P; OSA-2P 0SA-1S; 0SA-2S

0.0 0.75-0.5 f,q 0.75
0.2 fr—0.25+(1.25-1,) f,q f—0.25 + (0.35 f,— 0.47) f,;
0.4 1.0 1.0 + (2.7 f;-3.2) f,q

y=0 0.5 1.25-0.5 f;+ (0.5 f,—0.25)f,5 | 1.25-0.5 f;+ (2.7 f;~3.2) f,
0.6 1.5 —fr+ (f;— 1.07) f,q 1.5~ f;+(2.68 f,—3.19) f,q
0.85 0.5 f;—1.25+(0.25-05 ;) f,y | 0.5 f,—1.25+(0.2-0.1f,) f,q
1.0 0.5 f;—1.25+(0.25-05 ;) f,y | 0.5 f,—1.25+(0.2-0.1f;) f,p
0.0 0.75 0.75-0.5 f,q
0.2 f—0.25 + (0.35 f,— 0.47) f,q fr—0.25+(1.25-1,) f,q
0.4 1.0 + (2.7 f;-3.2) f,q 1.0

y<0 0.5 1.25-0.5 f;+ (2.7 f,-3.2) f,3 | 1.25-0.5 f;+ (0.5 f,—0.25)f4
0.6 1.5 —f; + (2.68 f,—3.19) f,q5 15— fr+ (fr— 1.07) f,g
0.85 0.5 f;-1.25+(0.2-0.1 ) fs | 0.5 f—1.25+(0.25-0.5 f;) f,q
1.0 0.5 f;-1.25+(0.2-0.1 ) fz | 0.5 f;—1.25+(0.25-0.5 f;) f,q

1.3.9 Envelope of dynamic pressure

The envelope of dynamic pressure at any point, P, .. iS t0 be taken as the greatest pressure obtained from
any of the load cases determined by [1.3.2] to [1.3.8].

1.4 External dynamic pressures for fatigue assessments

1.4.1 General

The external pressure 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 O.

where:
Pg : Hydrostatic pressure, in kKN/m?2, defined in[1.2].
Pw : Hydrodynamic pressure, in kN/m?2, 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?2
Load case z<T¢ Tic<z < 2h,+T,¢ z>2h,+ T
HSM-1 P, = max (=Pys, p8(z—T.¢)) 1
Pw: Pw,wL_ﬁpg (Z_TLC) PW=0'O
HSM-2 Py = max (Pys, p8(z—T.¢))
COMMON STRUCTURAL RULES 01 JAN 2019
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where:

Pus = f, f, ka k, f,, C,, IEQI.ZF.}EE

f

yz

fh

: Girth distribution coefficient, to be taken as:

f,= 2 +fg+1
T

: Coefficient to be taken as:

f,= 2.75(1.21-0.66 f;)

: Coefficient to be taken as:
f, = f,[(0.21 +0.02 f;) + (6 -4 f;) L x 10-5]
: Amplitude coefficient in the longitudinal direction of the ship, to be taken as:

Ky = 1+3F—(1+F) fg+[5(1+F)fe—15f]f,
k, = 1.0

for f,<0.2
for 0.2<f,<0.6

K, = 1+ (f,—0.6)[(13.5-3.5f;) f,+ (14.5f,— 17) + 40(1 —f,5) (f,,— 0.6)] for f, > 0.6

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

A=06(1L+f)L

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

Table 20 : k,, values for HSM load cases

fu ke

0 (1.0—f) + (0.5 1) fg
0.3-0.1f, 1
05-0.2f; 1
0.9-04f, 1
09-02f, 1
1.0 1

1.4.3 Hydrodynamic pressures for FSM load cases

The hydrodynamic pressures, P,, 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 FSM load cases

Wave pressure, in kN/m?2

Load case z<T¢ Tic<z<2hy+ T,

z>2h,+ T,

FSM-1 P, = max(—Pgs, p(z—T.c))

1
Py = PW,WL_E pg (Z_TLC)

FSM-2 Py = max(Pgs, p&(z—T.c))

P, =0.0

where:

Prs = f, f, ko K, f,, C, |rotA=125 7‘[ 125

f

yz

01 JAN 2019
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V4
f, = -T-L—C +fp+1
f, : Coefficient to be taken as:
f,=2.6
Ty : Coefficient to be taken as:
f, = f.[(0.21+0.02 f;) + (6 — 4 f;) L x 10-%]
Kk, : Amplitude coefficient in the longitudinal direction of the ship, to be taken as:
ke = 1+(35-2f)(1-5"1,)(1-fp) for f,<0.2
k, = 1.0 for 0.2<f,,<0.9
k, = 1+15(1—-1,5)(f,, —0.9) for f,,>0.9
A : Wave length of the dynamic load case, in m, to be taken as:
2
A= 0.6(1 += fT)L
3
k, : Phase coefficient to be obtained from Table 22. Intermediate values are to be interpolated.

Table 22 : k,, values for FSM load cases

fo ke
0 ~0.75-0.25 f,q
0.35-0.1f, 1
05-0.2f, 1
0.75 1
0.9-0.1f 1
1.0 ~0.5-0.5 f,

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?2, are to be
obtained from Table 23.

Table 23 : Hydrodynamic pressures for BSR load cases

Wave pressure, in kN/m?
Load case z<T¢ T, c<z<2hy+ T z>2hy,+ T,
BSR-1P Py = max (Pggr, p8(Z - Tic))
BSR-2P Py = max (- Pgsr, p8(z - Ty¢)) 1
Py = Pywi—=pg(z2-T.) Py =0.0

BSR-1S Py = max (Pgsg, PE(Z - Tyc)) 2

BSR-2S Py = max (- Pgsg, PE(Z - T;())
where:

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

Pssg = 10y sin© + 0.88f, C,, /L"”+125(fysl +1)
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e For BSR-1S and BSR-2S load cases.

Pssg = — 10y sin 0 + 0.88f, C,, /W(fysl +1)

f, : Coefficient to be taken as:
f,= f[(0.21+0.04 f;)— (12 f;—2) Bx 1074]
A : Wave length of the dynamic load case, in m, to be taken as:
_ 8 1

1.4.5 Hydrodynamic pressures for BSP load cases

The wave pressures, P, for BSP-1 and BSP-2 load cases, at any load point, in kKN/m?, are to be obtained from
Table 24.

Table 24 : Hydrodynamic pressures for BSP load cases

Wave pressure, in kN/m?
Load case z<T,¢ T, c<z<2 h,+ T z>2 h,+ T
BSP-1P Py = max (Pgsp, p8(Z-T,¢))
BSP-2P Py = max (- Pgsp, p8(Z - T¢)) 1
Py = Pyw —= p8(z—-T.c) Py =0.0
BSP-1S Py = max (Pgsp, p8(z - Tc)) 2
BSP-2S Py = max (- Pgsp, pg(Z - Tc))
where:
Posp = 451, f,, C, /5L7‘L_£§
A : Wave length of the dynamic load case, in m, to be taken as:

A= 02(1+2f)L

Ty : Coefficient to be taken as:
f,= f,[0.2 + (8 + 16 f;) x 10-3]
f, . Girth distribution coefficient, to be obtained from Table 25.

yz

Table 25 : Girth distribution coefficient, f,, for BSP load cases

y lyz

Transverse position BSP-1P - BSP-2P BSP-1S - BSP-2S
z 2z 1
y=20 fyz=2T—L;+2.5 f,e1+0.5 fyz=§T—L;+§ fye1+ 0.5
2 z 1 z
y<O0 fyz=§fc+§ fyg1 + 0.5 fyz:2fc+2'5 fyg1 +0.5

1.4.6 Hydrodynamic pressures for OST load cases

The wave pressures, Py, for 0ST-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 0ST load cases

Wave pressure, in kN/m?

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

OST-1P | P, = max (Pysr, pE(Z - T.0))
OST-2P | Py, = max (- Posy, p8(Z - Tyc))
)
)

P, =0.0

1
Py = Py —= pg(z—Tie)
0ST-AS | P, =max (Posr, P - T.0) w=Tww =5 P e

0ST-2S | Py = max (- Posy, p8(Z - T1c))

COMMON STRUCTURAL RULES

where: E
Posr = 1.38 f, k, K, f,, C,, /Lo+7+125 :
Ty : Girth distribution coefficient, to be obtained from Table 27. .
Table 27 : Girth distribution coefficient, f,, for OST load cases .
Transverse position OST-1P - OST-2P OST-1S - 0ST-2S .
z z .
y=0 5 —=—+33fz+1.7 — +03fz+1.7 .
TLC LC :
z z .
y<O0 —+03fs+17 5 —+33f,+17 -
LC LC .
f : Coefficient to be taken as: .
fo= f,[(0.25-0.02 f;) + (12 f;—9) Bx 107] .
A : Wave length of the dynamic load case, in m, to be taken as: E
A=045L :
Kk, : Amplitude coefficient in the longitudinal direction of the ship, to be obtained from Table 28. E
Ky, : Phase coefficient to be obtained from Table 29. Intermediate values are to be interpolated. E o)
Table 28 : k, values for OST load cases E %
Trans E lC_)
verse | Longitudinal OST-1P - OST-2P 0ST-1S - 0ST-25 : h
positi Position .
on :
£ <02 1.0+{(3.5-2 f;)+ (10 ;- 17.5)f,, } 1.0+(3.5-2f-15"y,) : <
= (1-f,5) + (10 fr=17.5+ 7.5 f,5)f, . E
>0 .
y 02<f,<08 1.0 1.0 : E
f,>0.8 1.0 1.0 + 2(1 — ;) (5, — 4)f 5 %
f <02 1.0+(35-2f-15"y;) 1.0+{(3.5-2f1)) . o
= + (10 f;-17.5+ 7.5 f 5)f,, + (10 f;-17.5)f, } (1 —1,5) -
¥<0lo2<f, <08 1.0 1.0 . IE
f,.>0.8 1.0+ 2(1-f)(5f—4)f 1.0 . E
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Table 29 : k,, values for OST load cases

Transverse fu OST-1P - OST-2P 0ST-1S - 0ST-2§
position

0.0 1.0 1.0+(05-1) £
0.2 1.0 1.0 +3(0.5 — f)f 5
0.4 1.0 (27-24f) fe—1

>0 0.5 1.0 (28-26f) fp—1
0.7 (f;—0.62) 5~ 0.38 (2.38-3 f;) f,,—0.38
0.9 0.24 +0.76 f,q 0.24 - (0.24 + ;) f,5
1.0 ~1.0+05 f, ~1.0
0.0 1.0+ (05— 1) f 1.0
0.2 1.0 +3(0.5 - f)f 5 1.0
0.4 (27-241) f5—1 1.0

y<0 05 (2.8-26 1) f5—1 1.0
0.7 (2.38-3 f;) f,,—0.38 (f;—0.62) f,3—0.38
0.9 0.24 - (0.24 +1;) f,5 0.24 +0.76 f,q
1.0 ~1.0 ~1.0+05 f

2 EXTERNAL PRESSURES ON EXPOSED DECKS

2.1 Application

211

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, Py, 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, Py, 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.
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2.2.3 HSM, HSA and FSM load cases

The external pressure, Py, 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 Figure 2 and Figure 3:

Po =% Pw
where:
Py = Py p, but not to be taken less than Pp ;.

Pw,p : Pressure, in kN/m?2, obtained at side of the exposed deck for HSM, HSA and FSM load cases as
defined in [1.3].

Ppmin : Minimum exposed deck pressure, in kN/m?, to be taken as:
* For cargo hold analysis according to Ch 7: Py ,,i, = O.
e For other cases: Pp ,,;, as defined in Table 30.

X : 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
L, >2100m L, <100m

X /L, <0.75 34.3 14.9+0.195 L,

L
x./L,>0.75 | 343+ (14.8+a(L,, —100)) (4 )% - 3) 122+ 2% (5 )% - 2) +36 )%

LL LL LL

a : Coefficient taken equal to:
a = 0.356 for Type A, Type B-60 and Type B-100 freeboard ships
a = 0.0726 for Type B freeboard ships.
X : X-coordinate of the load point measured from the aft end of the freeboard length L,,.

Table 31 : Coefficient for pressure on exposed decks

Exposed deck location V4
Freeboard deck 1.00
Superstructure deck including forecastle deck 0.75
1sttier of deckhouse 0.56
2" tier of deckhouse 0.42
3 tier of deckhouse 0.32
4t tier of deckhouse 0.25
5™ tier of deckhouse 0.20
6" tier of deckhouse 0.15
7t 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?2, by linear interpolation between the pressures at the port and starboard deck edges (see
also Figure 4, Figure 6, Figure 9 and Figure 10):

Po.sio = % Pw,o-st

Po.ot = % Pw.o_pt
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where:

Pwpstw - Pressure obtained at starboard deck edge for BSR, BSP, OST or OSA load cases as defined in [1.3],
as appropriate.

Pyt : Pressure obtained at port deck edge for BSR, BSP, OST and OSA load cases as defined in [1.3], as
appropriate.

X : 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 t0 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:

Py = Py_s
The pressure P, in kKN/m?2, 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 = Py_s+ Pg_q

where

Pys : Static pressure, in kKN/m?, due to the distributed load, to be defined by the Designer and, in general,
but not less than 10 kN/m?2.

P,s  : Dynamic pressure, in kN/m?, due to the distributed load, in kN/m?, to be taken as:
Pgi_q = fﬁ ZTZ Pai_s

ay : Vertical acceleration, in m/s2, at the centre of gravity of the distributed load, for the considered load

case, to be obtained according to Ch 4, Sec 3, [3.2.4].

2.3.2 Concentrated force due to unit load

If a unit load, for example deck cargo, is carried on an exposed deck, the static and dynamic forces due to the
unit load carried are to be considered.

The force F, in kN, due to this concentrated load for the static (S) design load scenarios, is to be taken as:
Fy = Fy_s

The force F, 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=Fy_s+Fy_qg

where:
Fus : Static force, in kN, due to the unit load to be taken equal to:
Fys=myg
Fug : Dynamic force, in kN, due to unit load to be taken equal to:
Fy_q = myfsa;
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my : Mass of the unit load carried, in t.

ay : Vertical acceleration, in m/s2, at the centre of gravity of the unit load carried for the considered load
case, to be obtained according to Ch 4, Sec 3, [3.2.4].

3 EXTERNAL IMPACT PRESSURES FOR THE BOW AREA

3.1 Application

311

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 Py, 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.

10 gJ/L fs, Cg,_o; fOr L<170m
130 g fg, Cg_e €%t for L2170 m

PSL
Pst

Case 2: A full ballast tank in way of the bottom shell.

Ps, = 10 gL fo Csi i~ 1.25 pE( Ziop—2) for L<170m
Ps. = 130 g s Cs,_s €~ 1.25 pg( zpp—2) for L=170m

where:
(oF] : Coefficient to be taken as:

c; =0 for L<180 m
c; = —-0.0125(L - 180)%%° for L >180 m

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

T, o\ %2
Csi_et = 5.95—10.5(—55)

Ccsire - Slamming coefficient for case with a full ballast tank:

0.2
Tef

CSL—ft = 5.95 — 10.5(T)

fs : Longitudinal slamming distribution factor, to be taken as:
fse =0 for x/L<0.5
fSL = 1.0 fOF X/L = 0.5+02
fse = 1.0 for x/L = 0.65 + ¢,
fs, = 0.5 for x/L>1

Intermediate values of f5, are to be obtained by linear interpolation.
Cy : Coefficient to be taken as:

L
2500

c; = 033 Cg+ but not to be taken greater than 0.35.
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TF—e

Ztop

: Design slamming draught at the FP to be provided by the Designer. T, 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.

: Design slamming draught at the FP to be provided by the Designer. T, 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.

: 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

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.

Figure 12 : Definition of bow geometry

C
WL,
awl
Waterline angle Tangent line
C
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&
! Section C-C
—
| Highest |
Y S ""déER'i """"""""""""""
|
|
| Bow impact
h, | %angle
wL,
|
h, |
I .
Waterline at | Tangent line
draught T,
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3.3 Bow impact pressure

3.3.1 Design pressures

The bow impact pressure Pgg, in KN/m?2, to be considered for the bow impact design load scenario is to be
taken as:

Peg = 1.025 frg € V2, siny,,

where:
frg : Longitudinal bow flare impact pressure distribution factor. To be taken as:
frg = 0.55 for x/L<0.9
fre =4(Xx/L-0.9)+0.55 for 0.9<x/L<0.9875
frg = 8(x/L-0.9875)+ 0.9 for 0.9875<x/L<1.0
fre = 1.0 for x/L>1.0
Vin : Impact speed, in knots, to be taken as:
V., = 0.514 V, sina,, + JL
Vet : Forward speed, in knots, to be taken as:
V.er = 0.75 V but not less than 10.
Qo : Local waterline angle, in deg, at the considered position, but not less than 35 deg. See Figure 12.
Ko : 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
Figure 12. Where this value is not available, it may be taken as:
RTA!
Yw = tan l( 80Py B )
COS Oy,
By : Local body plan angle, in deg, at the considered position from the horizontal to the tangent line, but
not less than 35 deg.
Crg : Coefficient to be taken as:
crs = 1.0 for positions between draughts Tz, and Tg.
Crg = «/1'0 + cos2[90 MJ for positions above draught Tg.
fb
hg : Vertical distance, in m, from the waterline at the draught T, to the highest deck at side. See Figure
12.
hy : Vertical distance, in m, from the waterline at the draught Ty, to the considered position. See Figure
12.

4  EXTERNAL PRESSURES ON SUPERSTRUCTURE AND DECKHOUSES

4.1 Application

411
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.

COMMON STRUCTURAL RULES 01 JAN 2019

PART1 CHAPTER 4 SECTION 5

213



PART1 CHAPTER 4 SECTION 5

IACS

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?2, is to be taken as:

P, = 12.5

4.3 Sides of superstructures

431

The design pressure for the external sides of superstructures, P, in kN/m?, is to be taken as:

20

Pg, = 2.1C, ¢r (Cz+0.7) m
sp~ I'sc

where:

Cr : Distribution factor according to Table 32.

Table 32 : Distribution factor ¢,

Location Cr

x/L <0.2 1.0+ Cé (0.2 - f) without taking x/L less than 0.1
B

x/L>0.2 1.0

4.4 End bulkheads of superstructures and deckhouse walls
441

The external pressure for the aft and forward external bulkheads of superstructures and deckhouse walls, in
kN/m?2, is to be taken as:

Py =1, fo [fy fa—(Zsp = Tsc) ]

but is not to be less than Py .

where:
f, : Coefficient defined in Table 33.
f, : Coefficient, to be taken as:
by
f, = 0.3+0.7 g but not less than 0.475.
1
For exposed parts of machinery casings, f, is not to be taken less than 1.0.
fy : Coefficient, to be taken as:
fo = o5 e (1 —L—)Q) for L < 150 m
9710 150
fy = o5 e/ for 150 m <L < 300 m
fy=11.03 for L>300 m
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b; : Breadth of deckhouse at the position considered.
B, : Actual breadth of ship on the exposed weather deck at the position considered.
fp : Coefficient defined in Table 34.
Puimin - Minimum lateral pressure, in KN/m?, as defined in Table 35.
Table 33 : Coefficient f,
Type of bulkhead Location f,
Lowest tier @ 20 + L
12
1 ; L,
Unprotected front bulkhead ® Second tier 10 + b
. . L2
Third tier and above 5+ =
15
1, ; L,
Protected front bulkhead @ All tiers 5+ 1
. . L,
Side bulkheads All tiers 5+ —=
15
L X
Abaft amidships 7+ —==—
P 100 ° L,
Aft end bulkheads
L X
Forward of amidships 54+—2_4=
P 100 L,

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 - Ts.) 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 : Coefficient f,
Location of bulkhead ® f,
X x/L—0.45\2
X045 1.0+ ( X/L-0.45
L Cgy +0.2
X x/L—0.45)?
-2>0.45 1.0+ 1.5( e
L Cgy +0.2
where:
(o : Block coefficient, but not less than 0.60 nor greater than 0.80. For aft deckhouse bulkheads located forward of
amidships, Cz; may be taken as 0.80.
1) For deckhouse sides, the deckhouse is to be subdivided into parts of approximately equal length, not exceeding 0.15L
each, and x is to be taken as the X-coordinate of the centre of each part considered.
Table 35 : Minimum lateral pressure, P, ..,
PA-mim in kN/m2
L Lowest tier of unprotected fronts Elsewhere @
90 < L < 250 25+ L 125+ L
10 20
L>250 50 25
(1) For the 4t tier and above, P, is to be taken equal to 12.5 kN/m?.
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5  EXTERNAL PRESSURES ON HATCH COVERS

5.1 Application
511
The external pressures on hatch covers are only to be applied for strength assessment.

5.2 Green sea loads

5.2.1
The green sea loads at any load point of a hatch cover, Py, in KN/mm?2, is to be taken as follows:
* For cargo hold analysis according to Ch 7:
Puc = Pp—p g (zyc— D) without being less than 0.
» For other cases: P,c = Pp i, as defined in Table 30.

Py : Green sea pressure, in KN/mm?2, on the deck in way of the hatch cover obtained according to [2.2],
considering y equal to 1.0.

Zye : z coordinate of the top of the hatch cover, in m.

5.3 Load carried on hatch covers

5.3.1

If a distributed load or a unit load is carried on a hatch cover, the pressure is to be obtained according to [2.3].
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SECTION 6
INTERNAL LOADS

SYMBOLS

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

ay, ay, a,:Longitudinal, transverse and vertical accelerations, in m/s?, at xg, Y¢, Zs, as defined in Ch 4, Sec 3,

h HPL

h HPU

[3.2].

: Breadth of the cargo hold, in m, measured at mid-length of the cargo hold and at the mid height

between the top of hopper tank and the bottom of topside tank, see Figure 1.

: Breadth of inner bottom, in m, measured at mid-length of the cargo hold, see Figure 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,y=1.0 forp, >1.025t/m3.
f.q = 0.88 for p, = 1.025 t/m?3.
* For other cases:

f.y=1.0.

: 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 centreline, measured at mid-length of the cargo hold, see

Figure 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 Figure 1.

hyp. = O 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 Figure 1.

: Mean height, in m, of the lower stool, measured from the inner bottom.
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N ax : Maximum permissible filling level, in m, taken as:
e 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: h,,, as defined in Ch 10, Sec 4, [1.2.1].

Ke : Coefficient taken equal to:

for inner bottom, hopper tank, transverse and longitudinal

Ke = cos’o + (1-sin¥) sin’o. bulkheads, lower stool, vertical upper stool, inner side and side
shell.
Ko=0 for topside tank, main deck and sloped upper stool.
Kes : Coefficient taken equal to:
KC—f = tan2(45 - g)
2
l : Distance, in m, between floors.
Ly : Length of the cargo hold, in m, at the centreline between the transverse bulkheads. This is to be
measured to the mid-depth of the corrugated bulkhead(s) if fitted.
Uy : Distance, in m, between outermost dunnage per EPP in the ship X direction, see Figure 10.
U : Length, in m, of a steel coil.
M : Mass, in t, of the bulk cargo being considered.
Mg, : Cargo mass, in t, in a cargo hold corresponding to the volume up to the top of the hatch coaming with

a density of the greater of M,,/Vg,, or 1.0 t/m3.
Mg, = 1.0 Vg, but not less than M,

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

Myp : Maximum allowable cargo mass, in t, in a cargo hold according to design loading conditions with
specified holds empty at maximum draught with 50% consumables and all ballast water tanks in
cargo hold region empty.

M., : Equivalent mass of a steel coil, in t, on inner bottom, as defined in [4.3.1]

M.»s : Equivalent mass of a steel coil, in t, on hopper side, as defined in [4.3.2].

ny : Number of tiers of steel coils.

n, : Number of load points per EPP of the inner bottom, see [4.1.3].

N3 : Number of dunnages supporting one row of steel coils.

Parop : Overpressure, in kN/m2, due to sustained liquid flow through air pipe or overflow pipe in case of

overfilling or filling during flow through ballast water exchange. It is to be defined by the designer, but
not to be less than 25 kN/m?.

Ppy : Design vapour pressure, in kN/m?2, but not less than 25 kN/m?.
perm : Permeability of cargo, to be taken as:
perm = 0.3 for iron ore, coal cargoes and cement.

perm = O for steel coils and steel packed products.

R : Vertical coordinate of the ship rotation centre, defined in Ch 4, Sec 3.

Sc : Spacing of corrugations, in m, as defined in Ch 3, Sec 6, [10.4.2].

To : Roll period, in s, as defined in Ch 4, Sec 3, [2.1.1].
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Ve : Volume, in m3, of cargo hold up to top of the hatch coaming, taken as:
Veur = Vi + Vie.
Vy : Volume, in m3, of cargo hold up to level of the intersection of the main deck with the hatch coaming
excluding the volume enclosed by hatch coaming, see Figure 1.
Vie : Volume, in m3, of the hatch coaming, from the level of the intersection of the main deck with the
hatch side coaming to the top of the hatch coaming, determined for the cargo hold at midship, as
shown in Figure 1.
Vis : Total volume, in m3, of the portion of the lower bulkhead stools within the cargo hold length /,, and
inboard of the hopper tanks.
w : Mass, in t, of a steel coil.
X, ¥,z :X,Yand Z coordinates, in m, of the load point with respect to the reference coordinate system
defined in Ch 4, Sec 1, [1.2.1].
Xe Yar Zg: X, Y and Z coordinates, in m, of the volumetric centre of gravity of the tank or fully filled cargo hold,
i.e. Vg, considered with respect to the reference coordinate system defined in Ch 4, Sec 1, [1.2].
In case of partially filled cargo hold, xg, yg, Z; to be taken as follows:
Xg» Yo: Volumetric centre of gravity of the cargo hold.
zg=hpg+hey/ 2
Ziop : Z coordinate of the highest point of tank, excluding small hatchways, in m.
Zc : Height of the upper surface of the cargo above the baseline in way of the load point, in m, to be taken
as:
Zc = hpg + he.
1 Angle, in deg, between panel considered and the horizontal plane.
1) : Pitch angle, in deg, defined in Ch 4, Sec 3, [2.1.2].
7 : Assumed angle of repose, in deg, of bulk cargo (considered drained and removed); to be taken as:
y =30° in general.
y = 35° foriron ore.
v = 25° for cement.
Ps : Density of bulk cargo, in t/m?3, as defined in [2.3.3].
L : Density of liquid in the tank and ballast hold, in t/m?3, 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. Ppawm > 1.025), then p, = pracim-
* For fatigue assessment:
p. = 0.9 for liquid cargoes.
p.= 1.025 for all other liquids.
Pmaxiv - Maximum liquid cargo density in t/m?, associated with a full tank at 98%, from any loading condition
in the ship's loading manual or value specified by the designer.
Prart : Maximum permissible high liquid cargo density, in t/m3, associated with a partially filled cargo tank
but not taken less than p, considered for strength assessment.
Psin : Liquid density, in t/m3, to be used for sloshing assessment, taken as:
Psin = Ppare  TOr heavy liquid cargo density associated with partial filling of cargo tank
psn = P forall other cases
Pst : Density of steel, in t/m3, to be taken as 7.85
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0 : Roll angle, in deg, defined in Ch 4, Sec 3, [2.1.1].
A : Angle, in deg, between inner bottom plate and hopper sloping plate. in general g, is such that:
tan0, = M
BH - BIB

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:

Pi, = Py but not less than O.
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:
Py : Static pressure due to liquid in tanks and ballast holds, in kN/m?, as defined in [1.2].
Py : Dynamic inertial pressure due to liquid in tanks and ballast holds, in kN/m?2, as defined in [1.3].

1.1.2 Pressures for the strength assessments of flooded conditions

The internal pressure in flooded condition, in kN/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:

Pin = P but not less than pgd,
The internal pressure in flooded condition, in kN/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:

Pin = Pw+ Py butnotlessthan 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?2, as defined
in [1.5].

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

dy, = 0.02Lfor L<120 m.
do =24 for L2120 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.
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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/m?, is to
be taken as:

Pls
PIs

fea PL 8 (Ziop —Z) + Py for cargo tanks filled with liquid cargo.

pL 8 (Zop—2z+ 0.5 h,,) 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
kN/m?2, is to be taken as:

Ps = pL & (Ziop—Z+ hyy) + Pyyop, for ballast tanks
Ps = pL & (Ziop—2) + Ppy for cargo tanks filled with liquid cargo
Ps = p. 8 (2(,—2+0.5 h,,)  for ballast holds with h,;, = O and for other cases

1.2.3 Sequential ballast water exchange

The static pressure, P, due to liquid in ballast tanks associated with sequential ballast water exchange
operations, in kN/m?, is to be taken as:

Pls = pL g (ztop_z+ 05 hair)

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?2, is to be taken as:

Pls = pL g (ztup_z+ hair) + Pdrup

1.2.5 Ballasting using ballast water treatment system

The static pressure, P, 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 Py, 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, P, to be used for the fatigue assessment, in
kN/m?Z, is to be taken as:

Ps = p. & (z,,,—2) forall tanks (cargo and water ballast tanks, ballast hold and other tanks).

1.3 Dynamic liquid pressure

131

The dynamic pressure, P, due to liquid in tanks and ballast holds, in kN/m? is to be taken as:
Py =TfgfeapL 8z (2o - 2) + fupy ax (Xo = X) + fu @y Vo - ¥)1

where:

fum : Longitudinal acceleration correction factor for the ullage space above the liquid in tanks and ballast
holds, taken as:
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* For strength assessment:
fu = 0.62 for cargo tanks filled with any liquids including water ballast.
f,u = 1.0 for other cases.

* For fatigue assessment:

|zo—2 180

fui. = 0.5+ 0"

for cargo tanks and ballast holds.

iy = 1.0 for other cases.
f,1 1S not to be less than 0.0 nor greater than 1.0
Lgs : Cargo tank length at the top of the tank or length of the ballast hold hatch coaming, in m.

funt : Transverse acceleration correction factor to account for the ullage space above the liquid in tanks
and ballast holds, taken as:

* For strength assessment:
f: = 0.67 for cargo tanks filled with any liquids including water ballast.
fue = 1.0 for other cases.

* For fatigue assessment:

Vo—z|1§9

f = 0.5
ull—t + boy  OT

for cargo tanks and ballast holds.

fue = 1.0 for other cases.

f¢ i not to be less than 0.0 nor greater than 1.0

brop : 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.

Yo : Y coordinate, in m, of the reference point.

z : Z coordinate, 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:

V, = ax (X;—Xg)+ay (Y;—VYe) +(az+8) (z,-2¢)

where:

X; : X coordinate, in m, of the pointj on the upper boundary of the tank or ballast hold.
Y 1 Y coordinate, in m, of the point j on the upper boundary of the tank or ballast hold.
Y4 : Z coordinate, in m, of the pointj on the upper boundary of the tank or ballast hold.

1.4 Static pressure in flooded conditions

1.4.1 Static pressure in flooded compartments
The static pressure, Py in kN/m?, for watertight boundaries of flooded compartments is to be taken as:

P:s = pg (zep—2z) butnot less than O.

where:

Zep : 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.
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1.5 Dynamic pressure in flooded conditions

1.5.1 Dynamic pressure in flooded compartments
The dynamic pressure, Py, in KN/m?2, for watertight boundaries of flooded compartments is to be taken as:
P =15 plaz (Zopp = 2) + fup @x (Xo = X) + fue @y Vo = Y]
where:
Zorp : Z coordinate of the effective reference point, in m, for a flooded compartment taken as:
When zgp > 2y Zpep = 25
When zgp < 2 Zoep = Zpp
fury fure © LONgitudinal and transverse acceleration correction factors:
When zy, > 2y, f,,,and £, are to be taken as defined in [1.3.1].

When z, < 2, f, = 1.0 and £, = 1.0.
2 PRESSURES AND FORCES DUE TO DRY BULK CARGO

2.1 Application

211

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].

2.2 Hold definitions

2.2.1 Geometrical characteristics

Figure 1 gives the main geometrical elements of a bulk carrier cargo hold.

Figure 1 : Definition of cargo hold parameters for bulk carrier

V0|l|4me Vie Volume Vi,

1PU

thL—I =

Volume Vg

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 Figure 2.

The upper surface of the cargo and its effective height in the hold h; are to be determined in
accordance with [2.3.1].
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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 Figure 3 or Figure 4.

The upper surface of the cargo and its effective height in the hold h, 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 hg in m, above inner bottom at centreline as shown in Figure 2.

The value of h 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+ ho

where:

ho

Sa

: 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 Figure 2.

Figure 2 : Definition of effective upper surface of cargo for a full cargo hold

Equivalent cargo

upper surface [ )
| Load calculation

point
A

ho

he

hHPU

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 h., in m, above the inner bottom

A sloped surface at each side with an angle y/2, in degrees, between the central horizontal surface,
and the side shell or inner hull, as shown in Figure 3, or the hopper plating, as shown in Figure 4, as the
case may be.
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The height of cargo surface hg, 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 < ZH : he=hee :
B B B .

For Z”<|y|$52 D he = hC,CL—(IyI—Z”) tang .
For |y|>B—2 the=0 .
2 .

where: .
h, : Height, in m, to be taken as: .
M (BH + BIB) 3 \I] VTS :

h; = - hypp——= By tant + —— .

YT pe Bufy N 2B,/ "T167" U2 By :

e For h; 20 as shown in Figure 3: .

he_c. = hypr+hy+ hy E

By .

h, = = tan¥ .

27 4 2 .

B, = By :

* For h; <0 as shown in Figure 4 .

he_ct = hyg+hy .

B,-B .

h.. = h ( 2 IB) .

11 HPL BH _ BIB :

ha2 (82 E’—") tanH{ .

2 4 2 :
;(Mw)g(w)ﬁmw :

ly\pe /T 2\UBy-Bg 16 2 .

27 17/ h 1 :

HPL .

= —_— = i H{:| .

2 [(BH—B,B)+2 ans :
hee, @ Height, in m, of the cargo surface at the centreline, as shown in Figure 3 and Figure 4 E LZO
B, : Maximum breadth of the cargo, in m, as shown in Figure 3 and Figure 4 E (@)

~

Figure 3 : Definition of the effective upper surface of cargo for a partially filled cargo hold when h; >0 . &J)
Load °

calcula'?if)n : m
point 1 :

— Load : . <
lculation j °

oo ) P

L

h, b o I

I : <

h h . . I

U ez : ©

o S A ST ©

.................. . l_

. 1 <

: <

. o

COMMON STRUCTURAL RULES 01 JAN 2019 . 225



PART1 CHAPTER 4 SECTION 6

IACS

2.3.3 Mass and density

Figure 4 : Definition of the effective upper surface of cargo for a partially filled cargo hold when h; <0

Load
calculation
point 1

|

|

[

Load !
calculation!
point 2 :
B,

he of LCP 1

hao
hys

i
heofLCP2 ! \
s e e g

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

Table 1 : Dry bulk cargo mass and density for strength assessment in intact condition

Homogeneous loading condition Alternate loading condition
Ship type Gargo mass Partially filled
Cargo density Fully filled hold holyd Fully filled hold Partially filled hold
- M M = Mgy,
(SN -
ng = Maxw.n.um.value N/A N/A
=5 Pe specified in the
< loading manual
M M = Mg,
Mk,
3 pe = N/A N/A
2] Pc Full
but not less than 1.0
m M = Mg, M =M,
as] My
[ p — N A
2 yo © 7 Vew pc=3.00 /
but not less than 1.0
M M = Mg,y M =My, M=My,+0.1M, | M=M,,+ 0.1M,
S pe = run M+ 0.1 M
o o Veun Pc=3.00 pc = %’ Pe=3.00
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.
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Table 2 : Dry bulk cargo mass and density for fatigue assessment

IACS

Al | i
Ship Cargo mass Homogeneous loading condition ternate. .oadlng
type | Cargo density (Fully filled hold) condition
(Partially filled hold)
o S M M =My
D 3
2 § Pe Pc = maximum value specified in the loading manual
M M =M,
Q
Q M N/A
@ Pe pc = (v . )
Full
M M =M,
@
Q M
m H
: - ()
¢ Pc vFu/I
M M =My M = Myp
<
Q M
@ Pe Pe = ( ”) pe=3.0®
vFu/I
(1) To be taken as 3.0 unless an alternative maximum cargo density is specified in the loading manual.

Table 3 : Dry bulk cargo mass and density for strength assessment in flooded condition

Homogeneqlfs loading Alternate loading condition
condition
Ship | Cargo mass Hold loaded
type | Cargo density i i i i _° oade
Fully filled hold Partially filled Fully filled hold Partially filled with pe< 1.78
hold hold
t/m3@
5 M M =M,
E Pc=mMaximum
<} c~
S P value specified N/A N/A
@ ¢ in the loading
z manual
M M =M,
Q
8 ; o = (M’i) N/A N/A
¢ ¢ VFuII
M M =M, M =M,
[21]
S M N/A
@ Pc Pc = (V H) pc=3.00
Full
M M =M, M =M, M =M, M =M, M = M,
<
(&)
M M
- Pc Pc = ( ”) pc=3.0@ Pe = ( ”D) pe=3.0® pe=1.78
Ve Ve
1) To be taken as 3.0 unless an alternative maximum cargo density is specified in the loading manual.
(2) To be applied for bulk carriers that are required to carry cargoes with a density less than or equal to 1.78 t/m3.
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2.3.4 FE application
The following process is to be applied for the bulk cargo pressure loads used in FE analysis:
a) Determine h, 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 t.
d) Determine the effective cargo density, in t/m3:

M
peff - M pc

actual

e) Calculate the final pressure distribution and shear load using p.¢instead of p..

2.4 Dry bulk cargo pressures

2.4.1 Total pressure

The total pressure due to dry bulk cargo acting on any load point of a cargo hold boundary, in kKN/m?2, is to be
taken as:

P, = Py For strength assessment of intact conditions for static (S) design load scenarios, given in Ch
4,Sec7
P,, = P, + P,, Forstrength assessment of intact conditions and fatigue assessment for static plus dynamic

(S+D) design load scenarios, given in Ch 4, Sec 7

but not less than O.

where:
Pps : Static pressure due to dry bulk cargo, in kN/m?, as defined in [2.4.2].
Poy : Dynamic inertial pressure due to dry bulk cargo in cargo holds, in kN/m?2, as defined in [2.4.3].

Static and dynamic pressures as defined in [2.4.2] and [2.4.3] for FE analysis are to be determined using ps
instead of p,.

2.4.2 Static pressure

The dry bulk cargo static pressure P, in kN/m?, is to be taken as:

P,s = pc 8Kc (zc—2) but not less than O.

2.4.3 Dynamic pressure
The dry bulk cargo dynamic pressure P,,, in kN/m?, for each load case is to be taken as:

Ppg = fg pc [0.25 ay (xg—x) +0.25 ay (Y —y) +f4c K @7 (zc—2)] forz <z,
Pyy =0 forz >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, P, due to gravitational
forces acting on hopper tanks and lower stools plating, as defined in [2.5.2].

01 JAN 2019 COMMON STRUCTURAL RULES



IACS

¢ For static plus dynamic (S+D) design load scenarios, given in Ch 4, Sec 7: The following dynamic shear
load pressures:

P.ss + Ppsq fOr the hopper tank and the lower stool plating, as defined in [2.5.3].
P,s.4x for the inner bottom plating in the longitudinal direction, as defined in [2.5.4].
Pys.ay 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 kKN/m?2, is to be taken as:

(1-Ke) (zc-2)

Pbs—s = ch tano

2.5.3 Dynamic shear load on the hopper tank and lower stool plating

The dynamic shear load pressure, P, , (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-Ke) (zc-2)

Pos_g = fg pc a;, tana

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

The dynamic shear load pressures, P, 4 in the longitudinal direction (positive to bow) due to dry bulk cargo
forces acting along the inner bottom plating, in kN/m?2, for each dynamic load case is to be taken respectively
as:

Pbs—dx = —0.75 fﬁ pc aX 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?2, for each dynamic load case is to be taken respectively
as

Pbs—dy = —075 fﬁ pC ay hc

The dynamic shear load pressures P 4 and Py, 4, 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 Figure 5, Figure 6 and Figure 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 case, the pressure due to the flooded loads without cargo is also to be considered.
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The most severe combinations of cargo induced loads and flooded loads are to be used for the check of the
scantlings of each bulkhead, depending on the loading conditions included in the loading manual considering
the individual flooded condition of both loaded and empty holds:

Homogeneous loading conditions;

Non-homogeneous loading conditions;

For the purpose of this article, the following items are defined as:

Design load limits:

The specified design load limits for the cargo holds are to be represented by loading conditions defined
by the designer in the loading manual.

Maximum cargo mass to consider:

Unless the ship is intended to carry, in non-homogeneous conditions, only iron ore or cargo having bulk
density equal to or greater than 1.78 t/m?3, 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 z 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 z,, in m, for vertically corrugated transverse bulkheads

Vertically corrugated transverse bulkhead position
Bulk carrier type Loading condition
Foremost Others
Non-homogeneous
Bulk carriers less than | l0ading conditions with 2:=09D, 2:=08D,
50,000 t deadweight cargo density less than
with Type B freeboard 1.78 t/m?3
Other cases z:=0.95D, z.=0.85D,
Non-homogeneous
loading coqdltlons with 2,=0.95 D, 2= 085D,
Other bulk carriers cargo density less than
1.78 t/m3
Other cases ze=D, z.=09D,;

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 Figure 5: z; > z;)
The flooded level is above the upper surface of the cargo, (see Figure 6: z, < z;)

The flooded hold is empty, (see Figure 7: z; = hpg)
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Figure 5 : Flooded level below upper surface of bulk cargo

Equivalent cargo
upper surface

3.1.5 Pressures and forces on vertically corrugated transverse bulkheads of flooded cargo holds

The static pressure Py, in KN/m?2, 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 Fz, 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:

P.ts.r : Static pressure calculated according to Table 5 for z = h;g + hpg.
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Table 5 : Static pressure on vertically corrugated transverse bulkhead of a flooded cargo hold P,

Flooded case Load_p.omt Pressure Py, in kN/m?
position
Z>Zc Por_s = 0
Zo>Z¢ 2022227 | Pyos = pc 8 (2c-2) Kot
Ze>7z2hpg | Por_s = P8 (2r=2) +[pc (2c—2)—p (L -perm) (ze-2)] 8Kc_¢
Z>2Z¢ Pors = 0
hpg <z, <z 2p2222; | Pys = P8 (2r - 2)
20>z2hpg | Pyros = pE (2r—2) +[pc—p (L-perm)] g (zc—2) K¢

Table 6 : Force acting on a corrugation in the flooded cargo holds F;,

Flooded case Force F,ts, in KN

Ze—2ZF) Ko ¢+ Pps o
Kc_f+[ch( c F)2C r+ Por LE:| (ZF_hDB_hLS)}

2
Zr—2Z
Zc> ZF Foes = Sc {ch %

2

2
Zr—7 Zr—2Zc)+ Por
Zr22; For-s = Sc {Pg( . 2 o) + [pg( rZo) * Py LE:| (ZC_hDB_hLS)}

3.1.6 Pressures and forces on vertically corrugated transverse bulkheads of non-flooded cargo
holds

The static pressure P, in kN/m?, 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:

Pys = pc 8 Ko_¢ (zc—2z) but not less than O.
The resultant force F,, in kN, acting on a corrugation is to be taken as:

Ze—hpg—hys)°
Fos = Pc 8Sc (C_D;_LS_)' Ke_s
3.1.7 Resultant pressures and forces on vertically corrugated transverse bulkheads of flooded
cargo holds

The resultant pressure Pg, in kN/m?2, at each point of the bulkhead, and the resultant force Fj, 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:

Pt : 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].

Fors : Force acting on a corrugation in the flooded cargo holds, in kN, as defined in [3.1.5].

Frs : Force acting on a corrugation in the non-flooded cargo holds, in kN, as defined in [3.1.6].
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Table 7 : Resultant pressure P, and resultant force Fy on vertically corrugated transverse bulkhead in flooded condition

Loading . 2 . -
condition Resultant pressure Pg, in KN/m Resultant force Fg, in kN Application
Homogeneous | Pz = Py — 0.8 Py Fr=Furs - 0.8 F All bulk carriers

Alternate Pr = Ppss Fr = Fpts 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.

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 z; 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 t deadweight with Type-B 2.=0.95D, 2.=0.85D,
freeboard
Other bulk carriers z:=D, z.=0.9D,

4  STEEL COIL LOADS IN CARGO HOLDS OF BULK CARRIERS

4.1 General

4.1.1 Application

The provision is determined by assuming Figure 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.
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Figure 8 : Inner bottom loaded by steel coils
Key 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
Figure 9.

* The steel coils are positioned with respect to the location of the inner bottom floors, as shown in Figure
10.

Figure 9 : Steel coils loaded independently of inner bottom floors locations

Dunnage < {; >

Steel coil Steel coil Steel coil

N7/ B/ -/ W VA '"ner bottom

N J
n,and ¢, are given by < { >
Tables 9 and 10
Bottom shell
Floor Floor Floor

Figure 10 : Steel coils loaded between inner bottom floors

|<— {ST—)

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 Figure 9:

The number n, of load point dunnages per elementary plate panels is to be found in comply with Table 9.
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The distance 7, in m, between outermost load point dunnages per elementary plate panel is to be found in
comply with Table 10.

Table 9 : Number n, of load point dunnages per elementary plate panel

ns
n;
2 3 4 5
1 0<Lt<o0s5 0<L <033 0<L <025 0<Lt<02
st Est fSt st
4 / / 4
2 05<—<1.2 0.33<—<0.67 0.25<—<0.5 0.2<—<04
Zst fSt fst Zst
14 4 4 4
3 12<—<1.7 067<—<12 0.5<—<0.75 04<—<0.6
fst ZSI ESI fst
14 5 5 14
4 1.7<—<24 1.2<—<1.53 0.75<—<1.2 0.6<—<0.8
gst gSt ESt gst
14 5 4 4
5 24<—<29 1.53<—<1.87 1.2<—<1.45 0.8<—<1.2
- Lot st Lse
4 { ! 4
6 29<—<36 1.87<—<24 145<—<1.7 12<—<14
Zst Est fSt Zst
4 5 4 4
7 3.6<—<4.1 24<—<273 1.7<—<1.95 14<—<16
fst gSt ESI fst
14 5 5 14
8 41<—<48 2.73<—<3.07 1.95<—<24 16<—<1.8
gst ESt ESt gst
4 14 4 4
9 48<—<53 3.07<—<36 24<—<265 1.8<—<20
- Lot Lse Lse
14 / / 4
10 53<—<6.0 3.6<—<3.93 265<—<29 20<—<24
- Ly Lse Lse
Table 10 : Distance between outermost load point dunnages per elementary plate panel, E,p, inm
n3
n,
2 3 4 5
1 Actual breadth of dunnages
2 0.5/, 0.33/,, 0.25/, 0.2/,
3 1.20,, 0.67/, 0.507, 0.4/,
4 1.70 1.200,, 0.75/, 0.6/,
5 2.40 153/, 1.200,, 0.8/,
6 2.90,, 1.87/, 1.450,, 1.20,
7 3.6/, 2.40/,, 1.700, 1.40,,
8 4.1/, 2.73/, 1.95/,, 1.60,,
9 4.80 3.074, 2.40/0,, 1.80,,
10 5.3/, 3.60/, 2.65/, 2.0/,
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4.1.4 Arrangement of steel coils between floors

For steel coils loaded with respect to the locations of floors in the inner bottom, see Figure 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

Xgsc 1S 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
Yesc = € ZH
¢) Vertical position

Zose = hps+ [1+ (n;-1) %J d?“
where:
£ : Coefficient to be taken as:
£= 1.0 when a port side structural member is assessed.

£=-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:
Fsc_iv = €0S(Cxg @) €c0S(Cyg 0) Fye_ip_s+ Fse_ip_g but not less than O

where:

Feeins : Static load, in kN, on the inner bottom, given in [4.3.1].

Feira : Dynamic load, in kN, on the inner bottom, given in [4.4.2].

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

4.2.2 Total load on the hopper side

The total load F,.,s, in kKN, due to steel coil cargoes on the hopper side is to be taken as:

cos(0, + € Cyg 0) cos(Cyxs 0)
cos9,

Fec_ns = Feo—ns—s + Fee_ns_q DUt NOt less than O

where:
Foerss - Static load, in kN, on the hopper side, given in [4.3.2].
Feensa : Dynamic load, in kN, on the hopper, given in [4.4.3].

Cys Cyg : Load combination factors, as defined in Ch 4, Sec 2, [2.2].
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4.3 Static loads

4.3.1 Static loads on the inner bottom

The static load F_ ., in kKN, on the inner bottom due to steel coils is to be taken as:
Fsc—ib—s = Msc—ibg

where:

M., : Equivalent mass of steel coils, in t, to be taken as:

n; n
MSC—I’b = KS W":”:)_g fOI’ n2S10 and n3S5
3

Mse_in = Ks Wnlzg‘ for n,>10 or nz>5
st

Ks : Coefficient to be taken as:
Ks = 1.4 when steel coils are lined up in one tier with a key coil.

Ks= 1.0 in other cases.

4.3.2 Static load on the hopper side

The static load Fg s, in KN, on the hopper side due to steel coils is to be taken as:
Fsc—hs—s = Cosethc—hs 8
where:

Ms.ns : Equivalent mass of steel coils, in t, to be taken as:

n
Mo ps = CkWn—2 for n,<10 and n;<5
3
4
Mo _ps = ckwg— for n,>10 or nz>5
st
Cy : Coefficient to be taken as:

C, = 3.2 when steel coils are lined up two or more tiers, or when steel coils are lined up one tier and
key coil is located second or 3rd from hopper sloping plate or inner hull plate.

C, = 2.0 for other cases.

4.4 Dynamic loads

4.4.1 Tangential roll acceleration

The tangential roll acceleration ag, in m/s?, is to be taken as:

— 0 (ZV R
aR - 6 180 ( szc+(R stc)

T
where:
Yasc 1 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].
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4.4.2 Dynamic load on the inner bottom

The dynamic load F,_;,4, in KN, on the inner bottom due to steel coils is to be taken as:
Fscoiv-a = Msc_jp @,
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].

4.4.3 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:

szc

. 1
Fsc_hs—a = EMsc_ps |:CYR ag SIN (tan
R_stc

- eh) - CYS asway Sineh:|

where:
Cys, Cyg : Load combination factors, defined in Ch 4, Sec 2, [2.2].

asway - Sway acceleration, in m/s?, as defined in Ch 4, Sec 3, [2.2.2].

ag : Tangential acceleration, in m/s?, as defined in [4.4.1].

Yasc 1 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.

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/m2 for other decks and platforms.

The pressure P, in KN/m?2, due to this distributed load for the static (S) design load scenarios, given in Ch 4,
Sec 7, is to be taken as:

Py = Py_s

The pressure P, in kN/m?, due to this distributed load for the static plus dynamic (S+D) design load scenarios,
is to be derived for the envelope of dynamic load cases and is to be taken as:

Pg = Pgi_s+ Py _q butnotless than O.

where:
Pys : Static pressure, in kN/m?2, due to the distributed load.
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Pyiq : Dynamic pressure, in kN/m?2, due to the distributed load, in kN/m?, to be taken as:
a —env
Pai-a = fp —Zg Pai_s

a,.,v - 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].

5.3 Concentrated force due to unit load

5.3.1

If a unit load is carried on an internal deck, the static and dynamic forces due to the unit load carried are to be
considered when a direct analysis is applied for stiffeners or primary supporting members such as in Pt 1, Ch
6, Sec 5, [1.2] or Pt 1, Ch 6, Sec 6, [3.3] respectively.

The force F, 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 = Fy_s

The force F, 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,_, butnotlessthan 0.

where:

Fus : Static force, in kN, due to the unit load to be taken as:
Fo_s=myg

Fug : Dynamic force, in kN, due to unit load to be taken as:
Fu_a = myfza, cn

my : Mass of the unit load carried, in t.

a,.,, - Envelope of vertical acceleration, in m/s?, at the centre of gravity of the unit load carried for the
dynamic load cases, given in Ch 4, Sec 3, [3.3.3].

6 SLOSHING PRESSURES IN TANKS

6.1 General

6.1.1 Application

This article applies to all liquid cargo, ballast tanks and other tanks with volume exceeding 100 m3, but does
not apply to the water ballast cargo hold of bulk carriers.

6.1.2

The sloshing pressures defined in this article do not include the effect of impact pressures due to high velocity
impacts with tank boundaries or internal structures. For tanks with a maximum effective sloshing breadth, by,
see [6.4.2], greater than 0.56 B or a maximum effective sloshing length, 7, see [6.3.2], greater than 0.13 L
at any filling level from 0.05 h,,,,, to 0.95 h,,.,, see [6.3.3], a separate impact assessment is to be carried out in
accordance with the Society procedures.
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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?2, for the sloshing design load scenario, given in Ch 4, Sec 7, is to be taken as
follows, without being less than Py, ,;,, @s given in [6.2]:

* Py = Pgpng for transverse bulkheads, as defined in [6.3.3].
* Py, = Py fOr web frames and transverse stringers, as defined in [6.3.4].
e Py, = Py, for longitudinal bulkheads, as defined in [6.4.3].

* Py = Pypgq for longitudinal girders and stringers, see [6.4.4].

6.2 Minimum sloshing pressure

6.2.1

The minimum sloshing pressure, P, n.i»» 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?2.

The minimum sloshing pressure, P, .., for cargo and all other tanks is to be taken as 20 kN/m?2.

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 h,,, 10 0.95 h,,,,, in 0.05 h,,,, increments.

6.3.2 Effective sloshing length

The effective sloshing length, 7, in m, is to be taken as defined in Table 11.

Table 11 : Effective sloshing length /,,,

Type of transverse bulkhead Lon

(L +nywr oyr) (1 +Fur Q) Lo
(L+nyr) (L+71,)

Transverse tight bulkheads | {gn =

[1+(nwr—=21) owrl (L +TFr O lun
(L+nwp) (141,

Transverse wash bulkheads | {s, =

where:
Nyt : Number of transverse wash bulkheads in the tank.
Oyt : Transverse wash bulkhead coefficient, to be taken as (see Figure 11):
Aowr
Oyr = ———
T A
Qb : Transverse web frame coefficient, to be taken as (see Figure 12):
(lwf — AO—wf—h
Atk—t—h
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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:

Ny
z AO—wf—h/.
1 Atk—t—h,.
awf = =
nwf

Aowr : Total area of openings, in m?, in the transverse section in way of the wash bulkhead below the

considered filling height.
Auen - Total transverse cross sectional area, in m?, of the tank below the considered filling height.
Ao.en  : Total area of openings, in m2, in the transverse section in way of the web frame below the considered

filling height.
four : Factor to account for number of transverse web frames and transverse wash bulkheads in the tank,

to be taken as:

fwf = an

1+nyr
Nyr : Number of transverse web frames, excluding wash bulkheads, in the tank.
Loen : Length of cargo tank, in m, at considered filling height.
Figure 11 : Transverse wash bulkhead coefficient
A
N
hﬂ”
\ A | Do
O.I25 OI.5>
K Cyr
Figure 12 : Transverse web frame coefficient
A
D
hfr'”
05 10"
Oy
€
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6.3.3 Sloshing pressure in way of transverse bulkheads

The sloshing pressure in way of transverse bulkheads including wash bulkheads due to longijtudinal liquid
motion, Pgy,e in kKN/m?, for a particular filling level, is to be taken as:

1.7 ¢ L
Psin-ing = Psin &Lsin Toin [0-4—(0.39 - ”’) _]

L 350
where:
Lsin : Effective sloshing length, in m, as defined in [6.3.2].
T : Coefficient taken as:
2
fon= 1-2 (0.7 - —h—fﬂ)
hgy : Filling height, measured from tank bottom, in m, see Figure 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?2, provided it is located within 0.25 7, from the bulkhead, is to be taken as:

Sur )2
where:
Lon : Effective sloshing length, in m, as defined in [6.3.2].
Pgning : Sloshing pressure due to longitudinal liquid motion acting on transverse bulkhead, as defined in
[6.3.3].
Swi : Distance from transverse bulkhead to web frame under consideration, in m.

The distribution of pressure across web frames and transverse stringers is given in Figure 13.

Figure 13 : Sloshing pressure distribution on transverse stringers and web frames

0.25¢,,
( Deck |

) %\ \ )

Pain = Peur

Pgin = 0.5Pg .1

(Stringer 1)

Py, = 0'5Pslh—/ng

Transverse

bulkhead P = Paning

(As for stringer 1)

§ (As for stringer 1)

( Inner bottom (

) Bottom )
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6.4 Sloshing pressure due to transverse liquid motion

6.4.1 Application

The sloshing pressure due to transverse liquid motion, P, 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 h,,, 10 0.95 h,,.,, in 0.05 h,,,, increments.

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 b,

Type of longitudinal bulkhead bgin
P . (L +nw o) (1 + g Ogra) Duc—n
L | tight bulkh ben = Sl
ongitudinal tight bulkheads Ih (Tt ) (L+ )
G [1+ Ny = 1) o] (1 + gy Ogra) Dr_n
L I h bulkh bein = g0 —ara 1
ongitudinal wash bulkheads Ih T+ ) (L4 g)
where
Ny : Number of longijtudinal wash bulkheads in the tank.
Oy : Longitudinal wash bulkhead coefficient:
aWL - AOWL
Atk—L—h
Olgrg : Girder coefficient, to be taken as:
Olgrg = AO—grd—h
Atk—L—h

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

Aun - Total longitudinal cross sectional area, in m?, of the tank below the considered filling height.

Aogan : Total area of openings, in m?, in the longitudinal section in way of the web frame below the
considered filling height.

Tara : Factor to account for number of longitudinal girders and longitudinal wash bulkheads in the tank, to
be taken as:
n
f y = grd
g7 14 Nwi
Ngrg : Number of longijtudinal girders, excluding longitudinal wash bulkheads, in the tank.
[ I : 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
Pslh—t =7 Psin gfs/h ("é—’h—o3) GMOJs
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where:
by : 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.

fan : 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, P, 44, in KN/m?, provided it is located within 0.25 b,
from the bulkhead, is to be taken as:

Sara)?
Pslh—grd = Pyt (1—£)

sih
where:
by : Effective sloshing breadth defined in [6.4.2].
Pyt : Sloshing pressure due to transverse liquid motion acting on longitudinal bulkhead, as defined in
[6.4.3].
Sgrg : Distance from longijtudinal bulkhead to girder under consideration, in m.

The distribution of pressure across stringers is given in Figure 14. The distribution of pressure across
longitudinal girders is similar to the deck web frame shown in Figure 13.

Figure 14 : Sloshing pressure distribution on longitudinal stringers and girders

( Deck
) l
0.25b,,, 0.25b,,,
; (As for stringer 2)
Longitudinal
bulkhead /psm =0.5P,,,
? (Stringer 2)
Pain = P
? (As for stringer 2)
(
) /
(
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7  DESIGN PRESSURE FOR TANK TESTING

7.1 Definition

711

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, Psr, in KN/m?2, is to be taken as:

Psr = 10 (zs7-2)

where:
Zst : Design testing load height, in m, as defined in Table 13.
Table 13 : Design testing load height zs;
Compartment Zsr
The greater of the following:
Double bottom tanks @ Zgr = Ziop + Dy
Zst = Zpg
_ ) The greater of the following:
Hopper side tanks, topside tanks, double _
. Zst = Ztop + hair
side tanks, fore and aft peaks used as tank
Zs1 = Zyp + 2.4
The greater of the following:
. Zs7 = Ziop + Dy
Tank bulkheads, deep tanks, fuel oil bunkers P o
Zs1=Zyp + 2.4
Zsr =2, + 0.1 Ppy
Ballast hold Zsr=2,+0.9
Chain locker (if aft of collision bulkhead) Zs1= Z¢
The greater of the following:
Independent tanks Z5r = Ziop + Dy
Zs1 = Zp + 0.9
Testing load height corresponding to ballast

Ballast ducts g . g P g

pump maximum pressure

where:

Zpy . Z coordinate, in m, of the bulkhead deck.

Z, : Z coordinate, in m, of the top of hatch coaming.

Z. 1 Z coordinate, in m, of the top of the chain pipe.

(1) For double bottom tanks connected with hopper side tanks, topside tanks or double side tanks, zs;
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.

Mg, : 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 My, - for seagoing operation in
the flooded condition, in kKNm, 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,n..c : Horizontal wave bending moment for a considered dynamic load case, in kKNm, as defined in Ch 4,
Sec 4, [3.5.4].

™ : 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.

Qsw : Permissible hull girder positive and negative still water shear force limits for seagoing operation,
in kN, as defined in Ch 4, Sec 4, [2.3.1] or Ch 4, Sec 4, [2.3.3].

Qswp - 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].

Q.. :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].

Qu..c : Vertical wave shear force for a considered dynamic load case, in kN, as defined in Ch 4, Sec 4,
[3.5.3].

Pey : Design external pressure, in KN/mZ.

Ps : Static sea pressure at considered draught, in kN/m?2, 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].

01 JAN 2019 COMMON STRUCTURAL RULES



IACS

Py : 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?2.

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

P : Static liquid pressure in tank, in kN/m?2, as defined in Ch 4, Sec 6, [1.2].

P4 : 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].

Pog : Dry bulk cargo dynamic pressure for a considered dynamic load case, in kN/m?, as defined in Ch 4,
Sec 6, [2.5.3].

P : Static pressure in compartments and tanks in flooded condition, in kN/m?2, as defined in Ch 4, Sec 6,
[1.4.1].

Py : Dynamic pressure in compartments and tanks in flooded condition, in kN/m2, as defined in Ch 4,
Sec 6, [1.5.1]

Pys : Static pressure on non-exposed decks and platforms, in kN/m?, as defined in Ch 4, Sec 6, [5.2.1].

Pyq : Dynamic pressure on non-exposed decks and platforms for a considered dynamic load case, in

kN/m?2, as defined in Ch 4, Sec 6, [5.2.1]

Fus : 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].

Fuq : Dynamic load acting on supporting structures and securing systems for heavy units of cargo,
equipment or structural components, in kN, as defined in Ch 4, Sec 5, [2.3.2].

Pg, : Bottom slamming pressure, in KN/m?, as defined in Ch 4, Sec 5, [3.2].
Peg : Bow impact pressure, in kN/m2, as defined in Ch 4, Sec 5, [3.3].

Pgin : Sloshing pressure, in kN/m?, as defined in Ch 4, Sec 6, [6].

1 GENERAL

1.1 Application

111
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].
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1.1.2

For the strength assessment, the principal design load scenarios consist of either S (Static) loads or S+D
(Static + Dynamic) loads. In some cases, the letter ‘A’ prefixes the S or S+D to denote that this is an accidental
design load scenario. There are some additional design load scenarios to be considered which relate to impact
(I) loads, sloshing (SL) loads and fatigue (F) load.

2

DESIGN LOAD SCENARIOS FOR STRENGTH ASSESSMENT

2.1 Principal design load scenarios

211

The principal design load scenarios are given in Table 1.

Table 1 : Principal design load scenarios

Harbour and ;iilgi;l)nr:gs Ballast
Design load scenario sheltered . Accidental flooded
with water o
water and conditions ¥
. extremesea | exchange®
testing
loads
ic + ic +
Static Static . Static . Static Static + dynamic
Load components S Dynamic dynamic A'S A S+D
®) (S+D) (S+D) (A:S) (A: )
E VBM Msw—p Msw + va-LC Msw + va—LC Msw—f @ Msw—f + va—LC @
g HBM - Myhic Myphic - Myp.1c®
§ VSF st—p st + Qwv—LC st + Qwv—LC - st—f + Qwv—LC(s)
T
™ - th—LC th—LC - -
p External deck for green sea - Py - - -
“ | Hull envelope Pq Ps+ P, Ps + P, j _
Ballast tanks @ Pis + Pyg -
Liquid cargo tanks Max (P, Ps7) P.+ Py - - }
P, | Other tanks - -
(2]
©
8 Watertight boundaries - - -
= P P + Py
S Cargo holds Pps Pps + Ppy -
o
- Internal decks for dr
epaces ’ Pars Pars *+ Parg : - :
External deck for
P P P,.+P - - -
@ | distributed loads dks drs = T dkd
External deck for heav,
units Y Fus Fys * Fuq - - -
(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 L of 150 m or above
(4) Applicable to prescriptive assessment only

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.
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Table 2 : Design load scenarios for impact and sloshing conditions

Design load scenario Bow impact Bottom Sloshing

Impact (1) slamming Sloshing (SL)
Impact (I)

Load components
VBM - - M,
HBM - - -
VSF - - -

™ - - -
External deck for green sea - - -
Hull envelope Peg Ps, -
Ballast tanks

Hull Girder

Liquid cargo tanks - - Pgin
P,, | Othertanks
Watertight boundaries - -

Local Loads

Cargo holds@ - - -

Internal decks for dry spaces - - -

p External deck for distributed i i i
@ 1 Joads

External deck for heavy units - - -

(1) Sloshing assessment is not to be considered for water ballast cargo holds of bulk carriers.

3  DESIGN LOAD SCENARIOS FOR FATIGUE ASSESSMENT

3.1 Design load scenarios
3.11
The design load scenarios for fatigue assessment are given in Table 3.

Table 3 : Design load scenarios for fatigue assessment

Design load scenario Fatigue: Static + Dynamic
Load components (F: S+D)
g VBM Msw + va—LC '\
o HBM M, n.
.(3 h-LC Z
% VSF st + QWV—LC 9
T -
™ Mytic (&)
External deck for green sea - L
Par v
Hull envelope Ps + Py
Ballast tanks @
— <
° Liquid cargo tanks P + Py e
g P, | Other tanks designed for liquid filling LU
-
5 Watertight boundaries - (2
g <
S Cargo holds Py + Poy T
Internal decks for dry spaces - ©
P, | External deck for distributed loads - L
External deck for heavy units - E
(1) WB cargo hold is considered as ballast tank except for design load scenario ‘ballast water exchange’. E
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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.

: Propeller diameter, in m.

Mg, : Cargo mass, in t, as defined in Ch 4, Sec 6.

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

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

Mg,k : Maximum cargo mass in cargo holds in block loading conditions, in t, as defined in Ch 4, App 1.

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

to Table 21.

Cseic 1 Coefficient taken as the percentage of permissible SWSF, defined in Table 2 to Table 9 and Table 12
to Table 21.

Xpaftr Xpwg: LONEitudinal 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.

Tu1r Thoy Thas That Minimum permissible draught, in m, in harbour condition as defined in Ch 4, App 1.

1  APPLICATION

1.1 Ships having a length L of 150m or above

111

The requirements in [2] to [5] are applicable to ships having a length L of 150 m 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.
113

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.
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114

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 150 m

121

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 L less than 150 m.

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
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

211

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.
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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:

e 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.

e For bulk carriers having a length L 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

231
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 0.015 L,,.

¢) 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.
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2.5 Loading conditions

2.5.1 Alternative design

For structural arrangement not covered by this section, the loading conditions, including loading pattern,
corresponding draught, still water bending moment and shear forces are to be agreed by the Society.

3  OIL TANKERS

3.1 Specific design loading conditions
3.1.1 Seagoing conditions
The following seagoing loading conditions are to be included, as a minimum, in the loading manual:

a) Heavy ballast condition where the ballast tanks may be full, partially full or empty. Where ballast tanks
are partially full, the conditions in [2.2.1] are to be complied with. The fore peak water ballast tank is to
be full, if fitted. If upper and lower fore peak tanks are fitted, the lower is required to be full and the
upper tank may be full, partially full or empty. All the cargo tanks are to be empty including cargo tanks
suitable for the carriage of water ballast at sea. The draught at the forward perpendicular is not to be
less than that for the normal ballast condition. The propeller is to be fully immersed. The trim is to be by
the stern and is not to exceed 0.015 L, .

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 IMO
73/78 SBT condition provided the corresponding condition in the loading manual only includes ballast
in segregated ballast tanks in the cargo tank region.

3.1.2 Additional loading conditions

The following additional loading conditions are to be included in the loading manual if the ship is specifically
approved and intended to be operated in such conditions:

a) Seagoing ballast conditions including water ballast carried in one or more cargo tanks which are

intended for use in emergency situations as allowed by MARPOL Reg. 18.

b) Seagoing loading conditions where the net static upward load on the double bottom exceeds that given
with the combination of an empty cargo tank and a mean ship’s draught of 0.9 Tg.

c) Seagoing loading conditions with cargo tanks less than 25% full with the combination of mean ship’s
draught greater than 0.9 T,.

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 t/m? or greater and a mean
ship’s draught of 0.6 Tg.

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.

3.2 Design load combinations for direct strength analysis
3.21

The design load combinations for FE analysis are given in Table 1 as follows:
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Table 1 : Design load combination for oil tankers

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

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

3.2.2

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

3.23

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

3.2.4

For seagoing conditions, the dynamic load cases required to be investigated for each loading pattern are
indicated in Table 2 to Table 9. Dynamic load cases are defined in Ch 4, Sec 2.

3.2.5 Ships with structure symmetrical about centreline

For ships with structure symmetrical about the centreline, the loading pattern mirrored about centreline of
another pattern may be omitted provided the results (yield and buckling) are mirrored, e.g. Table 2 A7b, A12b.

3.2.6 Tankers with two oil-tight longitudinal bulkheads except with a cross tie arrangement in the
wing cargo tanks

For tankers with two oil-tight longitudinal bulkheads except with a cross tie arrangement in the wing cargo
tanks, loading patterns A7 and A12 in Table 2, Table 4, Table 6 and Table 8 are to be examined for the
possibility that unequal filling levels in transversely paired wing cargo tanks would result in a more onerous
stress response. Loading pattern A7 is required to be analysed only if such a non-symmetric seagoing loading
condition is included in the ship loading manual. The actual loading pattern, draught, GM and 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.

If loading patterns A7 and A12 are not considered, an operational restriction describing that the difference in
filling level between corresponding port and starboard wing cargo tanks is not to exceed 25% of the filling
height in the wing cargo tank, is to be added in the loading manual.

Loading patterns A7 and A12 need not be examined for tankers with a cross tie arrangement in the wing cargo
tanks.

3.2.7

For tankers with two oil-tight longitudinal bulkheads, seagoing loading pattern A3 and harbour loading pattern
A13, with all cargo tanks abreast empty, in Table 2, Table 4, Table 6 and Table 8 are to be analysed with a ship
draught of 0.65 Tg; and 0.7 Ty 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.
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3.2.8

For tankers with two oil-tight longitudinal bulkheads, seagoing loading pattern A5 and harbour loading pattern
A11, with all cargo tanks abreast fully loaded, in Table 2, Table 4, Table 6 and Table 8 are to be analysed with
a ship draught of 0.65 Tg; and 0.6 Tg respectively. If conditions in the ship loading manual specify lesser
draughts for loading pattern A5 or A11, then the minimum specified draught in the ship’s loading manual for
the loading pattern is to be used.

3.2.9

For loading patterns A1, A2, B1, B2 and B3, with cargo tank(s) empty, in Table 2 to Table 9, a minimum ship
draught of 0.9 T4 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 Ballast conditions

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 Tgy, £,
Camc = 100% (sag.),
¢ Cgric=100%,
e 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
; C : % of
No. Loading pattern BM-LC -9
& Draught perm. p(;err_rL'nc ch(;fF Midship cargo region
SWBM )
Seagoing conditions
0,
P (si(g)gir/;)g) 100% HSM-1 | BSP-1P/S N/A
Al O'QTTC‘ l J " O'9TSC
S 100% 100% HSM-2 | BSP-1P/S | OST-2P/S
(hogging) ’ FSM-2 0SA-1P/S
100% o ) BSR-1P/S
- (sagging) 100% HSM-1 1 gspaps | VA
A2 W?‘ | If 0.9T¢.
- 100% 100% HSM-2 | BSR-1P/S N/A
(hogging) ° FSM-2 | BSP-1P/S
100% @
VexSpLe | HSM2 N/A N/A
100% 100%®
(hogging) Max SFLC HSM-2 N/A N/A
100% N/A | BSP-1P/S N/A
5
A3 0465T;‘ " 065TSC
s 100% ©
Ve spLe | HSMH N/A N/A
0%
100% N/A BSP-1P/S N/A
.
100% . . | BSR-1P/S )
A4 m:‘ ’~ 06Tse | (cagging) 100% HSM-L | oob 1pyg | OSA-2P/S
S
100% @
VexSrLe | HSW N/A N/A
100% 100%®
HSM-1 N/A N/A
o] I (sagging) | Max SFLC / /
A5 050 l J 0.65Tg
s 100% N/A | BSP-1P/S N/A
0% 100%® | psma | Ny/A N/A
Max SFLC
100% N/A | BSP-1P/S N/A
.
100% BSR-1P/S
A6 : “ " 0.6T, . 100% HSM-2 OSA-1P/S
06T L_I_U S ¢ | (hogging) 0 BSP-1P/S /
= BSR-1P/S | OST-2P/S
100% . HSM-2
A7a T“ " Tic (hogging) 100% FSM-2 BSP-1P/S | OSA-1P/S
s OSA-2P/S
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Still water loads

Dynamic load cases

Camic: % of

No. Loading pattern - 9% of
Draught perm. ierr-:\c S\:V;F Midship cargo region
swem | P
P 0ST-2P/S
100% HSM-2 | BSR-1P/S
A7b T?‘ " T, i 100% -
L—I—U Le (hogging) ° FSM-2 | BSP-1P/S OSA-1P/S
OSA-2P/S
P
100% . BSR-1P/S
A8 m?‘ ’— Teaie (sagging) 100% HSM-1 BSP-1P/S OSA-2P/S
S
Harbour and testing conditions
P
100%
A9 0.25T. . 100% N/A
0.25 o, L_I_I_J — = s¢ (Sagglng) ° /
P
100%
A10 0.25T, : 100% N/A
0.25 T, L—I_I_J — = ¢ (Saggmg) ° /
o/ (2)
P % | MaxSrLC VA
A1l O-GT?‘ | | f 0.6Tg, 100%
- (sagging) 100% @ N/A
Max SFLC
P
Al2a
R L 0.33Tg; N/A N/A N/A
S
P
A12b
® | omr | | L 0.33T; N/A N/A N/A
S
o/ (2)
: % | MaxSrLC VA
A13 | o7 | | Is 0.7Ts 100%
- (hogging) 100% @ N/A
Max SFLC
p
,sc 100% o
A14 “ | | r Tsc (hogging) 100% N/A
S
1) The actual shear force and bending moment that results from the application of local loads to the FE model are to be used.
Adjusting vertical loads and bending moments are not applied.
(2) The shear force is to be adjusted to target value at aft bulkhead of the mid-hold.
(3) The shear force is to be adjusted to target value at forward bulkhead of the mid-hold.
(4) For the mid-hold where x, ., < 0.5L and x,.,, = 0.5L, the shear force is to be adjusted to target value at aft bulkhead of the mid-
hold.
(5) For the mid-hold where x,.; < 0.5L and x,,,, = 0.5L, the shear force is to be adjusted to target value at forward bulkhead of the
mid-hold.
(6) This load combination is to be considered only for the mid-hold where X, .+ > 0.5L or X4,y < 0.5L.
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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 Cayic: % of | Cspic: % of L .
Draught perm. SWBM | perm. SWSF Midship cargo region
Seagoing conditions
100% HSM-1
. 100% BSP-1P/S N/A
B1 osi‘ L_J ’» 0.9T,. (sagging) HSA-1
100% o HSM-2 BSR-1P
(hogging) 100% FSM-2 BSP-1P OST-2P
100% o HSM-1
B2 o_gr‘ L_J " . (sagging) 100% HSA-1 BSP-1P/S N/A
* Ilsc
100% 0 HSM-2 | BSR-1S
(hogging) 100% FsM2 | Bspas | 0TS
100%® Max | HSM-2
SFLC FSM-2 N/A N/A
100% 100%™ Max | HSM-2
83 O_QTA‘ L_J ’> 00T (hogging) SFLC FSM-2 N/A N/A
- Ilsc
100% N/A BSP-1P/S N/A
0% 100%® Max| HSM-1
SFLC FSM-1 N/A N/A
0,
B4 |oerfl | JI 0.6T; (Siggr/:’g) 75% | HSM-1| BSP-1P |0SA-2P/S
0,
BS | o L_J - 0.6Ts (Si(g)gifg) 75% | HSM-1| BSP-1S |0SA-2P/S
100% @ Max
SFLC HSM-1 N/A N/A
100% | 100% @ Max
. HSM-1 N/A N/A
- ﬁ u % oor, | (3eEne) SFLC
100% N/A BSP-1P/S N/A
0, o/ (5)
0% 100§’FLCM3X HSM-2 | N/A N/A
0,
871 4 L_J }‘ TonLe (Siggir/;’g) 100% | HSM-1 | BSP-1P/S | N/A
Harbour and testing conditions
100% ® Max
100% SFLC N/A
B8 0.33T¢ .
0.33 T (sagging) 100% @ Max N/A
SFLC
100% o
B9 mi‘ L__J L 0.33T¢ (sagging) 75% N/A
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Still water loads

Dynamic load cases

No. Loading pattern Comic: % of | Cseic: % of . .
Draught perm. SWBM | perm. SWSF Midship cargo region
b
0,
B10 4 Uy L 0.33Ty, |  100% 75% N/A
0337, (sagging)
S
o/ (1)
, 100% ™ Max N/A
811 TTC‘ L_J r . 100% SFLC
i 5 (hogging) | 100% @ Max N/A
SFLC

(1)
(2)
(3)
(4)

(5)

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 x, ., < 0.5L and x,,, = 0.5L, the shear force is to be adjusted to target value at aft bulkhead of the mid-

hold.

For the mid-hold where x, ., < 0.5L and x4, = 0.5L, 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 x, ., > 0.5L or X, 4,4 < 0.5L.
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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 Comic: % Of | Coryc: % of
Draught perm. perm. Aft region Forward region
SWBM SWSF
Seagoing conditions
100% 100% HSM-1 HSM-1,
(sagging) ° | BSP-1p/s, BSP-1P/S,
AL 4‘ r 09T, HSM-2, FSM-2
100% 1009 BSP-1P/S, HSM-2, FSM-2
(hogging) ° | osT-2p/s, BSP-1P/S,
OSA-1P/S,
100% HSMA HSM-1, FSM-1
- 100% BSP-1P/S,
(sagging) BSP-1P/S,
a2 | o] r 097, 0SA-2P/S,
100% 1009 HSM-2, FSM-2 | HSM-2,
(hogging) ° | Bsp-1p/s, BSP-1P/S,
9 HSM-2
100% 1 psme2
100% Max SFLC FSM-2
(hogging) BSP-1P/S,
100% | BSP-1P/S, 0SA2P/S
A3 °-65ﬁ l | f 0.65T; ’
0,
100% 1 pom-1 HSM-1
0% Max SFLC
100% /A BSP-1P/S,
° 0SA-2P/S,
HSM-1
100% HSM-L BSP-1P/S
A4 ﬂ | | f 0.6Ts (Saggin"g) 100% | BSP-1P/S, BSR-AP/ S’
BSR-1P/S, '
OSA-2P/S,
0, -
100% | HSM-1 HSMA
100% Max SFLC FSM-1
(sagging) BSP-1P/S,
100% BSP-1P/S,
A5 °'65“7‘ L J r 0.65Tsc ° / 0SA-2P/S
100%
0% Max SELC HSM-2 HSM-2
BSP-1P/S,
100% | BSP-1P/S, /
OSA-2P/S
HSM-2,
100% HSM-2 BSP-1P/S
A6 o.sr:‘ | | " 0.6Ts. 7 100% | BSP-1P/S, ’
(hogging) BSR-1P/S BSR-1P/S,
’ OSA-2P/S,
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Still water loads Dynamic load cases
No. Loading pattern Comic: % Of | Coryc: % of
Draught perm. perm. Aft region Forward region
SWBM SWSF
HSM-2, FSM-2
. BSP-1P/S, HSM-2, FSM-2
A7a _‘ " 100% BSR-1P, BSR-2S | BSP-1P/S,
T T . 100%
- | (hogging) ° | 0SA-1P/S, BSR-1P, BSR-2S
OSA-2P/S, OSA-2P/S,
OST-2P
HSM-2, FSM-2
. BSP-1P/S, HSM-2, FSM-2
A7b _‘ " 100% BSR-2P, BSR-1S | BSP-1P/S,
Te T . 100%
L—I—U 8 ¢ (hogging) ° | 0sA-1P/S, BSR-2P, BSR-1S
0SA-2P/S, 0SA-2P/S,
OST-2S
Harbour and testing conditions
P
100%
0.25T. 9
A9 - L_I_I_J | : sc (sagging) 100% N/A
P
100%
A10 0.25T, . 100% N/A
0.25 T, L—I_I_J a = s¢ (Saggmg) ° /
o/ (2)
: w | MaxSFLC VA
A11 W r 0.6T, 100%
- (sagging) 100% @ /A
Max SFLC /
A12 P
2) o | : 0.33Tg; N/A N/A N/A
P
Al12
b @ | osr | | L 0.33T¢ N/A N/A N/A
S
o/ (2)
: w | MaxSFLC VA
A13 | . L 0.77., 100%
- (hogging) 100% N/A
Max SFLC /
P
Tsc 100% o
A14 “ | | r Tsc (hogging) 100% N/A
S
1) The actual shear force and bending moment that results from the application of local loads to the FE model are to be used.
Adjusting vertical loads and bending moments are not applied.
(2) The shear force is to be adjusted to target value at aft bulkhead of the mid-hold.
3) The shear force is to be adjusted to target value at forward bulkhead of the mid-hold.
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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 Comic: % Of | Csric: % of
Draught perm. perm. Aft region Forward region
SWBM SWSF
Seagoing conditions
100% HSM-1, FSM1 HSM-1
(Saggin"g) 100% | BSP-1P/S, BSP-1P/S,
0SA-1S 0SA-2S
B1 O.QTTL‘ L_J '> O-9TSC HSM-2, FSM-2
100% BSP-1P/S HSM-2, FSM-2
(0] 0 - ’ _
(hogging) | %% |osa1p e
OST-2P/S,
100% HSM-1, FSM-1 | HSM-1
(Saggin"g) 100% | BSP-1P/S, BSP-1P/S,
OSA-1P OSA-2P
B2
0-9i‘ L_J " 0.9T HSM-2, FSM-2
100% BSP-1P/S HSM-2, FSM-2
(hoggir;’g) 100% | sen1s ’ BSP-1P/S,
0SA-2P
OST-2P/S,
100% HSM-2 HSM-2
100% | MaxSFLC |FSM-2 FSM-2
(hogging) 1005 | BSPIP/S, BSRAP/S
(o] - ’
BSR-1P/S,
ss | =AULJf SRie/s
100% HSM-1 HSM-1
0% Max SFLC | FSM-1 FSM-1
100% BSP-1P/S, BSP-1P/S,
100% HSM-1. HSM-1
B4 | os7 L_J - 0.6T5c (Saggm°g) 5% | Bsrp/s BSP-1P/S,
' 0SA-2P/S,
B5 100% HSM-1 HSM-1
067 L_J - 0.6Tsc (Saggin"g) 5% | gsr1p/s BSP-1P/S,
' 0SA-2P/S,
100% HSM-1 HSM-1
100% Max SFLC | FSM-1 FSM-1
(sagging)
100% OST-1P/S, 0SA-2P/S,
B6 O-GE‘ L_J " 0'6TSC
100% HSM-2 HSM-2
0% Max SFLC | FSM-2 FSM-2
100% 0SA-2P/S, 0SA-2P/S,
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Still water loads

Dynamic load cases

No. Loading pattern Comic: % Of | Csric: % of
Draught perm. perm. Aft region Forward region
SWBM SWSF
Harbour and testing conditions
100% @
N/A
* 100% Max SFLC /
B8 0.33Tg¢ .
0337, (sagging) 100% @ N/A
S
Max SFLC /
b
100% o
B9 0557 L_J L 0.33Tg¢ (sagging) 75% N/A
S
b
100% o
B10 - L_J L 0.33Tc (sagging) 75% N/A
S
100% ®
N/A
- TA‘ L_J r : ; 100% | MaxSFLC /
5 (hogging) | 100% @ A
S
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.
COMMON STRUCTURAL RULES 01 JAN 2019

PART1 CHAPTER 4 SECTION 8

263



PART1 CHAPTER 4 SECTION 8

IACS

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 Cayic: % of | Csric: % of
Draught perm. SWBM | perm. SWSF Foremost cargo hold
Seagoing conditions
100% HSM-1, FSM-1
AL > 09Tse | (caaging 100% | BSP-1P/S, BSR-1P/S
geing 0SA-2P/S, OST-1P/S
100% HSM-1,
A2 0.9T7. : 100%
> * | (sagging) " | osA-2p/s
100% 0 HSM-1,
A > 065Tse | (sagging) 100% | osap/s
100% HSM-2
Max SFLC
0%
100% BSP-1P/S,
(o)
A3-2@® > 0.65Tsc OSA-2P/S
100% HSM-1
100% Max SFLC
(sagging)
100% 0SA-2P/S
50% FSM-1, BSP-1P/S,
@ 0.6T, : 100%
A4 > S¢ (hogging) | 0SA-2P/S
100%
[0} -
0% Max SFLC HSM-1
100%
A5 > 0.65Ts¢ L00% MaxSFLe | HSM-2
hoggin
(hogging) 100% BSP-1P/S
0,
AGW® > 06T | fgogfr’] o 100% | OSA-2P/S
HSM-1, HSA-1, FSM-1,
100% o BSP-1P/S, BSR-1P/S
Ara > Tic (sagging) 100% 1 osT-1pPY8,
OSA-2P/S
HSM-1, HSA-1, FSM-1,
100% o BSP-1P/S, BSR-1P/S
ATD > Tie (sagging) 100% OST-1P/S,
0SA-2P/S
Harbour and testing conditions
100% o
A9 > 025Tsc | (i 100% N/A
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Still water loads Dynamic load cases
No. Loading pattern Cayic: % of | Csrpc: % of
Draught perm. SWBM | perm. SWSF Foremost cargo hold
100%
0.25T, 9
A10 > | (hogging) 100% N/A
100% @
N/A
100% Max SFLC /
A1l 0.6T; .
(hogging) 100% @ /A
Max SFLC
Al2-a
@ @ > 0.33Ty N/A N/A N/A
Al12-b
@ @ > 0.33Tsc N/A N/A N/A
100% @
N/A
100% Max SFLC /
A13@ 0.7Tg i
(sagging) 100% @ N/A
Max SFLC
100%
T. 0
AL4 > ¢ (sagging) 100% VA
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.

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 Cayic: % of | Csric: % of
Draught perm. SWBM | perm. SWSF Foremost cargo hold
Seagoing conditions
100% HSM-1
B1 0.9T¢¢ (sagging) 100% BSP-1P/S
gging OSA-2P/S
HSM-1
B2 100%
0.9T5¢ . 100% BSP-1P/S
(sagging)
0SA-2P/S
831 0.9T 100% 100% BSP-1S/P, OSA-2S/P,
* | (sagging) HSM-1
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Still water loads Dynamic load cases
No. Loading pattern Cayic: % of | Csrpc: % of
Draught perm. SWBM | perm. SWSF Foremost cargo hold
100%
MaxsFLc | FSM2
0%
BSP-1S/P,
100%
B3-2 OSA-2S/P,
(o]
100% Max SFLC HSM-1, FMS-1
(sagging) o BSP-1S/P, OST-1S/P,
100% 0OSA-2P/S
100%
Bf 0.6T 7 75% BSP-1P/S, 0SA-2P/S
@ (hogging)
100%
B5® 0.6T. 75% BSP-1P/S, OSA-2P/S
5 > ¢ | (hogging) ’ / /
100%
0% MaxsFLc | SV
B6 100% OSA-2P/S
D 06T 1oo<yo /
(o]
100% Max SFLC HSM-2, FSM-2,
hoggin
(hogging) 100% OSA-2P/S
Harbour and testing conditions
100% @
100% Max SFLC N/A
B8 0.33T )
(hogging) 100% @ N/A
Max SFLC
100%
BO@ 0.33T4, > 75% N/A
(hogging)
100%
B10® 0.33T¢, 7 75% N/A
(hogging)
100%
B11-1 Tec 0 100% N/A
(sagging)
100% @
N/A
B11-2 T 100% Max SFLC /
@ 5 (sagging) 100% ® N/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 Comic: % of | Cgseic: % of
Draught perm. SWBM | perm. SWSF Aftmost cargo hold
Seagoing conditions
100% FSM-1, HSM-1
0, ’ ’
(sagging) 100% BSP-1P/S
Al 0.9T, )
sc 100% HSM-2,
_ 100% BSP-1P/S, BSR-1P/S
(hogging) 0SA-1P/S
HSM-1, FSM-1
100% '
| ” 100% BSR-1P/S,
A2 oor, | seeene 0ST-1P/S
| 100% - ] )
(hoggi:g) 100% (H)g/l:/_lle;/FSSM 1, FSM-2,
100% 100% HSM-2
A31 (hogging) Max SFLC | FSM-2
W@ 0-65Tse 100% 100% 1 hsm-1, Fsm1
7 Max SFLC ’
(sagging) 100% | BSP-1P/S
100%
0, -
thQA Max SFLC HSM-2
A3-2 | (hogging) 100% | BSP-1P/S, OSA-1P/S
@ | 0.65Tsc 100%
[0) - -
100% VMaxSFLC | HSM-L FsM-1
(sagging) 100% | BSP-1P/S, OST-1P/S
100% HSM-1
100% ’
| (sagging) 0 BSP-1P/S
A4 0.6T, - :
| sc 100% HSM-2, FSM-1,
(hogging) 100% BSP-1P/S,
gging OSA-1P/S, OSA-2P/S
0% 100%
| Max SFLc | HSM-L HSM-2, FSM-1,
AB1 @ 0.65Ts¢ 100%
| hioq% VMaxSFLC | HSM-2 FsM-1
(hogging) 100% | BSP-1P/S
100%
I 0% Max SFLC | HSM-L, HSM-2
A5-2® | 0.65Tg, 100% BSP-1P/S, BSR-1P/S
100% 100%
HSM-2, FSM-2
(hogging) Max SFLC
| 100% HSM-2, FSM-1,
AG 0.6Tsc o i: ) 100% BSP-1P/S, BSR-1P/S,
[ geing OSA-1P/S
HSM-2, FSM-1
100% ' ’
ATa T.e - ° 100% | BSP-1P/S, BSR-1P/S,
(hogging) 0SA-1P/S
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Still water loads Dynamic load cases
No. Loading pattern Comic: % of | Csric: % of
D h ) i Af hol
raught perm. SWBM | perm. SWSF tmost cargo hold
[ 100% HSM-2, FSM-1, BSP-
0
ATDb Tic hogg 100% 1P/S, BSR-1P/S,
| (hogging) 0SA-1P/S
Harbour and testing conditions
| 100%
A9 0.25Tsc _° 100% N/A
| (hogging)
[ 100%
A10 0.25Tsc _° 100% N/A
[ (hogging)
) | 100% o, (5)
Al11-1 0.6T¢ . d 100% N/A
@ | (hogging) Max SFLC
100% ®
A11-2 | 06T 100% Max SFLC N/A
@ | 7| (hogging) 100%® A
Max SFLC
A12a |
- 0.337T N/A N/A N/A
A12Db |
- I 0.337T N/A N/A N/A
- 100% % (5
A13-1 0.7Te . 0 100% N/A
me (hogging) Max SFLC
100% ®
100% Max SFLC N/A
hoggin % (6)
| (hogging) 100% N/A
A13-2 Max SFLC
0.7Tsc
@) @3 % (5)
I 100% N/A
100% Max SFLC
(sagging) 100% ©
Max SFLC N/A
100% 100% N/A
| . (o]
AL4 Teo (hogg':‘g)
| 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 Cavic: % of Csric: % of
Draught perm. SWBM | perm. SWSF Aftmost cargo hold
Seagoing conditions
100% 100% HSM-1, FSM-1
o1 - (sagging) ’ BSP-1P/S, BSR-1P/S
e 100% 100% HSM-2
(hogging) ° BSP-1P/S, OSA-1P/S
100% 100% HSM-1, FSM-1
B2 oo (sagging) ° BSP-1P/S, BSR-1P/S
e 100% 100% HSM-2
(hogging) ° BSP-1P/S, OSA-1P/S
100%
100% MaxSFLC | SM-2
hoggin
831 (hogging) 100% BSP-1P/S
@ 0.9T;
100% HSM-1
100% Max SFLC | FSM-1
(sageing) 100% BSP-1P/S
100%
100% Max SFLC | HSM-2 FSM-2
(hogging) 1009 BSP-1P/S,
B3-2 0.0T ° OSA-1P/S
@13 Jlsc
100% HSM-1
100% Max SFLC | FSM-1
(sageing) 100% BSP-1P/S
HSM-2
100% '
B4 0.6T¢ - ° 75% BSP-1P/S,
(hogging) 0SA-1P/S
HSM-2
100% ’
B5 0.6T - ’ 75% BSP-1P/S,
(hogging) 0SA-1P/S
0,
0% 100% HSM-1
B6-1 Max SFLC
@ 0.6T;
100% 100% HSM.2
(hogging) Max SFLC
100%
0, -
0% Max SFLC HSM-1
B6-2 100%
- 0.6T; 100% MaxSFLc | HSM-2
(hogging) . HSA-2,
100% BSR-1P/S,
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Still water loads Dynamic load cases
No. Loading pattern Camic : % of Csric: % of
Draught perm. SWBM | perm. SWSF Aftmost cargo hold
Harbour and testing conditions
B8-1 100% 100% @
0.33T, N/A
@ ¢ | (hogging) Max SFLC /
100% @
100% Max SFLC N/A
hoggin 9%, (5)
(hogging) 100% N/A
B8-2 Max SFLC
100% @ N/A
100% Max SFLC
(sagging) 100% ®
Max SFLC N/A
100%
B9 0.33T¢c _° 75% N/A
(hogging)
100%
B10 0.33T¢c _° 75% N/A
(hogging)
100% o @
. 0 100% N/A
B11-1 (hogging) Max SFLC
1) Tsc
100% 100% @ N/A
(sagging) Max SFLC
100% @
N/A
100% Max SFLC /
hoggin o/ (5)
(hogging) 100% N/A
B11-2 . Max SFLC
(ENE) s¢ 100% @ N/A
100% Max SFLC
(sagging) o/, (5)
100% N/A
Max SFLC
(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.
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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].

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 propeller immersion //D, is to be
at least 60%. The trim is to be by the stern and is not to exceed 0.015 L;,. The moulded forward draught
is not to be taken less than the smaller of 0.03 L;; or 8 m.

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 t/m3, and all cargo holds are taken with the same filling ratio (cargo mass/hold cubic capacity) in
all cargo holds at scantling draught with all ballast tanks empty.

In cases where the cargo density applied for this design loading condition is different from 3.0 t/m3, the
maximum density of the cargo that the ship is allowed to carry is to be indicated in the loading manual. If the
maximum density is less than 3.0 t/m?3 then the additional service feature {maximum cargo density x.y t/m3} is
to be indicated as defined in Ch 1, Sec 1, [3.2.1].

4.1.4 Cargo loading condition for BC-A
As required for BC-B, plus:

At least one cargo loaded condition with specified holds empty, with cargo density 3.0 t/m3, and the same
filling ratio (cargo mass/hold cubic capacity) in all loaded cargo holds at scantling draught with all ballast
tanks empty.

The combination of specified empty holds is to be indicated with the additional service feature {holds a, b, ...
may be empty}.

In such cases where the design cargo density applied is different from 3.0 t/m3, the maximum density of the
cargo that the ship is allowed to carry is to be indicated in the loading manual. If the maximum density is less
than 3.0 t/m?3 then the additional service feature {holds a, b, ... may be empty with maximum cargo density
x.y t/m3} is to be indicated as defined in Ch 1, Sec 1, [3.2.1].

4.1.5 Additional ballast conditions
The following ballast conditions are to be included in the loading manual for longitudinal strength assessment:
* Ballast conditions with all ballast tanks 100% full,

* Heavy ballast conditions with all ballast tanks 100% full and one cargo hold adapted and designated for
the carriage of water ballast at sea, where provided, 100% full.
Where more than one hold is adapted and designated for the carriage of water ballast at sea, it is not
required that two or more holds be assumed 100% full simultaneously in the longitudinal strength
assessment, unless such conditions are expected in the heavy ballast condition. Unless each hold is
individually investigated, the designated heavy ballast hold and any/all restrictions for the use of other
ballast hold(s) are to be indicated in the loading manual.
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4.1.6 Steel coils or heavy cargoes

The following note is to be included in the loading manual:

“Where the ship engages in a service carrying such cargoes as steel coils or heavy cargoes that may have an
adverse effect on the local strength of the double bottom and which is not described as cargo in the loading
manual, the maximum permissible and the minimum required mass of cargo are to be considered specially.”

4.2

Design load combinations for direct strength analysis

4.2.1 Applicable general loading patterns

The following loading patterns are to be applied:

a)

b)

c)

Any cargo hold carrying Mg, 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 M, 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.

4.2.2 Multiport conditions

The following multiport conditions are applicable to all types of bulk carriers except when the service feature
{no MP} is assigned:

a)

Any cargo hold carrying Mg, 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 Mg, 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.

4.2.3 Alternate conditions

The following alternate conditions are applicable to BC-A only:

a)

b)

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 M, plus 10% of M, 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 M, plus 10% of M, 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.
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d) If the ship is intended to operate in alternate block load condition, any two adjacent cargo holds are to
be loaded with the next holds being empty, carrying 10% of M, 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.

4.2.4 Heavy ballast condition
The following condition applies to ballast holds only:

* Cargo holds which are designed as ballast water holds, being 100% full of ballast water including
hatchways, with all double bottom tanks in way of the cargo hold being 100% full, at any heavy ballast
draught. For ballast holds adjacent to topside wing, hopper and double bottom tanks, it shall be
strengthwise acceptable that the ballast holds are filled when the topside wing, hopper, stool, and
double bottom tanks are empty.

4.2.5 Additional harbour condition for all bulk carriers
The following additional harbour conditions apply to all bulk carriers:

a) At reduced draught during loading and unloading in harbour, the maximum allowable mass in a cargo
hold may be increased by 15% of the maximum mass allowed at the scantling draught in seagoing
condition, but is not to exceed the mass allowed at scantling draught in the seagoing condition. The
minimum required mass may be reduced by the same amount.

b) Any single cargo hold holding the maximum allowable seagoing mass at 67% of scantling draught, in
harbour condition.

c) Any two adjacent cargo holds carrying 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

Loading pattern Requirement BC- BC- {no MP}
A|lB|C|A|B|C
Full load in homogeneous condition [4.2.1] item a X X X X X X
Slack load [4.2.1] item 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 [4.2.3]itemsa &b X X
Alternate load full [4.2.3]itemsa &c 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 hold

Outside midship

Aftmost cargo hold

Foremost cargo hold

region cargo hold region
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.

4.3.2

Hold mass curves are to be calculated according to Ch 4, App 1 showing maximum allowable and minimum
required masses as a function of draught in seagoing condition as well as during loading and unloading in
harbour.
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Table 12 : FE Load combinations applicable to empty hold in alternate condition of BC-A (EA) - midship cargo hold region

oL C % C %
Description BM-LC SF-LC i
No. R tpf Loading pattern Aft Mid Fore | Draught | of perm. | of perm. Dynacr::‘;load
eq-re SWBM | SWSF
Seagoing conditions
Full load _ 50% BSP-1P/S
@ T. 100%
1 [4.1.3] % % & s¢ (sag.) ° |osT-1P/S
Full load 50%
20 [4.2.1] @ ﬁ ﬁ Tsc (sa O) 100% |BSP-1P/S
item a &
Slack load
3 | 21] @ ﬁ E e | o% | 100% |Bsparss
itemb
Slack load
4 [4.2.1] @ @ Tsc 0% 100% |BSP-1P/S
itemb
100% -\ 4 00w ;zr_fp S
Deepest (hog.) ° -1P/
5@ | pallast T OST-2P/S
@ | [4.21] |l fa L0 BSP-1P/S
item ¢ (sag;’ 100% |BSR-1P/S
' OST-1P/S
Multiport 3 o HSM-1
6 | [4.2.2] @ 0677 | 29% | 100%
item o (sag.) OST-1P/S
Multiport 3 o
HSM-1
7 | 1422 @ 0.67Ts, | 100% | 100%
item o (sag.) OST-1P/S
100% | 450 HSM-2
0
Multiport 4 (hog.) OST-2P/S
8 | [422] @ ﬁ [ 0.75Tsc 1007 BSP-1P/S
item d (sag;’ 100% |BSR-1P/S
' OST-1P/S
100% | 4500 HSM-2
0
Multiport 4 (hog.) OST-2P/S
9 [4.2.2] @ 0.75Tsc Lo0% BSP-1P/S
item d (Sag; 100% [BSR-1P/S
' OST-1P/S
100% ®
100% |Max SFLC| >M2
o8 100%® FSM-2
Alternate Max SFLC
load partial o Mot
) 1 M, 1M, 100% T-2P
10 [4.2.3]items | 1= = & ﬁ & Tse 00% [0ST-2P/S
aand b 100% BSP-1P/S
(0]
0% OST-1P/S
100%10 HSM-1
Max SFLC
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o C 1% | Csryc: %
Description BM-LC SFLC i
No. tp Loading pattern Aft Mid Fore | Draught | of perm. | of perm. Dynacrgézload
Req’ ref SWBM | SWSF
100%® [FSM-2
100%  |Max SFLC|HSM-2
(hog.)
Alternate 100%©® [FSM-2
load full _ _ Max SFLC|HSM-2
2. 1w, oM, T
) 123 e @ i @ sc 100% |0ST-2P/S
items a and
c 100% |BSP-1P/S
0% o
0,
100% HSM-1
Max SFLC
100% FSM-2
100%
1o@| Altblock (hog.) ° |osT-2P/s
)6 load o, I 05w Tsc HSM-1
a3) [4.2.3] 100%
item d (sag) 100% |BSP-1P/S
OST-1P/S
100% FSM-2
100%
13@| Altblock (hog.) ° |osT-2P/s
©)(6) load o, Il 05, Tec HSM-1
(13) [4.2.3] 100%
item d (sag.) 100% |BSP-1P/S
0ST-1P/S
100% 9 [FSM-2
0%
Max SFLC|HSM-2
100% |BSR-1P/S
Heavy 100%®
14| ballast Tearn Max |HSM-1
[4.2.4] 100% SFLC
(sag) -
()
100% HSM-1
Max SFLC
100% |BSR-1P/S
Heavy . 0% 100% |BSR-1P/S
15@ ballast : TBAL—H 100%
D B 0, =
[4.2.4] (sag.) 100% |BSR-1P/S
Harbour conditions
Harbour 100% o
condition (hog.) 100% N/A
16| 425 @ @ i Tn
items a and 100%
100% N/A
c (sag.)
Harbour 100% o
condition (hog.) 100% N/A
17 [4.2.5] @ @ Tos
items a and 100%
100% N/A
c (sag.)
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) - 0
Description . . Comic: % | Csric: % Dynamic load
No. Req! ref Loading pattern Aft Mid Fore | Draught | of perm. | of perm. case
eqre SWBM | SWSF
100% @
N/A
100% |Max SFLC
Harbour (hog.) | 100% @2 /A
condition Max SFLC
18 | [4.2.5] Too
items a and 100% @ N/A
0,
b 100% | \1ax sFLC
o) I ooman
()
N/A
Max SFLC
Alt-block 100%
D | 100% N/A
19 harbour s (hog.)
condition | Lo lleiy, Tus
13) 100%
[4.2.3] 100% N/A
item d (sag.)
Alt-block 100%
D | 100% N/A
20 harbour S (hog.)
condition o1, Ml 01, Tus
“3) 100%
[4.2.3] 100% N/A
item d (sag.)
(1) Loading pattern No. 1 with the cargo mass M, and the maximum cargo density as defined in [4.1.4] can be analysed in lieu of
this loading pattern.
(2) Maximum cargo density as defined in [4.1.4] is to be used for calculation of dry cargo pressure.
(3) In case of no ballast hold, normal ballast condition with assuming Mg, = 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,. ., < 0.5L and x4 = 0.5L, the shear force is to be adjusted to target value at aft bulkhead of the mid-
hold.
(9) For the mid-hold where X, < 0.5L and x,4.4 = 0.5L, 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 X, . > 0.5L of X,.4,4 < 0.5L.
(11) The shear force is to be adjusted to target value at aft bulkhead of the mid-hold.
(12) The shear force is to be adjusted to target value at forward bulkhead of the mid-hold.
(13) This condition is only required when block loading condition is included in the loading manual.
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Table 13 : FE Load combinations applicable to loaded hold in alternate condition of BC-A (FA) -
midship cargo hold region

L C :% | C 1%
Description BM-LC SFLC i
No. tp Loading pattern Aft Mid Fore | Draught | of perm. | of perm. Dynacr:;céload
Req’ ref SWBM | SWSF
Seagoing conditions
Full load _ 50% BSP-1P/S
@ T, 100%
1 [4.1.3] % % % s (sag.) ° losT-1pP/S
Full load 50%
oM | [4.2.1] ﬁ G ‘ Tsc (sa °) 100% |BSP-1P/S
item a &
Slack load
3 [4.2.1] % Tsc 0% 100% |BSP-1P/S
itemb
100% FSM-2
(o)
Deepest (hog.) 100% |BSR-1P/S
4@ ballast - 0OST-2P/S
@ [4.2.1] |Em== BAL-H 100% BSP-1P/S
item ¢ (sag;’ 100% [BSR-1P/S
' OST-1P/S
100% ® |FSM-2
100% Max SFLC [HSM-2
(hog_;’ 100%® [FSM-2
Max SFLC [HSM-2
Multiport 2
5 [4.2.2] @ @ 0.83T¢; 100% |0ST-2P/S
itemb
100% % HSM-1
100% |Max SFLC
(sag.) BSP-1P/S
100% /
OST-1P/S
Multiport 3 o BSP-1P/S
6 | [4.22] @ 0.67Ts | 199% | 100% /
item (sag.) OST-1P/S
Multiport 3 o BSP-1P/S
7 | 422 ﬁ ﬁ @ 0677 | 109% | 100 /
item o (sag.) OST-1P/S
100% FSM-2, HSM-2
(hog ) 100% |BSR-1P/S
Multiport 4 ’ 0ST-2P/S
8 [4.2.2] G 0.75T¢; /
itom d 100% BSP-1P/S
(sag.) 100% |BSR-1P/S
' OST-1P/S
100% FSM-2, HSM-2
0| 100% [BSR-1P/S
Multiport 4 (hog.) 0ST-2P/S
o | 422 ﬁ ﬁ @ 0.75T
itom d 100% BSP-1P/S
(sag.) 100% |BSR-1P/S
' OST-1P/S
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L C 1% | C 1%
Description BM-LC SFLC i
No. tp Loading pattern Aft Mid Fore | Draught | of perm. | of perm. Dynacn;;Ioad
Req’ ref SWBM | SWSF
100% 19 [FSM-2
100% |Max SFLC|HSM-2
(hog.)
Alternate 100% |OST-2P/S
10 load partial - 100%® |FSM-1
@ | [423] M Tsc Max SFLC [HSM-1
items a and
b 0% 100%® |FSM-1
0
Max SFLC [HSM-1
BSP-1P/S
100%
OST-1P/S
100% 19 |FSM-2
100% |Max SFLC|HSM-2
(hog.)
Alternate 100% |OST-2P/S
load full . o (8)
11| [4.2.3] o @ Tec 100%™ | oma
items a and Max SFLC
9
c 0% 100% @ HSM-1.
Max SFLC
100% |BSP-1P/S
FSM-2
100% | 4000 )
12 Alt-block (hog.) 00%  |HSM-
@@ load T W T OST-2P/S
® | [4.2.3] e 5¢ HSM-1
. 0,
(13) item d (15(;%/;’ 100% |BSP-1P/S
' OST-1P/S
FSM-2
100% .
13 | Alt-block (hog) | 100% [HSM-2
(2)(5) load Voo Wl o OST-2P/S
01M, Ml 01 M, TSC
® [4.2.3] HSM-1
. 0,
@ | itemd (1;%/;’ 100% |BSP-1P/S
' 0ST-1P/S
100% 19 |FSM-2
0% Max SFLC [HSM-2
100% |BSR-1P/S
Heavy
100% ®
%,f' ballast Tonn OOS° o[sm1
[4.2.4] Max SFL
100% | 100% @
(sa ; °" Hsm-1
&) |Max SFLC
100% |BSR-1P/S
1 Heavy 0% 100% |BSR-1P/S
5 ballast Toain
@ 100% .
[4.2.4] (sag.) 100% |BSR-1P/S
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_— C 1% | Coryc: %
Description Bm-LC SFLC i
No. R tp ; Loading pattern Aft Mid Fore | Draught | of perm. | of perm. Dynacrg:;load
eq're SWBM | SWSF
Harbour conditions
100% @9
’ N/A
100% |Max SFLC
Harbour (hog.) | 100% @2
condition N/A
16 [~ Max SFLC
@ [4.2.5] M. Tha o an
items a and S 100% N/A
b 100% |Max SFLC
(sag.) |100% 12
° N/A
Max SFLC
0,
Ha;pqur (1&%/;’ 100% N/A
47 | condition @ K K 0.67Ts, )
14.2.9] 100% 14 5oy N/A
item a (sag.) ° /
0,
Ha:jb_o_“r (1&%/;’ 100% N/A
1g | condition E K @ 0.67T )
14.2.9] 100% 14 5oy N/A
item a (sag.) ) /
Harbour 100%
", 100% N/A
condition (hog.) 00% /
19 [4.2.5] G G Ti1
: 100%
items a and 100% N/A
. (sag.)
Harbour 100% o
condition (hog.) 100% N/A
20| [4.25] ﬁ @ @ Ts
: 100%
items a and 100% N/A
c (sag.)
- 0,
Alt-block 100% 100% N/A
5q | harbour I (hog.)
condition | jLoiv. il o1, Tus
a3 100%
[4.2.3] 100% N/A
itemd (sag.)
- 0,
Alt-block 100% 100% N/A
29 harbour o (hog.)
as | condition oiv Ml o1, % % Tus
100%
[4.2.3] 100% N/A
itemd (sag.)
(1) Loading pattern no. 1 with the cargo mass Mg,, and the maximum cargo density as defined in [4.1.4] can be analysed in lieu of
this loading pattern.
(2) Maximum cargo density as defined in [4.1.4] is to be used for calculation of dry cargo pressure.
3) In case of no ballast hold, normal ballast condition with assuming Mg, = 100% (hog.) is to be analysed.
4) Position of ballast hold is to be adjusted as appropriate.
(5) This condition is only required when block loading condition is included in the loading manual.
(6) Actual still water vertical bending moment, as given in the loading manual, may be used instead of design value.
(7) This condition is to be considered for the heavy cargo hold which is assigned as ballast hold, if any.
(8) For the mid-hold where x,.; < 0.5L and X, 4, = 0.5L, the shear force is to be adjusted to target value at aft bulkhead of the mid-hold.
9) For the mid-hold, where x, . < 0.5L and X, 4,4 = 0.5L, 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 x,.x > 0.5L or X, 4,4 < 0.5L.
(11) The shear force is to be adjusted to target value at aft bulkhead of the mid-hold.
(12) The shear force is to be adjusted to target value at forward bulkhead of the mid-hold.
(13) This condition is only required when block loading condition is included in the loading manual.
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Table 14 : FE Load combinations applicable for BC-B & BC-C - midship cargo hold region

IACS

Cam.cc: Csric:
Description o o i
No. P Loading pattern Aft Mid Fore | Draught % of % of Dynamic load
Reqt ref perm. perm. case
SWBM | SWSF
Seagoing conditions
(}, Full load % % % - 50% | 100% |BSP-1P/S
@ | [413] (sag.) OST-1P/S
Full load
2 [4.2.1] [ @ . Tsc 50% | 100% |BSP-1P/S
@ item a (sag.) OST-1P/S
Slack load 100%
3 [4.2.1] % Tsc 0% ° | BSP-1P/S
item b
100% | 100% |7M2
BSR-1P/S
4 Deepest (hog.)
@ ballast . OST-2P/S
[421] iy BAL-H BSP_lP/S
R 100%
item ¢ sag) | 100% |BSR-1P/S
' OST-1P/S
o/ (7)
100% | esp.0
S'\f:i’é HSM-2
100% S
®
(hog.) 1?\;)/" FSM-2
ax
Multiport 2 sFLc | HSM-2
2. 0.83T.
5 [ifeﬁq 2b] @ E @ se 100% | OST-2P/S
100% ®
. Max HSM-1
100% | sfLc
(sag.)
100% | BSP-1P/S
0ST-1P/S
Multiport 3 o 0 BSP.1P
6| [4.22] @ i 0.67Ty, | 100% | 100% | BSP-LP/S
item ¢ (sag.) OST-1P/S
Multiport 3 0 0 BSP.1P
7| 422 @ 0.67Ty, | 100% | 100% | BSP-AP/S
item ¢ (sag,) 0ST-1P/S
FSM-2
100% 100% HSM-2
Multiport 4 (hog.) BSR-1P/S
8 [4.2.2] @ 0.75T¢c OST-2P/S
itemd 100 BSP-1P/S
(sag/; 100% | BSR-1P/S
' 0ST-1P/S
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IACS

b Camic: Csric:
escription 0 0 i
No. P Loading pattern Aft Mid Fore | Draught % of % of Dynamic load
Reqt ref perm. perm. case
SWBM | SWSF
FSM-2
100% 100% HSM-2
(o]
Multiport 4 (hog.) BSR-1P/S
9 [4.2.2] @ 0.75T4 OST-2P/S
item d 100% BSP-1P/S
(sag ) 100% | BSR-1P/S
' 0ST-1P/S
/. (9)
1?\?/" FSM-2
a
0% | gpo |HSM2
100% | BSR-1P/S
10 Heavy 100%™
) ba”aSt TBAL»H Max HSM‘:I.
[4.2.4] SFLC
100% 100% ®
(sag.)
Max HSM-1
SFLC
100% | BSR-1P/S
Heavy 0% 100% | BSR-1P/S
% ballast Toain 100% 1009 SRAP/S
[4.2.4] sag) % | BSR-1P/
Harbour conditions
Harbour (1&(;%)’ 100% N/A
12 condition i i 0.67T. .
[4.2.5] 100% 0
item a (sag) 100% N/A
Harbour ;Lhooc;%)) 100% N/A
condition .
13 (4.2.5] @ 0.67Tsc 100% 0
item a (sag.) 100% N/A
Harbour 100% 100% N/A
condition (hog.) ° /
14| 1425 add’ | - :
items a 100% 100% N/A
and ¢ (sag.)
Harbour 100%
condition (hog.) 100% N/A
15| 425 [ @ @ T :
items a 100% 100% N/A
and ¢ (sag.)
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IACS

Comic: | Csric:
Description % of % of Dynamic load
No. Loading pattern Aft Mid Fore | Draught ? ° y
Req! ref perm. perm. case
SWBM | SWSF
100%
(10)
N/A
Max
100% SFLC
(hog.) | 100%
(1)
N/A
Harb_o_ur Max
condition SFLC
16 | [4.2.5] Tuo
items a 100%
10
and b o N/A
Max
100% SFLC
(sag) | 100%
1)
N/A
Max
SFLC
1) Applicable to BC-B only.
(2) For BC-B ships, the loading pattern no. 1 with the cargo mass Mg, 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) This condition is to be considered for the cargo hold which is assigned as ballast hold, if any.
(Y] For the mid-hold where x,. ., < 0.5L 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 x,..; < 0.5L and X, = 0.5L, 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, . > 0.5L or X, 4,4 < 0.5L.
(10) The shear force is to be adjusted to target value at aft bulkhead of the mid-hold.
(11) The shear force is to be adjusted to target value at forward bulkhead of the mid-hold.
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Table 15 : FE Load combinations applicable to empty hold in alternate condition of BC-A (EA) -
outside midship cargo hold region

Couic: | Csric: | Dynamic load case
Description 0 o
No. tp Loading pattern Aft Mid Fore | Draught % of % of forward
Req! ref perm. | perm. |aft region .
SWBM | SWSF region
Seagoing conditions
HSM-1
9 BSP-1P/S lesp-1p/s
@ | Fullload Teo 50% | 1 00% losT-1p/s [P0 /
[4.1.3] (sag.) 0SA-1P/S 0ST-1P/S
OSA-2P/S
Full load 50%
20| [4.2.1] @ Tsc (sa °) 100% |BSP-1P/S |BSP-1P/S
item a &
Slack load
3 [4.2.1] % Tsc 0% 100% |BSP-1P/S |BSP-1P/S
itemb
Slack load
4 [4.2.1] Moy || | Me J[50% M, @ @ Tsc 0% 100% |BSP-1P/S |BSP-1P/S
item b
HSM-2 FSM-2
100% 100% HSA-2 BSP-1P/S
(o)
Deepest (hog.) BSR-1P/S|BSR-1P/S
5@ | pallast OST-2P/S |0SA-2P/S
4 Toan
@ [.4.2.1] .......... D \ HSM-1
item c 100% HSM-1 BSP-1P/S
(sag.) | 100%
20 BSP-1P/S |BSR-1P/S
OSA-2P/S
Multiport 3 o
HSM-1  |[HSM-1
66| [4.2.2] @ 0.67T | 199% | 100%
item ¢ (sag.) 0ST-1P/S |OST-1P/S
Multiport 3 o HSM-1  |BSP-1P
7@ | [4.2.2] @ 0.67Tse | 100% | 1005 1S SP-LP/S
item ¢ (sag.) OST-1P/S |0SA-2P/S
100% | 4 1, [1SM-2 gig fp/s
(hog.) ° losT-2P/S
Multiport 4 OST-2P/S
86 | [4.2.2] @ 0.75T¢. HSM-1 HSMLAL
item d 100% FSM-1
100% BSP-1P/S
(sag.) BSP-1P/S 0ST-1P/S
0ST-1P/S
100% 100% HSM-2  |HSM-2
(hog.) ° |osT-2P/s |0ST-2P/S
Multiport 4
9® | [4.2.2] ﬁ ﬁ @ 0.75T4¢ HSM-1  |[HSM-1
itemd 100% 100% FSM-1 BSP-1P/S
0
(sag.) BSP-1P/S |BSR-1P/S
0ST-1P/S |OST-1P/S
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IACS

Comic: | Csric: | Dynamic load case
Description o 0
No. P Loading pattern Aft Mid Fore | Draught % of % of forward
Reqt ref perm. | perm. aft region
SWBM | SWSF region
100%
y ° IFSM2  |FSM-2
SFi’é HSM-2  |HSM-2
100%
BSP-1P/S
(hog.) BSP-1p/S |~ 1P§ .
Alternate 100% |OST-2P/S
load partial OSA-1P/S OST-2P/S
10 /
o | [42.3] Tsc OSA-2P/S
items aand BSP-1P/S
b \ / BSP-1P/S
100% |0ST-2P/S 0ST-2P/5
0% OSA-1P/S
0
()
1'304’ HSM-1  |HSM-1
SF‘?& FSM-1  [FSM-1
0,
1'30" HSM-2  |HSM-2
SF‘?& FSM-2  |FSM-2
0,
%h%%/‘)) BSP-1P/S
Alternate ' 1009 BSP-1P/S |BSR-1P/S
" |<[>:<; fg]ll — — @ i @ ; * |osT-2P/s 0ST-2P/S
2. 0.1 M, 0.1 M, sc -
items aand OSA-2P/S
c HSA-1
100% |BSP-1P/S
° / BSP-1P/S
0% 9
’ 1’304’ HSM-1  |[HSM-1
SF‘?& FSM-1  [FSM-1
100% FSM-2  |FSM-2
12 | Artblock (hog_;’ 100% |BSP-1P/S |BSP-1P/S
(O10)] load Il [ OST-2P/S |0SA-2P/S
™ | [42.3] |E=EL Tso HSM-1  |HSM-1
1) item d 100%
() 100% |BSP-1P/S|BSP-1P/S
' OST-1P/S |0SA-2P/S
FSMLD FSM-2
100% . BSP-1P/S
13 | Alt-block (hog.) 100% |BSP-1F/S 0SA-2P/S
(2)(6) T T OST-2P/S
@ [All(.)gg] E % % Tsc / OST-1P/S
(11) item d 100% HSM-1 HSM-1
(Sag; 100% |BSP-1P/S |BSP-1P/S
' OST-1P/S |0SA-2P/S
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5 Comic: | Csric: | Dynamic load case
escription ° [
No. P Loading pattern Aft Mid Fore | Draught % of % of forward
Req! ref perm. | perm. aft region
SWBM | SWSF region
Harbour conditions
Harbour 100% o
condition (hog.) 100% VA N/A
14 | [4.2.5] @ @ ﬁ Tha
itemsaand 100% 100% N/A N/A
(sag.) ’
c .
Harbour 100% o
condition (hog.) 100% VA N/A
15 | [4.2.5] { @ @ Tha
items aand 100% 100% N/A N/A
(sag.) ’ / /
c .
100% ®
Max N/A N/A
100% | SFLC
(hog.) |100% @
Harbour Max N/A N/A
condition SFLC
16 | [4.2.5] - Tz
items a and 100%®
b Max | N/A N/A
100% | SFLC
(sag.) |100% @
Max N/A N/A
SFLC
_ 0,
Alt-block 100% 100% N/A N/A
17 harbour E— (hog.)
condition | Boiv, o1, Tus
ay 100%
[4.2.3] 100% N/A N/A
itemd (sag.)
_ o)
Alt-block 100% 1\ 1600 | /A N/A
18 harbour S— (hog.)
18 | conatton aa v
[4.2.3] 100% 1 1600 | N/A N/A
itemd (sag.)
(1) Loading pattern no. 1 with the cargo mass M., and the maximum cargo density as defined in [4.1.4] can be analysed in lieu of

this loading pattern.

(2) Maximum cargo density as defined in [4.1.4] is to be used for calculation of dry cargo pressure.

3) In case of no ballast hold, normal ballast condition with assuming Mg, = 100% (hog.) is to be analysed.

(4) Position of ballast hold is to be adjusted as appropriate.

(5) This condition is not required when {no MP} notation is assigned.

(6) This condition is only required when this loading condition is included in the loading manual.

(7) Actual still water vertical bending moment, as given in the loading manual, may be used instead of design value.
(8) The shear force is to be adjusted to target value at aft bulkhead of the mid-hold.

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

(10) This loading condition is required only when the ballast hold is located inside the cargo hold model.

(11) This condition is only required when block loading condition is included in the loading manual.
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Table 16 : FE Load combinations applicable to loaded hold in alternate condition of BC-A (FA) -

outside midship cargo hold region

IACS

Description Cavic:% | Csric: % Dynamic load case
No. Req ref Loading pattern Aft Mid Fore | Draught | of perm. | of perm. Aft Forward
SWBM | SWSF | Region | region
Seagoing conditions
HSM-1 HSM-1
Full load 50% HSA-1
(3] 9 3
1 [4.1.3] _ % % % Tse (sag.) 100% ggz 13 2 BSP-1P/S
0SA-2P/S
Full load o
BSP-1P/S
20 1424] @ @ @ Tse (ig A)) 100% - IN/A OSA 2P/S
item a & 2P/
HSM-2  |[HSM-1
Slack load
HSA-1 HSA-1
3 | 2] @ % @ T | 0% | 100%
X BSP-1P/S |[FSM-2
item b
OSA-1P/S [BSP-1P/S
100% HSM-2
(hog‘)’ 100% |[FSM-2  |HSM-2
Deepest 0ST-2P/S
4® | pallast e HSM-1
@) [4-21] ......... N TBAL*H HSM‘:I. HSA_l
. 9 FSM-1
item ¢ 100% 11 00% FSM-1
(sag.) OST-1P/S
0SA-2P/S BSP-1P/S
0SA-2P/S
100%
100% Max |[HSM-2 N/A
(hog.) SFLC
Multiport 2 100% |BSP-1P/S |BSP-1P/S
5 | 1422 @ [ @ 0.83T,, el
i 100% |BSP-1P/S
item b 100 ’ /S |gsr-1p/s
()
(sag.) 100%
Max |HSM-1 N/A
SFLC
HSM-1
Multiport 3 0 . N
6 | 4.22] G G i 0.67Ts | 100% | 1009, [PSPAP/SIHSAL
- (sag.) BSR-1P/S |BSP-1P/S
item ¢
0SA-2P/S
Multiport 3 100% HSM-1
7 [4.2.2] @ @ 0.67Tg (sag; 100% |BSP-1P/S [HSM-1
item ¢ ] OST-1P/S
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No.

Description
Reqt ref

Loading pattern

Aft Mid Fore

Draught

Comic: %
of perm.
SWBM

Csric: %
of perm.
SWSF

Dynamic load case

Aft
Region

Forward
region

Multiport 4
[4.2.2]
item d

|ac

0.75T¢

100%
(hog.)

100%

HSM-2
FSM-2
BSR-1P/S
BSP-1P/S
OSA-1P/S
0ST-2P/S

FSM-2
0SA-2P/S

100%
(sag.)

100%

BSR-1P/S
BSP-1P/S
0ST-1P/S

HSM-1
HSA-1

BSP-1P/S
0SA-2P/S

Multiport 4
[4.2.2]
item d

—fa

0.75T¢

100%
(hog.)

100%

HSM-2
BSR-1P/S
0ST-2P/S

FSM-2
BSR-1P/S

100%
(sag.)

100%

HSM-1
FSM-1

BSP-1P/S
BSR-1P/S
0ST-1P/S

HSM-1
HSA-1
BSP-1P/S
OST-1P/S

10
@

Alternate
load partial
[4.2.3]
items a and
b

_al

100%
(hog.)

100%

HSA-2

BSP-1P/S
OSA-1P/S
0ST-2P/S

BSP-1P/S
OSA-2P/S
OST-2P/S

100%

Max
SFLC

HSM-2
FSM-2

FSM-2

0%

100%

Max
SFLC

HSM-1
FSM-1

HSM-1

100%

BSP-1P/S
OSA-1P/S

BSP-1P/S
0SA-1P/S
0SA-2P/S

11

Alternate
load full
[4.2.3]
items a and
c

- |«

100%
(hog.)

100%

HSA-2
BSP-1P/S
OSA-1P/S

OSA-1P/S
OSA-2P/S

100%

Max
SFLC

HSM-2

FSM-2
HSM-2

0%

100%

Max
SFLC

HSM-1

HSM-1

100%

BSP-1P/S
0SA-1P/S

0SA-1P/S
0ST-2P/S
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Description . . Camic:% | Csric: % Dynamic load case
No. Req! ref Loading pattern Aft Mid Fore | Draught | of perm. | of perm. Aft Forward
eq re SWBM | SWSF | Region | region
HSA-2
HSM-2
100% FSM-2 = Jeamo
(ho ;’ 100% |BSP-1P/S
1o | Altblock & 0SA-1P/S BSP-1P/S
- - 0SA-2P/S
@15) load oo o v Tsc OST-2P/S /
[4.2.3]
(©)(9) N HSM-1
itemd HSM-1
0 BSP-1P/S
100% 100% / BSP-1P/S
(sag.) OSA-1P/S 0SA2P/S
OST-1P/S
HSM-2
100% ESM-2 FSM-2
D | 100% BSP-1P/S
(hog.) BSP-1P/S
13 | Altblock 0SA-2P/S
- - OST-2P/S
e /
(©)(9) [4.2.3] HSM-1
item d HSA-1 HSM-1
9 HSA-1
100% 100% |FSM-1
(sag.) BSP-1P/S BSP-1P/S
0SA-2P/S
OST-1P/S
Harbour conditions
100%™
Max N/A N/A
100% SFLC
(hog.) | 100%®
Harpqur Max N/A N/A
14 condition - SFLC
@ [425] 2o TH4 o ()
items a and 100%
b Max N/A N/A
100% SFLC
(sag.) | 100%®
Max N/A N/A
SFLC
Harbour 100% 14 509 N/A N/A
. hog.
15 C‘[’:‘;'t;” @ 0.67Tsc (105(;
2. A
item a (sag.) 100% N/A N/A
Harbour 100% 14 60% N/A N/A
iti hog.
16| T @ os o
2. A
item a (sag.) 100% N/A N/A
Harbour 100% o
condition (hog.) 100% N/A N/A
17 | [4.2.5] G @ Tt
items a and 100% 9
itemsaa 100% N/A N/A
c (sag.)
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-9 - 9% | Dynamic load case
Description . . Camic:% | Cspic: % | Y
No. Req! ref Loading pattern Aft Mid Fore | Draught | of perm. | of perm. Aft Forward
eq re
q SWBM | SWSF | Region | region
Harbour 100%
o 100% N/A N/A
condition (hog.) ? / /
18 | [4.2.5] @ @ Thz -
items a and 100% 100% N/A N/A
c (sag.)
Alt-block 100%
.| 100% N/A N/A
19 harbour S (hog.)
condition | foiv, Moi'm, Tus
® 100%
[4.2.3] 100% N/A N/A
item d (sag.)
Alt-block 100%
tbloc 00% | 100% | N/A N/A
50 | harbour — (hog.)
@ | condition E % ﬁ T 1 00w
[4.2.3] S| 100% N/A N/A
item d (sag.)
(1) Loading pattern No. 1 with the cargo mass Mg, and the maximum cargo density as defined in [4.1.4] can be analysed in lieu of this
loading pattern.
(2) Maximum cargo density as defined in [4.1.4] is to be used for calculation of dry cargo pressure.
(3) In case of no ballast hold, normal ballast condition with assuming Mg, = 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

IACS

Description . . Camic: % | Csric: % | Dynamic load case
No. Red ref Loading pattern Aft Mid Fore | Draught | of perm. | of perm. ft regi forward
q SWBM | SwsF (attregion) .o,
Seagoing conditions
HSM-1
FSM-1 HSM-1
1@ | Full load % % % T 50% | 100y [BSP-1P/S|HSAL
@ [4.1.3] (sag.) OSA-1P/S |BSP-1P/S
OST-1P/S |0SA-2P/S
OST-2P/S
HSM-1
FSM-1 HSM-1
Full load 50% BSP-1P/S |HSA-1
2@ | [4.2.1] @ @ @ Tsc 0 100%
item a (sag.) OSA-1P/S |BSP-1P/S
OST-1P/S |0SA-1P/S
OST-2P/S
HSM-1
HSM-2 HSM-1
Slack load HSA-1 HSA-1
3 | [21] @ % @ Te | o% | 100% [Fsm2  [rsm2
item b BSP-1P/S |BSP-1P/S
OSA-1P/S |0ST-2P/S
OST-2P/S
100% HSM-2
(hog;’ 100% |FSM-2  [HSM-2
Deepest OST-2P/S
4@ | Dpallast K E HSM-1
® | [4.21] | ) Toain HSM-1 HSA-1
: - 9 FSM-1 '
item c 100% 1 100% FSM-1
(sag.) OSA-2P/S BSP-1P/S
OST-1P/S
/ 0SA-2P/S
100%
100% Max |[HSM-2 N/A
(hog.) SFLC
Multiport 2 100% |BSP-1P/S [BSP-1P/S
5 [4.2.2] @ { @ 0.83Tsc HSA-1
: 100% |BSP-1P,
item b o0 00% BSP-1P/S BSR-1P/S
0
(sag) | 100%
Max |HSM-1 N/A
SFLC
HSM-1
Multiport 3 9 BSP-1P/S |HSA-1
6 | [4.2.2] @ @ 0.67Ts | 199% | 100% /
; (sag.) BSR-1P/S |[BSP-1P/S
item ¢
OSA-2P/S
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Description . . Camic: % | Cspic: % | Dynamic load case
No. ¢ rof Loading pattern Aft Mid Fore | Draught | of perm. | of perm. . forward
Req're SWBM | swsF [|aftregion region
5 HSM-1
Multiport 9 FSM-1  |[HSM-1
7 | 14.2.2] @ @ 0.67T | 129% | 100%
- (sag.) BSP-1P/S |BSP-1P/S
item ¢
OST-1P/S
HSM-2
FSM-2
100% BSP-1P/S HSM-2
> | 100% FSM-2
(hog.) BSR-1P/S
Multiport 4 0SA-1P/S 0SA-2P/S
8 [4.2.2] @ 0.75Tsc 0ST-2P/S
itemd
HSM-1
BSP-1P/S
100% HSA-1
(sag.) 100% |BSR-1P/S BSP-1P/S
' OST-1P/S
OSA-2P/S
HSM-2
100% FSM-2
(hog.) 100% |BSR-1P/S BSR-1P/S
' OST-2P/S
Multiport 4
9 | [4.2.2] ' { G 0.75Tsc HSM-L oM
item d 100% FSM-1 HSA-1
100% |BSP-1P/S
(sag.) BSP-1P/S
BSRAP/S| et 1P/S
0ST-1P/S
Harbour conditions
Harbour 100% 14 509, N/A N/A
e hog.
10 Cc[’:‘;'t;” @ 0.67Tg (105’;)
2. A
item a (sag.) 100% N/A N/A
0,
11 [4.2.5] i i @ 0.67Tsc 100;/
V4 0
item a (sag.) 100% N/A N/A
Harbour 100% o
condition[4. (hog.) 100% N/A N/A
12 2.5] @ @ Tu1
. 100%
items a and 100% N/A N/A
c (sag.)
Harbour 100% o
condition (hog.) 100% N/A N/A
13| [4.25] [ @ @ T
. 100%
items a and 100% N/A N/A
c (sag.)
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L. -0 - 9% | Dynamic load case
Description . . Comic: % | Csric: % | BY
No. Loading pattern Aft Mid Fore | Draught |of perm. | of perm. forward
Reqt ref SWBM | swsF |aftregion )
region
100% ©®
Max N/A N/A
100% SFLC
(hog.) | 100%™
Harbour Max N/A N/A
10| T2 ; SFLO
L H2 6
items a and 100% @
b Max N/A N/A
100% SFLC
(sag.) | 100%™
Max N/A N/A
SFLC
(1) Applicable to BC-B only.
(2) For BC-B ships, the loading pattern no. 1 with the cargo mass Mg, 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 18 : FE Load combinations applicable to loaded hold in alternate condition of BC-A (FA) - aftmost cargo hold

. C 1% |C : %
Description BM-LC SFLC i
No. R tpf Loading pattern Aft Mid Fore | Draught | of perm. | of perm. Dynac::;Ioad
eq're SWBM | SWSF
Seagoing conditions
FSM-1
0,
LIRS NI un | [ T | 29% | 100% |ssP-1r/s
[4.1.3] (sag.) 0ST-1P/S
Full load
[ 0
2w | [4.2.1] H E T | B%% | 100% |[Fsm-1
item a = (sag)
Slack load 100% FSM-1
3| 421) | @E Te | 0% | 100% [BsPap/s
item b & 0ST-1P/S
HSM-2, FSM-1
Deepest BSP-1P/S
4@ | pallast = 100% ,, |BSR-1P/S
@ | 421 H Q LL Tt | (hog) | 199 josTp/s
itemc OST-2P/S
OSA-1P/S
30% FSM-1,
Multiport 2 hog. 100% OSA-1P/S
5 | [4.2.2] H [ E [ 0837, |18 /
(sag.) 100% BSP-1P/S
Multiport 3 > o
6 | [4.22] H [ 0.67T¢ (::’;M’) 100% |BSP-1P/S
item ¢ = & 0ST-1P/S
100%
Max [HSM-2,
50% SFLC
(o)
(hog.)
Alternate
100%
load partial . ° |BSP-1p/s
7@ [4.2.3] H l oAi"MNl @ Toc OSA-1P/S
items a and 100%
b Max |FSM-1
0% SFLC
()
BSP-1P/S
100% |OST-1P/S
OSA-1P/S
100%
0 Max |HSM-2, FSM-2
50%
SFLC
(hog.)
Alternate 100% BSP-IF/S,
load full OSA-1P/S
s | 123 |\ [ [ " ' Tso 100%
. N 0
items a and Max |HSM-1
c 0% SFLC
()
BSP-1P/S
100% |OST-1P/S
OSA-1P/S
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_— C % |C %
Description BW-LC SFLC i
No. R tp ; Loading pattern Aft Mid Fore | Draught | of perm. | of perm. Dynac::;Ioad
eqre SWBM | SWSF
Alt-block
9@ load v Vo 50% BSP-1P/S
01, 0.1m, T. 9
®®© | [4.2.3] L\ —— Q @ @ | (sag) | 109% |ost.1p/s
itemd
Harbour conditions
100% .
(hog.) 100% N/A
Harcquur 100%™
10 condition - Max N/A
o | [4:25] " Tha . SFLC
items a and 50%
b (hog.) | 100%®
Max N/A
SFLC
Harbour 50% 100% N/A
iti hog.
11 | condition H E @ 0,677, (hog.)
[4.2.5] 100% 100% N/A
i (0]
itema (sag.)
Harbour 50%
[0)
condition > > (hog.) 100% N/A
12 | [4.2.5] H [ Tos :
items a and = & 50% | 00% N/A
c (sag.)
- [0
Alt-block 50% 100% N/A
13 harbour S (hog.)
condition ol il 01, Tus
9) 50%
[4.2.3] 100% N/A
item d (sag.)
(1) Loading pattern no. 1 with the cargo mass M, and the maximum cargo density as defined in [4.1.4] can be analysed in lieu of
this loading pattern.
(2) Maximum cargo density as defined in [4.1.4] is to be used for calculation of dry cargo pressure.
3) In case of no ballast hold, normal ballast condition with assuming Mg, = 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

Cemic: | Csric:
Description [ 0 i
No. P Loading pattern Aft Mid Fore | Draught % of % of Dynamic load
Req ref perm. perm. case
SWBM SWSF
Seagoing conditions
1 FSM-1
Full load 80% BSP-1P/S
@) 0
o | [4.13] X Q @ @ Tso | (sag) | 109" |osT1p/5
0SA-1P/S
Full load FSM-1
[ A 0
(f) [4.2.1] H [ Teo (i’g/") 100% | BSP-1P/S
item a = & OST-1P/S
Slack load 0 FSM-1
3 [4.2.1] H 50% W, [ @ Tsc (1;0/;’ 100% | BSP-1P/S
item b & 0ST-1P/S
HSM-2, FSM-1
4 Deepest BSP-1P/S
332
@ ballast H 2 Tonin 100% 100% BSR-1P/S
© [4.2.1] Q ; (hog.) OST-1P/S
itemc OST-2P/S
0SA-1P/S
FSM-1
30% o
Multiport 2 2 (hog.) 100% ggi'ig/ g
5 | [4.22] H [ [ 0.83T4: -1P/
itemb
30% FSM-1,
100%
(sag.) ° |osT-1P/S
100% | BSP-1P/S
60%
Multiport 3 > (hogy | 100%
6 | [4.2.2] H [ ‘ ﬁ 0.67Te Max | HSM-2
item a — SFLC
100%
0% Max HSM-1
SFLC
MUlUport 3 = = o :
7 | 14.2.2] H [ ‘ ‘ 0677 | 2°% | 100% |BSP-IP/S
item ¢ N (sag.) OST-1P/S
Harbour conditions
100% 0
(hog.) 100% N/A
Harbour 100% ©
condition = = Max N/A
8 | [4.2.5] H T
items a = 50% SFLC
and b (hog.) | 100%™
Max N/A
SFLC
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Comic: | Csric:
Description % of % of Dynamic load
No. Loading pattern Aft Mid Fore | Draught ? ? y
Req! ref perm. perm. case
SWBM | SWSF
50%
Harbour — (o) 100% N/A
ndition Og.
o | condton | | 067Te,
[4.2.5] o= 100% 100% N/A
i 0
item a (sag.)
Harbour 50%
[0)
condition > > (hog.) 100% N/A
o) T2 | —dd -
; 50%
items a 100% N/A
and ¢ (sag.)
1) Applicable to BC-B only.
(2) For BC-B ships, the loading pattern no. 1 with the cargo mass M, 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-A (FA) - foremost cargo hold

Cem.c: Corsc: %
Description 0 e i
No. P Loading pattern Aft Mid Fore | Draught % of of perm. Dynamic load
Req! ref perm. SWSE case
SWBM
Seagoing conditions
HSM-1
1 Full load [/ 60% BSP-1P/S
T. 9
@ | [4.13] | Se—y ) @ @ E | sag) | 199% |osT-1p/s
OSA-2P/S
Full load HSM-1
[~ 0
21 @21 ﬁ ‘ E Tee (ggg’) 100% | BSP-1P/S
item a = ’ 0SA-2P/S
Slack load 100% HSM-1
3| [4.21] ﬁ Tse | sag) | 100% |BSP-1P/S
item b & 0SA-2P/S
i 100% BSPaS
@ N 9 i
@ [4.2.1] i Toan (hog.) 100% BSR-1P/S
itemc OSA-2P/S
Multiport 2 — o HSM-1, FSM-1
5 | [4.2.2] E 0.83T,, (Sg;) 100% | BSP-1P/S
item b b ’ 0SA-2P/S
Multiport 3 50% HSM-1
6 | [4.22] ﬁ E 067Tee | co | 100% | BSP-1p/8
item ¢ ’ 0SA-2P/S
Multiport 3 60%
7 | 1422 ﬁ E 0.67Tse ° | 100% |FSM-2
item a (hog.)
BSP-1P/S
100% | OST-2P/S
60% OSA-2P/S
Alternate (hog.) 5
g load partial e 100% HSM-2
o | [42.3] B @ E Tee Max SFLC
items a 100% HSMA
and b oy | MaxSFLC
()
BSP-1P/S
[0)
100% OSA-2P/S
BSP-1P/S
100% | OST-2P/S
60% OSA-2P/S
Alternate (hog.) S
load full - 2 100% HSM-2
o | 123 s ﬁ E ‘ E Teo Max SFLC
items a = 100% HSMA
andc 0% Max SFLC
0
BSP-1P/S
0,
100% OSA-2P/S
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Com.c: Coric: %
Description . . 9 e Dynamic load
No. P Loading pattern Aft Mid Fore | Draught % of of perm. y
Req! ref perm. SWSE case
SWBM
10 Alt-block
- |;)a?10 50% HSM-1
® [4.2.3] @ @ E Tsc (sa 0) 100% | BSP-1P/S
© | b & 0SA-2P/S
item d
9
Harbour conditions
100%
o | 100% N/A
Harbour (hog.)
11| oe 0 @ E T 100%™ N/A
@ < = H4 Max SFL
items a o 50% ax SFLC
and b (hog.) | 100%®
N/A
Max SFLC
Harbour
iti [~ 100%
nairton
1 | conditio E 0.67Tsc C | 100% N/A
[4.2.5] N (sag.)
item a
Harbour
condition
| 50%
13| [4.2.5] E T i ° 100% N/A
items a o (hog.)
andc
Alt-block
harbour
14 o 50%
condition Tus ° 100% N/A
@ (hog.)
[4.2.3]
itemd
(1) Loading pattern no. 1 with the cargo mass Mg, and the maximum cargo density as defined in [4.1.4] can be analysed in lieu of
this loading pattern.
(2) Maximum cargo density as defined in [4.1.4] is to be used for calculation of dry cargo pressure.
3) In case of no ballast hold, normal ballast condition with assuming Mg, = 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 21 : FE Load combinations applicable for BC-B & BC-C - foremost cargo hold

. Comic: | Csric:
: Description 9 ° i
. No. P Loading pattern Aft Mid Fore | Draught % of % of Dynamic load
. Reqt ref perm. perm. case
. SWBM | SWSF
. Seagoing conditions
. HSM-1
. 1@ | Full load 7 60% BSP-1P/S
. 0
: 3) [4.1.3] ——- @ @ E Tso (sag.) 100% OST-1P/S
. 0SA-2P/S
. HSM-1
. Full load
L [~ 0, _
C 2@ @21 ﬁ ‘ T | 89% | 100% |BSP1P/S
. item a = (sag.) 0ST-1P/S
. 0SA-2P/S
. Slack load 100% HSM-1
3 [4.2.1] @ E Tsc (sag;’ 100% | BSP-1P/S
. item b . 0SA-2P/S
. Deepest 4 HSM-1, HSM-2
: 4@ | pallast TR [ A. i 100% ,, | BSP-1P/S
) ®) [4.2.1] : i i L Taan (hog.) 100% BSR-1P/S
. item ¢ 0SA-2P/S
. Multiport 2 60% HSM-1, FSM-1
. 5 | [4.2.2] ﬁ E 08375 | o | 100% | BSP-1P/S
. item b & 0SA-2P/S
Multiport 3 — . HSM-1
: 6 | [4.2.2] ﬁ E 0.67Ts (ig/") 100% | BSP-1P/S
: item ¢ = & 0SA-2P/S
BSP-1P/S
. 100% | OST-2P/S
. 60% 0SA-2P/S
s Multiport 3 [ (hogo) 1009
. 7 | [4.2.2] E E 0.67Tc : %
. . o Max | HSM-2
: itema SELC
100%
. 0% Max | HSM-1

o SFLC

Z . Harbour conditions

o :

= 100% | 100%

QS (hog) A

0 - Harbour 100%®©
. condition
. >
. 8 | [4.25] ﬁ ‘ E To Max N/A

< . items a = 50% SFLC

E . and b (hog.) | 100%™

E Max N/A
: SFLC

< :

Ir . Harbour

o condition " 100%
: . 0
: o | “uos) ﬁ E 0.67Tee | qnsy | 100% N/A

- item a

=

m [ ]

< :

o

300 - 01 JAN 2019 COMMON STRUCTURAL RULES



IACS

Covic® | Csric:
Description % of % of Dynamic load
No. Loading pattern Aft Mid Fore | Draught ° ° y
Req' ref perm. perm. case
SWBM | SWSF
Harbour
condition > >
50%
10 | [4.2.5] ﬁ E Tus (hog°) 100% N/A
items a = & '
andc
1) Applicable to BC-B only.
(2) For BC-B ships, the loading pattern no. 1 with the cargo mass M, 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.

5.1 Oiltanker

511

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
« 0 )
No. Description Loading pattern Cem-c:% | Csric:% load
Draught | of perm. | of perm. cases
SWBM SWSF®
Oil tankers with two oil-tight bulkheads
P
60%
Al-F Full load “ " T All
. L_|_|_J Sc (sag.)
R
Normal 80%
- T
A2F ballast 4L—|—UL BAL (hog.) Al
S
Oil tankers with centreline oil-tight bulkhead
P
60%
B1-F Full load ‘I " T All
- s (sag.)
b
Normal 80%
- T
B2-F ballast BAL (hog.) Al
S
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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Table 23 : Standard design FE loading conditions for fatigue assessment of oil tankers for aftmost cargo hold

Still water loads
C %l C % Dynamic
No. Description Loading pattern BM-LC- 70 | VSF-LC- 7° load
Draught | of perm. | of perm. cases
SWBM SWSF®
Oil tankers with two oil-tight bulkheads
| o
Al1-F Full load Tse 60% All
[ (sag.)
Normal I 80%
- T
A2-F ballast I BAL (hog.) Al
Oil tankers with centreline oil-tight bulkhead
60%
B1-F Full load T All
* (sag.)
Normal 80%
- T
B2-F ballast BAL (hog.) Al
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
c % | C %% Dynamic
No. Description Loading pattern BM-LC: 7 | VSF-LC- 7° load
Draught | of perm. | of perm. cases
SWBM SWSF@®
Oil tankers with two oil-tight bulkheads
60%
Al-F Full load T All
> 5 (sag.)
Normal 80%
- T
A2F ballast > AL (hog.) Al
il tankers with centreline oil-tight bulkhead
60%
B1-F Full load T All
) ¢ (sag.)
Normal 80%
- T
B2-F ballast D BAL (hog.) All
(1) The actual shear force that results from the application of static and dynamic local loads to the FE model are to be used.
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The standard loading conditions to be applied to bulk carriers for fatigue assessment as required in
Ch 9, Sec 1, [6.3] are defined in Table 25, to Table 31 according to their additional service feature notations
and the location of the assessed details. Where fuel oil tanks, other oil tanks or fresh water tanks are arranged
in way of the cargo hold region, the filling level of them are to be taken as full for direct strength analysis
according to Ch 7 and Ch 9, Sec 5. For simplified stress analysis according to Ch 9, Sec 4, the filling level of
them are to be taken as half height, measured from z,,, to the lowest point of tank.

Table 25 : Standard design FE Load combinations for fatigue assessment applicable to empty hold of BC-A in alternate condition
(EA) - cargo hold region except aftmost and foremost cargo holds

Cgm.tc: | Csric: .
Srer” | s’ | orame
No. | Description | Loading pattern Aft Mid Fore | Draught ° ° load
perm. perm. case
SWBM SWSF
_ 0,
1-F Full load Tee 40% All
@ | homogeneous (sag.)
- - 9 9
2-F Full load Tec 5% 100% All
(2 alternate N (hog.)
3F Normal = - 80% Al
@ ballast | et N M \ BAL (hog.)
4-F 75% 100%
Tearn All
@® (sag.)
5-F Heavy 45% 100%
TBAL-H All
@@ ballast (hog.)
6-F 45%
e | | et N Teain (hog.) All
1) The actual shear force curve that results from the application of static and dynamic local loads to the FE model are to be used.
(2) The actual shear force curve that results from the application of static and dynamic local loads to the FE model are to be used.
Where this shear force exceeds the target value, the correction of vertical loads is to be applied to adjust the shear force down
to the target value.
(3) This condition is to be considered for empty cargo hold which is assigned as ballast hold, if any
4) This condition is applicable when the WB hold corresponds to the forward or aft hold of the 3 hold model.
(5) This condition is applicable when the WB hold is located outside the 3 cargo hold model
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Table 26 : Standard design FE Load combinations for fatigue assessment applicable to loaded hold of BC-A in alternate condition
(FA) - cargo hold region except aftmost and foremost cargo holds

Cogvic: | Coryc: .
BM-LC SF-LC Dynamic
L . . % of % of
No. | Description | Loading pattern Aft Mid Fore | Draught load
perm. perm.
case
SWBM SWSF
- 0,
@ | homogeneous (sag.)
2-F Full load - 75% 100%
. . Tsc All
@) alternate (hog.)
3-F Normal e T 80% Al
@ ballast | et N BAL (hog.)
4-F [ 75% 100%
Tearn All

2)(3) N (sag.)

5-F Heavy B B - 45% 100% Al

@@ ballast N BALH (hog.)

6-F N - 45% Al

e || e N B N BAL-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 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.

Table 27 : Standard design FE Load combinations for fatigue assessment applicable to loaded hold of BC-A in alternate condition
(FA) - Aftmost cargo hold

Cogvic: | Coryc: .
E/M L]f OS/F ": Dynamic
No. | Description | Loading pattern Aft Mid Fore | Draught °0 °0 load
00 perm. perm. case
= SWBM SWSF
@)
— - ull loa ()
= 1-F | Full load m O - T 40% Al
O @ | homogeneous N sc (sag.)
L
N 2| Fulload | (T = . 75% | 100% Al
@ alternate ! ! s¢ (hog.)
<
o 3-F Normal N 80%
T All
L @ ballast | == D] B BaL hog.
-
< wdld
4-F =P 45%
2:) @ | Heavy ballast H ..................... Med B Teass (hog.) Al
- 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
E target value.
(3) This condition is applicable when the WB hold is located outside the 3 cargo hold model.
o
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Table 28 : Standard design FE Load combinations for fatigue assessment applicable to loaded hold of BC-A in alternate condition

(FA) - Foremost cargo hold

Cem-Lc: | Csprc: .
e’ | arse” | oynamie
No. | Description | Loading pattern Aft Mid Fore | Draught ° ° load
perm. perm. case
SWBM SWSF
1-F | Full load ™ " " . 40% Al
H H
@ | homogeneous N N sc (sag.)
2-F Full load v/ 75% 100%
HD ' TSC A”
@ alternate — (hog.)
3-F Normal £ T 80% All
@ ballast BAL (hog.)
A-F [ 45%

Q@) Heavy ballast h Tearn (hog.) All

1) The actual shear force that results from the application of static and dynamic local loads to the FE model are to be used.

(2) The actual shear force that results from the application of static and dynamic local loads to the FE model are to be used. Where
this shear force exceeds the target value, the correction of vertical loads is to be applied to adjust the shear force down to the
target value.

(3) This condition is applicable when the WB hold is located outside the 3 cargo hold model.

Table 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

Cem.tc: | Cspic: .
e’ | Corie? | pynamic
No. | Description | Loading pattern Aft Mid Fore | Draught ° ° load
perm. perm. case
SWBM SWSF
- 0,
1-F Full load Tee 40% All
@ | homogeneous (sag.)
2-F Normal = T 80% Al
@ ballast | EmmmmETEs By BAL (hog.)
3-F { 75% 100%
Tearn All
@® (sag.)
4-F Heav 45%
y Tonin ° 100% All
2@ ballast (hog.)
5-F 45%
®©) Toain (hog.) Al
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.
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Table 30 : Standard design FE load combinations for fatigue assessment of BC-B, BC-C bulk carriers - Aftmost cargo hold

Cemic: | Csric:

% of % of Dynamic
No. | Description | Loading pattern Aft Mid Fore | Draught °0 °0 load
perm. | perm. case

SWBM SWSF

0,
Tsc 40% All

1-F Full load H v
(sag.)

@ | homogeneous

1 _dld@

2-F Normal | B2 80%

@ ballast L\ .................... C C Toat (hog.) Al
-

(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.

45%
Tearn (ho g(.)) All

3-F
@) Heavy ballast L\

Table 31 : Standard design FE load combinations for fatigue assessment of BC-B, BC-C bulk carriers - Foremost cargo hold

Cem-c: | Csric:

% of % of Dynamic
No. | Description | Loading pattern Aft Mid Fore | Draught °0 °0 load
perm. | perm. case

SWBM SWSF

1-F | Full load ™ ﬁ " " . 40% Al
@ | homogeneous N A s¢ (sag.)
RS V

2-F Normal 5B T 80% All
@ ballast BAL (hog.)
3F [ [ 45%
@ Heavy ballast i . \ Teain (hog.) All
1) The actual shear force curve that results from the application of static and dynamic local loads to the FE model are to be used.
00
Z
o
-
(&)
Ll
(72}
¢
o
Ll
-
o
<
L
(&
-
-
o
<
o
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APPENDIX 1
HOLD MASS CURVES

SYMBOLS

Symbols

h

: Vertical distance from the top of inner bottom plating to the lowest point of the upper deck plating at
the ship’s centreline, in m.

h, : 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.
hy¢ : 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.
My : Cargo mass, in t, as defined in Ch 4, Sec 6.
Mg, :Cargo mass, in t, as defined in Ch 4, Sec 6.
Myp : Cargo mass, in t, as defined in Ch 4, Sec 6.
Mg, : The maximum cargo mass in a cargo hold of two adjacent cargo holds according to the block loading
condition in the loading manual, in t.
T; : In loading condition No. i, draught, in m, at mid-hold position of single cargo hold length or at mid-
length of the two adjacent cargo holds considered.
Toin 1 0.75 Tgc or draught in ballast conditions with the two adjacent cargo holds empty, whichever is
greater, in m.
Th1 : Minimum permissible draught, in m, in harbour condition with Mg, in each of the two adjacent holds
to be taken as:
¢ For ships having {No MP} notation assigned:
1.025(& + E)
hf ha
* For ships not having {No MP} notation assigned:
0.15%" Mg,
THi = 0'67TSC_ #
1.025(Y—f + -V—a)
hf a
T : Minimum permissible draught, in m, in harbour condition with Mg, in EA holds of BC-A ships or with
Mg, in any holds of BC-B and BC-C ships to be taken as:
¢ For ships having {No MP} notation assigned:
Tho = min| T, — 0.15My,
Vi
1.025—
h
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* For ships not having {No MP} notation assigned:

TH2 = O.67TSC—O__—-15M\F/UH
1.025-2
h
Tus : Minimum permissible draught, in m, in harbour condition in case of block loading with Mg, in each

of the two adjacent holds of BC-A ships to be taken as:

3 (0.15Mgy +0.1My)

Ths = Tsc—
1.025(% + E)
hf a
Tua : Minimum permissible draught, in m, in harbour condition with M, in FA holds of BC-A ships to be
taken as:
0.67Tg
Tus = min Tsc— 0-15MHD + OlMH
Vi
1.025—
h
Vy : Volume in m3, as defined in Ch 4, Sec 6.
Vv, : Volume of the after cargo hold of two adjacent cargo holds excluding volume of the hatchway part, in
mS3.
Ve : Volume of the forward cargo hold of two adjacent cargo holds excluding volume of the hatchway part,
in m3
P : 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

111

The requirements of this appendix apply to bulk carriers of 150 m in length L and above.

112
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.

e 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.
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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)), Wamins(T:)) @and in harbour
condition (Woax(Th), Wiina(T;)) @t various draughts (T)) is obtained, in t, by the following formulae given in tables
of [2] and [3] for the followings.:

¢ BC-A ship not having {No MP} notation assigned,

e BC-A ship having {No MP} notation assigned,

* BC-B and BC-C ships not having {No MP} notation assigned,
e BC-B and BC-C ships having {No MP} notation assigned,

Examples for mass curve of loaded cargo holds and cargo hold which can be empty at the maximum draught
for BC-A ships not having {No MP} assigned are shown in figures of the above mentioned tables.
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2 MAXIMUM AND MINIMUM MASSES OF CARGO IN EACH HOLD

2.1 Maximum permissible mass and minimum required mass of single cargo hold

2.1.1 BC-A ship not having {No MP} notation assigned

Table 1 : BC-A ship not having {No MP} notation assigned

Hold | Loading conditions Max / Min curves C;;e Ref
Maximum: Ch 4,
T T Sec 8,
Woaxs (T) = Myp+0.1 M, —1.025 V,, —Sch L <My [4.2.3]
Seagoing b&c
Minimum: Ch 4,
_ (Ti -0.83 Tsc) Il Sec §,
Winins (T;) = 1.025 V) —————=20 [4.2.2]b
Maximum: Ch 4,
Sec 8,
(0.67Tsc—T) -1 | [4.2.6]a
W, o(T) = max| Mno—1.025V, h SMwo | 2 | cha,
Harbour Winaxs (T)) +0.15Myp < M [ngi]
Minimum: v SCh ‘;
ec 8,
Wonion(T)) = Winins(T)) = 0.16Myyp > O (4.2.5)
Example BC-A ships not having {No MP} for FA holds
FA
T, (min. value) P M, +01M,
2 i
1] 1
= .
I
et |
L .- !
’ Seagoing !
0.15 MHDI ! I
! 0.15M,,
| L
Draught (m) 0.83 T, Tse
Harbour
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Hold | Loading conditions Max / Min curves C;;e Ref
Maximum Ch 4,
0.67Tsc—T,; | Sec 8,
Winass (T) = Mpyy— 1025 v, O Tse= T oy 42.9]a
Seagoing —
Minimum: Ch 4,
_ (T,=Tse) I Sec 8,
Winins (T;) = 1.025 V,, = Y [4.2.3]a
Maximum " SCh L;
ec 8§,
Winaxt(Ti) = Wiaxs(Ti) + 0.15 Mgy < Mgy [4.2.5]
Harbour
Minimum: Ch 4,
\Y) Sec 8,
Wininu(Ti) = Wiins(T;) = 0.15Mg, 2 0 [4.2.5]
Example BC-A ships not having {No MP} for EA hold
EA
TH2
,>L' """ u MFULL
_ I I
o
= ! .
I I
i i
‘ _ i i
Seagoing | i
0.15 MFULE: | |
i i
Draught (m) 0.67 T, Tee
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. 2.1.2 BC-A ship having {No MP} notation assigned
E Table 2 : BC-A ship having {No MP} notation assigned
E Hold | Loading conditions Max / Min curves C;:;/‘e Ref
: Maximum: Ch 4,
. (TeooT) Sec 8,
: Wiaxs (T) = Myp+0.1 M, —1.025 V,, —>2—L <M, [4.2.3]
° h
. b&c
. Minimum:
. Seagoing Ch 4,
: Sec 8,
° 1.025V,, (Ti = Tea—n) >0 -1 | [4.21]c
. Wipims (T)) = min h 2 | cha,
N Ter=T.
. 0.5M, - 1.025 v, Jse=Td 5 g Sec 8,
: h [4.2.1] b
. Maximum: Ch 4,
. Sec 8,
. (0.67Tsc—T) -1 | [4.2.6]a
. W,os(T) = max| Mno—1.025Vy h SMwo | 2 | cha,
Harbour Winaxs (T) +0.15M,p < Myyp [346;?]
E Minimum: Ch 4,
. Wipioi(T)) = Winins(T7) = 0.15Mpp > O V| Secs
E FA mint(Ti) = Wiins(T;) = 0. HD = [4.2.5]
. Example BC-A ships having {No MP} for FA hold
. T,,(min. value)
. M, +0.1M,
L ] /
: 4 L
: e
: s
. =

- - -

x

5 . K .-

zZ . ’ Seagoing 0.5M,

m [ ]

o 0.15M,, 0.15 M,

o -

< - <
E Draught (m) TEALVH Tee

N

oo

w .

h .

a

< :

Ir .

o

o

e

o .

< :

o
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Hold | Loading conditions Max / Min curves C;;e Ref
Maximum Ch 4,
Tse—T,; I Sec §,
Wiaxs (T) = Mg, —1.025 V, (sch_) < Meyy [4.2.1] a
Seagoing —
Minimum: Ch 4,
_ (Ti=Tsc) I Sec §,
Winns (Tj) = 1.025 V), ———=20 [4.2.3]a
Maximum Ch 4,
Sec 8,
(0.67Te—T) -1 | [4.2.6] a
W,oui(T)) = max| Mean=1.025 Vg =——===—="<Meui | 15 | cna,
Harbour Wi ors(T5) + 0.15Mpoy < My Sec 8,
[4.2.5]
Minimum: " SCh ‘;
eC o,
WminH(Ti) = WminS(Ti) - 0'15MFuII 20 [4.2.5]
EA Example BC-A ships having {No MP} for EA hold
T,,(min. value)
2 i
L1} 1
= ’ .
JPttas I
K~ .
et I
|
0.15 I\/IFULI Seagoing [
I
I
Draught (m) Tee
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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

045 M:I:

Seagoing

Loading conditions Max / Min curves C;;e Ref
Maximum Ch 4,
~ (0.67Tsc—T) I Sec 8,
WmaxS (TI) - MFuII_ 1.025 VH T < MF“” [422] a
Seagoing —
Minimum: Ch 4,
T,—0.83T, [ Sec 8,
Winins (T;) = 1.025 Vy, (1-083Ts0) 0 [4.2.2]b
Maximum " SCh Z;
€C o,
Winaxti(T)) = Wiaxs(Ti) + 0.15 Mgy < Mgy [4.2.5]
Harbour
Minimum: Ch 4,
\Y, Sec 8,
Wiint(Ti) = Wiins(T;) = 0.15Mp,, 2 0 [4.2.5]
Example BC-B and BC-C ships not having {No MP}
THQ
46 """ MFULL
_ I
e
s
=

”T " }'15 MFULL
1

T

sc

Draught (m)

sc

0.83T,, ‘ T,

Harbour

01 JAN 2019

COMMON STRUCTURAL RULES



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

IACS

Loading conditions Max / Min curves C;;\]/‘e Ref
Maximum: Ch 4,
Tee—T,; Sec §,
Winaxs (T7) = Mgy, —1.025 Vy (sch_) < Meyy [4.2.1] a
_ Minimum: Ch 4,
Seagoing Sec 8,
1.025V, Tz Tonn) 5 -1 | [421]c
Wiins (T;)) = min h 11-2 Ch 4,
0.5M, - 1.025 v, Jse=T) 5 o Sec 8,
h [4.2.1] b
Maximum: Ch 4,
Sec §,
(0.67Tsc—T) -1 | [4.2.6]a
W,o(T) = max| Mrn=1.025 Vi =——="==—=—=<Meuss | 10 | cna,
Harbour Winaxs (T7) + 0.15Mp < Mgy, Sec 8,
[4.2.5]
Minimum: " SCh ‘;
€C o,
Winint(Ti) = Winins(T1) = 0'15MFuII 20 [4.2.5]
Example BC-B and BC-C ships having {No MP}
T,,(min. value)
. ’>L _____ z Mo,
=
g
=
<‘,,
<,*’
0.15 ’V’FULI Seagoing 0.5M,
I)ls MFULL
Draught (m) Toan Tee
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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
conditions Max / Min curves Ref Ref
Maxi :
axmum Ch 4, Sec
VRY, 8,[4.2.3]
S (Mg +0.1 My) - 1.025 (Ff+ h—a) (Tse=T) <Y Mgy | 1@ d
Wiaws (T}) = max roe -2 |Ch4,Sec
Vi V.
Seagoing ZMFUII_1-025 (h—:+ h—:) (0.67Tgc—T) < ZMF“” 8, [4(-:2-2]
Minimum: Ch4, Sec
W,ins (T) = 1.025 (Y-f + E) (T,—0.75T¢.) =0 I 1814.2.2]
hs hy d
Maximum:
Ch 4, Sec
N-1@ |8, [4.2.5]
Woars (T) + 0155 Mg« < M '
Wio(T) = max| " 2 Meur = 3 Mo 2 |Ch4, Sec
Wiaxs (T7) + 0'15ZMFUII < ZMFUII 8, [4.2.5]
Harbour
Minimum:
Ch 4, Sec
1 @)
Winins (T)) —0.15F My > 0 V-1t918, [4.2.5]
Wininw(T;) = min IV-2 |Ch 4, Sec
Winins (T1) = O'lszMFuH 20 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
TH3
Only applicable for M, L 1 XM, +01M)
__________ - < ZMBLK
=) ! ZMFULL
3 |
© 1
= i i
0.15 XM, . !
I I
I I
0.15 XM Seagoing I I
' FuLt : © Only applicable 045 3M,,,
I I for MBLK Il
' ' V-2
| | AN
Draught(m)  0.67T, 0.75T, | V-1 015 2M,,
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

IACS

Loading . Curve
conditions Max / Min curves Ref Ref
Maximum:
VRY; Ch4,Sec8,
Z(MBLK +0.1 M,)-1.025 (Ff + h—a) (Tse—T) < Z:I\/IBLK [-1® [4.2.3]d
Winaxs (T)) = max roe -2 |Ch4,Secs8,
Vi Va) [4.2.2] a
ZMFuII_1'025 ( h—f + h—a (Tsc=T) = ZMFUH
Seagoin
going Minimum:
V.V Ch4,Sec8,
1.025 (h—f + h—a) (Ti=Tga_n) =20 -1 [4.2.2]c
Wiins (T)) = min roe 2 [Ch4,Sec8,
0.5% M, - 1.025 (%f + f‘:_) (Tee—T)20 [4.2.2] b
f a
Maximum:
Ch4,Sec8,
Winaxs (T;) + 0-15ZMBLK < ZMBLK [1-1 @ [4.2.5]
-2 Ch4,SecS8,
Waau(T) = max| " My,~1.025 [ h1f+ ,‘7’_) (0.67Toe=T) <3 Mry g | (428D
f a
Ch4,Sec8,
Harbour Winaxs (T)) + 0'15ZMFuII < ZMFUII [4.2.9]
Minimum:
Ch4,Sec8,
1 (1)
Winins (T)) — 0-152/\/’5“{ 20 V-1 [4.2.5]
Winu(T)) = min IV-2 |Ch4,SecS8,
Winins (T7) = 0'15ZMFUII 20 [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 adjacent holds
THB
Only applicable for M L Z(MBLK +0.1M,)
N ZMEzLK
.
g zMFULL
=
0.5 ZMMI
. Onl licabl
0153M,, T | Seagoing | or yM‘:Lpr cave 015 M,
| 0.15 ZMFULL
AL V-2 ¥
4 Harbour . -~ A 0.15 M
Draught (m) Toain Iv-1 < . a
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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
conditions Max / Min curves Ref Ref
Maximum: Ch 4
_ Vi V. ) Sec 8,
Wiaxs (T) = " Mry~1.025 (E+ ,—;"” (0.67Tsc—T) <> My [4.2.2] ¢
Seagoing —
Minimum: Ch 4
B V; va) Il Sec 8,
Winins (T)) = 1.025 (h—f th) (11=0.757sc) 20 [4.2.2] d
Maximum: Ch 4,
1 Sec §,
Winaxu(Ti) = Wiaxs (T)) + 0-15ZMFWI < ZMFUH [4.2.5]
Harbour
Minimum: Ch 4,
\% Sec §,
Winint(T)) = Wiins (T)) = 0'15ZMFuII 20 [4.2.5]

Example BC-B and BC-C ships not having {No MP} for two adjacent holds

S m oo o M FULL

Mass (t)

0.15 ZMFUEQ

Seagoing
; v I)':LS ZMFULL
Harbour. -
ﬁ -
>< Draught (m) 0.67T, 0.75T T
=
Z
Ll
(a N
o
<
<
o
Ll
-
o
<
L
(&)
-
-
o
<
o
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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

IACS

Loading . Curve
conditions Max / Min curves Ref Ref
Maximum: Ch4
_ V, Va) I Sec 8,
Wiaes (T) = 3 Mry~1.025 (h—f +52) (Too=T) < T Mrun (42.1]a
Mini :
. inimum cha,
Seagoing Sec 8
1.025 (%f + x—) (To=Ton_ )20 1 | [4.2.1] ¢
W,ins (T)) = min re -2 Ch 4,
Vi Vq Sec 8
0.5y M, -1.025 (—f+—) Tsc—=T) =0 ’
2 My h: h, (Tse=T0) [4.2.1]b
Maximum: Ch 4,
Sec 8,
3 M, ~1.025 ( ey E) (0.67Toe=T) <3 Mr -1 | [4.2.6]a
Wpaxr(T;) = max hy  h, -2 | Ch4,
Harbour Winaxs (T)) + 0-15ZMFu// < ZMFuII [84622]
Minimum: Ch 4,
v Sec 8,
Wiinn(Ti) = Wiins (T3) = 0'15ZMFUII 20 [4.2.5]
Example BC-B and BC-C ships having {No MP} for two adjacent holds
T, (min. value)
3 Sw
E FULL
-
0.15 ZMFULLI( Seagoing 0.15 M,
0.153M,,,
V.-
Harbour. -~
Draught (m) Tonn 0.67 T, Tee
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PART 1 CHAPTER

HULL GIRDER STRENGTH
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SECTION 1
HULL GIRDER YIELDING STRENGTH

SYMBOLS

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

Mg, : 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].

M., : 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].

M,, : Vertical wave bending moment in seagoing condition, in kKNm, in intact or flooded conditions at the
hull transverse section considered, defined in Ch 4, Sec 4, [3.1.1].

M : Horizontal wave bending moment, in kKNm, at the hull transverse section considered, defined in Ch 4,
Sec 4, [3.3.1].

Qsw : Permissible positive or negative still water shear force for seagoing operation, in kN, at the hull
transverse section considered, as defined in Ch 4, Sec 4, [2.3.3].

Qswp - 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].

Q.vr : 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].

Quy : 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].

Qswicq : Vertical still water shear force for the considered loading condition in seagoing operation, in kN, at
the hull transverse section considered.

Qswicap - Vertical still water shear force for the considered loading condition in harbour/sheltered operation, in
kN, at the hull transverse section considered.

Q.wicqr : Vertical still water shear force for the considered flooded condition in seagoing operation, in kN, at
the hull transverse section considered.

X : X coordinate, in m, of the calculation point with respect to the reference coordinate system defined in
Ch 1, Sec 4, [3.6].

Vp : Vertical distance to the equivalent deck line, in m, as defined in [1.4.3].

z : Z coordinate, in m, of the calculation point with respect to the reference coordinate system defined in
Ch 1, Sec 4, [3.6].

z, : 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].

l.s0  : Net moment of inertia, in m#, of the hull transverse section about its horizontal neutral axis, to be
calculated according to [1.5].

l,nso  : Net moment of inertia, in m#, of the hull transverse section about its vertical neutral axis, to be
calculated according to [1.5].
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Zynso - Net section modulus, in m3, at any point of the hull transverse section, to be calculated according

[1.4.1].

Zsns0 Zonso- Net section moduli, in m3, at bottom and deck, respectively, to be calculated according to [1.4.2]
and [1.4.3].

Zyp : Z coordinate, in m, taken equal to V, + z,.

C. : Wave parameter defined in Ch 4, Sec 4.

P : Seawater density, taken equal to 1.025 t/m3.

Tz : Heading correction factor, to be taken as:

fz=1.05 for seagoing conditions.

fs = 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

111

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 t,, 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 