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FOREWORD COMMON STRUCTURAL RULES FOR OIL TANKERS

COMMON STRUCTURAL RULES FOR

DOUBLE HULL OIL TANKERS

Foreword
1. This version of the Rules is effective as of 1st July 2012.
2. This version incorporates changes made to the 1 July 2010 consolidated edition.

3. The Rules contain two parts, one part that is for information and does not constitute
specific requirements and one part giving structural rules for double hull oil tankers of
150m or greater.

Subjects for information are given in Section 1 - Introduction and Section 2 — Rule Principles.

Specific rule requirements are given in Sections 3 to 12 and the Appendices.

4. The following table provides a revision history of the Rules.

Effective Reference Rule
Amendment Type / No. | Approval Date Date * Edition
1 Corrigenda 1 7 Apr 2006 1 Apr 2006 | 1 Jan 2006 edition
2 Corrigenda 2 27 July 2006 1 Apr 2006 | 1 Jan 2006 edition

3 Rule Change Notice 1 29 Sept 2006 1 Apr 2007 | 1 Jan 2006 edition

4 Corrigenda 3 19 Nov 2007 1 Apr 2006 | 1 Jan 2006 edition

5 Rule Change Notice 2 25 Feb 2008 1 July 2008 | 1 Jan 2006 edition

Corrigenda 1 (1 July 1 July 2008
6 2008 consolidated 2 July 2008 1 July 2008 consolidated
edition) edition
Rule Change Notice 1 11 Nov 2009 1 July 2008
7 | (1 July 2008 consolidated (Amended 1 Feb 2010 consolidated
edition) version) D edition
Rule Change Notice 1 1 July 2008
8 | (1 July 2008 consolidated | 12 Apr 2010 1 July 2010 consolidated
edition) edition
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Effective Reference Rule
Amendment Type /No. | Approval Date Date * Edition
Rule Change Notice 1 1 July 2010
9 | (1 July 2010 consolidated | 30 Dec 2011 1 July 2012 consolidated
edition) edition

* For effective date, refer to the implementation statements of relevant Corrigenda /
Rule Changes.

1) RCN 1 to July 2008 edition was originally approved on 28 January 2009, however
following input from industry, IACS Council decided to postpone the original
implementation date of 1 July 2009 until such time as a technical study was
completed.

In November 2009, following further technical review, IACS Council agreed an
amended version of RCN 1 to enter into force on 1 February 2010.

Note: When the word ‘(void)” appears in the text, it means that the concerned part has been deleted.
This is to keep the numbering of the remainder unchanged.

Copyright in these Common Structural Rules is owned by each IACS Member as at 15 January 2006.
Copyright © 2006.

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 "[ACS
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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1 INTRODUCTION TO COMMON STRUCTURAL RULES FOR OIL TANKERS
1.1 General

1.1.1 Applicability

1.1.1.1 These Rules apply to double hull oil tankers of 150m length, L, and upward classed
with the Society and contracted for construction® on or after 1 April 2006. The
definition of the rule length, L, is given in Section 4/1.1.1.1.

1.1.1.2 Generally, for double hull tankers of less than 150m in length, L, the Rules of the
individual Classification Society are to be applied.

1.1.1.3 Ships contracted for construction before the effective date of these Rules are to
comply with the Rules of the individual Classification Society.

Note

The “contracted for construction” date means the date on which the contract to build the vessel is signed between
the prospective owner and the shipbuilder. For further details regarding the date of “contracted for construction”,
see IACS Procedural Requirement (PR) No. 29.

1.2 Application of Individual Classification Rules

1.2.1 Regions of the ship which these Rules do not cover
1211 For regions of the structure which these Rules do not cover, the relevant
requirements of the individual Classification Society’s Rules are to be applied.

1.3 Guidance on Rule Structure

1.3.1 Framework

1.3.1.1 The Rules are structured in Sections giving instructions for detailed application and
requirements which are applied in order to satisfy the Rule objectives. The
acceptable procedures for the structural analysis required by the Rules are given in
the Appendices.

1.3.2 Numbering and cross-references

1.3.21 The system for numbering of Sections and Sub-Sections is given in Table 1.1.1.

Table 1.1.1
Section Numbering
Order |Levels Example
1 Section name (displayed in the header) SECTION 1 - INTRODUCTION
2 Sub-Section 1 INTRODUCTION TO THE COMMON STRUCTURAL...
3 Sub-Section 2 1.1 General
4 Sub-Section 3 1.1.1 Development of the rules
5 Paragraph number 1111 Animportant part of the classification
process is the development of rule...

1.3.2.2 The system for the numbering of Tables and Figures is given in Table 1.1.2.
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Table 1.1.2
Numbering of Tables and Figures

Table location in document

Example of numbering

Section 5, Sub-Section 1, 2nd table in sub-section Table 5.1.2
Section 1, Sub-Section 12, 5th table in sub-section |Table 1.12.5
Section 10, Sub-Section 4, 3rd table in sub-section | Table 10.4.3
Figure location in document

Section 5, Sub-Section 1, 2nd figure in sub-section  |Figure 5.1.2

Section 1, Sub-Section 12, 5th figure in sub-section

Figure 1.12.5

Section 10, Sub-Section 4, 3rd figure in sub-section

Figure 10.4.3

1.3.2.3 Cross-references are given in ifalics throughout the document.

1.3.24 Cross-references within a Section (local) are represented as a Sub-Section or
Paragraph number, e.g. 4.2 or 4.2.1.1. See Table 1.1.3.

1.3.2.5 Cross-references outside a Section (global) are represented as Section no./Sub-
Section or Paragraph number, e.g. Section 4/2.1.1.3. See Table 1.1.3.

Table 1.1.3
How Cross-References are Applied

Location of reference

Example of cross-reference

Local (within a Section)

Text in Sub-Section 4.2 See 4.2 in4.2
Text in Sub-Section 6.2.2 See 6.2.2 in6.2.2
Text in Paragraph 5.1.2.1 See5.1.2.1 in5.1.2.1

Global (outside a section)

Text in Section 6, Sub-Section 4.2

Section 6/4.2

Text in Section 6, Sub-Section 6.2.2

Section 6/6.2.2

Text in Section 6, Paragraph 5.1.2.1

Section 6/5.1.2.1

1.3.3 General organization of the Rules

1.3.3.1 The general organisation of the Rules is shown in Figure 1.1.1

JuLy 2012
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Figure 1.1.1
Schematic Layout of the Rules
Topic Sections
Introduction 1
Rule Principles 2
Rule Application 3
Basic Information 4
Structural Arrangement 5
Materials and Welding 6
Loads 7
Aft end Cargo Area Fore end
& Machinery Room
Topic Sections Topic Sections Topic Sections
Machinery general structure | 8/4.1 Hull girder strength 8/1 General structure 8/3.1
Machinery bottom structure 8/4.2 Hull envelope plating 8/2.2 Bottom structure 8/3.2
Machinery side structure 8/4.3 Hull envelope framing 8/2.3 Side structure 8/3.3
Machinery deck structure 8/4.4 Inner bottom 8/24 Deck structure 8/3.4
Machinery internal structure | 8/4.5-4.8 Bulkheads 8/2.5 Internal structure 8/3.5-3.9
Aft end general structure 8/5.1 Primary support members 8/2.6 Bottom slamming 8/6.3
Aft end bottom structure 8/5.2 Sloshing 8/6.2 Bow impact 8/6.4
Aft end shell structure 8/5.3 Hull girder ultimate strength 9/1
Aft end deck structure 8/5.4 Strength assessment (FEM) 9/2
Aft end internal structure 8/5.5-5.7 Fatigue strength 9/3
Topic Sections
Hull openings and closing arrangements 11/1
Crew protection 11/2
Support structure and structural appendages 11/3
Equipment 11/4
Testing procedures 11/5
Ship in operation renewal criteria 12
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1 INTRODUCTION

1.1 Rule Principles

1.1.1 Rule objectives

1.1.1.1

The objectives of the Rules are to establish requirements to reduce the risks of
structural failure in order to help improve the safety of life, environment and
property and to provide adequate durability of the hull structure for the design life.

1.1.2 General

1.1.21

The sub-sections contain:

(a) the General Assumptions; pertaining to the design, construction and operation
of the ship and gives information on the responsibilities of Classification
Societies, builders and owners

(b) the Design Basis; which specifies the premises that the design principles of the
Rules are based on, in terms of design parameters and assumptions about the
ship operation

(c) the Design Principles; which define the fundamental principles used for the
structural requirements in the Rules with respect to loads, structural capacity
and assessment criteria

(d) the Application of the Design Principles; which describes how the design
principles and methods are applied and what criteria are used to demonstrate
that the structure meets the objective.

JuLy 2012
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2 GENERAL ASSUMPTIONS
2.1 General

2.1.1 International and national regulations

21.1.1 Ships are to be designed, constructed and operated in compliance with the
regulatory framework prescribed internationally by the International Maritime
Organisation and implemented by National Administrations.

21.1.2 The Rules are based on the assumptions that all applicable statutory requirements
are complied with.

21.1.3 The Rules incorporate the IACS unified requirements as shown in Table 2.2.1.

2.1.2 Classification Societies

21.2.1 C(lassification Societies develop and publish the standards for the hull structure and
essential engineering systems. Classification Societies verify compliance with the
classification requirements and the applicable international regulations when
authorised by a National Administration during design, construction and operation
of a ship.

RCN 2 to July 2008 version (effective from 1 July 2010)

Table 2.2.1
IACS Unified Requirements Applicable to Oil Tankers

Number |Title

Al Equipment

A2 Shipboard fittings and supporting hull structures associated with towing and mooring on
conventional vessels

S1 Requirements for Loading Conditions, Loading Manuals and Loading Instruments

52 Definitions of ship’s length L and block coefficient Cy

S3 Strength of end bulkheads of superstructures and deckhouses

54 Criteria for use of high tensile steel with yield points of 315 N/mm?2 and 355N/mm? (with respect to
longitudinal strength)

S5 Calculation of midship section moduli for conventional ship for ship’s scantlings

56 Use of steel grades for various hull members - ships of 90m in length and above

S7 Minimum longitudinal strength Standards

S11 Longitudinal strength Standard

S13 Strength of bottom forward in oil tankers

514 Testing procedures of Watertight Compartments

526 Strength and securing of Small Hatches on the Exposed Fore Deck

527 Strength Requirements for Fore Deck Fittings and Arrangements

2.1.3 Responsibilities of Classification Societies, builders and owners

21.3.1 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. The verification of compliance with these Rules is the
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responsibility of all parties and requires that proper care and conduct is shown by
all parties involved in its implementation. These responsibilities include:

(a) general aspects:

e relevant information and documentation involved in the design,
construction and operation is to be communicated between all parties in a
clear and efficient manner. The builder is responsible for providing design
documentation according to requirements specified in the Rules. Other
requirements for information and documentation are specified by the
requirements and approval procedures of the individual Classification
Societies

e quality systems are applied to the design, construction, operation and
maintenance activities to assist compliance with the requirements of the
Rules.

(b) design aspects:

e it is the responsibility of the owner to specify the intended use of the ship,
and the responsibility of the builder to ensure that the operational capability
of the design fulfils the owner’s requirements as well as the structural
requirements given in the Rules

e the builder shall identify and document the operational limits for the ship so
that the ship can be safely and efficiently operated within these limits

e 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

e the design is performed by appropriately qualified, competent and
experienced personnel

e the classification society is responsible for a technical appraisal of the design
plans and related documents for a ship to verify compliance with the
appropriate classification rules.

RCN 2 to July 2008 version (effective from 1 July 2010)

(c) construction aspects:

e the builder is responsible for ensuring that adequate supervision and
quality control is provided during the construction

e construction is to be carried out by qualified and experienced personnel

e workmanship, including alignment and tolerances, is to be in accordance
with acceptable shipbuilding standards

e the Classification Society is responsible for surveying to verify that the
construction and quality control are in accordance with the plans and
procedures.

(d) operational aspects:

e the owner is to ensure that the operations personnel are aware of, and
comply with, the operational limitations of the ship

e the owner is to provide operations personnel with sufficient training such
that the ship is properly handled to ensure that the loads and resulting
stresses imposed on the structure are minimised

e the owner is to ensure that the ship is maintained in good condition and in
accordance with the Classification Society survey scheme and also in
accordance with the international and national regulations and
requirements

JuLy 2012
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e the Classification Society is responsible for surveying to verify that the
vessel maintains its condition of class in accordance with the Classification
Society survey scheme.
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3 DESIGN BASIS
3.1 General

3.1.1 The design basis

3.1.1.1 This Sub-Section specifies the design parameters and the assumptions about the
ship operation that are used as the basis of the design principles of the Rules.

3.1.1.2 The Rules are applicable for ships in compliance with the specified design basis.
Special consideration will be given to deviations from this design basis.

3.1.1.3 The design basis used for the design of each ship is to be documented and
submitted to the Classification Society as part of the design review and approval.
All deviations from the design basis are to be formally advised to the Classification
Society.

3.1.2 Arrangement and layout

3.1.21 The Rules cover typical double hull tankers of greater than or equal to 150m in
length and with arrangements as follows:
(a) engine room and deck house located aft of the cargo tank region, and

(b) in addition to the inner skin two longitudinal oil-tight bulkheads with no
centreline longitudinal bulkhead, or

(c) in addition to the inner skin one centreline longitudinal oil-tight bulkhead.

3.1.2.2 The ship’s structure is assumed to be:
(@) constructed of welded steel structures
(b) composed of stiffened plate panels
(c) longitudinally framed with full transverse bulkheads and intermediate web
frames.
3.1.23 The typical arrangements covered by the Rules are shown in Figure 2.3.1 and
assume that the structural arrangements include:

(a) narrow double side structure and double bottom structure with breadth/depth
in accordance with statutory requirements

(b) single deck ships
(c) side longitudinal, centreline longitudinal or transverse bulkheads of plane,
corrugated or double skin construction

(d) the number and location of bulkheads are arranged to comply with the statutory
requirements.

The cross sections shown in Figure 2.3.1 are typical examples only and other
variations of cross tie and web frame arrangements are also covered
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Figure 2.3.1
Typical Arrangements of Double Hull Tankers
BINDIN L
\_ [ I [ J
\_| |/ Nl |/
fa— N\
\Vj —\/
I I
I I
NG [ | | J | [ 1 |/

3.1.2.4 The Rules assume the following hull form with respect to environmental loading;:
(@) full form ship with block coefficient (Cy) greater than 0.7
(b) the ship length breadth ratio (L/B) greater than 5
(c) ship breadth depth ratio (B/D) less than 2.5
(

d) the metacentric height (GM) not greater than 0.12B for homogeneously full load
conditions, and 0.33B for ballast conditions.

3.1.3 Design life

3.1.3.1 A nominal design life of 25 years is assumed for selecting appropriate ship design
parameters. The specified design life is the nominal period that the ship is assumed to
be exposed to operating conditions. However, the ship’s actual service life may be
longer or shorter depending on the actual operating conditions and maintenance of
the ship throughout its life cycle.

3.1.4 Design speed

3.14.1 The design maximum service speed is to be specified by the designer. The Rules
assume that the ship is able to operate at this service speed on a continuous basis,
but this does not relieve the responsibilities of the owner and personnel to properly
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handle the ship and reduce speed or change heading in severe weather, see
2.1.3.1(d).

3.1.5 Operating conditions

3.1.5.1

3.1.5.2

The ship is to be capable of carrying the intended cargo with the necessary
flexibility in operation to fulfil its design role. Specification of cargo loading
conditions as required by the Rules and any additional cargo loading conditions
required by the owner are the responsibility of the designer.

The Rules assume the following:

(a) a minimum set of specified loading conditions as defined in the Rules are
examined. These are to include both seagoing and harbour loading conditions

(b) in addition to the minimum set of specified loading conditions, all relevant
additional loading conditions covering the intended ship’s service which result
in increased still water shear force, bending moments or increased local static
loadings are to be submitted for review

(c) the Trim and Stability Booklet, Loading Manual and loading computer systems
specify the operational limitations to the ship and these comply with the
appropriate statutory and classification requirements

(d) all cargo tanks are from a local strength point of view including sloshing
designed for unrestricted filling for a cargo density as specified in 3.1.8.
Limitations to loading patterns resulting in full or empty adjacent tanks as
specified in the Rules and the Loading Manual do however apply for primary
support members and hull girder shear force and bending moments.

3.1.6 Operating draughts

3.1.6.1

The design operating draughts are to be specified by the designer 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:

(a) the maximum and minimum mean operational draughts
(b) maximum scantling draught for the assessment of structure

(c) minimum draughts forward for the assessment of bottom slamming, with and
without ballast tanks in way filled

(d) maximum mean draught for a condition with all cargo tanks abreast empty

(e) maximum mean draught for a condition with empty centre or wing cargo tank.

3.1.7 External environment

3.1.7.1

3.1.7.2

3173
3.1.74

To cover worldwide trading operations and also to deal with the uncertainty in the
future trading pattern of the ship and the corresponding wave conditions that will
be encountered, a severe wave environment is used for the design assessment. The
rule requirements are based on a ship trading in the North Atlantic wave
environment for its entire design life.

The effects of wind and current on the structure are considered to be negligible and
hence are not explicitly included.

The Rules do not include the effects of ice.

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

(a) lowest daily mean temperature in air is -10 °C
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(b) lowest daily mean temperature in sea water is 0 °C

Ships operating for long periods in areas with lower daily mean air temperature
may be subject to additional requirements as specified by the individual
Classification Society.

RCN 2 to July 2008 version (effective from 1 July 2010)

3.1.8 Internal environment (cargo and water ballast tanks)

3.1.8.1 A specific gravity (SG) of 1.025, or a higher value if specified by the designer, is to
be used for oil cargoes for the strength assessment of cargo tank structures.

3.1.8.2 For the fatigue assessment of cargo tank structures, a representative mean cargo
density throughout the ship’s life is to be used. The representative mean density is
to be taken as 0.9 tonnes/m? or the cargo density from the homogeneous full load
condition at the full load design draught Ty, if this is higher.

(RCN 2, effective from 1 July 2008)

3.1.83 A SG of 1.025 is to be used for water ballast.

3.1.8.4 The Rules are based on the following design temperatures for the cargo:
(a) maximum cargo temperature is 80 °C
(b) minimum cargo temperature is 0 °C.

3.1.8.5 The design aspects and assumption upon which corrosion additions in the Rules are
specified are as follows:

(@) the corrosion additions are based on a combination of experience and a
statistical evaluation of historical corrosion measurements. The corrosion
additions are based on the carriage of a mixture of crude and other oil products
with various degrees of corrosive properties

(b) the corrosion additions are based on the design life, see 3.1.3.1

(c) ballast tanks are coated. Requirements for coating application and maintenance
are excluded from the Rules.

3.1.8.6 The values for corrosion additions and wastage allowance are specified in Section
6/3 and Section 12 respectively.

3.1.9 Structural construction and inspection

31.9.1 The structural requirements included in the Rules are developed with the
assumption that construction and repair will follow acceptable shipbuilding and
repair standards and tolerances. The Rules may require that additional attention is
paid during construction and repair of critical areas of the structure.

3.1.9.2 Tank strength and tightness testing are to be carried out as a part of the verification
scheme.

3.1.9.3 The Rules define the renewal criteria for the individual structural items. The
structural requirements included are developed on the assumption that the
structure will be subject to periodical survey in accordance with individual

Classification Society Rules and Regulations. All structural elements are to be

arranged to allow access for inspection, see Section 5/5. It is assumed that close-up

inspection of the critical areas will be carried out on a regular basis.
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3.1.10 Ownetr’s extras

3.1.10.1

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

a) vibration analysis
b) maximum percentage of high strength steel

(
(
(c) additional scantling dimensions above that required by the Rules
(d) additional design margin on the loads specified by the Rules, etc
(

e) improved fatigue resistance, in the form of a specified increase in design fatigue
life or equivalent

(f) combinations of cargo loading patterns and draughts exceeding the Rule
specified conditions

(g) higher cargo density for fatigue evaluation for ships intended to carry high
density cargo in part load conditions on a regular basis.

Owner’s extras are not covered by these Rules. Owner’s extras that may affect the
structural design are to be clearly specified in the design documentation.
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4 DESIGN PRINCIPLES
4.1 Opverall Principles

41.1 Introduction

41.1.1 This Sub-Section defines the underlying design principles of the Rules in terms of
loads, structural capacity models and assessment criteria and also construction and
in-service aspects.

4.1.2 General

41.21 The Rules are based on the following overall principles:

(a) the safety of the structure can be demonstrated by addressing the potential
structural failure mode(s) when the vessel is subjected to operational loads and
environmental loads/conditions

(b) the design complies with the design basis, see Sub-Section 3

(c) the structural requirements are based on a consistent set of loads that represent
typical worst possible loading scenarios

(d) the structural requirements with respect to loads, capacity models and
assessment criteria are presented in a modular format so that each component
of the requirement is clearly identified.

41.2.2 The ship’s structure is designed such that:

(a) it has inherent redundancy. The ship’s structure works in a hierarchical manner
and, as such, failure of structural elements lower down in the hierarchy should
not result in immediate consequential failure of elements higher up in the
hierarchy

(b) permanent deformations are minimised. Permanent deformations of local panel
or individual stiffened plate members may be acceptable provided that this
does not affect the structural integrity, containment integrity or the performance
of structural or other systems

(c) 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

(d) it has adequate structural redundancy to survive in the event that the structure
is accidentally damaged; for example, minor impact leading to flooding of any
compartment.

4.2 Loads

4.2.1 Load scenarios

4211 The loads used for assessment of the structure covers the load scenarios
encountered by the ship during operation at sea and in harbour.

4.22 Design load combinations

4221 Design load combinations combine local and global load components to represent
identified load scenarios. The design load combinations should be sufficiently
severe and varied so as to encompass all scenarios that can reasonably occur during
normal operation.
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4222 The design load combinations for the hull and structural members consider the
most unfavourable combination of load effects in order to maintain a consistent
safety level for all combinations.

4223 The design load combinations are based on one of the following combinations of
static and dynamic loads depending on the type of load and the load scenario being
considered:

(a) Static design load combinations (S)
covers application of all relevant static loads and typically covers load scenarios
in harbour, tank testing or similar operations

(b) Static plus Dynamic design load combination (5+D)
covers application of all relevant static loads plus a realistic combination of
simultaneously occurring dynamic load components and typically covers load
scenarios for seagoing operations

(c) Impact design load combination
covers application of impact loads such as bottom slamming and bow impact
encountered during seagoing operation. It is usually sufficient to ignore other
static and dynamic load components in association with an impact load event.

(d) Sloshing design load combination

covers application of sloshing loads encountered during seagoing operations
(e) Fatigue design load

covers application of all relevant dynamic loads

(f) Accidental design load combination (A)
covers application of accidental loads where these loads are not considered as
occurring during normal operations

4.2.3 Load categorisation

423.1 The design load combinations are composed of many different types of loads, which
are categorised as shown in Table 2.4.1.
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Table 2.4.1
Load Categorisations

Operational Loads

Lightship weight Steel weight and outfit

Machinery and permanent equipment

Buoyancy loads Buoyancy of the ship

Variable loads Cargo

Ballast water

Stores and consumables
Personnel

Temporary equipment

Other loads Tug and berthing loads
Towing loads
Anchor and mooring loads

Lifting appliance loads

Environmental loads

Cyclic loading due to wave action Dynamic wave pressures
including inertia loads

Dynamic loads and dynamic tank
pressures due to ship accelerations

Impact loads or resonant loads Wave impacts
Bottom slamming
Liquid sloshing in tanks

Green sea loads

Accidental loads

Flooding of compartments

Deformation loads

Thermal loads

Deformations due to construction

4232

4233

4234

4235

Operational loads generally are static loads. They are grouped into lightship weight,
buoyancy loads, variable loads and other loads. The operational loads occur as a
consequence of the operation and handling of the ship.

Environmental loads are dynamic loads due to external influences. The
environmental loads covered by the Rules are loads due to wave action.

Accidental loads include loads that result as a consequence of an accident or
operational mishandling of the ship. The accidental loads covered by the Rules are
increased tank pressures due to flooding of compartments.

Deformation loads are caused by thermal loads and residual stresses. The load
effects from deformation loads are not covered by the Rules.

4.2.4 Characteristic load values

4241

The characteristic values of the load components that are applied in the Rules are
dependant on the design load combination being considered. The characteristic
loads are typical values and are given by:

(a) for operational loads the characteristic loads are the expected or specified values

(b) for environmental loads the characteristic load is typically a load value which
has a low probability of occurrence, i.e. an ‘extreme’ value.

4.2.5 Operational loads

4.25.1

The characteristic values of the static sea pressure on the hull due to the buoyancy
are based on the draught at the loading condition under consideration.
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4.25.2

4253

4254

The characteristic values of the static tank pressure are based on the filling height
and the specific gravity of the cargo/ballast, and include allowances for possible
overpressure due to the height of air pipes, pressure relief valve settings and
capacity of pumps.

The characteristic values of the loads due to personnel, stores and consumables,
temporary equipment and permanent equipment are based on specified values.

The characteristic values for tug, berthing, towing and mooring loads are based on
specified values.

4.2.6 Environmental loads

4.2.6.1

4.2.6.2

4.2.6.3

4.2.64

4.2.6.5

4.2.6.6

The Rule formulations for wave loads, as given in Section 7/3, are based on the
envelope values calculated in accordance with 4.2.6.2 and calibrated with feedback
from service experience and model tests.

The general principles for the derivation of the wave load values are:
(a) the application of load values is consistent for all similar load scenarios

(b) the characteristic load value is selected to suit the purpose of the application of
the load and the selected structural assessment method, e.g. for strength
assessment the expected lifetime maximum load is applied while for fatigue
assessment an average value representing the expected load history is applied

(c) load calculations are performed using 3-D linear hydrodynamic computational
tools. The effects of speed are considered

(d) the derivation of characteristic wave loads is based on a long term statistical
approach which includes representation of the wave environment (North
Atlantic scatter diagram), probability of ship/wave heading and probability of
load value exceedance based on IACS Rec. 34. All of which result in envelope
values

(e) non-linear effects are considered for the expected lifetime maximum loads.

The combination of dynamic loads considers all simultaneously occurring dynamic
load components. In deriving the simultaneously occurring loads, one particular
load component is maximised or minimised and the relative magnitude of all
simultaneously occurring dynamic load components is specified by the application
of dynamic load combination factors (DLCF) based on the envelope load value.

These dynamic load combination factors are based on the application of the
equivalent design wave approach and are given as tabulated values.

The formulations of the load values for bottom slamming, bow impact loads and
green sea loads take account of the following factors:

(a) vessel draught

(b) hull form

(c) heading

(d) forward speed

(e) location of deck houses/superstructure

(f) geometry of structural elements.

A slamming impact load results in a transient dynamic response in the structure.

The formulation of the impact loads considers the impact load as an equivalent
static load acting on the associated exposed hull surface.

The effect of green water on the deck structure along the entire vessel's length is
considered. The green water loads on fore and parallel mid bodies of a ship are
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determined based on model tests, ship motion analysis and service experience. The
green sea loads for the aft body are consistent with the derivation for the fore and
mid body green sea loads.

4.2.7 Accidental loads

42.7.1 The accidental load scenarios cover loads acting on local structure as a consequence
of flooding in accordance with the assumptions made in IMO regulations. This
relates to the assessment of the watertight subdivision boundaries.

4272 Only static loads corresponding to the draught in the flooded condition are
considered.

4.2.8 Deformation loads

4281 Thermal loads within the limits specified by the design basis are considered
negligible. It is assumed that care is taken to account for, and allow for, expected
thermal expansion.

4.3 Structural Capacity Assessment

4.3.1 General

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

4.3.2 Capacity models for strength

4321 The strength assessment method is to be capable of analysing the failure mode in
question to the required degree of accuracy. Several assessment methods may be
applicable, even for the same failure modes.

4.3.2.2 The following aspects are the basis for selection of strength capacity models:

(a) whether the structural member is also assessed at a higher level in the hierarchy
and/or at a later stage by more accurate methods or by more accurate response
calculations

(b) simplified capacity models where some of the stress components are neglected
are to always give conservative results

(c) appropriate methodology to assess the failure mode

(d) probability level of the load

(e) capability of response calculations to represent the physical behaviour of the
structure up to the given load level

(f) complexity of structure

(g) complexity of loads

(h) criticality of the structural member. This will primarily have an impact on the

assessment criteria, but needs to be considered in conjunction with selection of
the appropriate methodology for structural assessment.

43.23 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.

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

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

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

43.3.3 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.

4.34 Net thickness approach
43.4.1 The philosophy behind the net thickness approach is to:

(a) provide a direct link between the thickness used for strength calculations
during the new building stage and the minimum thickness accepted during the
operational phase

(b) enable the status of the structure with respect to corrosion to be clearly
ascertained throughout the life of the ship.

43.4.2 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 overall average corrosion
of larger areas such as primary support members and the hull girder. Both the local
and overall corrosion are used as a basis for the new building review and are to be
confirmed during operation of the vessel.

43.43 The net thickness approach for the local corrosion is shown in Figure 2.4.1 (a) and is
in terms of new building thicknesses, given by:

(@) the local strength requirements are given by the net thickness (tct.r;) after
rounding

(b) the required gross thickness (fs.1;) is given by adding the corrosion addition
(tcorr) to the required rounded net thickness (ter-req)

(c) the gross thickness (tg) is the actual thickness selected by the designer to fulfil
the gross required thickness(fs.;) and is to be equal or greater than the
required gross thickness (fgrs-req)

(d) the as built thickness is equal to the gross thickness (t;s) plus any additional
owners extra margin (fouwn)

(e) any additional thicknesses specified by the owner, as owners extra margin (fouwn)
are not to be included in the assessment of the required gross thickness (fgrs req).
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Figure 2.4.1
Net Thickness Approach for Local Wastage

(a) application to scanting requirements (b) application to ship in operation
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4.3.4.5

4.3.4.6

The net thickness approach for determining the local renewal thickness during the
ship in operation phase is shown in Figure 2.4.1 (b) and is given by:

(@) the thickness at which annual surveys are required, tumua, is obtained by
subtracting the total wastage allowance (f.ss) and the owners extra margin (fown)
from the as-built thickness (fus-buitr)

(b) thickness at which renewal is required, t.., is obtained by subtracting the total
wastage allowance (tuas), the thickness t.r25 and the owners extra margin (fown)
from the as-built thickness (fuspuiir). Where ter-25 is the wastage allowance in
reserve for corrosion occurring in the two and half years between Intermediate
and Special surveys

(c) the total wastage allowance given is the rule specified wastage allowance (fuus)
plus the wastage allowance in reserve (t.r-25) plus any additional owners extra
margin (fouwn)

(d) the rule specified wastage allowance (f.ss) available before annual surveys are
required is obtained by deducting the thickness .25 from the corrosion
addition (tcorr).

The approach calls for a general 2.5 year survey interval when the gauged thickness
is greater than the “thickness at which annual surveys are required” (tuuua), and a 1

year survey interval when the gauged thickness is less than the “thickness at which
annual surveys are required” (fauuar).

The overall average corrosion for primary support members and the hull girder
cross-section is given by deducting half the local corrosion addition (0.5t,r) from all
structural elements comprising the respective cross-sections.

The assessment of local scantlings is performed based on the hull girder stresses
given by the net hull girder properties, e.g. based on a global overall average
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corrosion of the hull girder, and the local stresses based on the net thickness of the
local member under consideration, e.g. based on full local corrosion. It is assumed
that the structure may corrode locally to the maximum allowed and that the hull
girder may reduce to the maximum allowed overall hull girder corrosion.

43.4.7 The assessment of global (hull girder and primary support member) scantlings is
based on the overall global corrosion, e.g. half the full local corrosion for all
structural members simultaneously. The assumption is that the full local corrosion
will not occur globally and hence a lesser average value of assumed corrosion is
appropriate. Individual structural elements may corrode to the maximum corrosion
addition and this is taken into account in the buckling assessment.

43.4.8 As fatigue is an accumulative assessment the scantlings and stresses used for the
assessment are to be taken as the representative mean value over the design life.
The mean corrosion over the design life is given as half the corrosion assumed for
scantling strength assessment. Local stresses are thus calculated based on half the
full local corrosion addition and hull girder stresses are calculated based on half the
overall global corrosion. Half the global overall corrosion is found by deduction of
one quarter of the full local corrosion addition of all structural elements
simultaneously.

43.49 The actual amount of wastage allowed in service is taken as:

(a) locally: the full corrosion addition less an amount for typical wastage between
the survey periods

(b) globally: the full global overall corrosion addition less an amount for typical
wastage between the survey periods. The global wastage is monitored in service
by evaluating the current global characteristics of the vessel.

4.3.5 Intact structure

43.5.1 All strength calculations are based on the assumption that the structure is intact.
The residual strength of the ship in a structurally damaged condition is not assessed.

4.3.5.2 No benefit is given in the assessment of structural capability for the presence of
coatings or similar corrosion protection systems.

44 Materials and Welding

441 Materials

441.1 The Rule requirements associated with the selection of materials for structural
components is based on the location, design temperature (see 3.1.7.4 and 3.1.8.4),
membrane, through thickness forces and criticality of the component. The
requirements comply with JACS UR Sé.

4412 The Rule requirements are based on the assumption that the material is
manufactured in accordance with the allowable under thickness rolling tolerances
specified in JACS UR W13.

44.2 Welding

4421 The Rule requirements for weld type, size and materials are based on the following
considerations:

(a) joint type
(b) criticality of the joint

(c) magnitude, type and direction of the stresses in the joint

JuLy 2012 SECTION 2.4/PAGE 8




SECTION 2 - RULE PRINCIPLES COMMON STRUCTURAL RULES FOR OIL TANKERS

(d) material properties of the parent and weld material

(e) weld gap size.

4.5 Assessment/Acceptance Criteria

451 Design methods

4511

4512

4513

4514

The criteria for the assessment of the scantlings are based on one of the following
design methods:

(a) Working Stress Design (WSD) method, also known as the permissible or
allowable stress method

(b) Partial safety Factor (PF) method, also known as Load and Resistance Factor
Design (LRFD).

For both WSD and PF, 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:

(a) condition A is applicable to design load combinations based on "expected’
characteristic load values, typically covered by the static design load
combinations

(b) condition B is applicable to design load combinations based on ‘extreme’
characteristic load values, typically covered by the static + dynamic load
combinations.

The WSD method has the following composition:

W, <R for condition A

W + Wy, <77,R - for condition B

Where:

Witat simultaneously occurring static loads (or load effects in terms
of stresses)

Wayn simultaneously occurring dynamic loads. The dynamic loads
are typically a combination of local and global load
components

R characteristic structural capacity (e.g. yield stress or buckling
capacity)

1 permissible utilisation factor (resistance factor). The utilisation

factor includes consideration of uncertainties in loads,
structural capacity and the consequence of failure

The PF method has the following composition:

R s
Y stat-1 Wetar + Vayn1Wayn <—  for condition A
R

R .
Vstat-2Wetat + Vayn2Wayn < 7— for condition B
R

Where:

Vstat-i partial safety factor that accounts for the uncertainties related
to static loads
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Witat simultaneously occurring static loads (or load effects in terms
of stresses)

Yeyn-i partial safety factor that accounts for the uncertainties related
to dynamic loads

Wayn simultaneously occurring dynamic loads. The dynamic loads
are typically a combination of local and global load
components

R characteristic structural capacity (e.g. yield stress, ultimate

hull girder stress)

YR partial safety factor that accounts for the uncertainties related
to structural capacity

451.5 The acceptance criteria for both the WSD method and PF method are calibrated for
the various requirements such that consistent and acceptable safety level for all
combinations of static and dynamic load effects are achieved.

4.6 Principle of Safety Equivalence

4.6.1 General

4.6.1.1 Novel designs deviating from the design basis or structural arrangements covered
by the Rules will be subject to special consideration. The principle of equivalence is
to be applied to the novel design, hence it must be demonstrated that the structural
safety of the novel design is at least equivalent to that intended by the Rules.

4.6.1.2 The principle of equivalence may be applied to alternative calculation methods.

4613 A systematic review process was undertaken in developing these Rules. This
identified and evaluated the likely consequences of hazards due to operational and
environmental influences on tanker structural configurations and arrangements
covered by these Rules. For novel designs, dependent on the nature of the deviation,
it may be necessary to conduct an independent systematic review to document
equivalence with the Rules.
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5 APPLICATION OF PRINCIPLES

5.1 Overview of the Application of Principles

5.1.1 General

51.1.1 This Sub-Section shows how the design principles described in Sub-Section 4 have
been applied in the development of the rule requirements.

5.2 Structural Design Process

5.21 Overview of the structural design process

521.1 An overview of the structural design process applied in the Rules is shown in Figure
2.5.1.

5.2.1.2 The strength and acceptable safety of the hull and the structural elements is verified
through the application of the following Rule requirements:
(a) prescriptive scantling requirements
e minimum requirements
e load-capacity based requirements
(b) design verification requirements based on load-capacity methods
e hull girder ultimate strength
e strength assessment using the Finite Element (FE) analysis

o fatigue assessment
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Figure 2.5.1
Overview of Structural Design Process
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5.3 Minimum Requirements

5.3.1 General

5.3.1.1

The minimum requirements are usually in one of the following forms:

(@) minimum thickness, which is independent of the yield stress, these are based on
service experience and are usually expressed in the following format:

t=A+BL

Where:
A, B constants
L rule length, as defined in Section 4/1.1.1.1

(b) minimum stiffness and proportion, which are based on prescriptive buckling
requirements

5.4 Load-capacity Based Requirements

54.1 General

54.1.1

54.1.2

5413

5414

5415

54.1.6

54.1.7

5418

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
(PF) 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 2.5.3. The table is
schematic and only intended to give an overview.

The load scenarios addressed by the rules cover operations such as seagoing
conditions, loading and unloading, tank testing conditions, ballast water exchange
situations, special operations in harbour (e.g. propeller inspection afloat condition)
and accidental flooding.

The design load combinations that represent the identified load scenarios are given
in Section 7/6 and are denoted by S (static loads), S+D (statictdynamic loads), and
A (accidental loads). In addition, the Rules address impact loads and sloshing loads
as given in Section 7/4 and fatigue loads as given in Section 7/3.

For the strength requirements, the considered loads cover the most severe
operational loads that occur, hence the cargo tank finite element analysis and load-
capacity based scantling requirements are based on rule loading conditions which
simulate the worst possible loading conditions within the operating limits of the
vessel.

For the fatigue requirements the considered loads cover an expected load history
and representative loading conditions covering the ships’ intended service are
applied.

The acceptance criteria are categorised into three acceptance criteria sets. These are
explained below and shown in Tables 2.5.2 and 2.5.3. The specific acceptance
criteria set that is applied in the WSD rule requirements is dependent on the
probability level of the characteristic combined load.

The acceptance criteria set AC1 is applied when the combined characteristic loads
are frequently occurring, typically for the static design load combinations, but also
applied for the sloshing design loads. This means that the loads occur on a frequent

JuLy 2012

SECTION 2.5/PAGE 3




SECTION 2 -

RULE PRINCIPLES COMMON STRUCTURAL RULES FOR OIL TANKERS

5419

5.4.1.10

or regular basis. The allowable stress for a frequent load is lower than for an
extreme load to take into account effects of:

(a) repeated yield

(b) allowance for some dynamics

(c) margins for operational mistakes.

The acceptance criteria set AC2 is typically applied when the combined
characteristic loads are extreme values, e.g. typically for the statictdynamic design
load combinations. High utilisation (1; in Table 2.5.1) of the structural capacity (R; in
Table 2.5.1) is allowed in such cases because the considered loads are extreme loads
with a low probability of occurrence.

The acceptance criteria set AC3 is typically applied for capacity formulations based
on the plastic collapse models such as those that are applied to address bottom
slamming and bow impact loads.
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Table 2.5.1

Load Scenarios and Corresponding Rule Requirements

Load Scenarios

Rule Requirements

Design Load .
Loads Combination Design Format Acceptance
o " (specified in (specified in Criteria Set
eration i ;
P (that the i essel s exposed Section 7/6) Sections 8 and 9) (specified in
to and is to withstand) Secti d
Ref. | oo see Note 1 ections 8 and 9)
otation
no
Seagoing operations
Static and dynamic loads 1 S+D 1.5¢+ 5. +Dg+ Dy < 12 Ry AC2
in heavy weather 2. ysSc+yp Do < R/ yro AC2
. Impact loads in heavy <
Transit weather 2 Impact St+ Dimp <13 Ry AC3
Internal sloshing loads 3 Sloshing Sc + Dan <11 Rq AC1
Cyclic wave loads 4 Fatigue DM < J3i1i/ N; -
BWE by flow
through' or Statlc and dynamic loads 5 S+D Sc+S1+ Do+ Dy< 1R, AC2
sequential in heavy weather
methods
Harbour and sheltered operations
Loading, Typical maximum loads
unloading during loading, unloading 6 S Sc+ S <mRy AC1
and ballasting | and ballasting operations
Typical maximum loads
Tank testing during tank testing 7 S S+ S 11 Ry AC1
operations
Typical maximum loads
Special during special operations
conditions in | in harbour, e.g. propeller 8 S St St <11 Ry AC1
harbour inspection afloat or dry-
docking loading conditions
Accidental condition
Typically maximum loads for water tight boundaries AC?
Accidental on internal watertight 9 A 1.5 = mR
flooding subdivision structure due for collision bulkhead
to accidental flooding AC1
2. SL < 1’]1 R1
Note

1. The symbols defined in this column are defined in the text of 5.4

Where:
D¢ dynamic global load
Dy dynamic local load
DM cumulative fatigue damage ratio
Sc static global load
St static local load
R; structural capacity
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54.2
5421

5422

5423

5424

5.4.2.5

5.4.2.6

5427

5428

5429

Design loads for scantling requirements and strength assessment (FEM)

The structural assessment of compartment boundaries, e.g. bulkheads, is based on
the worst possible loading, hence conditions are assessed with a full tank on one
side and an empty tank on the other side. The situation with the tank content
reversed is also considered. Similarly the shell envelope is assessed for conditions at
the deepest draught without internal filling and at the lowest draught with internal
filling.

The standard loading patterns to be used in the strength assessment (FEM) are
given in Appendix B, Tables B.2.3 and B.2.4 for tankers with two oil-tight longitudinal
bulkheads and one centreline oil-tight longitudinal bulkhead respectively. The
corresponding information for the scantling requirements is given in Section 8.

To ensure consistency of approach, standardised rule values for parameters such as
GM, R, Tsc and Gy, are applied to calculate the rule load values.

The probability level of the dynamic global and local loads (D¢, D1 and Dijwy in Table
2.5.1) is 108 and are derived using the long term statistical approach specified in
4.2.6.2.

The probability level of the sloshing loads (Dgr, in Table 2.5.1) is 104 which is a load
that occurs frequently.

The design load combinations corresponding to the identified load scenarios
produce realistic design load sets suitable for the design and verification of the
structural capability. Design load sets apply all the applicable simultaneously acting
static and dynamic local load components (S. and Dp in Table 2.5.1, which are
usually pressure load components) and static and dynamic global load components
(Sc and Dg in Table 2.5.1, which is usually hull girder bending moment) for the
design of a particular or group of structural members. The relevant design load sets
for the scantling requirements are given in Sections 8/2 to 8/5. The design load sets
for the Finite Element analysis are referred to as load cases and are given in
Appendix B.

The simultaneously occurring dynamic loads are specified by applying a dynamic
load combination factor to the envelope dynamic load values given in Section 7/3.
The dynamic load combination factors that define the dynamic load cases are given
in Section 7/6.4 for the structural strength assessment (FE) and in Section 7/6.5 for
the scantling requirements.

The dynamic load combination factors have been derived using the equivalent
design wave approach to provide realistic simultaneously occurring dynamic loads
components suitable for structural assessment.

For the determination of design loads for the hull girder ultimate strength
requirement given in Section 9/1, the operational loads (i.e. ship loading conditions)
and the environmental loads (i.e. hull girder wave bending moments) are
maximised for sagging conditions for seagoing conditions. The characteristic value
for the still water hull girder sagging bending moments M, is based on the
maximum value from the seagoing conditions specified in Section 8/1. The
characteristic value for the wave hull girder sagging bending moments My is given
in Section 7/3.

5.4.3 Design loads for fatigue requirements

5431

For the fatigue requirements given in Section 9/3 and Appendix C, the load
assessment is based on the expected load history and an average approach is
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5432

5433

5434

5435

54.3.6

applied. The expected load history for the design life is characterised by the 10+
probability level of the dynamic load value, the load history for each structural
member is represented by Weibull probability distributions of the corresponding
stresses.

The considered wave-induced loads include:

(@) hull girder loads (i.e., vertical and horizontal bending moments)

(b) dynamic wave pressures

(c) dynamic tank pressures.

The fatigue analysis is calculated for two representative loading conditions covering
the ship’s intended operation. These two conditions are:

(a) full load homogeneous conditions at design draught

(b) normal ballast condition.

The proportion of the ship’s sailing life in the full load condition is 50% and in
ballast 50%. It is assumed that 15% of the ships’ life is in harbour/sheltered water. It
is consequently assumed that the ship will be sailing in open waters in full load
condition for 42.5% of the ship’s life and in the ballast condition for 42.5% of the
ship’s life.

The load values are based on actual parameters corresponding to the applied
loading conditions, e.g. GM, Gy, etc., and the applicable draughts at amidships is
used. The actual values are taken from specified loading conditions in the loading
manual.

The simultaneously occurring dynamic loads are accounted for by combination of
stresses due to the various dynamic load components. The stress combination
procedure is given in Appendix C.

Still water loads and static sea and tank pressures from the actual loading
conditions are used to determine the mean stress effect.

5.4.4 Structural response analysis

5441

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
e coarse mesh for cargo hold model
e fine mesh for local models

e very fine mesh for fatigue assessment
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5.4.5 Structural capacity assessment

5.4.5.1

5452

5453

5454

The considered failure modes in the Rules are yield (plastic deformation), buckling,
brittle fracture and fatigue. Structural failure due to yield and buckling is primarily
controlled by the strength requirements, brittle fracture is primarily controlled by
the requirements for material selection and welding, and fatigue failure is primarily
controlled by the high cycle fatigue requirements.

Generally, the capacity models applied in the prescriptive rules, i.e., the scantling
requirements in Section 8, are based on simple beam theory and include elastic yield
and plastic capacity models. The buckling capacity is assessed using simplified
buckling capacity models or by a more theoretical non-linear analysis procedure.

The design verification requirements are based on a linear elastic finite element
analysis, a detailed prescriptive fatigue assessment procedure and a simplified
ultimate strength assessment procedure. There is also a finite element based fatigue
assessment procedure for some structural members, such as the hopper knuckle.

The application of the net thickness approach to assess the structural capacity is
specified in Section 6/3.3.

5.4.6 Acceptance criteria

5.4.6.1 The acceptance criteria applied in the working stress design requirements are given
as acceptance criteria sets shown in Tables 2.5.2 and 2.5.3. There are slight variations
within each set depending on the relative contribution of local and global loads,
static and dynamic loads and the structural member being considered. The specific
acceptance criteria are given in the detailed rule requirements in Section 8 and 9/2.
Table 2.5.2
Principal Acceptance Criteria - Rule Requirements
Plate panels and Local Primary Support .
Support Members Members Hull girder members
Ac.cep.t ahce Yield Buckling Yield Buckling Yield Buckling
criteria set
Control of Control of
70-80% of stiffness and 70-75% stiffness and 75% of
AC1: yield proportions. of yield proportions. yield NA
stress Usage factor stress Pillar stress
typically 0.8 buckling
Control of Control of
90-100% stiffness and 85% of stiffness and | 90-100% Ifjse::ge
AC2: of yield proportions. yield proportions. of yield ; aicc;)lli
stress Usage factor stress Pillar stress ypo 9 y
typically 1.0 buckling )
Plastic Control of Plastic Control of
AC3: o stiffness and o stiffness and NA NA
criteria . criteria .
proportions proportions
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Table 2.5.3
Principal Acceptance Criteria - Design Verification - FE Analysis
Global cargo tank analysis Local fine mesh analysis
Acceptance Yield Buckling Yield

criteria set

Control of stiffness local mesh as 136% of yield

. and proportions. stress
ACI: 60-80% of yield stress ]
Usage factor typically | averaged stresses as global
0.8 analysis
Control of stiffness local mesh as 170% of yield
. and proportions. stress
AC2: 80-100% of yield stress

Usage factor typically | averaged stresses as global
1.0 analysis

5.4.6.2 The purpose of applying different sets is to achieve a consistent and acceptable
safety level for all combinations of static and dynamic loads and to account for
different capacity models.

5.5 Materials

5.5.1 General

5.5.1.1 Higher material properties are selected for highly critical structural elements which
are subjected to high loads in order to reduce the risk of propagation of brittle
fracture.

5.6 Application of Rule Requirements

5.6.1 Minimum requirements

5.6.1.1 These specify the minimum scantling requirements which are to be applied
irrespective of all other requirements, hence thickness below the minimum are not
allowed.

5.6.2 Load based prescriptive requirements

5.6.21 These provide scantling requirements for all plating, local support members, most
primary support members and the hull girder and cover all structural elements
including deckhouses, foundations for deck equipment, etc.

5.6.22 In general, these requirements explicitly control one particular failure mode and
hence several requirements may be applied to assess one particular structural
member.
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5.6.3 Design verification - hull girder ultimate strength

5.6.3.1 The requirements for the ultimate strength of the hull girder are based on a Partial
safety Factor (PF) method, see 4.5. 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.

5.6.3.2 The purpose of the hull girder ultimate strength verification is to demonstrate that
one of most critical failure modes of a double hull tanker is controlled.

5.6.4 Design verification - global finite element analysis

5.6.41 The global finite element analysis is used to verify the scantlings given by the load-
capacity based prescriptive requirements. The analysis is required because the
prescriptive requirements do not take into account 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. Hence the global finite element analysis is
necessary to verify the proposed scantlings.

5.6.4.2 A linear elastic three dimensional finite element analysis of the cargo region (a FE
model length of three tanks is required) is carried out to assess and verify the
structural response of the proposed hull girder and primary support members and
assist in specifying the scantling requirements for the primary support members.
The purpose with the finite element analysis is to verify that the stresses and
buckling capability of the primary support members are within acceptable limits for
the applied design loads.

5.6.5 Design verification - fatigue assessment

5.6.5.1 The fatigue assessment is required to verify that the fatigue life of critical structural
details is adequate. A prescriptive fatigue requirement is applied to details such as
end connections of longitudinal stiffeners using an SN curve approach based on
geometric details, i.e. Class F, F2, etc. A hot spot fatigue assessment procedure using
finite element analysis is applied to details such as the hopper knuckle. In both cases,
the fatigue assessment method is based on the Palmgren-Miner linear damage
model.

5.6.6 Relationship between the prescriptive scantling requirements and the
strength assessment (FEM)

5.6.6.1 The prescriptive minimum requirements define the minimum acceptable scantlings.
These may not to be reduced by any form of alternative calculations such as load-
capacity prescriptive requirements or strength analysis such as FEM.

5.6.6.2 The section modulus and/or shear area of a primary support member and/or the
cross sectional area of a primary support member cross tie may be reduced to 85%
of the prescriptive requirements provided that the reduced scantlings comply with
the strength assessment (FEM).

5.6.6.3 The philosophy is that a coarse approach should be more conservative than a
detailed approach. Hence, the prescriptive requirements are generally more
conservative than the corresponding requirements based on strength assessment
(FEM).
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1 NOTATIONS
1.1 Notations

1.1.1 General

1.1.1.1 Ships fully complying with the requirements of these Rules and the specific
requirements of the assigning Classification Society relating to construction, survey
and equipment will be eligible to be assigned with character symbols and a ship
type notation appropriate to the assigning Classification Society.

1.1.1.2 In addition to 1.1.1.1, ships fully complying with the requirements of these Rules
will also be assigned the notation CSR.
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2 DOCUMENTATION, PLANS AND DATA REQUIREMENTS
21 Documentation and Data Requirements

211 Loading information

21.11 Loading guidance information containing sufficient information to enable the
master of the ship to maintain the ship within the stipulated operational limitations
is to be provided onboard the ship. The loading guidance information is to include
an approved loading manual and loading computer system complying with the
requirements given in Sections 8/1.1.2 and 8/1.1.3 respectively.

2.1.2 Submission of calculation data and results

2121 Where calculations have been carried out in accordance with the procedures given
in the Appendices of these Rules, one copy of the following supporting information
is to be submitted as applicable:

(a) reference to the calculation procedure and technical program used
(b) a description of the structural modelling

(c) asummary of the analysis parameters including properties and boundary
conditions

(d) details of the loading conditions and the means of applying loads
(e) a comprehensive summary of calculation results

(f) sample calculations where appropriate.

21.2.2 In general, submission of large volumes of input and output data associated with
programs, such as finite element analysis, will not be required.

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

2.1.3 Use of computer software for rule calculations

21.3.1 In general, any rule computation program recognised by the Classification Society
may be employed to determine scantlings according to these Rules provided the
implementation given in 5.1 is complied with.

21.3.2 A computer program that has been demonstrated to produce reliable results to the
satisfaction of the Classification Society is regarded as a recognised program. Where
the computer programs employed are not supplied or recognised by the
Classification Society, full particulars of the computer program, including example
calculation output, are to be submitted. It is recommended that the designers
consult the Classification Society on the suitability of the computer programs
intended to be used prior to the commencement of any analysis work.

2.2 Submission of Plans and Supporting Calculations

2.21 General

2.21.1 In general, the main categories and lists of information required are given in 2.2.2.
Additional requirements for some items are also given in subsequent sections as
applicable.
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2212

2213

2214

Plans are generally to be submitted in triplicate, but one copy only is necessary for
supporting documents and calculations. Additional copies may be required
according to the individual Classification Society requirements.

Plans are to contain all necessary information to fully define the structure, including
construction details, materials, welding and loads imposed on the structure by
equipment and systems as appropriate.

Plans are to include information related to the renewal thickness as specified in
Section 12.

2.2.2 Plans and supporting calculations

2221

In general, plans covering the following items are to be submitted:

(@) main scantling plans:

e midship sections showing longitudinal and transverse structural members

e construction profiles/plans showing all main longitudinal structural elements
along the ships length including decks, inner bottom, bulkheads, double side
stringers and double bottom girders

e shell expansion

¢ main oil-tight and watertight transverse bulkheads including primary support
members

(b) loading guidance information:

e preliminary loading manual

e final loading manual

e details of the design basis, see Section 8/1.1.2
e test conditions for the loading instrument
detailed construction plans:

e cargo tank construction plans showing the variations in detail arrangements
and scantlings of double bottom floors, double side webs and other transverse
primary support members

e fore end
e aftend
e engine room construction including the engine and thrust bearing seating

e deckhouses and superstructures

(d) detail design plans except where the information is already included on plans

listed in (a) and (c):

e sternframe

¢ hull penetration plans

¢ welding

e bilge keels

e booklet of standard design details

¢ anchoring and mooring equipment

e pillar and girder support arrangements for decks

e access arrangements through double bottom and side skin spaces in the cargo
tank region

e details and arrangements of openings and attachments to the hull structure for
means of access for inspection purposes
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(e) plans detailing support structures except where the information is already
included on plans listed in (a) to (d):

e anchoring windlass and chain stopper
e mooring winches
e masts, derrick posts or cranes
e emergency towing equipment
e other deck equipment or fittings
2222 The following supporting documents are to be submitted:
a) general arrangement
b) capacity plan

(

(

(c) lines plan or equivalent

(d) dry-docking plan, where developed
(

e) freeboard plan or equivalent, showing freeboards and items relative to the
conditions of assignment
2223 The following supporting calculations are to be submitted:
(@) calculation of the equipment number.

2224 Plans of items not covered by these Rules are to be submitted according to the
individual Classification Society requirements.

2.2.3 Plans to be supplied onboard the ship
2.2.3.1 One copy of the following plans indicating the new-building and renewal thickness
for each structural item:
a) main scantling plans as given in 2.2.2.1(a)

b) one copy of the final approved loading manual, see 2.1.1

(
(
(c) one copy of the final loading instrument test conditions, see Section 8/1.1.3
(d) detailed construction plans as given in 2.2.2.1(c)

(e) welding

(

f) 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

(g) details and information on use of special materials, such as aluminium alloy,
used in the hull construction.

(h) towing and mooring arrangements plan, see Section 11/3.1.6.16
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3 SCOPE OF APPROVAL

3.1 General

3.1.1 Rule application

3.1.1.1

3.1.1.2

3.1.13

Further to the information contained in Section 1/1.1.2 and Section 1/1.2.1, the Rules
cover the scantling requirements for the classification of new double hull tankers of
150m or greater in length.

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.

Other aspects of the structural design not covered by these Rules are to be
addressed using the rules of the individual Classification Society.

3.2 Classification

3.2.1 General

3.21.1

3.21.2

The documentation, plans and data requirements specified in Sub-Section 2 are to be
submitted. Each individual Classification Society will review such documentation to
verify compliance with the requirements.

An appropriate term to indicate that the plans, reports or documents have been
reviewed for compliance with these Rules will be used according to the procedures
of the individual Classification Society.

3.3 Requirements of National and International Regulations

3.3.1 Responsibility

33.1.1

3.3.1.2

It is the responsibility of the designer to ensure that the design complies with the
current National and International regulations applicable to the vessel.

Classification Societies are not responsible for assessing compliance with
International and National regulations as part of the general classification approval
process. However, a Classification Society may enter into an agreement under
which they are explicitly instructed to review and approve a vessel design for
compliance with specified regulations. This approval may be accepted as proof of
compliance on behalf of a Flag Administration provided the Classification Society
has been designated as a suitable recognised by that Flag Administration in
accordance with SOLAS Regulations XI/1.

3.3.2 Review procedure

3321

When compliance is reviewed by the Flag Administration, the vessel is to be issued
with certificates indicating compliance with National and International regulations
by the Flag Administration. For ships with arrangements and equipment that are
required to comply with the following requirements, and applicable amendments
thereto, and where not issued by the Flag Administration, the applicable convention
certificates are to be issued by the Classification Society or by an IACS member
when authorised:

(a) International Convention on Load Lines, 1966
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(b) International Convention for the Safety of Life at Sea, 1974, and its Protocol of 1978

(c) International Convention for the Prevention of Pollution from Ships, 1973, and as
modified by the Protocol of 1978 relating thereto.

For dual class ships, convention certificates may be issued by either Classification

Society with which the ship is classed, provided this is recognised in a formal dual

class agreement with the Classification Societies classing the ship and that both

societies are authorised by the Flag Administration.
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4 EQUIVALENCE PROCEDURE

4.1 General

4.1.1 Rule applications

41.1.1

41.1.2

4113

These Rules apply in general to double hull oil tankers of normal form, proportions,
speed and structural arrangements. Relevant design parameters defining the
assumptions made are given in Section 2/3.

The Rules are applicable to steel ships of welded construction. Other materials for
use in hull construction will be specially considered.

Special consideration will be given to the application of the Rules incorporating
design parameters which are outside the design basis of Section 2/3, for example:

(a) increased fatigue life

(b) increased corrosion additions

(c) increased cargo density.

4.1.2 Novel designs

4121

41.2.2

41.2.3

4124

Ships of novel design, i.e. those of unusual form, proportions, speed and structural
arrangements outside those reflected in Section 2/3.1.2 of these Rules will be
specially considered according to the contents of this sub-section.

Information is be submitted to the Classification Society to demonstrate that the
structural safety of the novel design is at least equivalent to that intended by the
Rules.

In such cases, the Classification 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.

Dependent on the nature of the deviation, a systematic review may be required to
document equivalence with the Rules.

4.1.3 Alternative calculation methods

4.1.3.1

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
scantlings and arrangements are of at least equivalent strength to those derived
using the Rule calculation method.
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5 CALCULATION AND EVALUATION OF SCANTLING REQUIREMENTS

51 Determination of Scantling Requirements for Plates

5.1.1 Determination of scantlings of plate strakes - idealisation of plate panels

51.1.1 Scantlings of plate strakes are to be derived based on the idealisation of the as-built
structure as a series of Elementary Plate Panels (EPP).
51.1.2 An EPP is the unstiffened part of the plating between stiffeners. The plate panel
length, I, and breadth, s, of the EPP are defined in relation to the longest and
shortest plate edges respectively, as shown in Figure 3.5.1.
51.1.3 For strength assessment, the idealisation of EPP may be different and take into
account the mesh arrangement in the FEM model.
Figure 3.5.1
Elementary Plate Panel Definition
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i | | Stiffener
PSM or PSM or PSM or PSM or
Stiffener Stiffener Stiffener Stiffener
Longitudinal /horizontal framing Transverse/ vertical framing

51.1.4

The required scantling of a plate strake is to be taken as the greatest value required
for each EPP within that strake as given by:

(a) an EPP positioned entirely within the strake boundaries, e.g. EPP2 in Figure 3.5.2

(b) an EPP with a strake boundary weld seam bisecting it predominantly in the
direction of the long edge of the EPP, e.g. EPP1, 3, 4 and 6 in Figure 3.5.2

(c) an EPP with a strake boundary weld seam bisecting it predominantly in the
direction of the short edge of the EPP within more than half the EPP breadth, s,
from the edge, e.g. EPP1 and EPP2 in Figure 3.5.3(a).
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Figure 3.5.2
Determining Elementary Plate Panels for a Strake
Strake considered
— AP
PAN - AN
% ) e EPP6 5 "EPP3
e T
g ————e—. 1 I Y. LY -
2 f
= S op5 Ve 1 .
S 55— — EPP5' S "EPP2
) : M
v
£ - v
n —cem T . S T T T T T — o I —
EPP4 @ EPP1
3 D H . N
i TV
e I I PSR i SR Ao L
PSM or PSM or PSM or
Stiffener Stiffener Stiffener

5.1.2 Determination of scantlings of elementary plate panels for scantling
requirements

5121

5.1.2.2

The required scantling of each elementary plate panel is to be calculated based on a
Load Calculation Point (LCP) defined as:

(a) for longitudinal framing, at the mid length of the EPP measured along the global
x-axis at its lower edge. For horizontal plating the load calculation point is to be
taken at the outboard y-value of the EPP. See Figure 3.5.3(a)

(b) for transverse framing, at the mid length of the EPP measured along the global

x-axis at the lower edge of strake. For horizontal plating the load calculation
point is to be taken at the outboard y-value of the EPP. See Figure 3.5.3(b)

(c) for horizontal framing on vertical transverse structure, at the lower edge of the
elementary plate panel at the point of outboard y-value of the EPP. See Figure
3.5.3(c)

(d) for vertical framing on vertical transverse structure, at the greatest y-value of the
lower edge of the EPP or at the lower edge of strake. See Figure 3.5.3(d)

Both the local pressure and hull girder stress used for the calculation of the local
scantling requirements are to be taken at the LCP.

5.1.3 Determination of scantlings of elementary plate panels for hull girder
strength

5131

513.2

5133

The required scantlings of the elementary plate panels are to satisfy the hull girder
bending and hull girder shear requirements of Section 8/1.

The required thickness of each elementary plate panel, with respect to buckling, is
to be calculated based on stresses taken at the mid length of the EPP measured
along the global x-axis.

The buckling evaluation is to be calculated using the stress distribution across the
width of the panel defined with a reference stress taken at the edge with maximum
stress and reduced stress at the other edge given as a fraction, ¥, defined in Table
10.3.1, of the reference stress.
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51.3.4 The required scantling of a plate strake is to be taken as the greatest value required
for each EPP within that strake as given by:

(a) an EPP positioned entirely within the strake boundaries, e.g. EPP2 in Figure 3.5.2

(b) an EPP with a strake boundary weld seam bisecting it predominantly in the
direction of the long edge of the EPP, e.g. EPP 1, 3, 4 and 6 in Figure 3.5.2

(c) an EPP with a strake boundary weld seam bisecting it predominantly in the
direction of the short edge of the EPP within more than half the EPP breadth,
Sepp, from the edge, e.g. EPP 1 and 2 in Figure 3.5.3(a).

5.1.4 Determination of scantlings of elementary plate panels for FEM strength

assessment

51.4.1 The required scantlings of elementary plate panels are to be derived from the plate
mesh element with maximum utilisation, see Section 9/2.

Figure 3.5.3
Example of Load Calculation Point for Typical Structural Configurations
(a) Longitudinal Framing
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Figure 3.5.3 (Continued)
Example of Load Calculation Point for Typical Structural Configurations
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5.2 Determination of Scantlings of Stiffeners

5.21 Determination of scantlings of stiffeners - idealisation of stiffeners

5211

5.21.2

5.2.1.3

Scantlings of individual stiffeners are to be derived based on the idealisation of the
as-built structure as a series of stiffened panels.

A stiffened panel consists of a single idealised stiffener profile and effective plate
flange supporting a boundary of one or more elementary plate panels. The
arrangement of stiffened panels is based on the idealisation of the structure
according to the elementary plate panel definition in 5.1.1.

Scantlings of stiffeners based on requirements in Section § may be decided based on
the concept of grouping designated sequentially placed stiffeners of equal scantlings.
The scantling of the group is to be taken as the greater of the following:
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(a) the average of the required scantling of all stiffeners within a group
(b) 90% of the maximum scantling required for any one stiffener within the group.

The concept of grouping is not applicable to fatigue requirements as given in Section
9/3 and Appendix C.

5.2.2 Determination of scantlings of stiffened panels for scantling requirements
and fatigue

5221 The required scantling of a stiffened panel is to be based on a pressure load
calculation point defined as:

(a) mid point of the overall span, Iz, of the stiffener between primary support
members, see Figure 3.5.4

(b) at the connection of the stiffener to the plating.

Figure 3.5.4
Definition of Overall Span of Stiffeners, ls.n

Double Skin Construction

N N

lfull

Single Skin Construction

_/ M
: -

full

5222 For longitudinal and horizontal framing the design pressure is to be taken as the
pressure at the mid point of the overall span.

5.2.2.3 For transverse and vertical framing the design pressure is to be taken as the greater
of the following;:

Pys  kIN/m2

(Pend—lzpend—Z) kN/m2

Where:

JuLy 2012 SECTION 3.5/PAGE 5




SECTION 3 - RULE APPLICATION COMMON STRUCTURAL RULES FOR OIL TANKERS

Pins calculated pressure at mid point of overall span, l5s, in kN/m?
Penga calculated pressure at 1st end of overall span, in kN/m?

Pend-2 calculated pressure at 2nd end of overall span, in kN/m?

Lun overall span, in m, see Figure 3.5.4

5224 The section modulus requirements given in these Rules relate to the reference point
giving the minimum section modulus. In general, this will be on the outer surface of
the faceplate. The reference point for calculation of section modulus for typical
profiles is shown in Figure 3.5.5.

5225 The hull girder stress used for calculation of local scantling requirements for
stiffeners is to be taken at the reference point as shown in Figure 3.5.5

Figure 3.5.5
Reference Point for Calculation of Section Modulus and Hull Girder Stress
for Local Scantling Assessment

. Reference point
Reference point

Reference point Reference point
[ ] [ ]
[ ] [ ]
Reference point Reference point
I
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5.2.3

5.2.3.1

5.23.2

524

5241

5.2.5
5251

5252

5253

5254

5.2.6
5.2.6.1

5.2.6.2

52.6.3

5264

5.2.6.5

Determination of scantlings of stiffened panels for hull girder buckling
strength

The required scantling of a stiffened panel, with respect to buckling, is to be based
on the axial stress calculated at the attachment point of the stiffener to the plate and
at the mid length of the stiffener measured along the global x-axis.

The required scantling as given in 5.2.3.1 applies to stiffeners outside of a distance s
from the support, where s is the stiffener spacing.

Determination of scantlings of stiffened panels for FEM strength
assessment

The required scantlings of the stiffened panel are to be based on the derivation of
applied stresses in accordance with Section 9/2.

Shear area requirements of stiffeners

Requirements for the shear area and/or web thickness of stiffeners are given in
Section 8.

The requirements in Section 8 are to be calculated based on the load point defined in
5.2.2 and the effective span as given in Section 4/2.1.2.

The requirements in Section 8§ are to be evaluated against the actual shear area of the
stiffener, based on the effective shear height of the stiffener as given in Section
4/2.4.2 and based on the specified minimum yield of the stiffener.

The effect of brackets may be included in the calculation of the effective span, but no
part of the bracket is to be included in the calculation of the actual shear area.

Bending requirements of stiffeners

Requirements for the section modulus and moment of inertia of stiffeners are given
in Section 8.

The requirements in Section 8 are to be calculated based on the load point defined in
5.2.1 and the effective span as given in Section 4/2.1.1.

The requirements in Section 8 are to be evaluated against the actual section
modulus/moment of inertia of the stiffener. The stiffener web and flanges are to be
included in the calculation of actual sectional properties.

The effect of brackets may be included in the calculation of the effective span, but no
part of the bracket is to be included in the calculation of section modulus/ moment
of inertia.

When the stiffener is of a higher strength material than the attached plate, the yield
stress used for the calculation of the section modulus requirements in Section 8 is in
general not to be greater than 1.35 times the minimum specified yield stress of the
attached plate. If the yield stress of the stiffener exceeds this limitation the following
criterion is to be satisfied:

Znet—plt

O yd-stf < (O'yd—plt - |O'hg|) + |O'hg| N/mm?

Where:
oystf  specified minimum yield stress of the material of the stiffener, in N/mm?

oypt  specified minimum yield stress of the material of the attached plate, in
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N/mm?

Olg maximum hull girder stress of sagging and hogging (5+D), in N/mm?, as
defined in Table 8.2.5 and Table 8.4.3 for stiffeners in cargo tank region and
machinery spaces respectively and not to be taken as less than 0.4 Gy

Znet net section modulus, in way of face plate/free edge of the stiffener, in cm?

Zpetpt  net section modulus, in way of the attached plate of stiffener, in cm?

5.2.7 Evaluation of slanted stiffeners

5271

The shear area and section modulus requirements for local support members are
valid about an axis parallel to the plate flange. If the angle ¢, between the stiffener
web and the attached plating is less than 75 degrees, see Figure 4.2.14, then the
actual shear area and section modulus is to be adjusted in accordance with Sections
4/2.4.2 and 2.4.3. The angle between the stiffener web, ¢,, and the attached plating is
not to be less than 50 degrees.

5.3 Calculation and Evaluation of Scantling Requirements for Primary Support
Members

5.3.1 Load application point for primary support members

53.1.1

The design pressure for primary support members is generally taken at the mid
point of the load area. The design pressures for the primary support members are
defined for individual members as given in Section 8.

5.3.2 Shear requirements of primary support members

5.3.2.1

53.2.2

53.2.3

Requirements for shear area and/or web thickness of primary support members are
given in Section 8.

These requirements are to be calculated based on the load point defined in 5.3.1 and
the effective span as given in Section 4/2.1.5.

These requirements are to be evaluated against the actual shear area and the
specified minimum yield of the web plate of the primary support member. The
actual shear area of the primary support member is defined in Section 4/2.5.1. The
effect of brackets may be included in the calculation of effective span, but are not to
be included in the calculation of actual shear area.

5.3.3 Bending requirements of primary support members

53.3.1

53.3.2

5.3.3.3

53.3.4

Requirements for section modulus and moment of inertia of primary support
members are given in Section 8§ and Section 10, respectively.

These requirements are to be calculated based on the load point defined in 5.3.1 and
the effective span as given in Section 4/2.1.4.

These requirements are to be evaluated against the actual section modulus/moment
of inertia of the primary support member. Web and flanges are included in the
calculation of actual sectional properties. The effect of brackets may be included in
calculation of effective span, but are not to be included in the calculation of section
modulus/moment of inertia.

Where it is impracticable to fit a primary support member with the required web
depth, then it is permissible to fit a member with reduced depth provided that the
titted member has equivalent moment of inertia or deflection to the required
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member. The required equivalent moment of inertia is to be based on an equivalent
section given by the effective width of plating at mid span with required plate
thickness, web of required depth and thickness and face plate of sufficient width
and thickness to satisfy the required mild steel section modulus. All other rule
requirements, such as minimum thicknesses, slenderness ratio, section modulus and
shear area, are to be satisfied for the member of reduced depth. The equivalent
moment of inertia may be also demonstrated by an equivalent member having the
same deflection as the required member.

5.4 Rounding of Calculated Thickness

5.4.1 Required gross thickness

54.1.1

54.1.2

The minimum required gross thickness of any member to be fitted at the new-
building stage, exclusive of any owners’ extras, is to be taken as the rounded net
thickness required plus the appropriate corrosion addition.

The required net thickness is given by rounding the calculated net thickness to the
nearest half millimetre. For example:

(@) for 10.75 < teate-ner < 11.25 mm the Rule required thickness is 11mm

(b) for 11.25 < teaenet < 11.75 mm the Rule required thickness is 11.5mm.
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1 DEFINITIONS

1.1 Principal Particulars

1.1.1 L, rule length

1.1.11

L, the rule length, is the distance on the waterline at the scantling draught, from the
forward side of the stem to the centreline of the rudder stock, in metres. L is not to
be less than 96%, and need not be greater than 97%, of the extreme length on the
summer load waterline. In ships with an unusual stern and bow arrangement the
length, L, will be specially considered.

1.1.2 Li, load line length

1.1.21

1.1.3
1.1.3.1

1.1.4
1141

1.1.5
1.1.5.1

1.1.5.2

1.1.53

1154

1.1.55

1.1.6
1.1.6.1

Ly, the load line length is defined in the International Convention on Load Lines.

Moulded breadth

B, the moulded breadth, is the maximum breadth of the ship, measured amidships
to the moulded line of the frame, in metres.

Moulded depth

D, the moulded depth, is the vertical distance, in metres, amidships, from the
moulded baseline to the moulded deck line of the uppermost continuous deck
measured at deck at side. On vessels with a rounded gunwale, D is to be measured
to the continuation of the moulded deck line.

Draughts

T, the draught in metres, is the summer load line draught for the ship in operation,
measured from the moulded base line at amidships. Note this may be less than the
maximum permissible summer load waterline draught.

Tva, is the minimum design ballast draught, in metres, at which the strength
requirements for the scantlings of the ship are met. The minimum design ballast
draught is not to be greater than the minimum draught of ballast conditions
including ballast water exchange operation, measured from the moulded base line
at amidships, for any ballast loading condition in the loading manual including
both departure and arrival conditions.

Tvarn, the normal ballast draught in metres, is the draught at departure given for the
normal ballast condition in the loading manual, measured from the moulded base
line at amidships, see Section 8/1.1.2.3. The normal ballast condition is the ballast
condition in compliance with condition specified in Section 8/1.1.2.2 a).

Tsun, the full load design draught in metres, is the draught at departure given for the
homogeneous full load condition in the loading manual, measured from the
moulded base line at amidships, see Section 8/1.1.2.3.

Ts, is the maximum design draught, in metres, at which the strength requirements
for the scantlings of the ship are met.

Amidships
Amidships is to be taken as the middle of the rule length, L.
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1.1.7 Moulded displacement

1.1.71 A, the moulded displacement, in tonnes, corresponding to the underwater volume
of the ship, at draught T, in sea water with a density of 1.025t/m3.

1.1.8 Maximum service speed

1.1.8.1 'V, the maximum ahead service speed, in knots, means the greatest speed which the
ship is designed to maintain in service at her deepest sea-going draught at the
maximum propeller RPM and corresponding engine MCR (Maximum Continuous

Rating).

1.1.9 Block coefficient
1191 G, the block coefficient at the scantling draught, is defined as:

Co= YV
LBWLTSC
Where:
\% moulded displacement volume at the scantling draught, in m?3
L rule length, as defined in 1.1.1.1
Bw moulded breadth measured amidships, in m, at the scantling
draught waterline
Tsc scantling draught, as defined in 1.1.5.5

1.1.9.2  Cp-1c, the block coefficient at considered loading condition, is defined as:

WL " LC
Where:
Vic moulded displacement volume at the Tic, in m3
L rule length, as defined in 1.1.1.1
Bwr moulded breadth measured amidships, in m, at the Trc
Tic draught at amidships, in m, in the loading condition being
considered.
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1.1.10 Length between perpendiculars

1.1.10.1 L,p, the length between perpendiculars, is the distance, in metres, on the scantling
draught waterline from the fore side of the stem to the after side of the rudder post,
or to the centre of the rudder stock if there is no rudder post.

1.1.11 The forward perpendicular

1.1.11.1 E.P., the forward perpendicular, is the perpendicular at the intersection of the
scantling draught waterline with the fore side of the stem. The F.P. is the forward
end of the rule length, L.

1.1.12 The aft perpendicular

1.1.12.1 A.P,, the aft perpendicular, is the perpendicular at the aft end of the rule length, L,
measured from the F.P.

1.1.13 Load line block coefficient

1.1.13.1 Cy, the load line block coefficient, is defined in the International Convention on Load
Lines as follows:

\Y%
Cu = LLBLTL
Where:
73 moulded displacement volume at the moulded draught, 11, in
m?3
Lr load line length, as defined in 1.1.2.1
B moulded breadth, in m, as defined in 1.1.3.1
Tr the moulded draught measured to the waterline at 85 per cent

of the least moulded depth, in m

1.1.14 Deadweight

1.1.141 DWT, is the deadweight of the ship, in tonnes, floating in water with a specific
gravity of 1.025, at the summer load line draught.

1.2 Position 1 and Position 2

1.2.1 Position1

1211 Position 1 is defined as any location upon exposed freeboard and raised
quarterdecks, and exposed superstructure decks within the forward 0.25L;.

1.2.2 Position 2

1.22.1 Position 2 is defined as any location upon exposed superstructure decks abaft the
forward 0.25L;.
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1.3 Type ‘A’ and Type ‘B’ Freeboard Ships

1.3.1 ICLL definition
1.3.1.1 A Type ‘A’ or Type ‘B’ freeboard ship is as defined in the International Convention on
Load Lines.

1.4 Coordinate System

1.4.1 Origin and orientation

1411 The coordinate system used within these Rules is shown in Figure 4.1.1. Motions
and displacements are considered positive in the forward, up and to port direction.
Angular motions are considered positive in the clockwise direction about the x, y or
Z axis.

Figure 4.1.1
Coordinate System
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1.5 Naming Convention

1.5.1 Bulkhead nomenclature

1.5.1.1 Figures 4.1.2,4.1.3 and 4.1.4 show the common structural nomenclature used within
these Rules.

Figure 4.1.2
Corrugated Transverse Bulkhead Nomenclature
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Figure 4.1.3

Flat Transverse Bulkhead Nomenclature
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Figure 4.1.4
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bracket Bracket ] Hopper plating [~
toe Inner - Y N n
bottom ] r, \ ]
Hopper web \HH\‘HHH\\\V TTT T T T T T T T TTTT ’/ Bilge plating
planng ( / / / I T B N A O \\\\\ Ll \\\\\ j

\ Bilge keel
Outboard Floor plating Centreline / \k/\ YL>
Keel plating

girder girder Double bottom

Bottom ballast space

Bottom longitudinal Outboard
‘ shell plating woar
Web plating Web stiffener girder

Cut out
Fitted T Section Y-Y /bottom
(T longitudinal
longitudinal j Collar plate ongitudinal
-
|
1

Inner

F——— Web stiffener

connection !
! Backing
| Floor plating bracket
I \_, Bottom
Section Z-Z z longitudinal

1.6 Symbols

1.6.1 General

1.6.1.1 The symbols and subscripts used within these Rules are defined locally. The
principal particulars, as defined in 1.1, may be referred to within text without
reference.

1.7 Units

1.7.1 General

1.7.11 The following units are used within these Rules. The units to be used within
equations are given locally.

(@) General:

e dimensions/distances m
e primary spacings m
e secondary spacings mm
e area m?
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¢ volume
e mass
e velocity

e acceleration

(b) Hull girder properties:

e dimensions

e area

¢ section modulus
e moment of inertia

e moment of area

(c) Stiffener properties:

e dimensions
® area
e section modulus

e inertia

e length/effective length

® span

(d) Plating dimensions:

e breadth
e length

e thickness

(e) Loads:

e pressures
e loads
¢ bending moment

e shear force

(f) Miscellaneous:

e yield strength

e stress

e deflections

e modulus of elasticity
e density

e displacement

e angle

e calculated angle

e period

e frequency

e ship speed

m

kN/m?2
kN
kNm
kN

N/mm?
N/mm?

N/mm?
t/m3

deg
rad

knots
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1.8 Glossary

1.8.1 Definitions of terms

1.8.1.1 The terms in Table 4.1.1 are used within these Rules to describe the items which their

respective definitions describe.

Table 4.1.1
Definitions of Terms

Terms Definition

Accommodation A deck used primarily for the accommodation of the crew

deck

Accommodation A portable set of steps on a ship’s side for people boarding from small

ladder 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

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

Ballast tank A compartment used for the storage of water ballast

Bay The area between adjacent transverse frames or transverse bulkheads

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

Bilge plating The area of curved plating between the bottom shell and side shell. To be
taken as follows: From the start of the curvature at the lower turn of bilge
on the bottom to the lesser of, the end of curvature at the upper turn of
the bilge on the side shell or 0.2D above the baseline/local centreline
elevation

Bilge strake The lower strake of bilge plating

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

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

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

Bower Anchor An anchor carried at the bow of the ship

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

Bracket toe The narrow end of a tapered bracket

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

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

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

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

Bulkhead A structural partition wall sub-dividing the interior of the ship into
compartments

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
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Table 4.1.1 (Continued)
Definitions of Terms

Terms

Definition

Bulkhead structure

The transverse or longitudinal bulkhead plating with stiffeners and
girders

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

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

Cable A rope or chain attached to the anchor

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

Cargo tank A boundary bulkhead separating cargo tanks

bulkhead

Cargo area The part of the ship that contains cargo tanks and cargo/slop tanks and
adjacent areas including ballast tanks, fuel tanks, cofferdams, void spaces
and also including deck areas throughout the entire length and breadth
of the part of the ship over the mentioned spaces. It includes the collision
bulkhead and the transverse bulkhead at the aft end of the cargo block.

Carlings A stiffening member used to supplement the regular stiffening
arrangement

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

Cellular A structural arrangement where there are two closely spaced boundaries

construction and internal diaphragm plates arranged in such a manner to create small

compartments

Centreline girder

A longitudinal member located on the centreline of the ship

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

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

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

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

Coaming The vertical boundary structure of a hatch or skylight

Cofferdams The spaces between two bulkheads or decks primarily designed as a
safeguard against leakage of oil from one compartment to another

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 A bulkhead comprised of plating arranged in a corrugated fashion

bulkhead

Cross ties Large transverse structural members joining longitudinal bulkheads 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

Deck house A decked structure other than a superstructure, located on the freeboard

deck or above.

Deck structure

The deck plating with stiffeners, girders and supporting pillars
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Table 4.1.1 (Continued)
Definitions of Terms
Terms Definition
Deep tank any tank which extends between two decks or the shell/inner bottom
and the deck above or higher

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

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

Double bottom The shell plating with stiffeners below the top of the inner bottom and
structure 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 Double skin member is defined as a structural member where the

member idealized beam comprises webs, with top and bottom flanges formed by
attached plating

Duct keel A keel built of plates in box form extending the length of the cargo tank.

It is used to house ballast and other piping leading forward which
otherwise would have to run through the cargo tanks

Enclosed The superstructure with bulkheads forward and/or aft fitted with

superstructure weather tight doors and closing appliances

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

bulkhead

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

Flange The section of a stiffening member, typically attached to the web, but is

sometimes formed by bending the web over. It is usually parallel to the
plated surface

Flat bar A stiffener comprising 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

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

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

Girder A collective term for primary supporting structural members

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

Gunwale The upper edge of the ship’s sides

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

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

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

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

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

HP Holland Profile
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Table 4.1.1 (Continued)
Definitions of Terms

Terms Definition

Independent tank | A self supporting tank

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

Intercostal Longitudinal member between the floors or frames of a ship; it is non-
continuous

JIS Japanese industrial standard profile

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

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

Local support members are defined as local stiffening members which

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

Longitudinal A longitudinal bulkhead located on the centreline of the ship

centreline

bulkhead

Longitudinal hull | Structural members that contribute to the longitudinal strength of the

girder structural hull girder, including: deck, side, bottom, inner bottom, inner hull

members longitudinal bulkheads including upper sloped plating where fitted,
hopper, bilge plate, longitudinal bulkheads, double bottom girders and
horizontal girders in wing ballast tanks

Longitudinal hull | Structural members that contribute to strength against hull girder

girder shear vertical shear loads, including: side, inner hull longitudinal bulkheads,

structural hopper, longitudinal bulkheads and double bottom girders

members

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

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

Notch A discontinuity in a structural member caused by welding

QOil fuel tank A tank used for the storage of fuel oil

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

Pintle Vertical pin on a rudder’s forward edge that enables the rudder to hang

onto the stern post and swing when it fits into the gudgeon

Pipe tunnel

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

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 support Members of the beam, girder or stringer type which ensure the overall

members 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

Rudder A device, usually of an aerofoil or flat section, that is used to steer a ship.
A common type has a vertical fin at the stern and is able to move from 35
degrees port to 35 degrees starboard; rudders are characterised by their
area, aspect ratio, and shape
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Table 4.1.1 (Continued)
Definitions of Terms

Terms Definition

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 The shell plating forming the effective hull girder

plating

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

Single skin Single skin member is defined as a structural member where the idealized

member beam comprises a web, with a top flange formed by attached plating and a
bottom flange formed by a face plate

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

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

Spaces Separate compartments including tanks

Stay Bulwark and hatch coaming brackets

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

forward end

Stern frame

The heavy strength member in single or triple screw ships, combining the
rudder post

Stern tube A tube through which the shaft passes to the propeller; and acts as an after
bearings for the shafting and 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

Strength deck The uppermost continuous deck

Stringer Horizontal girders linking vertical web frames

Stringer plate The outside strake of deck plating

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

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

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

‘Tween deck

An abbreviation of between decks, placed between the upper deck and the
tank top in the cargo tanks
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Table 4.1.1 (Continued)
Definitions of Terms

Terms Definition

Ullage The quantity represented by the unoccupied space in a tank

Void An enclosed empty space in a ship

Wash bulkhead A perforated or partial bulkhead in a tank

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

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

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

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

surface

Wind and water
strakes

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

Windlass

A machine for lifting and lowering the anchor chain

Wing tank

The space bounded by the inner hull longitudinal bulkhead and side shell

RCN 2 to July 2008 version (effective from 1 July 2010)
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2 STRUCTURAL IDEALISATION

2.1 Definition of Span

2.1.1 Effective bending span of local support members

2111

2112

21.1.3

2114

2115

21.1.6

2117

The effective bending span, I, of a stiffener is defined for typical arrangements in
2.1.1.3 to 2.1.1.7. Where arrangements differ from those shown in Figure 4.2.1
through Figure 4.2.8, span definition may be specially considered.

The effective bending span may be reduced due to the presence of brackets,
provided the brackets are effectively supported by the adjacent structure, otherwise
the effective bending span is to be taken as the full length of the stiffener between
primary member supports.

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
primary member supports unless a backing bracket is fitted, see Figure 4.2.2.

The effective bending span may only be reduced where brackets are fitted to the
flange or free edge of the stiffener. Brackets fitted to the attached plating on the side
opposite to that of the stiffener are not to be considered as effective in reducing the
effective bending span.

The effective bending span, lwg, for stiffeners forming part of a double skin
arrangement is to be taken as shown in Figure 4.2.1.

The effective bending span, Iy, for stiffeners forming part of a single skin
arrangement is to be taken as shown in Figure 4.2.2.

For stiffeners supported by a bracket on one side of primary support members, the
effective bending span is to be taken as the full distance between primary support
members as shown in Figure 4.2.2(a). If brackets are fitted on both sides of the
primary support member, the effective bending span is to be taken as in Figures

4.2.2(b), (c) and (d).
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Figure 4.2.1
Effective Bending Span of Stiffeners Supported by Web Stiffeners
(Double Skin Construction)
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Figure 4.2.2
Effective Bending Span of Stiffeners Supported by Web Stiffeners
(Single Skin Construction)
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21.1.8 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 4.2.3.
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2119

Figure 4.2.3
Effective Bending Span for Local Support Members
with Continuous Face Plate along Bracket Edge

Span
A E -

For the calculation of the span point, the bracket length is not to be taken greater
than 1.5 times the length of the arm on the bulkhead or base.

2.1.2 Effective shear span of local support members

2121

2122

2123

2124

2125

21.2.6

The effective shear span, [y, of a stiffener is defined for typical arrangements in
2.1.2.5 to 2.1.2.7. Effective bending span for other arrangements will be specially
considered.

The effective shear span may be reduced due to the presence of brackets provided
the brackets are effectively supported by the adjacent structure, otherwise the
effective shear span is to be as the full length as given in 2.1.2.4.

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 that of the
stiffener the effective shear span may be calculated using the longer effective
bracket arm.

The effective shear span may be reduced by a minimum of s/4000 m at each end of
the member, regardless of support detail, hence the effective shear span, Iy, is not to
be taken greater than:

lshr < l T AAAA
2000

Where:

! full length of the stiffener between primary support members,
inm

5 stiffener spacing, in mm, as defined in 2.2.1

The effective shear span, 4, for stiffeners forming part of a double skin
arrangement is to be taken as shown in Figure 4.2.4.

The effective shear span, Iy, for stiffeners forming part of a single skin arrangement
is to be taken as shown in Figure 4.2.5.
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Figure 4.2.4

Effective Shear Span of Stiffeners Supported by Web Stiffeners

(Double Skin Construction)
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Figure 4.2.5

Effective Shear Span of Stiffeners Supported by Web Stiffeners

(Single Skin Construction)

Effective Shear Span for Local Support Members
with Continuous Face Plate along Bracket Edge
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2127

2128

Where the face plate of the stiffener is continuous along the curved edge of the
bracket, the effective shear span is to be taken as shown in Figure 4.2.6.

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 bracket as shown in Figure
4.2.4(c) and Figure 4.2.5(c).

2.1.3 Effect of hull form shape on span of local support members

2131

The full length of the stiffener between primary support members, I, is to be
measured along the flange for stiffeners with a flange, and along the free edge for
flat bar stiffeners. For curved stiffeners the span is defined as the chord length
between span points. The calculation of the effective span is to be in accordance
with requirements given in 2.1.1.

2.1.4 Effective bending span of primary support members

2141

2142

2143

2144

2145

214.6

2147

21428

The effective bending span, Iy, of a primary support member may be taken as less
than the full length of the member between supports provided that suitable end
brackets are fitted.

For arrangements where the primary support member face plate is not carried
continuously around the edge of the bracket, i.e. the bracket is welded to the
primary support member, the span point at each end of the member, between which
the effective bending span is measured, is to be taken at the point where the depth
of end bracket measured from the face of the member is equal to one half the depth
of the member, as shown in Figure 4.2.7(b). The effective bracket used to define the
span point is to be taken as given in 2.1.4.4.

For brackets where the face plate of the primary support member is continuous
along the face of the bracket, i.e. the bracket is integral part of the primary support
member, the span point is to be taken at the position where the depth of the bracket
is equal to one quarter the depth of the member, see Figures 4.2.7(a), (c) and (d). The
effective bracket used to define the span point is to be taken as given in 2.1.4.4.

The effective bracket is defined as the maximum size of triangular bracket with a
length to height ratio of 1.5 that just fits inside the as fitted bracket, for curved
brackets the tangent point is to be used to define the fit, see Figure 4.2.7 for examples.

For straight brackets with a length to height ratio greater than 1.5, the span point is
to be taken to the effective bracket; for steeper brackets the span point is to be taken
to the as fitted bracket.

For curved brackets the span point is to be measured taken to the fitted bracket at
span positions above the tangent point between fitted bracket and effective bracket.
For span positions below the tangent point the span point is to be measured to the
effective bracket.

For arrangements where the primary support 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
support member. Arrangements with small and large backing brackets are shown in
Figure 4.2.7(e) and (f).

For arrangements where the height of the primary support 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.
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Figure 4.2.7
Effective Span of Primary Support Member for Bending Assessment
a) Integral bracket with b) Separate welded brackets
continuous curved face plate
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2.1.5 Effective shear span of primary support members

21.5.1 The span point at each end of the primary support member, between which the
shear span is measured, is to be taken at the toe of the effective brackets supporting
the member, where the toes of effective brackets are as shown in Figure 4.2.8. The
effective bracket used to define the toe point is given in 2.1.4.4.

21.5.2 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 Figure 4.2.8 (f).
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Figure 4.2.8
Effective Span of Primary Support Member for Shear Assessment
a) Integral bracket with b) Separate welded brackets
continuous curved face plate
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(effective length (effective length
of bracket) of bracket)
€) Small back bracket f) Large back bracket
Shear span Shear span
W > 1x > 1x
- 1.5x - « 1.5x N
(effective lengthi (effective length
of bracket) - e of bracket)
- 1.5y >
L§§
ly
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2.2 Definition of Spacing and Supported Breadth

221 Supported load breadth of local support members

2211

The mean of the stiffener spacings on each side is to be used for the calculation of
the effective plate flange of stiffeners and the load breadth supported by a stiffener,
s, see Figure 4.2.9.

2.22 Spacing and supporting load breadth of primary support members

2221

2222

Primary support member spacing, S, for the calculation of the effective plate flange
of primary support members is to be taken as the mean spacing between adjacent
primary support members, as shown in Figure 4.2.9.

Unless specifically defined elsewhere in the Rules, the loading breadth supported
by a girder is defined as half the sum of the primary support member spacing on
each side, see Figure 4.2.9.

2.2.3 Effective spacing of curved plating

2231

For curved plating the stiffener spacing or the primary support member spacing, s
or S, is to be measured on the mean chord between members.

Figure 4.2.9
Supported Load Breadth and Breadth of Attached Plating
for Local and Primary Support Members

a

A N

[ 1
I |
| |
| 1
| 1
| 1
I 1
| |
| 1
| 1
I 1
I |
| |
| 1
| s S 1
I 1
| |
| 1
| 1
| 1
| |
| |
| 1
| 1
| 1
) |
| |
| 1
| 1

1.

Note

The mean breadth is to be taken as 0.25 (a; + a, + b; + by), where a3, ay, by, by are the
spacings between local and primary support members at ends as appropriate.
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2.3 Effective Breadth of Plating

2.3.1 Effective breadth of attached plate of local support members for strength
evaluation

2311

2312

The effective breadth as defined in 2.3.1.2 is applicable to the scantling requirements
of stiffeners as given in Section 8.

The effective breadth of the attached plate, by, to be used for calculating the
combined section modulus of the stiffener and attached plate is to be taken as the
mean stiffener spacing, s, as given in 2.2.1. However, where the attached plate net
thickness, t,..t, is less than 8mm, the effective breadth is not to be taken greater than
600mm.

2.3.2 Effective breadth of attached plate and flanges of primary support members
for strength evaluation

2321

2322

2323

The effective breadths as defined in 2.3.2.2 to 2.3.2.4 are applicable to the scantling
requirements of primary support members as given in Section 8.

At the end of the span where no effective end bracket is fitted, the effective breadth
of attached plate, b.f, for calculating the section modulus and/or moment of inertia
of a primary support member is to be taken as:

1 1
loag (1~ —=) lg (1-——)
by =0.678sin| Z| — V3" || m for| 3|4
6 2S5 2S
1
lag (1= —=)
by =067 m for| 3 | 4
25
Where:
S mean spacing of primary support member as defined in 2.2.2
at position considered, in m
Lbag effective bending span, as defined in 2.1.4, in m

Note sin() is to be calculated in radians

At mid span, the effective breadth of attached plate, b.s, for calculating the section
modulus and/or moment of inertia of a primary support member is to be taken as:

I lpa
b, =S sin| 2| > m for [—XJS9
o {18[8\/5 H SV3

Lpa
b =10S m for | —=_[>9
! (5\6 J

Where:

S mean spacing of primary support member as defined in 2.2.2
at position considered, in m

Tvag effective bending span, as defined in 2.1.4, in m

Note sin() is to be calculated in radians
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23.24 At the end of the span where an effective end bracket is fitted, the effective breadth
of attached plate, by for calculating the section modulus of a primary support
member is to be taken as the mean values of those given by 2.3.2.2 and 2.3.2.3. A
bracket is considered effective when the length as defined in Figure 4.2.7 is equal or
greater than 0.1/p4.

23.25 The free flange of primary support members of single skin construction may
generally be considered fully effective provided tripping bracket arrangements are
fitted as required in Section 10/2.3.3. For curved face plates see 2.3.4.

2.3.3 Effective breadth of attached plate of local support members for fatigue
strength evaluation

2.3.3.1 The effective breadths as defined in 2.3.3.2 and 2.3.3.3 are applicable to the fatigue
strength evaluation of local support members as given in Section 9/3 and Appendix C.

23.3.2 At the ends of the span and in way of end brackets and supports, the effective
breadth of attached plating, b, to be used for calculating the combined section
modulus of the stiffener and attached plate is to be taken as:

1

1 1000!pag (1 -
10001;,@ (1 - 7) 8 \/g
b= 0.67 s sin| Z| — 3" mm for) 2 13
6 2s 2s
1
100074 (1 - —=)
by =0.67s mm for V3' | 4
2s
Where:
5 stiffener spacing, in mm, as defined in 2.2.1
Tvag effective bending span, as defined in 2.1.1, in m

Note sin() is to be calculated in radians

2.3.3.3 At mid span, the effective breadth of attached plate, by to be used for calculating
the combined section modulus of the stiffener and attached plate is to be taken as:

1000l
b.,=Ss sin T by mm for MJQ
18 S\/E sv3

by =1.0s mm for (10001Mg ]>9

sV/3

Where:
S stiffener spacing, in mm, as defined in 2.2.1
lvag effective bending span, as defined in 2.1.1, in m

Note sin() is to be calculated in radians
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2.3.4 Effective area of curved face plates or attached plating of primary support
members

2341 The effective area as defined in 2.3.4.2 and 2.3.4.3 is applicable to primary support
members as follows:

(a) deriving the effective net area of curved face plates and curved attached plating
for calculating the section modulus of primary support members for the
scantling requirements in Section 8

(b) deriving the effective net area of curved face plates, modelled by beam elements,
for the strength assessment (FEM) in Section 9/2 and Appendix B

2342 The effective net area of curved face plates or attached plating of primary support
members, Aefnetso, is to be taken as:

Ae[f—nztSO = Cf tf-netSO bf mm?

Where:
Cr flange efficiency coefficient as shown in Figure 4.2.10
=Cn —W but not to be taken greater than 1.0
Cn _ 0.643 (sin}'l p iosh p '+ 2sin B cos f3) for symmetrical and
sinh” g + sin” g
unsymmetrical face plates, see Curve 1 in Figure 4.2.10
= 0.78 (Sinhslj :hszir;ﬂ 42 (sjﬁzhﬂﬂ —cosp) for attached plating
of box girders with two webs, see Curve 2 in Figure 4.2.10
= 1'5655;(:5,’; f s_inC;S A for attached plating of box girders
with multiple webs, see Curve 3 in Figure 4.2.10
1.285 by
p —m rad
b = 0.5 (bf - twnetso) for symmetrical face plates
=b; for unsymmetrical face plates
=5y — twnetso  for attached plating of box girders
Sw spacing of supporting webs for box girders, in mm
tfnetso net flange thickness
= trgrs— 0.5ty MM
for calculation of Crand ffor unsymmetrical face plates tfeis0
is not to be taken greater than fu.yets0
trgrs gross flange thickness, in mm
tw-nets0 net web plate thickness
=twgrs— 0.5ty MM
tuw-grs gross web thickness, in mm
teorr corrosion addition, as given in Section 6/3.2
rf radius of curved face plate or attached plating, in mm
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by breadth of face plate or attached plating, in mm

2.3.4.3 The effective net area of curved face plates supported by radial brackets, or attached
plating supported by cylindrical stiffeners, A.gets0, is given by:

Aeff-net50 :[37;7;_62?5:-?{5 ; i J tfnetso by  Mm?

Where:

Cr as defined in 2.3.4.2

tenetso net flange thickness, as defined in 2.3.4.2

Sr spacing of tripping brackets or web stiffeners or stiffeners
normal to the web plating, in mm, see Figure 4.2.11

by breadth of face plate or attached plating, in mm, see Figure
4.2.11

rf radius of curved face plate or attached plating, in mm, see

Figure 4.2.11

Figure 4.2.10
Effective Width of Curved Face Plates for Alternative Structural Configurations
1
0.9 -
0.8 b,
] b
0.7 Curve 3 —*
0.6 -
0.5
Cf Curve 1
0.4
0.3
b b, by
i
0.1 {4 = = ==  —lp—
b, b, b,
0 T T T T T T
0 1 2 3 p 4 5 6 7
rf tf—netso
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Figure 4.2.11
Curved Shell Panel and Face Plate

2344 The effective area given in 2.3.4.2 and 2.3.4.3 is only applicable to faceplates and
attached plating of primary support members. This is not to be applied for the area
of web stiffeners parallel to the face plate.

24 Geometrical Properties of Local Support Members

24.1 Calculation of net section properties for local support members

2411 The net section modulus, moment of inertia and shear area properties of local
support members are to be calculated using the net thicknesses of the attached plate,
web and flange.

2.4.1.2 The description of the net dimensions for typical profiles is given in Figure 4.2.12.

JuLy 2012 SECTION 4.2/PAGE 16




SECTION 4 - BASIC INFORMATION COMMON STRUCTURAL RULES FOR OIL TANKERS

Figure 4.2.12
Net Sectional Properties of Local Support Members
) Reduction Methodology
Profile
Local Support Members
bf
A I
tf—grs Itf-net
y v
h
stf Ww-grs tw-m’f
. By 4 4
tn-gvs tp-rwt
T - Profile
bf
A
tf-grs Itf’”“
A,
h
stf tw»gr's tw-net
. By 4 4
tp-gys tpfnct
Y
L - Profile
A
hs{f tw—grs tw—m’t
—» ja—= — l+—
t}"g"" tp»net
y Y
Flat bar - Profile
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Figure 4.2.12 (Continued)
Net Sectional Properties of Local Support Members
bf .
tffgrs |—| :Itf»m’t
L Y
hstf tw, s w-net
—» 8 — &
tpfgrs tp»net
A,
L2 - Profile
tupgys tw—net
dedge
y
tf»grs Itf’m’t
hslf Y v
bf
tp-grs tp»net
A,
L3 - Profile
hy
tV'SVS tp»net
y A,

Bulb Profile and Similar Profiles The net cross-sectional area, the moment of inertia
about the y-axis and the associated neutral axis
position of the profile is to be determined assuming
the corrosion magnitude 0.5t deducted from the
surface of the profile cross-section

(RCN 2, effective from 1 July 2008))
2.4.1.3 (void) (RCN 2, effective from 1 July 2008)
2414 (void) (RCN 2, effective from 1 July 2008)
24.1.5 (void) (RCN 2, effective from 1 July 2008)

Figure 4.2.13
(void) (RCN 2, effective from 1 July 2008)
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Table 4.2.1
(void) (RCN 2, effective from 1 July 2008)

Table 4.2.2
(void) (RCN 2, effective from 1 July 2008)

24.2 Effective elastic sectional properties of local support members

2.4.2.1 The net elastic shear area, Agireinet, Of local support members is to be taken as:

(hctf +tp—net )tw—net Sin q)w

Ay et = cm?
100
Where:
hsie stiffener height, including face plate, in mm. See also 2.4.1.2
Ep-net net thickness of attached plate, in mm
Lw-net net web thickness, in mm
P angle between the stiffener web and attached plating, see

Figure 4.2.14, in degrees. ¢, is to be taken as 90 degrees if the
angle is greater than or equal to 75 degrees

2.4.2.2 The effective shear depth of stiffeners, dq., is to be taken as:

dshr = (hstf + tp—net )Sln (ow mim

Where:

hsie stiffener height, including face plate, in mm. See also 2.4.1.2
Ep-net net thickness of attached plate, in mm

D angle between the stiffener web and attached plating, see

Figure 4.2.14, in degrees. ¢, is to be taken as 90 degrees if the
angle is greater than or equal to 75 degrees

2.4.2.3 The elastic net section modulus, Ze_, et 0f local support members is to be taken as:

Zel- p-net :Zstf—net sin Dw cm?3

Where:

Zstfnet net section modulus of corresponding upright stiffener, i.e.
when ¢, is equal to 90 degrees, in cmd. See also 2.4.1.2

Ow angle between the stiffener web and attached plating, see

Figure 4.2.14, in degrees. ¢, is to be taken as 90 degrees if the
angle is greater than or equal to 75 degrees

24.3 Effective plastic section modulus and shear area of stiffeners

2431

The net plastic shear area, Asi-prnet, Of local support members is to be taken as:

(h stf+ tp—net )tw—m’t Sin §0w

Ashr—pl—net = 100 cm?
Where:
hsir stiffener height, including face plate, in mm. See also 2.4.1.2
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tp-net net thickness of attached plate, in mm
tw-net net web thickness, in mm
Ow angle between the stiffener web and the plate flange, see

Figure 4.2.14, in degrees. ¢, is to be taken as 90 degrees if the
angle is greater than or equal to 75 degrees

Figure 4.2.14
Angle between Stiffener Web and Plate Flange

ng

2.4.3.2 The effective net plastic section modulus, Z,..t, of local support members is to be
taken as:

Z — fw dw ? twfnetSingﬁw + (2 7/ _1)Af—net (hf—ctr Sin (pw _bf—ctr COS%/)
pinet 2000 1000

Where:

cm?3

fo web shear stress factor
=(0.75 for flanged profile cross-sections with n =1 or 2
=1.0  for flanged profile cross-sections with n = 0 and for
flat bar stiffeners

n number of moment effective end supports of each member
=0,1o0r2
A moment effective end support may be considered where:
(a) the stiffener is continuous at the support

(b) the stiffener passes through the support plate while it is
connected at it’s termination point by a carling (or
equivalent) to adjacent stiffeners

(c) the stiffener is attached to a abutting stiffener effective in
bending (not a buckling stiffener) or bracket. The bracket
is assumed to be bending effective when it is attached to
another stiffener (not a buckling stiffener).

dw depth of stiffener web, in mm:
= Nstf - tnet for T, L (rolled and built up) and L2 profiles
= haf for flat bar and L3 profiles
to be taken as given in Table 4.2.3 and Table 4.2.4 for bulb
profiles

hsie stiffener height, in mm, see Figure 4.2.12

y = 0.25 (1+3+123)
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Yij = 0.5 for all cases, except L profiles without a mid span
tripping bracket

_ 10642 4 et fb 1]2" tw—net
80 b% tffngt hffctr be

but not to be taken greater than 0.5 for L (rolled and built-up)
profiles without a mid span tripping bracket

Afnet net cross-sectional area of flange, in mm?2:
= brtener in general
=0 for flat bar stiffeners
by breadth of flange, in mm, see Figure 4.2.12. For bulb profiles,

see Table 4.2.3 and Table 4.2.4
brctr distance from mid thickness of stiffener web to the centre of
the flange area:

=0.5(b5 —tuw-grs) for rolled angle profiles

=0 for T profiles
as given in Table 4.2.3 and Table 4.2.4 for bulb profiles

hgctr height of stiffener measured to the mid thickness of the
flange:
= hsyr— 0.5 tener  for profiles with flange of rectangular shape
except for L3 profiles
= Nsyf = dedgge — 0.5 trner  for L3 profiles
as given in Table 4.2.3 and 4.2.4 for bulb profiles

edge distance from upper edge of web to the top of the flange, in
mm. For L3 profiles, see Figure 4.2.12

fo =1.0 in general

= 0.8 for continuous flanges with end bracket(s). A
continuous flange is defined as a flange that is not
sniped and continuous through the primary support
member

= (.7 for non-continuous flanges with end bracket(s). A non-
continuous flange is defined as a flange that is sniped at
the primary support member or terminated at the
support without aligned structure on the other side of
the support

Iy length of stiffener flange between supporting webs, in m, but
reduced by the arm length of end bracket(s) for stiffeners with
end bracket(s) fitted

Ernet net flange thickness, in mm
= 0 for flat bar stiffeners
as given in Table 4.2.3 and Table 4.2.4 for bulb profiles

Ew-net net web thickness, in mm

D angle between the stiffener web and the plate flange, see
Figure 4.2.14, in degrees. ¢, is to be taken as 90 degrees if the
angle is greater than or equal to 75 degrees

JuLy 2012 SECTION 4.2/ PAGE 21




SECTION 4 - BASIC INFORMATION COMMON STRUCTURAL RULES FOR OIL TANKERS

Table 4.2.3
Characteristic Flange Data for HP Bulb Profiles (see Figure 4.2.15)
hsif i brgrs” trgrs” bctr R ctr
(mm) (mm) (mm) (mm) (mm) (mm)
200 171 40 14.4 10.9 188
220 188 44 16.2 12.1 206
240 205 49 17.7 13.3 225
260 221 53 19.5 14.5 244
280 238 57 213 15.8 263
300 255 62 228 16.9 281
320 271 65 25.0 18.1 300
340 288 70 26.4 19.3 318
370 313 77 28.8 211 346
400 338 83 31.5 229 374
430 363 90 33.9 247 402
Note
1. Characteristic flange data converted to net scantlings are
given as:
by = brgrs” + 2 twnet
tenet = trgrs' - boorr
twnet = tw-grs = Leorr
Table 4.2.4
Characteristic Flange Data for JIS Bulb Profiles (see Figure 4.2.15)
hsyt dw brgrs' Frgrs” bfctr hgcir
(mm) (mm) (mm) (mm) (mm) (mm)
180 156 34 11.9 9.0 170
200 172 39 13.7 10.4 188
230 198 45 15.2 11.7 217
250 215 49 171 12.9 235
Note
1. Characteristic flange data converted to net scantlings are
given as:
br = brers” + 2 twper
tenet = trgrs™ - teorr
tw-net = tuw-grs = teorr
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Figure 4.2.15
Characteristic Data for Bulb Profiles
bf»ctr
A
L4 'y
A
0.5t 40
— le—
hys
h
twigrs fctr
d —» —

2.5 Geometrical Properties of Primary Support Members

2.5.1 Effective shear area of primary support members

2.5.1.1 For calculation of the shear area of primary support members the web height, h, is
to be taken as the moulded height of the primary support member.

2.5.1.2 For single and double skin primary support members, the effective net shear area,
Ashr-netso, is to be taken as:

Asrnetso = 0.01 hy to-netso Sin(Pw cm?

Where:

hn

h

hnll hnZ/
hnS/ hn4

tw~net50

for a single skin primary support member, see Figure 4.2.16,
the effective web height, in mm, is to be taken as the lesser of:

(@) hw

(b) huz + hyg

(€) hut + huz+ hug
for a double skin primary support member, the same principle
is to be adopted in determining the effective web height.

web height of primary support member, in mm

as shown in Figure 4.2.16

net web thickness

= tw—grs = 0.5 teorr mm
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Fuw-grs gross web thickness, in mm
teorr corrosion addition, as given in Section 6/3.2, in mm
Pw angle between the web and attached plating, see Figure 4.2.14,

in degrees. ¢, is to be taken as 90 degrees if the angle is
greater than or equal to 75 degrees

(RCN 2, effective from 1 July 2008)

Figure 4.2.16
Effective Shear Area in way of Openings

h714

Note

The figure shows effective web height for a single skin primary support member.
The effective web height of a double skin primary support member follows the
same principles.

2.5.1.3 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 4.2.16.

2.5.14 Where a girder flange of a single skin primary support member is not parallel to the
axis of the attached plating, the effective net shear area, Asy-netso, is to be taken as:

Asirnetso = 0.01 iy twnetso + 1.3 Afnetso sin 260sin @ cm?
Where:

Afnetso  net flange/face plate area
= 0.01 bftf_ngtS() sz
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by breadth of flange or face plate, in mm

tnetso net flange thickness

= tf-grs - O.Stcorr mm

trgrs gross flange thickness, in mm
teorr corrosion addition, as given in Section 6/3.2, in mm
4 angle of slope of continuous flange, see Figure 4.2.17

tw-net50 net web thickness, as defined in 2.5.1.2, in mm

hy effective web height, as defined in Figure 4.2.16, in mm

Figure 4.2.17
Effective Shear Area in way of Brackets

A

f-net50

t

w-net50

2.5.2 Effective section modulus of primary support members

2521 The net section modulus of primary support members is to be calculated using the
net thicknesses of the attached plate, web and face plate (or top attached plate for
double skin girders), where the net thicknesses are to be taken as:
twnetso = twgrs— 0.5t mm, for the net web thickness
tynets0 = tp-grs— 0.5t M, for the net lower attached plate thickness
tenetso = trgrs— 0.5t~ mm, for the net upper attached plate or face plate
Where:
tu-grs gross web thickness, in mm
tygrs gross thickness of lower attached plate, in mm
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trgrs gross thickness of upper attached plate or face plate, in mm
teorr corrosion addition, as given in Section 6/3.2, in mm
Note

See 2.3.4 for curved face plates of primary support members

Where angle between the primary support member web and the plate
flange is less than 75 degrees, the section modulus is to be directly
calculated

(RCN 2, effective from 1 July 2008)
2.6 Geometrical Properties of the Hull Girder Cross-Section

2.6.1 Vertical hull girder section modulus

2.6.1.1 The effective vertical hull girder section modulus, Z,, at any vertical distance, z,
above the baseline is defined by:

I

Zv - v m3

|2 — 2z,

where:

I, vertical hull girder moment of inertia, of all longitudinally
continuous members in cross section under consideration, after
deduction of openings as given in 2.6.3, in m*

z distance from the structural member under consideration to the
baseline, in m

ZNA distance from the baseline to the horizontal neutral axis of the

hull girder cross-section, in m

2.6.1.2 For calculation of the vertical net hull girder section modulus for the strength
assessment, Zyqet50, required by Section 8, the vertical net hull girder moment of
inertia and position of horizontal neutral axis is to be calculated based on gross
thickness minus the corrosion addition 0.5t,, of all effective structural members
comprising the hull girder section, where t. is as defined in Section 6/3.2.

2.6.1.3 For calculation of vertical net hull girder section modulus for the fatigue assessment,
Zynet7s, required by Section 9/3, the vertical net hull girder moment of inertia and
position of horizontal neutral axis is to be calculated based on gross thickness minus
the corrosion addition 0.25f., of all effective structural members comprising the
hull girder section, where t. is as defined in Section 6/3.2.

2.6.2 Horizontal hull girder section modulus

2.6.21 The effective horizontal hull girder section modulus, Z, at any transverse
coordinate, y, is to be taken as:

I
Zy=—"— m
[y =¥l
where:
In horizontal hull girder moment of inertia, of all longitudinally

continuous members in cross section under consideration, after
deduction of openings as given in 2.6.3, in m*
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26.2.2

26.2.3

2.6.3

2631

26.3.2

2.6.3.3

2634

2.6.3.5

y transverse coordinate, in m

YNA distance from the centreline to the vertical neutral axis of the hull
girder cross section, in m

For calculation of the horizontal net hull girder section modulus for the strength
assessment, Zynets0, required by Section 8, the horizontal net hull girder moment of
inertia and position of vertical neutral axis is to be calculated based on gross
thickness minus the corrosion addition 0.5t,, of all effective structural members
comprising the hull girder section, where t. is as defined in Section 6/3.2.

For calculation of the horizontal net hull girder section modulus for fatigue
assessment, Zj.qe75, as required in Section 9/3, the net horizontal hull girder moment
of inertia and position of vertical neutral axis is to be calculated based on gross
thickness minus the corrosion addition 0.25t,+ of all effective structural members
comprising the hull girder section, where t. is as defined in Section 6/3.2.

Effective area for calculation of hull girder moment of inertia and section
modulus

The effective hull girder sectional area includes all the longitudinally continuous
structural members after deduction of openings. The structural members given in
2.6.3.2 are not to be included in the effective hull girder sectional area. The
definition of openings to be deducted and deduction free openings are given in
2.6.3.4 - 2.6.3.9. The definition of effective area in way of non-continuous bulkheads
and decks is given in 2.6.3.10.

The following structural members are not to be considered as effectively
contributing to the hull girder sectional area as they do not provide sufficient

structural continuity and are therefore to be excluded in the calculation:
(a) superstructures which do not form a strength deck
(b) deck houses

(c) vertically corrugated bulkheads

(d) bulwarks and gutter plates

(e) bilge keels

(

f) sniped or non-continuous longitudinal stiffeners if the cross-section under
consideration is closer than twice the height of the stiffener from the end of the
stiffener.

The following definitions of opening are to be applied:

(a) large openings are openings exceeding 2.5m in length and/or 1.2m in breadth,
where the length is measured along the global x-axis of the ship as defined in
Figure 4.1.1

(b) small openings are openings that are not large openings i.e. manholes,
lightening holes, etc.

(c) isolated openings are openings spaced not less than 1m apart in the ship’s
transverse/ vertical direction

Large openings and small openings that are not isolated are to be deducted from the
sectional area used in the section modulus calculation.

Isolated small openings in longitudinal stiffeners or girders are to be deducted if
their depth exceeds 25% of the web depth.
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2.6.3.6

When several openings are located in or adjacent to the same cross-section, the total
equivalent breadth of the combined openings, Zba., is to be deducted, see 2.6.3.7 to
2.6.3.8 and Figure 4.2.18.

RCN 1 to July 2010 version (effective from 1 July 2012)

2.6.3.7

2.6.3.8

2.6.3.9

2.6.3.10

Isolated small openings need not be deducted provided that the sum of their
breadths, or shadow area breadths, in one transverse section does not reduce the
hull girder section modulus at deck or baseline by more than 3%. Alternatively
isolated small openings need not to be deducted provided the total equivalent
breadth of small openings, Zbsy, is less than:

Sbgy =0.06(Bpey ~Xb ;) m

Where:

Zbsm total equivalent breadth of small openings, see Figure 4.2.18
= bon1 + bsm2 + bz M

Biect the breadth of the ship at the section being considered, in m

2bded total equivalent breadth of combined openings specified in

2.6.3.7,inm

The effect of the shadow area of deductible openings is to be taken into
account.

When calculating the total equivalent breadth of small openings, Xb.», each opening
is assumed to have a longitudinal shadow area, see Figure 4.2.18. This shadow area
is obtained by drawing two tangent lines with an angle of 15 degrees to the
longitudinal axis of the ship.

Full or partial compensation of openings may be provided by increasing the
sectional area of the plating, longitudinal stiffeners or girders, or other suitable
structure. The compensation area is to extend well beyond the forward and aft end
of the opening. Any local edge reinforcement of the opening is not to be included in
the effective area of the hull girder section modulus calculations. Compensation is
not necessary for openings which are not required to be deducted in accordance
with 2.6.3.7.

When calculating the ineffective area in way of large openings and in way of non-
continuous decks and longitudinal bulkheads, the effective area is to be taken as
shown in Figure 4.2.19. The shadow area, which indicates the area that is not
effective, is obtained by drawing two tangent lines with an angle of 15 degrees to
the longitudinal axis of the ship.
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Figure 4.2.18
Calculation of equivalent Breadth

Global x-axis
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Figure 4.2.19
Effective Area in way of Non-Continuous Decks and Bulkheads
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2.6.4 Effective vertical hull girder shear area

264.1

2642

2.64.3

2644

The effective net hull girder vertical shear area includes the net plating area of the
side shell including the bilge, the inner hull including the hopper side and the
outboard girder under and the longitudinal bulkheads including the double bottom
girders in line.

For calculation of the net hull girder vertical shear area, the net plating area is to be
calculated based on the net thickness, tu.s0, given by the gross thickness minus the
corrosion addition 0.5t of all effective structural members given in 2.6.4.1. Where
t.orr 1S as defined in Section 6/3.2.

For longitudinal strength members forming the web of the hull girder which are
inclined to the vertical, the area of the member to be included in the shear force
calculation is to be based on the projected area onto the vertical plane. See Figure
4.2.20.

The calculation of the net effective shear area for vertical and horizontal corrugated
bulkheads is to be based on the net effective equivalent thickness, t¢.et50, given by:
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bcg
tcg—netSO = O-S(tw—grs + tf—grs )— - 0~5tcorr mm
bw_cg +b f-cg
Where:
tuo-grs gross corrugation web thickness, in mm
trgrs gross corrugation flange thickness, in mm
beg projected length of one corrugation, in mm, as defined in
Figure 4.2.20
bu-cg breadth of corrugation web, in mm, as defined in Figure 4.2.20
bre breadth of corrugation flange, in mm, as defined in Figure
4.2.20
teorr corrosion addition, as defined in Section 6/3.2

2645 The equivalent net corrugation thickness, tgues0, is only applicable for the
calculation of the effective area, Aegnerso, and shear force distribution factor, f;, as
defined in Section 8/1.3.2.2.

Figure 4.2.20
Effective Shear Area
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3 STRUCTURE DESIGN DETAILS

3.1 Standard Construction Details

3.1.1 Details to be submitted

3.1.1.1

A booklet of standard construction details is to be submitted for review. It is to
include the following;:

(@) the proportions of built-up members to demonstrate compliance with
established standards for structural stability, see Section 10

(b) the design of structural details which reduce the harmful effects of stress
concentrations, notches and material fatigue; such as:

e details of the ends, at the intersections of members and associated brackets
e shape and location of air, drainage, and/ or lightening holes
e shape and reinforcement of slots or cut-outs for internals

e elimination or closing of weld scallops in way of butts, ‘softening’ of bracket
toes, reduction of abrupt changes of section or structural discontinuities

e proportion and thickness of structural members to reduce fatigue response
due to engine, propeller or wave induced cyclic stresses, particularly for
higher strength steels.

3.2 Termination of Local Support Members

3.2.1 General

3.21.1

3.21.2

3213

In general, structural members are to be effectively connected to adjacent
structures to avoid hard spots, notches and stress concentrations.

Where a structural member is terminated, structural continuity is to be maintained
by suitable back-up structure fitted in way of the end connection of frames, or the
end connection is to be effectively extended with additional structure and
integrated with an adjacent beam, stiffener, etc.

All types of stiffeners (longitudinals, beams, frames, bulkhead stiffeners) are to be
connected at their ends. However, in special cases sniped ends may be permitted.
Requirements for the various types of connections (bracketed, bracketless or
sniped ends) are given in 3.2.3 to 3.2.5.

3.2.2 Longitudinal members

3.2.21

3222

All longitudinals are to be kept continuous within the 0.4L amidships cargo tank
region. In special cases, in way of large openings, foundations and partial girders,
the longitudinals may be terminated, but end connection and welding is to be
specially considered.

Where continuity of strength of longitudinal members is provided by brackets, the
correct alignment of the brackets on each side of the primary support 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.
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3.2.3 Bracketed connections

3.23.1 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. The brackets are to have scantlings sufficient to compensate
for the non-continuous stiffener flange or non-continuous stiffener.

3.23.2 The arrangement of the connection between the stiffener and the bracket is to be
such that at no point in the connection, the section modulus is less than that
required for the stiffener.

3.2.3.3 Minimum net bracket thickness, fu:net, is to be taken as:

6 — .
Fotonot = (2 + o Zrtonet ) gyd o mm, but is not to be less than 6mm and
yd—bkt

need not be greater than 13.5mm

Where:
foxt 0.2 for brackets with flange or edge stiffener
0.3 for brackets without flange or edge stiffener
Z tlnet net rule section modulus, for the stiffener, in cm3. In the case of two

stiffeners connected, it need not be taken as greater than that of the
smallest connected stiffener

oysif  specified minimum yield stress of the material of the stiffener, in
N/mm?

oyt specified minimum yield stress of the material of the bracket, in N/mm?

3.234 Brackets to provide fixity of end rotation are to be fitted at the ends of
discontinuous local support members, except as otherwise permitted by 3.2.4. The
end brackets are to have arm lengths, I« not less than:

Zrl—net

Lpkt = Coe mm, but is not to be less than:

Lokt —net

- 1.8 times the depth of the stiffener web 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 Figure 4.3.1(c)

- 2.0 times for other cases, see Figure 4.3.1(a), (b) and (d)

Where:
Cukt 65 for brackets with flange or edge stiffener
70 for brackets without flange or edge stiffener
Z tlnet net rule section modulus, for the stiffener, in cm3. In the case of two

stiffeners connected, it need not be taken as greater than that of the
smallest connected stiffener
Eoki-net minimum net bracket thickness, as defined in 3.2.3.3
(RCN 2, effective from 1 July 2008)
3.2.3.4bis In case of 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
2lpkt and each arm not to be less than 0.8/,k, where Iy is as defined in 3.2.3.4.

RCN 2 to July 2008 version (effective from 1 July 2010)
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Figure 4.3.1
Bracket Arm Length
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Note:

- For stiffeners of configuration (b) that are not lapped, the bracket arm length Iy is
not to be less than the stiffener height h.

- For stiffener arrangements similar to (c ) and (d) where the smaller attached
stiffener, labelled as hs,is connected to a primary support member or bulkhead,
the height of the bracket is not to be less than the height of the attached stiffener,
hstf.

(RCN 2, effective from 1 July 2008)

3.2.3.5 The proportions and edge stiffening of brackets are to be in accordance with the
requirements of Section 10/2.4. Where an edge stiffener is required, the depth of
stiffener web, d.,, is not to be less than:
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zZ
d, = 45(1 + ﬁ] mm, but is not to be less than 50mm

Where:

Z tlnet net rule section modulus, for the stiffener, in cm3. In the case of
two stiffeners connected, it need not be taken as greater than that
of the smallest connected stiffener

3.2.4 Bracketless connections

3.24.1

3.24.2

3.24.3

Local support members, for example longitudinals, beams, frames and bulkhead
stiffeners forming part of the hull structure, are generally to be connected at their
ends, in accordance with the requirements of 3.2.2 and 3.2.3.

Where alternative connections are adopted, the proposed arrangements will be
specially considered.

The design of end connections and their supporting structure is to be such as to
provide adequate resistance to rotation and displacement of the joint.

3.2.5 Sniped ends

3251

Stiffeners with sniped ends may be used where dynamic loads are small and
where the incidence of vibration is considered to be small, i.e. structure not in the
stern area and structure not in the vicinity of engines or generators, provided the
net thickness of plating supported by the stiffener, t,..;, is not less than:

s \ sPk
et =C \/(1000I _Ej 10°

RCN 1 to July 2008 version (effective from 1 February 2010)

Where:

l stiffener span, in m

5 stiffener spacing, in mm, as defined in 2.2

p design pressure for the stiffener for the design load set being

considered, in kN/m?. The design load sets and method to derive
the design pressure are to be taken in accordance with the following
criteria, which define the acceptance criteria set to be used:

a) Table 8.2.5 in the cargo tank region

b) Section 8/3.9.2.2 in the area forward of the forward cargo tank,
and in the aft end

c) Section 8/4.8.1.2 in the machinery space

d) Section 8/6.2.4.1 and 6.2.5.3 as applicable for the particular
structure under consideration

RCN 1 to July 2008 version (effective from 1 February 2010)
RCN 1 to July 2010 version (effective from 1 July 2012)

k higher strength steel factor, as defined in Section 6/1.1.4

c1 coefficient for the design load set being considered, to be taken as:
=1.2  for acceptance criteria set AC1 and sloshing design load

=1.1  for acceptance criteria set AC2
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3.25.2

3.2.5.3

RCN 1 to July 2008 version (effective from 1 February 2010)
RCN 1 to July 2010 version (effective from 1 July 2012)

Bracket toes and sniped end members are, in general, to be kept within 25mm of
the adjacent member. The maximum distance is not to exceed 40mm unless the
bracket or member is supported by another member on the opposite side of the
plating. Special attention is to be given to the end taper by using a sniped end of
not more than 30 degrees. 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 15mm.

The end attachments of non-load bearing members may be snipe ended. The
sniped end is to be not more than 30 degrees and is generally to be kept within
50mm of the adjacent member unless it is supported by a member on the opposite
side of the plating. The depth of the toe is generally not to exceed 15mm.

3.2.6 Air and drain holes and scallops

3.2.6.1

Air and drain holes and scallops are to be kept at least 200mm 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 50mm
measured along the length in the opposite direction. See Figure 4.3.2(b). Openings
that have been fitted with closing plates, such as scallops, may be permitted in
way of block fabrication butts. In areas where the shear stress is less than 60
percent of the allowable limit, alternative arrangements may be accepted.
Openings are to be well-rounded. Figure 4.3.2(a) shows some examples of air and
drain holes and scallops. In general, the ratio of a/b, as defined in Figure 4.3.2(a),
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.

RCN 1 to July 2010 version (effective from 1 July 2012)

Figure 4.3.2(a)
Examples of Air and Drain Holes and Scallops

b
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15mml ‘

Note

The details shown in this figure are for guidance and illustration only.
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Figure 4.3.2(b)
Location of Air and Drain Holes
N
200 50 200
\ \
O O - O
Openings to be kept clear of these areas.

3.2.7 Special requirements

3.271 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 4.3.2(a), are
not permitted in longitudinal strength members or 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, in general, cut clear of the weld connection.

3.3 Termination of Primary Support Members

3.3.1 General

3.3.1.1 Primary support members are to be arranged to ensure effective continuity of
strength. Abrupt changes of depth or section are to be avoided. Primary support
members in tanks are to form a continuous line of support and, wherever possible,
a complete ring system.

3.3.1.2 The members are to have adequate lateral stability and web stiffening, and the
structure is to be arranged to minimise hard spots and other sources of stress
concentration. Openings are to have well-rounded corners and are to be located
considering the stress distribution and buckling strength of the panel.

3.3.2 End connection

3.3.21 Primary support members are to be provided with adequate end fixity by brackets
or equivalent structure. The design of end connections and their supporting
structure is to provide adequate resistance to rotation and displacement of the
joint and effective distribution of the load from the member.

3.3.2.2 The ends of brackets are generally to be soft-toed. The free edges of the brackets
are to be stiffened. Scantlings and details are given in 3.3.3.
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3.3.23 Where primary support members are subject to concentrated loads additional
strengthening may be required, particularly if these are out of line with the
member web.

3.3.24 In general, ends of primary support members or connections between primary
support members forming ring systems are to be provided with brackets.
Bracketless connections may be applied provided that there is adequate support of
the adjoining face plates.

3.3.3 Brackets

3.3.3.1 In general, the arm lengths of brackets connecting primary support members are
not to be less than the web depth of the member, and need not be taken as greater
than 1.5 times the web depth. The thickness of the bracket is, in general, not to be
less than that of the girder web plate.

3.3.3.2 For aring 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.

3.3.3.3 Where a wide face plate abuts a narrower one, the taper is generally not to be
greater than 1 in 4. Where a thick face plate abuts against a thinner one and the
difference in thickness is greater than 4mm, the taper of the thickness is not to be
greater than 1 in 3.

3.3.3.4 Face plates of brackets (typical brackets similar to those indicated in Figure 4.2.7b)
are to have a net cross-sectional area, Agnt, Wwhich is not to be less than:

— 2
Af—net - lbkt—edgetbkt—net cm
Where:

lokt-eage  length of free edge of bracket, in m. For brackets that are curved the
length of the free edge may be taken as the length of the tangent at the
midpoint of the free edge. If lpkscaqe is greater than 1.5m, 40 percent of the
face plate area is to be in a stiffener fitted parallel to the free edge and a
maximum 0.15m from the edge

Eokt-net minimum net bracket thickness, in mm, as defined in 3.2.3.3

3.3.4 Bracket toes

3.34.1 The toes of brackets are not to land on unstiffened plating. Notch effects at the
toes of brackets may be reduced by making the toe concave or otherwise tapering
it off. In general, the toe height is not to be greater than the thickness of the
bracket toe, but need not be less than 15mm. The end brackets of large primary
support members are to be soft-toed. Where any end bracket has a face plate, it is
to be sniped and tapered at an angle not greater than 30°.

3.34.2 Where primary support 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. Sniped face plates, which are welded onto the
edge of primary support member brackets, are to be carried well around the
radiused bracket toe and are to incorporate a taper not greater than 1 in 3. Where
sniped face plates are welded adjacent to the edge of primary support member
brackets, adequate cross-sectional area is to be provided through the bracket toe at
the end of the snipe. In general, this area, measured perpendicular to the face plate
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is to be not less than 60 percent of the full cross-sectional area of the face plate, see
Figure 4.3.3.

Figure 4.3.3
Bracket Toe Construction

Bracket toe area

Face plate area

Note

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.

3.4 Intersections of Continuous Local Support Members and Primary Support
Members

3.4.1 General

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

3.41.2 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 4.3.4.

3.41.3 Lug type collar plates are to be fitted in cut-outs where required for compliance
with the requirements of 3.4.3, and in areas of significant stress concentrations, e.g.,
in way of primary support member toes. See Figure 4.3.5 for typical lug
arrangements.

3.414 When, in the following locations, the calculated direct stress, o, in the primary
support member web stiffener according to 3.4.3.5 exceeds 80% of the permissible
values a soft heel is to be provided in way of the heel of primary support member
web stiffeners:

(a) connection to shell envelope longitudinals below the scantling draught, T
(b) connection to inner bottom longitudinals.

A soft heel is not required at the intersection with watertight bulkheads and
primary support members, where a back bracket is fitted or where the primary
support member web is welded to the stiffener face plate. The soft heel is to have a
keyhole, similar to that shown in Figure 4.3.6(c).

RCN 1 to July 2010 version (effective from 1 July 2012)
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Figure 4.3.4
Collars for Cut-outs in Areas of High Stress

R=0,2b
(min. 25 mm)

RCN 2 to July 2008 version (effective from 1 July 2010)

3.4.2 Details of cut-outs

3.4.21 In general, cut-outs are to have rounded corners and the corner radii, R, are to be
as large as practicable, with a minimum of 20 percent of the breadth, b, of the cut-
out or 25mm, whichever is greater, but need not be greater than 50mm, see Figure
4.3.4. Consideration will be given to other shapes on the basis of maintaining
equivalent strength and minimizing stress concentration.

RCN 2 to July 2008 version (effective from 1 July 2010)

3.4.3 Connection between primary support members and intersecting stiffeners
(local support members)

3.43.1 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.

3.43.2 The total load, W, transmitted through the connection to the primary support
member is given by:

W= PS(S— 2 j 107 kN
2000
Where:
p design pressure for the stiffener for the design load set being

considered, in kN/m?. The design load sets, method to
derive the design pressure and applicable acceptance criteria
set are to be taken in accordance with the following criteria,
which define the Acceptance Criteria Set to be used:

Table 8.2.5 in the cargo tank region

Section 8/3.9.2.2 in the area forward of the forward cargo
tank

Section 8/3.9.2.2 in the aft end

Section 8/4.8.1.2 in the machinery space

Section 8/6.2.4.1 if subjected to sloshing loads

Section 8/6.3.5.1 if subjected to bottom slamming loads
Section 8/6.4.5.1 if subjected to bow impact loads

S primary support member spacing, in m, as defined in Section
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3433

4/2.2
5 stiffener spacing, in mm, as defined in Section 4/2.2

For stiffeners having different primary support member spacing, S, and/or
different pressure, P, at each side of the primary support member, the average
load for the two sides is to be applied, e.g. vertical stiffeners at transverse
bulkhead.

The load, Wi, transmitted through the shear connection is to be taken as follows.

If the web stiffener is connected to the intersecting stiffener:

A1
Wi =W| a, + e kN
4fc Aw—net + Al—net
If the web stiffener is not connected to the intersecting stiffener:
W, =W
Where:
14% the total load, in kN, as defined in 3.4.3.2
oA panel aspect ratio, not to be taken greater than 0.25
s
10005
S primary support member spacing, in m
5 stiffener spacing, in mm
Alnet effective net shear area of the connection, to be taken as the
sum of the components of the connection:
Aldfnet + Alcfnet cm?
in case of a slit type slot connections area, A1, is given by:
-2
Alfnet = 21dtw7net10 cm?
in case of a typical double lug or collar plate connection
area, A1t is given by:
Al—net = zfllctc—nztlo_z cm?
Aldonet net shear connection area excluding lug or collar plate, as
given by the following and Figure 4.3.5:
Ald—net = ldtw—net 10_2 cm?
la length of direct connection between stiffener and primary
support member web, in mm
tw-net net web thickness of the primary support member, in mm
Adcnet net shear connection area with lug or collar plate, given by
the following and Figure 4.3.5:
-2
Alc—net = fllc tc—net 10 cm?
e length of connection between lug or collar plate and primary
support member, in mm
Fenet net thickness of lug or collar plate, not to be taken greater

than the net thickness of the adjacent primary support
member web, in mm
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h

Aw—net

shear stiffness coefficient:
=1.0 for stiffeners of symmetrical cross section

=140/w for stiffeners of asymmetrical cross section
but is not to be taken as greater than 1.0

the 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 4.3.5

effective net cross-sectional area of the primary support
member web stiffener in way of the connection including
backing bracket where fitted, as shown in Figure 4.3.6, in
cm?. If the primary support member web stiffener
incorporates a soft heel ending or soft heel and soft toe
ending, Aqwnet, is to be measured at the throat of the
connection, as shown in Figure 4.3.6.

the collar load factor defined as follows:

for intersecting stiffeners of symmetrical cross section:

=1.85 for  Apnt<14
=1.85-0.0441(Apnet —14)  for 14 <Aypne <31
=1.1 - 0.013(Ag-net — 31) for 31 < Awunet <58
= 0.75 fOI' Aw-net > 58
for intersecting stiffeners of asymmetrical cross section:
=0.68 +0.0172 z

w-net
where:

Is = I for a single lug or collar plate connection to the
primary support member

= I; for a single sided direct connection to the primary
support member

= mean of the connection length on both sides, i.e., in the
case of a lug or collar plus a direct connection,
ls = 0.5(lc+ld)

3.4.34 Theload, W, transmitted through the primary support member web stiffener is to
be taken as follows.

If the web stiffener is connected to the intersecting stiffener:

W, = w(1 — o — At j kN

4fc Aw—nzt + Al—nzt

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

Wr=0
Where:
4%

(27

S

the total load, in kN, as defined in 3.4.3 2

panel aspect ratio

s
1000S

primary support member spacing, in m
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5 stiffener spacing, in mm

Alet effective net shear area of the connection, in cm?, as defined
in3.4.3.3

fe collar load factor, as defined in 3.4.3.3

Auw-net effective net cross-sectional area of the primary support

member web stiffener , in cm?, as defined in 3.4.3.3

3.43.5 The values of Awnet, Awcnet and Az are to be such that the calculated stresses
satisfy the following criteria:
for the connection to the primary support member web stiffener away
from the weld:
GZU S Upf}'ﬂl
for the connection to the primary support member web stiffener in way
of the weld:
Uwc S Uperm
for the shear connection to the primary support member web:
TZU S Tperm
Where:
Oy direct stress in the primary support member web stiffener at
the minimum bracket area away from the weld connection:
10W,
= Z  N/mm?2
w-net
0 e direct stress in the primary support member web stiffener in
way of the weld connection:
10W.
= 2 N/mm?
ch—net
Ty shear stress in the shear connection to the primary support
member
10W.
= L N/mm?2
Al—net
Auw-net effective net cross-sectional area of the primary support
member web stiffener, in cm?, as defined in 3.4.3.3
Auwenet effective net area of the web stiffener in way of the weld as
shown in Figure 4.3.6, in cm?
Alnet effective net shear area of the connection, in cm?, as defined
in 3.4.3.3
W1 load transmitted through the shear connection, in kN, as
defined in 3.4.3.3
Wa load transmitted through the web stiffener, in kN, as defined
in3.4.3.4
O perm permissible direct stress given in Table 4.3.1 for the applicable
acceptance criteria, see 3.4.3.2, in N/mm?
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T perm permissible shear stress given in Table 4.3.1 for the applicable
acceptance criteria, see 3.4.3.2, in N/mm?

3.435bis1  When total load, W, is bottom slamming or bow impact loads the following
criteria apply in lieu of 3.4.3.3-3.4.3.5.

(Al—netrperm + Aw—netaperm ) kN

0.9w <
10
Alnet effective net shear area in cm? of the connection, as defined in
3.4.3.3.
Auw-net effective net cross sectional area in cm? of the primary

support member web stiffener in way of the connection
including backing bracket where fitted, as defined in 3.4.3.3.

Operm permissible direct stress given in Table 4.3.1 for AC-3, in
N/mm?

Tperm permissible shear stress given in Table 4.3.1 for AC-3, in
N/mm?

RCN 1 to July 2008 version (effective from 1 February 2010)

3.4.3.6 Where a backing bracket is fitted in addition to the primary support member web
stiffener, it is to be arranged on the opposite side to, and in alignment with the
web stiffener. The arm length of the bracket is to be not less than the depth of the
web stiffener and its net cross-sectional area through the throat of the bracket is to
be included in the calculation of Ayt as shown in Figure 4.3.6.

3.4.3.7 Lapped connections of primary support member web stiffeners or tripping
brackets to local support members are not permitted in the cargo tank region, e.g.,
lapped connections between transverse and longitudinal local support members.

3.4.3.8 Fabricated stiffeners having their face plate welded to the side of the web, leaving
the edge of the web exposed, are not recommended for side shell and longitudinal
bulkhead longitudinals. Where such sections are connected to the primary
support member web stiffener, a symmetrical arrangement of connection to the
transverse members is to be incorporated. This may be implemented by fitting
backing brackets on the opposite side of the transverse web or bulkhead. In way
of the cargo tank region, the primary support member web stiffener and backing
brackets are to be butt welded to the intersecting stiffener web.

3.43.9 Where the web stiffener of the primary support member is parallel to the web of
the intersecting stiffener, but not connected to it, the offset primary support
member web stiffener may be located as shown in Figure 4.3.7. The offset primary
support member web stiffener is to be located in close proximity to the slot edge.
See also Figure 4.3.7. The ends of the offset web stiffeners are to be suitably tapered
and softened.

3.4.3.10 Alternative arrangements will be specially considered on the basis of their ability
to transmit load with equivalent effectiveness. Details of calculations made
and/or testing procedures and results are to be submitted.

3.4.3.11 The size of the fillet welds is to be calculated according to Section 6/5 based on the
weld factors given in Table 4.3.2. For the welding in way of the shear connection
the size is not to be less than that required for the primary support member web
plate for the location under consideration.
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Permissible Stresses for Connection between Stiffeners and Primary Support Members

Table 4.3.1

Item Direct Stress, Opem, in N/mm?2 Shear Stress, Tpenn, in N/mm?
Acceptance Criteria Set Acceptance Criteria Set
See 3.4.3.2 See 3.4.3.2
AC1 AC2 AC3 AC1 AC2 AC3

ftirfr;iz support member web 083034 O o o ) ) )
Primary support member web
stiffener to intersecting stiffener in
way of weld connection:

double continuous fillet 0.58 ;@ | 0.70 oys © Oyd - - -

partial penetration weld 0.83 0,6 oya @ Oyd - - -
Primary support member stiffener
to intersecting stiffener in way of 0.50 oya 0.60 oy Oyd - - -
lapped welding
Shear connection including lugs or
collar plates:

single sided connection - - - 0.71 74 0.85 74 Tyd

double sided connection - - - 0.83 7ya Ty Tyd
Where:
Tperm permissible shear stress, in N/mm?
Operm permissible direct stress, in N/mm?2
Oyd minimum specified material yield stress, in N/mm?
Tyd M ,in N/ mm?

V3

Note

1. The stress computation on plate type members is to be performed on the basis of net thicknesses, whereas
gross values are to be used in weld strength assessments, see 3.4.3.11.
2. The root face is not to be greater than one third of the gross thickness of the primary support member

stiffener.

3. Allowable stresses may be increased by 5 percent where a soft heel is provided in way of the heel of the

primary support member web stiffener.

Table 4.3.2
Weld Factors for Connection between Stiffeners and Primary Support Members

Item Weld factor

Primary support member stiffener to intersecting stiffener 0.6 Gux: / Operm
not to be less than 0.38
Shear connection inclusive lug or collar plate 0.38
S}lllear F:onnection inclusiveb lug or collar plate(,iwhe;;e iche web §tiffener of 0.6 70 /Tyerm
’;tieff};::;ary support member is not connected to the intersection not to be less than 0.44
Where:
Tw shear stress, as defined in 3.4.3.5
Ow as defined in 3.4.3.5
Tperm permissible shear stress, in N/mm?, see Table 4.3.1
Operm permissible direct stress, in N/mm? see Table 4.3.1
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Figure 4.3.5
Symmetric and Asymmetric Cut outs
Primary support member Primary support member
web stiffener web stiffener

A

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

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

Primary support member
web stiffener

(e) lug or collar plate and
direct connection

Note

The details shown in this figure are only used to illustrate symbols and definitions and are not intended to
represent design guidance or recommendations.

JuLy 2012 SECTION 4.3/ PAGE 15




SECTION 4 - BASIC INFORMATION COMMON STRUCTURAL RULES FOR OIL TANKERS

Figure 4.3.6
Primary Support Member Web Stiffener Details
Aw-nct = tws-m’f w
Awu—ﬂct = tws—m’t dwc
I~ Aw—net = tws—net w
Awr—mf! = tws—rl?f dwc
dw
A
dwc ldw tws—net
tws—rl?f
(a) straight heel no bracket (b) soft toe and soft heel
w-net = twﬂ—net dw1+tw52—net dwz
Avvenet = Fustonet Goct Foszonet Bovco
twsZ—rzet
] dw2
max. 15mm
_}jmax. Iomm.
dwl
twsl—mt
(c) keyhole in way of soft heel (d) symmetrical soft toe brackets
Where:
tws-nety twsinet AN tuws2-net net thickness of the primary support member web
stiffener/backing bracket, in mm
dw, dw1 and du minimum depth of the primary support member web
stiffener/backing bracket, in mm
Awe, dwer and duea length of connection between the primary support member web
stiffener/backing bracket and the local support stiffener, in mm
Note
Except where specific dimensions are noted for the details of the keyhole in way of the soft heel, see 3.4.1.4, 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 4.3.7
Offset Primary Support Member Web Stiffeners

Primary Supporting Member
‘Al Web Stiffener Offset
F’ From Intersecting Stiffener

L’ Stiffener view 'A'-'A'

3.5 Openings

3.5.1 General
3.5.1.1 Openings are to have well rounded corners.

3.5.1.2 Manbholes, 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:

(a) in vertical or horizontal diaphragm plates in narrow cofferdams/double plate
bulkheads within one-sixth of their length from either end

(b) in floors or double bottom girders close to their span ends
(c) above the heads and below the heels of pillars.

Where larger openings than given by 3.5.2 or 3.5.3 are proposed, the arrangements
and compensation required will be specially considered.

3.5.2 Manholes and lightening holes in single skin sections not requiring
reinforcement

3.5.21 Openings cut in the web with depth of opening not exceeding 25 percent of the
web depth and located so that the edges are not less than 40 percent of the web
depth from the faceplate do not generally require reinforcement. The length of
opening is not to be greater than the web depth or 60 percent of the local support
member spacing, whichever is greater. The ends of the openings are to be
equidistant from the corners of cut outs for local support members.

3.5.3 Manholes and lightening holes in double skin sections not requiring
reinforcement

3.5.3.1 Where openings are cut in the web and are clear of high stress areas,
reinforcement of these openings is not required provided that the depth of the
opening does not exceed 50 percent of the web depth and is located so that the
edges are well clear of cut outs for the passage of local support members.

3.5.4 Manholes and lightening holes requiring reinforcement

3.54.1 Manholes and lightening holes are to be stiffened as required by 3.5.4.2 and 3.5.4.3.
The stiffening requirements of 3.5.4.2 and 3.5.4.3 may be modified where
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alternative arrangements are demonstrated as satisfactory with regards to stress
and stability, in accordance with analysis methods described in Section 9/2.

3.542 The web plate is to be stiffened at openings when the mean shear stress, as
determined by application of the requirements of Section § or Section 9/2, is greater
than 50N/mm? for acceptance criteria set AC1l or greater than 60N/mm? for
acceptance criteria set AC2. The stiffening arrangement is to ensure buckling
strength as required by Section 10 under application of the loading as required in
Section 8 or Section 9/2.

3.54.3 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
400mm, and in both directions if length of both axes is less than 300mm. Edge
reinforcement may be used as an alternative to stiffeners. See Figure 4.3.8.

Figure 4.3.8
Web Plate with Large Openings
( )
f\ iQI 2 Example 1
e ey g
Alternative Stationing of Stiffeners
@ Example 2
1D L
\
2 IOI ( Example 3
P

3.6 Local Reinforcement

3.6.1 Reinforcement at knuckles

3.6.1.1 Whenever a knuckle in a main member (shell, longitudinal bulkhead etc.) is
arranged, adequate stiffening is to be fitted at the knuckle to transmit the
transverse load. This stiffening, in the form of webs, brackets or profiles, is to be
connected to the transverse members to which they are to transfer the load (in
shear). See Figure 4.3.9.

3.6.1.2 In general, for longitudinal shallow knuckles, closely spaced carlings are to be
titted 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.

3.6.1.3 Generally, the distance between the knuckle and the support stiffening described
in 3.6.1.1 is not to be greater than 50mm.
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Figure 4.3.9
Example of Reinforcement at Knuckles
Section, in way of Horizontal girder at
typical hopper upper hopper knuckle
View A - A
B S
Vertical [
— Web ; ;
[N )
O
Ao ! -
— Vertical i i
Web Yy v
- L~~~
—

ﬂ
\TTTTTTTT

3.6.2 Reinforcement for openings and attachments associated with means of
access for inspection purposes

3.6.21 Local reinforcement is to be provided taking into account proper location and
strength of all attachments to the hull structure for access for inspection purposes.

3.7 Fatigue Strength

3.7.1 General

3.7.1.1 Structural details are to be designed for compliance with the requirements of
fatigue strength as specified in Section 9/3.
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1 GENERAL
1.1 Introduction

1.1.1 Scope

1.1.1.1 This section covers the general structural arrangement requirements for the ship,
which are based on or derived from National and International regulations, see
Sections 2/2.1.1 and 3/3.3.
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2 WATERTIGHT SUBDIVISION

21 Watertight Bulkhead Arrangement

2.1.1 General

2111

All ships are to be provided with watertight bulkheads arranged to subdivide the
hull into watertight compartments in accordance with the following requirements.

2.1.2 Minimum number and disposition of watertight bulkheads

21.21

2122

2123

2124

The following watertight bulkheads are to be fitted on all ships:
(@) a collision bulkhead, see 2.2.1.1

(b) an aft peak bulkhead

(c) a bulkhead at each end of the machinery space.

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

The applicable 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.

The number of openings in watertight bulkheads is to be kept to a minimum. Where
penetrations of watertight bulkheads and internal decks are necessary for access,
piping, ventilation, electrical cables, etc., arrangements are to be made to maintain
the watertight integrity. Additional requirements apply to collision bulkheads in
Section 8/3.6.2.

2.2 Position of Collision Bulkhead

2.21 General

2211

2212

2213

A collision bulkhead is to be fitted on all ships and is to extend to the freeboard
deck. It is to be located between 0.05L; or 10m, whicheveris less, and 0.08L; aft of
the reference point, where the load line length, Ly, is as defined in Section 4/1.1.2.1
and the reference point is as defined in 2.2.1.2. Proposals for location of the collision
bulkhead aft of 0.08L; will be specially considered.

For ships without bulbous bows the reference point is to be taken where the
forward end of L; coincides with the forward side of the 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 the forward end of L; and the extreme forward end of the
bulb extension
(b) 0.015L¢

(c) 3.0m.
In general, the collision bulkhead is to be in one plane, however, the bulkhead may

have steps or recesses provided they are in compliance with the limits prescribed in
22.1.1and 2.2.1.2.
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2.3 Position of Aft Peak Bulkhead

2.3.1 General

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

23.1.2 The aft peak bulkhead may terminate at the first deck above the summer load
waterline, provided that this deck is made watertight to the stern or to a watertight
transom floor.
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3 DOUBLE HULL ARRANGEMENT
3.1 General

3.1.1 Protection of cargo tanks

3.1.1.1 Every tanker is to be provided with double bottom tanks and spaces, and double
side tanks and spaces, in accordance with 3.2 and 3.3. The double bottom and
double side tanks and spaces, protect the cargo tanks or spaces, and are not to be
used for the carriage of oil cargoes.

3.1.2 Capacity of ballast tanks

3.1.21 The capacity of the segregated ballast tanks shall be so determined that the ship
may operate safely on ballast voyages without recourses to the use of cargo tanks
for water ballast. The capacity of ballast shall be at least such that, in any ballast
condition at any part of the voyage, including the conditions consisting of
lightweight plus segregated ballast only, the ships draught and trim can meet the
requirements in 3.1.2.2 to 3.1.2.4.

3.1.2.2 The moulded draught amidships, Ty, excluding any hogging or sagging correction,
is not to be less than:

Twia =20+002L m
Where:
L rule length, as defined in Section 4/1.1.1.1, in m

3.1.23 The draughts at the F.P. and A.P. are to correspond to those determined by the
draught amidships, as given in 3.1.2.2, and in association with a trim by the stern
not greater than 0.015L (m).

3.1.24 The draught at the A.P. is not to be less than that required to obtain full immersion
of the propeller(s).

3.1.3 Limitation of size and arrangement of cargo tanks

3.1.3.1 Cargo tanks are to be of a size and arrangement that hypothetical oil outflow from
side and bottom damage, anywhere in the length of the ship, is limited.

3.2 Double Bottom

3.21 Double bottom depth
3.21.1 The minimum double bottom depth, da, is to be taken as the lesser of:

dy = 1—]35 m, but not less than 1.0m
Where:
B moulded breadth, in m, as defined in Section 4/1.1.3.1
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3.3 Double Side

3.3.1 Double side width
3.3.1.1 The minimum double side width, wg, is to be taken as the lesser of:

w, =05 +M m, but not less than 1.0m
’ 20000

w; =20 m
Where:

DWT deadweight of the ship, in tonnes, as defined in Section
4/1.1.14.1
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4 SEPARATION OF SPACES
4.1 Separation of Cargo Tanks

41.1 General

41.11 The cargo pump room, cargo tanks, slop tanks and cofferdams are to be positioned
forward of machinery spaces. Main cargo control stations, control stations,
accommodation and service spaces are to be positioned aft of cargo tanks, slop
tanks, and spaces which isolate cargo or slop tanks from machinery spaces, but not
necessarily aft of the oil fuel bunker tanks and ballast tanks.

4.2 Cofferdam Spaces

421 General

4211 Cofferdam spaces are to be kept gas-tight. Where applicable, access requirements to
permit internal inspections, are to be in accordance with 5.3.
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5 ACCESS ARRANGEMENTS

51 Access Into and Within Spaces in, and Forward of, the Cargo Tank Region

5.1.1 General

5.1.1.1

51.1.2

5.1.1.3

51.1.4

51.1.5

Access into and within spaces in, and forward of, the cargo tank region is to satisfy
the International Convention for the Safety of Life at Sea, 1974, as amended, Chapter II-1,
Part A-1, Regulation 3-6, as required by the Flag Administration, for details and
arrangements of openings and attachments to the hull structure. This will be
reviewed in conjunction with the structural requirements. In addition, the
requirements of 5.1.1.2 to 5.1.1.5 are to be complied with.

Where a duct keel or pipe tunnel is fitted provision is to be made for at least two
exits to the open deck arranged at a maximum distance from each other. The duct
keel or pipe tunnel is not to pass into machinery spaces. The aft access may lead
from the pump room to the duct keel. Where an aft access is provided from the
pump room to the duct keel, the access opening from the pump room to the duct
keel is to be provided with an oil-tight cover plate or a watertight door. Mechanical
ventilation is to be provided and such spaces are to be sufficiently ventilated prior
to entry. A notice board is to be fitted at each entrance to the pipe tunnel stating that
before any attempt is made to enter, the ventilating fan must have been in operation
for a sufficient period. In addition, the atmosphere in the tunnel is to be sampled by
a gas monitor, and where an inert gas system is fitted in cargo tanks, an oxygen
monitor is to be provided.

Where a watertight door is fitted in the pump room for access to the duct keel, the
scantlings of the watertight door are to comply with the requirements of the
individual Classification Society and the following additional requirements:

(@) the watertight door is to be capable of being manually closed from outside the
main pump room entrance, in addition to bridge operation. A means of
indicating whether the door is open or closed is to be provided locally and on
the bridge.

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

At least one horizontal access opening of 600mm by 800mm clear opening is to be
fitted in each horizontal girder in the vertical wing ballast space and weather deck
to assist in rescue operations. Where an opening of 600mm by 800mm is not
permitted due to structural arrangements, a 600mm by 600mm clear opening will be
accepted.

Special consideration will be given to any proposals to fit permanent
repair/maintenance access openings with oil-tight covers in cargo tank bulkheads.
Attention is drawn to the relevant National regulations concerning load line and oil
outflow aspects of such arrangements.

JuLy 2012

SECTION 5.5/PAGE 1







SECTION 6 - MATERIALS AND WELDING COMMON STRUCTURAL RULES FOR OIL TANKERS

SECTION 6

MATERIALS AND WELDING

JuLy 2012







SECTION 6 - MATERIALS AND WELDING COMMON STRUCTURAL RULES FOR OIL TANKERS

1 STEEL GRADES
1.1 Hull Structural Steel

1.1.1 Scope

1.1.1.1 Materials used during construction are to comply with the Rules for Materials of the
individual Classification Society. Use of other materials and the corresponding
scantlings will be specially considered.

1.1.2 Strength

1.1.21 Steel having a specified minimum yield stress of 235N/ mm? is regarded as normal
strength hull structural steel. Steel having a higher specified minimum yield stress
is regarded as higher strength hull structural steel.

1.1.3 Material grades

1.1.3.1 Material grades of hull structural steels are referred to as follows:
(@) A, B, D and E denote normal strength steel grades
(b) AH, DH and EH denote higher strength steel grades.

1.1.4 Higher strength steel factor

1141 For the determination of hull girder section modulus, where higher strength hull
structural steel is used, a higher strength steel factor, k is given in Table 6.1.1.

Table 6.1.1
Values of k
Specified minimum yield stress, N/mm? k
235 1.00
265 0.93
315 0.78
340 0.74
355 0.72
390 0.68
Note
1. Intermediate values are to be calculated by linear interpolation.

1.1.5 Through thickness property

1.1.5.1 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 individual Classification Society. These steels are to be designated on the
approved plan by the required steel strength grade followed by the letter Z (e.g.
EH36 7).

1.1.6 Steel castings and forgings

1.1.6.1 Steel castings or forgings that are used for stern frames, rudder frames, rudder
stocks, propeller shaft brackets and other major structural items are to be in
accordance with the Rules for Materials of the individual Classification Society.
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1.2 Application of Steel Materials

1.2.1 Selection of material grades

1.2.1.1 Steel materials for particular locations are not to be of lower grades than those given
in Table 6.1.2 for the material class given in Table 6.1.3.

1.2.2 Applicable thickness

1.2.21 For application of Table 6.1.2 and Table 6.1.3, the steel grade is to correspond to the
as-built thickness.

1.2.3 Operation in areas with low air temperature

1.2.3.1 For ships intended to operate for long periods in areas with a lowest mean daily
average temperature below -10 degrees C (i.e. regular service during winter to
Arctic or Antarctic waters) the materials in exposed structures will be specially
considered.

RCN 2 to July 2008 version (effective from 1 July 2010)
RCN 1 to July 2010 version (effective from 1 July 2012)

Table 6.1.2
Material Grades
Thickness, t Material Class

in mm I I I

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<51 D, DH E, EH E, EH
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Table 6.1.3

Material Class or Grade of Structural Members

Structural member category

Material Class or Grade

Within 0.4L
Amidships

Outside 0.4L

Secondary

Longitudinal bulkhead strakes, other than those
belonging to primary category

Deck plating exposed to weather other than that
belonging to primary or special category

Side plating

Class I

Grade A®/AH

Primary

Bottom plating including keel plate

Strength deck plating, excluding that belonging to the
special category (10) (1)

Continuous longitudinal members above strength deck,
excluding longitudinal hatch coamings ()

Uppermost strake in longitudinal bulkheads (10

Vertical strake (hatch side girder) and upper sloped strake
in top wing tank

Class II

Grade A® /AH

Special

Sheer strake at strength deck M@©)(10) (1)

Stringer plate in strength deck M®@@)0) (1)

Deck strake at longitudinal bulkhead, excluding deck
plating in way of inner hull longitudinal bulkhead @®(10)
an

Strength deck plating at outboard corners of cargo hatch
openings (1)

Bilge strake @©)

Continuous longitudinal hatch coamings ()

Class III

Class I
(Class I outside
0.6L amidships)

Other Categories

Plating for stern frames, rudder horns and shaft brackets
Longitudinal strength members of strength deck

plating for ships with single strength deck (1

Strength members not referred to in above categories ()

Grade B /AH

Grade A® /AH

Class II

Grade A® /AH

Note

1. Not to be less than E/EH within 0.4L amidships in vessels with length, L, exceeding 250m.
2. Single strakes required to be of material class IIl or E/EH are, within 0.4L amidships, to have breadths

not less than 800 + 5L mm, but need not be greater than 1800mm.

3. Aradius gunwale plate may be considered to meet the requirements for both the stringer plate and

the sheer strake, provided it extends generally 600mm inboard and vertically.

4, For tankers having a breadth, B, exceeding 70m, the centreline strake and the strakes in way of the

longitudinal bulkheads port and starboard, are to be class III.
(void)

(void)

P N

plates outside 0.6L amidships may be of Grade A/ AH.

9.  The material class used for reinforcement and the quality of material (i.e. whether normal or higher
strength steel) used for welded attachments, such as spill protection bars and bilge keel, is to be
similar to that of the hull envelope plating in way. Where attachments are made to round gunwale
plates, special consideration will be given to the required grade of steel, taking account of the

intended structural arrangements and attachment details.

10.  The material class for deck plating, sheer strake and upper strake of longitudinal bulkhead within

To be not lower than D/DH within 0.6L amidships of vessels with length, L, exceeding 250m.

Grade B/ AH to be used for plate thickness more than 40mm. For engine foundation heavy plates,
Grade B/ AH to be used for plate thickness more than 30mm. However, engine foundation heavy

11.

0.4L amidships is also to be applied at structural breaks of the superstructure, irrespective of position.
To be not lower than B/ AH within 0.4L amidships for ships with single strength deck.

RCN 2 to July 2008 version (effective from 1 July 2010)
RCN 1 to July 2010 version (effective from 1 July 2012)
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1.2.4 Guidance for repairs

1.241

Where materials are used in the construction, which are not in accordance with the
Rules for Materials of the individual Classification Society, a set of plans showing
the following information, for each material, is to be placed aboard the vessel in
addition to those normally retained on the vessel:

(a) material specification and applicable thickness
(b) welding procedure

(c) location and extent of application.

1.3 Aluminium Alloys

1.3.1 General

1.3.1.1

1.3.1.2

1.3.1.3

The use of aluminium alloys in superstructures, deckhouses, hatch covers,
helicopter platforms, or other local components will be specially considered. A
specification of the proposed alloys and their proposed method of fabrication is to
be submitted for approval.

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

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

1.3.2 Incendiary sparking on impact with steel

1.3.21

Aluminium may, under certain circumstances give rise to incendiary sparking on
impact with oxidized steel. A particular risk is where an aluminium component is
dragged or rubbed against the uncoated steel structure creating a thin smear of
aluminium on the surface. Subsequent high energy impact by a rusted component
on that smear could generate an incendiary spark capable of igniting any
surrounding inflammable gas. The following requirements are therefore to be
complied with:

(@) aluminium fittings in tanks used for the carriage of oil, and in cofferdams and
pump rooms are to be avoided

(b) 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
2.1.2 for aluminium anodes

(c) the underside of heavy portable aluminium structures such as gangways, etc., 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.
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2 CORROSION PROTECTION INCLUDING COATINGS

2.1 Hull Protection

2.1.1 General

2111

2112

2113

2114

2115

21.1.6

2117

All dedicated seawater ballast tanks are to have an efficient corrosion prevention
system, as required by SOLAS Reg. II-1/3-2, see Section 2/2.1.1.

For ships contracted for construction on or after 8 December 2006, the date of IMO
adoption of the amended SOLAS Regulation II-1/3-2, by which an IMO
“Performance standard for protective coatings for ballast tanks and void spaces”
will be made mandatory, the coatings of internal spaces subject to the amended
SOLAS Regulation are to satisfy the requirements of the IMO performance standard.
For ships contracted for construction on or after 1 July 2012, the IMO performance
standard is to be applied as interpreted by IACS UI SC 223 and UI SC 227. In
applying IACS UI SC 223, “Administration” is to be read to be the “Classification
Society”.

RCN 1 to July 2010 version (effective from 1 July 2012)

Consistent with IMO Resolution A.798(19) and IACS Ul SC 122, the selection of the
coating system, including coating selection, specification, and inspection plan, are to
be agreed between the shipbuilder, coating system supplier and the owner, in
consultation with the Classification Society, prior to commencement of construction .
The specification for the coating system for these spaces is to be documented and
this documentation is to be verified by the Classification Society and is to be in full
compliance with the coating performance standard.

The shipbuilder is to demonstrate that the selected coating system with associated
surface preparation and application methods is compatible with the manufacturing
processes and methods.

The shipbuilder is to demonstrate that the coating inspectors have proper
qualification as required by the IMO standard.

The attending surveyor of the Classification Society will not verify the application of
the coatings but will review the reports of the coating inspectors to verify that the
specified shipyard coating procedures have been followed.

Where anodes are fitted in ballast tanks, ballast tank anode distribution drawings
are to be submitted for approval. Such drawings are to include details of the
connections to the hull, e.g. welding details.

2.1.2 Internal cathodic protection systems

2121

2122

When a cathodic protection system is to be fitted to steel structures in tanks used for
liquid cargo with flash point below 60°C, a plan of the fitting arrangement is to be
submitted for approval. The arrangements will be considered for safety against fire
and explosion. This approval also applies to adjacent tanks.

Permanent anodes in tanks made of, or alloyed with magnesium are not acceptable,
except in tanks solely intended for water ballast that are not adjacent to cargo tanks.
Impressed current systems are not to be used in cargo tanks due to the development
of chlorine and hydrogen that can result in an explosion. Aluminium anodes are
accepted, however, in tanks with liquid cargo with flash point below 60°C and in
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adjacent ballast tanks, aluminium anodes are to be located so a kinetic energy of not
more than 275] is developed in the event of their loosening and becoming detached.

RCN 2 to July 2008 version (effective from 1 July 2010)

2123

2124

21.25

21.2.6

21.2.7

2128

Aluminium anodes are to be located in such a way that they are protected from
falling objects. They are not to be located under tank hatches or Butterworth
openings unless protected by adjacent structure.

All anodes are to be attached to the structure in such a way that they will remain
securely fastened both initially and during service. The following methods are
acceptable:

(a) steel core connected to the structure by continuous fillet welds of sufficient cross
section

(b) attachment by properly secured through-bolts or other positive locking devices.
Attachment by clamps fixed with setscrews is to be by approved means.

Anode steel cores bent and directly welded to the steel structure are to be of a
material complying with the requirements for grade A of the Rules for Materials of
the individual Classification Society.

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.

Where cores or supports are welded to local support members or primary support
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 25mm 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.

Tanks in which anodes are installed, are to have sufficient holes for the circulation
of air to prevent gas from collecting in pockets.

2.1.3 Paint containing aluminium

2131

Paint containing aluminium is not to be used in positions where cargo vapours may
accumulate unless it has been shown by appropriate tests that the paint to be used
does not increase the incendiary sparking hazard. Tests need not be performed for
coatings with less than 10 percent aluminium by weight.
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3 CORROSION ADDITIONS
3.1 General

3.1.1 Introduction

3.1.1.1 The required net thickness of steel structures is to be increased by the corrosion
addition as specified in this Sub-Section.

3112 The corrosion additions given in this Sub-Section are applicable to carbon-
manganese steels, see 1.1. Application of corrosion additions for other materials,
such as stainless steel, is to be in accordance with the requirements of the individual
Classification Society.

3.1.1.3 The application of the corrosion additions in rule calculations is given in 3.3.
3.2 Local Corrosion Additions

3.2.1 General

3.2.1.1 The local corrosion additions, t.r, for structural members are to be taken as:

toorr =lues 0.5  mm
Where:
twas total wastage allowance of the considered structural member,

in mm, as given in Section 12/1.4.2.2

3.2.1.2 The local corrosion additions, f., for typical structural elements in the cargo tank
region are given in Table 6.3.1 and Figure 6.3.1.
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Table 6.3.1
Corrosion Addition, .., for Typical Structural Elements Within the Cargo Tank Region
Corrosion
Category of contents Addition
teorr, in MM
Internal members and plate boundary between spaces with the same category of contents
Face plate of PSM Within 3m below top of tank @ 45
Elsewhere 3.5
o "
In and between ballast Other members Within 3m below top of tank (@) 4.0
water tanks Elsewhere 3.0
Stiffeners on Within 3m below top of tank @) 4.5
boundaries to heated lsewh
cargo tanks Elsewhere 3.5
Within 3m below top of tank ) 4.0
Face plate of PSM
In and between cargo oil Elsewhere 35
tanks Within 3m below top of tank @ 4.0
Other members
Elsewhere 2.5
Exposed to atmosphere Support members on deck 2.5
on both sides PP '
In and between void Spaces not normally accessed, e.g. access only via bolted manhole 20
spaces openings, pipe tunnels, etc. ’
In and between dry Internals of deckhouses, machinery spaces, pump room, store 15
spaces rooms, steering gear space, etc. ’
Plate boundary between spaces having a different category
Within 3m below top of tank @ 4.0
Unheated cargo tank Inner bottom plating 4.0
Boundary between ballast Elsewhere 3.0
tank and cargo oil tank Within 3m below top of tank @ 4.5
Heated cargo tank Inner bottom plating 4.5
Elsewhere 3.5
Boundary between ballast Weather deck plating 4.0
tank and atmosphere or Within 3m below top of tank () 3.5
Other members(
sea Elsewhere 3.0
Boundary between ballast | Within 3m below top of tank() 3.0
tank and void or dry
space Elsewhere 25
Boundary between cargo Weather deck platin 4.0
tank and atmosphere p & '
Boundary between cargo | Within 3m below top of tank ® 3.0
tank and void spaces Elsewhere 2.5
Boundary between cargo | Within 3m below top of tank ® 3.0
tank and dry spaces Elsewhere 2.0

Note

1. Only applicable to cargo and ballast tanks with weather deck as the tank top

2. 0.5mm to be added for side plating in the quay contact region defined in Section 8/Figure 8.2.2

3. Heated cargo oil tanks are defined as cargo tanks arranged with any form of heating capability

(RCN 1, effective from 1 April 2007)
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3.3 Application of Corrosion Additions

3.3.1 General

3.3.1.1

3.3.1.2

3.3.1.3

The application of corrosion additions described in 3.3.2 to 3.3.7 is to be applied
unless otherwise specified in the specific rule requirements.

Compliance with the Rules may be performed either by:

(@) comparison of the proposed gross scantling with the gross required, in which
case the applicable corrosion addition is added to the net requirement of the
Rules

(b) comparison of the proposed net scantling with the net required, in which case
the applicable corrosion addition is deducted from the gross proposed.

Methods (a) and (b) are suitable for assessment of thickness. Method (b) is the most

suitable for assessment of section properties, e.g. section modulus, area and moment

of inertia.

The gross scantlings specified in 3.3.2 to 3.3.7 used to derive the net scantlings are to
exclude any owner’s extra thicknesses, see also Section 2/4.3.4.3.

3.3.2 Application for hull girder longitudinal strength calculations

3321

3.3.2.2

The calculation of hull girder stresses for the assessment of longitudinal strength as
given in Section 8/1 is to be based on the net hull girder sectional properties
calculated by deducting half the corrosion addition, i.e. -0.5¢wr, from the gross
thickness of all structural elements comprising the hull girder cross-section.

The local buckling capacity of plates and stiffeners subject to hull girder stresses are
to be calculated based on the net scantlings, as given in Section 8/1.4.2. The net
scantling is calculated by deducting the full corrosion addition, i.e. -1.0fcy, from the
gross thickness.

3.3.3 Application for scantling assessment of plates and local support members

3.3.3.1

3.3.3.2

3.3.3.3

3.3.3.4

The required gross thickness for plates and local support members are calculated by
adding the full corrosion addition, i.e. +1.0t.y, to the net thickness required in
accordance with the scantling requirements in Sections 4/3.4 and 8/2 to 8/7.

The net sectional properties of local support members are calculated by deducting
the full corrosion addition, i.e. -1.0t.r, from the web, flange and attached plate
gross thicknesses as described in Section 4/2.4.1 and are to comply with required
section modulus, moment of inertia and shear area as given in Sections 4/3.4 and 8/2
to 8/7.

The calculation of hull girder stresses for the strength assessment of members under
combined local and global loading is to be based on the net hull girder sectional
properties calculated by deducting half the corrosion addition, i.e. -0.5t,, from the
gross thickness of all structural elements comprising the hull girder cross-section.

The required minimum gross thickness of plates and local support members is
calculated by adding the full corrosion addition, i.e. +1.0f., to the minimum net
thickness requirements given in Section 8/2.1.5.
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3.3.4 Application of corrosion additions for scantling strength assessment of
primary support members

3.34.1 The required gross thickness of primary support members is calculated by adding
half the corrosion addition, i.e. +0.5t., to the net thickness required in accordance
with the strength requirements in Section §/2.6 and 8/3 to 8/7.

3.34.2 The net sectional properties of primary support members are to be calculated by
deducting half the corrosion addition, i.e. -0.5t.r, from the web and flange gross
thicknesses, and are to comply with the required section modulus, moment of
inertia and area as given in Section 8/2.6 and 8/3 to §/7.

3.3.4.3 The required minimum gross thickness of primary support members is calculated
by adding the full corrosion addition, i.e. +1.0txr, to the minimum net thickness
requirement given in Section 8/2.1.6.1, 8/3.1.4.1, 8/4.1.5.1, 8/5.1.4.1, 8/6.3.7.5, 8/6.4.5.4
and 10/2.3.

RCN 2 to July 2008 version (effective from 1 July 2010)

3.3.5 Application of corrosion additions for hull girder ultimate strength analysis

3.3.5.1 The calculation of the hull girder ultimate capacity, M., as given in Section 9/1, is to
be based on the net hull girder sectional properties calculated by deducting half the
corrosion addition, i.e. -0.5t., from the gross thickness of all structural elements
comprising the hull girder cross-section.

3.3.5.2 The buckling capacity of the structural elements used to derive the hull girder
ultimate capacity is to be calculated by deducting half the corrosion addition, i.e. -
0.5tcr, from the gross thicknesses of the plates and stiffener webs and flanges.

3.3.6 Application of corrosion additions for strength assessment by finite
element analysis

3.3.6.1 For the cargo tank structural strength analysis, as given in Section 9/2.2 and Appendix
B/2, the finite element model is to be modelled with thicknesses calculated by
deducting half the corrosion addition, i.e. -0.5fc, from the gross thickness of all
structural elements.

3.3.6.2 The local buckling capacity of plates and stiffeners are to be calculated by deducting
the full corrosion addition, i.e. -1.0f.;r, from the gross thickness.

3.3.6.3 The local fine mesh structural strength analysis models, as given in Section 9/2.3 and
Appendix B/3, are to be modelled with thicknesses calculated by deducting half the
corrosion addition, i.e. -0.5f., from the gross thickness. The specified fine mesh
areas are to be modelled by deduction of the full corrosion addition, i.e. -1.0tcr,
from the gross thickness.

3.3.7 Application of corrosion additions for fatigue strength assessment

3.3.7.1 The calculation of hull girder stresses for the fatigue strength assessment, as given
in Section 9/3 and Appendix C/1, is to based on the net fatigue hull girder sectional
properties, calculated by deducting a quarter of the corrosion addition, i.e. -0.25t.,
from the gross thickness of all structural elements comprising the hull girder cross
section.

3.3.7.2 The calculation of stresses in local support members from lateral load for the fatigue
strength assessment, as given in Section 9/3 and Appendix C/1, are to be based on
deducting half the corrosion addition, i.e. -0.5¢., from the stiffener web, flange and
attached plate.
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3.3.7.3

3.3.74

For hot spot stress (FE based) approach, as given in Section 9/3 and Appendix C/2, the
FE model of the hopper knuckle is to be modelled with thickness calculated by
deducting a quarter of the corrosion addition, i.e. -0.25tws, from the gross
thicknesses. The very fine mesh areas are to be modelled by deduction of half the
corrosion addition, i.e. -0.5¢.r, from the gross thickness.

As an alternative to 3.3.7.3, the hopper fatigue FE model may be made in
accordance with requirements for FE strength model, i.e. all areas at -0.5twn, as
described in 3.3.6.1. However the calculated stress range is then to be corrected by
the factor fuoie as described in Appendix C/2.4.2.7.
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4 FABRICATION

4.1 General

411 Workmanship

4111

All workmanship is to be of commercial marine quality and acceptable to the
Surveyor. Welding is to be in accordance with the requirements of Sub-Section 5.
Any defect is to be rectified to the satisfaction of the Surveyor before the material is
covered with paint, cement or any other composition.

4.1.2 Fabrication standard

4121

4122

4123

Structural fabrication is to be carried out, in accordance with ‘IACS Recommendation
47, Shipbuilding and Repair Quality Standard for New Construction” or a recognised
fabrication standard which has been accepted by the Classification Society prior to
the commencement of fabrication/construction.

The fabrication standard to be used during fabrication/construction is to be made
available to the attending representative of the Classification Society, prior to the
commencement of the fabrication/construction.

The fabrication standard is to include information, to establish the range and the
tolerance limits, for the items specified as follows:

(@) Cutting edge
e the slope of the cut edge and the roughness of the cut edges
(b) Flanged longitudinals and brackets and built-up sections

e the breadth of flange and depth of web, angle between flange and web, and
straightness in plane of flange or at the top of face plate

(c) Pillars
e the straightness between decks, and cylindrical structure diameter
(d) Brackets and small stiffeners
e the distortion at the free edge line of tripping brackets and small stiffeners
(e) Sub-assembly stiffeners
e details of snipe end of secondary face plates and stiffeners
(f) Plate assembly

e for flat and curved blocks the dimensions (length and breadth), distortion and
squareness, and the deviation of interior members from the plate

(g) Cubic assembly

e in addition to the criteria for plate assembly, twisting deviation between
upper and lower plates, for flat and curved cubic blocks

(h) Special assembly

e the distance between upper and lower gudgeons, distance between aft edge of
propeller boss and aft peak bulkhead, twist of stern frame assembly, deviation
of rudder from shaft centreline, twist of rudder plate, and flatness, breadth
and length of top plate of main engine bed. Where boring out of the propeller
boss and stern frame, skeg or solepiece is carried out at a late stage of
construction, it is to be carried out after completing the major part of the
welding of the aft part of the ship. Where block boring is used, the shaft

JuLy 2012

SECTION 6.4/PAGE 1




SECTION 6 -

MATERIALS AND WELDING COMMON STRUCTURAL RULES FOR OIL TANKERS

alignment is to be carried out using a method and sequence submitted to and
recognized by the Classification Society. The fit-up and alignment of the
rudder, pintles and axles, are to be carried out after completing the major part
of the welding of the aft part of the ship. The contacts between the conical
surfaces of pintles, rudder stocks and rudder axles are to be checked before
the final mounting,.

RCN 1 to July 2010 version (effective from 1 July 2012)
(i) Buttjoints in plating

e alignment of butt joint in plating
() Cruciform joints

e alignment measured on the median line and measured on the heel line of
cruciform joints

(k) Alignment of interior members

e alignments of flange of T longitudinals, alignment of panel stiffeners, gaps in
T joints and lap joints, and distance between scallop and cut outs for
continuous stiffeners in assembly and in erection joints

(I) Keel and bottom sighting

e deflections for whole length of the ship, and for the distance between two
adjacent bulkheads, cocking-up of fore body and of aft body, and rise of floor
amidships

(m) Dimensions

¢ dimensions of length between perpendiculars, moulded breadth and depth at
midship, and length between aft edge of propeller boss and main engine

(n) Fairness of plating between frames

e deflections between frames of shell, tank top, bulkhead, upper deck,
superstructure deck, deck house deck and wall plating

(o) Fairness of plating in way of frames

e deflections of shell, tank top, bulkhead, strength deck plating and other
structures measured in way of frames

4.2 Cold Forming

4.2.1 Special structural members

4211

For highly stressed components of the hull girder where notch toughness is of
particular concern (e.g. items required to be Class III in Table 6.1.3, such as radius
gunwales and bilge strakes) the inside bending radius, in cold formed plating, is not
to be less than 10 times the gross plate thickness for carbon-manganese steels (hull
structural steels, see 1.1). The allowable inside bending radius may be reduced
below 10 times the gross plate thickness, providing the additional requirements
stated in 4.2.3 are complied with.

4.2.2 Other members

4221

For main structural members, e.g. corrugated bulkheads and hopper knuckles, the
inside bending radius, in cold formed plating, is not to be less than 4.5 times the
gross plate thickness for carbon-manganese steels (hull structural steels, see 1.1).
The allowable inside bending radius may be reduced below 4.5 times the gross plate
thickness, providing the additional requirements stated in 4.2.3 are complied with.
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4.2.3 Additional requirements

4231

When steel is formed below 650°C with a radius of less than 10 or 4.5 times the
gross plate thickness for special and other members, respectively, supporting data is
to be provided. As a minimum, the following additional requirements are to be
complied with:

(a) the steel is to be of grade D/DH or higher

(b) the material is impact tested in the strain-aged condition and satisfies the
requirements stated herein. The deformation is to be equal to the maximum
deformation to be applied during production, calculated by the formula
tars /(2140 + 1t ), Where tyrs is the gross thickness of the plate material and ryqq is

the bending radius. One sample is to be plastically strained at the calculated
deformation or 5%, whichever is greater and then artificially aged at 250°C for
one hour then subject to Charpy V-notch testing. The average impact energy
after strain ageing is to meet the impact requirements specified for the grade of
steel used.

(c) 100% visual inspection of the deformed area is to be carried out. In addition,
random checks by magnetic particle testing are to be carried out.

The bending radius is in no case to be less than twice the gross plate thickness.

4.3 Hot Forming

4.3.1 Temperature requirements

4311

4312

Steel is not to be formed between the upper and lower critical temperatures. If the
forming temperature exceeds 650°C for as-rolled, controlled rolled, thermo-
mechanical controlled rolled or normalised steels, or is not at least 28°C lower than
the tempering temperature for quenched and tempered steels, mechanical tests are
to be made to assure that these temperatures have not adversely affected both the
tensile and impact properties of the steel. Where curve forming or fairing, by line or
spot heating, is carried out in accordance with 4.3.2.1 these mechanical tests are not
required.

Confirmation is required to demonstrate the mechanical properties after further
heating meet the requirements specified by a procedure test using representative
material, when considering further heating other than in 4.3.1.1 of thermo-
mechanically controlled steels (TMCP plates) for forming and stress relieving.

4.3.2 Line or spot heating

4321

Curve forming or fairing, by linear or spot heating, is to be carried out using
approved procedures in order to ensure that the properties of the material are not
adversely affected. Heating temperature, on the surface, is to be controlled so as not
to exceed the maximum allowable limit applicable to the plate grade.

44 Welding

441 General

4411

All welding is to be carried out by approved welders, in accordance with approved
welding procedures, using approved welding consumables and is to comply with
the Rules for Materials of the individual Classification Society.
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44.2 Welding sequence

4421

4422

4423

Consideration is to be given to the assembly sequence and the effect on the overall
shrinkage of plate panels, assemblies, etc., resulting from the welding processes
employed. Welding is to proceed systematically, with each welded joint being
completed in the correct sequence, without undue interruption.

Where practicable, welding is to commence at the centre of a joint and proceed
outwards, or at the centre of an assembly and progress outwards towards the
perimeter so that each part has freedom to move in one or more directions.

Generally, the welding of stiffener members, including transverses, frames, girders,
etc., to welded plate panels by automatic processes is to be carried out in such a way
as to minimize angular distortion of the stiffener.

4.4.3 Arrangements at junctions of welds

4431

Welds are to be made flush in way of the faying surface where stiffening members,
attached by continuous fillet welds, cross the completely finished butt or seam
welds. Similarly, butt welds in webs of stiffening members are to be completed and
made flush with the stiffening member before the fillet weld is made. The ends of
the flush portion are to run out smoothly without notches or sudden changes of
section. Where these conditions cannot be complied with, a scallop is to be arranged
in the web of the stiffening member. Scallops are to be of a size, and in a position,
that a satisfactory return weld can be made.

444 Leak stoppers

4441

Where structural members pass through the boundary of a tank, leakage into the
adjacent space could be hazardous or undesirable, and full penetration welding is to
be adopted for the members for at least 150mm on each side of the boundary.
Alternatively, a small scallop of suitable shape may be cut in the member close to
the boundary outside of the compartment, and carefully welded all around.
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5 WELD DESIGN AND DIMENSIONS
5.1 General

5.1.1 Scope
51.1.1 In general, weld sizes are based on the Rule gross thickness values.

51.1.2 Requirements for welding sequence, qualification of welders, welding procedures
and welding consumables are given in 4.4.

5.1.2 Plans and specifications

51.21 Plans and/or specifications showing weld sizes and weld details are to be
submitted for approval for each new construction project.

51.2.2 Where reductions in weld sizes are proposed the requirements given in 5.9 are to be
applied and the following details are to be included in the welding specification:
(a) proposed weld gap size

(b) proposed welding consumable.

5.1.3 Tolerance requirements

51.3.1 The gaps between the faying surfaces of members being joined are to be kept to a
minimum or in accordance with approved specification.

51.3.2 Where the gap between the members joined by fillet welds exceeds 2mm, the weld
size is to be increased in accordance with 5.7.1.6.

5.1.4 Special precautions

51.4.1 Welding is to be based on approved welding procedure specifications where small
fillets are used to attach heavy plates or sections. Special precautions, such as the
use of preheating, low-hydrogen electrodes or low-hydrogen welding processes, are
accepted.

51.4.2 When heavy structural members are attached to relatively light plating, the weld
size and sequence may require modification.

5.2 Butt Joints

5.2.1 General

5211 Joints in the plate components of stiffened panel structures are generally to be
joined by butt welds. Typical types of butt welds with corresponding edge
preparation are shown in Figure 6.5.1.

5.2.1.2 All types of butt joints are to be welded from both sides. Before welding is carried
out on the second side, unsound weld metal is to be removed at the root by a
suitable method. Butt welding from one side will only be permitted for specific
applications with an approved welding procedure specification.
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Figure 6.5.1
Typical Butt Welds

Single bevel butt
9

P
/4

(R

lS‘W

Double bevel butt
0
|

T — | lmof

I

8ap

Double vee butt, uniform bevels

[ S root

l
gap

Single vee butt, one side welding with backing strip (temporary or permanent)

J_\ﬁ/i
TIJL

8ap

Note
1.

The above figures are shown for guidance only. Actual details and dimensions
are to be in accordance with a recognised fabrication standard. See 4.1.2.1

5.2.2 Thickness difference in butt welds

5221

5222

5223

5224

Abrupt change of section is to be avoided where plates of different thicknesses are
butt welded.

Where plates to be joined differ in thickness by more than 4mm, a suitable transition
taper is to be provided. The transition may be formed by tapering the thicker
member, or by specifying a weld joint design which provides the required transition.

For the transverse butts in longitudinal strength members, the transition taper
length is to be not less than three times the offset.

Differences in thickness greater than 4mm and without transition taper may be
accepted for specific applications.
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5.3 Tee or Cross Joints

5.3.1 General

53.1.1 The connection of primary support members and stiffener web/end connections
and joints formed by plating abutting on another plate panel is generally to be made
by fillet welds sized in accordance with 5.7 and Figure 6.5.2. Examples of other
typical tee or cross joint weld arrangements are shown in Figure 6.5.3.

5.3.1.2 Where the connection is highly stressed or otherwise considered critical, a partial or
full penetration weld is to be achieved by bevelling the edge of the abutting plate.
See 5.3.4 and Figure 6.5.3.

Figure 6.5.2
Typical Tee or Cross Joint Fillet Welds
Tee fillet
t
o
Note
1. The above figure is shown for guidance only. Actual details and dimensions
are to be in accordance with a recognised fabrication standard. See 4.1.2.1.
Figure 6.5.3
Other Typical Tee and Cross Joint Welds
Small angle fillet
B
¢ JIX“P
Single bevel tee with permanent backing
t
L,
0 8ap
Double bevel tee symmetrical
Notes
1. The above figures are shown for guidance only. Actual details and dimensions
are to be in accordance with a recognised fabrication standard. See 4.1.2.1.
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5.3.2 Continuous welding

5321

Continuous welding is to be adopted in the following locations:
(a) all fillet welds where higher strength steel is used

(b) boundaries of weathertight decks and erections, including hatch coamings,
companionways and other openings

(c) boundaries of tanks and watertight compartments

(d) all structures in ballast and fresh water tanks and the ballast and fresh water
tank bulkhead stiffeners

(e) all structures in the aft peak and the aft peak bulkhead stiffeners
(f) all structures in the fore peak tank/void

(g) all welding inside tanks intended for crude oil, petroleum products, chemicals,
edible liquids or fresh water cargoes

(h) welding in way of all end connections, including end brackets, lugs, scallops,
and at the orthogonal connections with other members

(i) all lap welds in the main hull

(j) primary support members and stiffener members to bottom shell in the 0.3L
forward region

(k) flat bar longitudinals to plating

(1) the attachment of minor fittings to higher strength steel plating and other
connections or attachments.

5.3.3 Intermittent welding

53.3.1
53.3.2

Where continuous welding is not required, intermittent welding may be applied.

Where beams, stiffeners, frames, etc, are intermittently welded and pass through
slotted girders, shelves or stringers, there is to be a pair of matched intermittent
welds on each side of every intersection. In addition, the beams, stiffeners and
frames are to be efficiently attached to the girders, shelves and stringers.

5.3.4 Full or partial penetration corner or tee joints

5341 Where high tensile stresses act through an intermediate plate (see Figure 6.5.4),
increased fillet welds or penetration welds are to be used as required by 5.8.
Examples of such structures are:

(a) connection of hopper to inner hull

(b) longitudinal/transverse bulkhead primary support member end connections to
the double bottom

(c) connection of corrugated bulkhead lower stool side plates to shelf plate and
inner bottom/hopper tank

(d) connections of gusset plates to corrugated bulkheads

(e) connection of double bottom floors, lower hopper tank webs and double bottom
girders below corrugated bulkhead flanges and gusset plates for corrugated
bulkheads configured without lower stools

(f) structural elements in double bottoms below bulkhead primary support
members and stool plates.
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534.2

5.3.4.3

Figure 6.5.4
Abutting Plate Panel
Tension
A
o Abutting Plate
e
Thickness

4’] ‘ Root face
root

-grs
i

J ‘ Root face

I

root

Full or partial penetration welds, with maximum root face, lroor = tpgrs/3, where lrois
the weld root face length and #,. is the gross plate thickness, as shown in Figure
6.5.4, are to be used in the connection of hopper sloped plating to inner bottom.

Full penetration welds are to be used in the following connections:
a) lower end of vertical corrugated bulkhead connections

b) lower end of gusset plates fitted to corrugated bulkheads

(

(

(c) rudder horns and shaft brackets to shell structure
(d) rudder side plating to rudder stock connection areas
(

e) edge reinforcements within 0.6L amidships to the strength deck, sheer strake,
bottom and bilge plating, when the transverse dimensions of the opening
exceeds 300mm, see Figure 6.5.5. Where collar plates are fitted in way of pipe
penetrations, the collar plate is to be welded by a continuous fillet weld.

(f) abutting plate panels with gross plate thickness, t,.r, as shown in Figure 6.5.4,
less than or equal to 12mm, forming outer shell boundaries below the scantling
draught, T, including, but not limited to; sea chests, rudder trunks, and
portions of transoms. For gross plate thickness, f,.¢;, greater than 12mm, partial
penetration welding with a maximum root face length oot = t,-¢1s/3 is acceptable.

(g) crane pedestals and associated bracketing and support structure, as required by
Section 11/3.1.4.14.
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Figure 6.5.5
Examples of Suitable Edge Reinforcements

Butt Weld

> “
v View A-A

A Full Penetration

b > 300mm

<

54 Lapped Joints

5.4.1 General

5411

54.1.2

5413

Overlaps may be adopted for end connections where the connection is not subject to
high tensile or compressive loading.

Where overlaps are adopted, the width of the overlap, wi,, is not to be less than
three times, but not greater than four times, the gross thickness of the thinner of the
plates being joined. See Figure 6.5.6. Where the gross thickness of the thinner plate
being joined has a thickness of 25mm or more the overlap will be subject to special
consideration.

The overlaps for lugs and collars in way of cut-outs for the passage of stiffeners
through webs and bulkhead plating are not to be less than three times the gross
thickness of the lug but need not be greater than 50mm. The joints are to be
positioned to allow adequate access for completion of sound welds.

RCN 2 to July 2008 version (effective from 1 July 2010)

5414

The faying surfaces of lap joints are to be in close contact and both edges of the
overlap are to have continuous fillet welds.

Figure 6.5.6
Lapped Joints

Fillet weld in lap joint

wlup

b
.

f

5.4.2 Overlapped end connections

5421

Lapped end connections, where accepted by the Rules, are to have continuous
welds on each edge with leg length, I, as shown in Figure 6.5.6, such that the sum
of the two leg lengths is not less than 1.5 times the gross thickness of the thinner
plate.
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54.3 Overlapped seams

5431

Overlapped seams are to have continuous welds on both edges, of the sizes
required by Table 6.5.1 for the boundaries of tank or watertight bulkheads. Seams
for plates with a gross thickness of 12.5mm or less, which are clear of tanks, may
have one edge with intermittent welds in accordance with Table 6.5.1 for watertight
bulkhead boundaries.

5.5 Slot Welds

5.,5.1 General

5.5.1.1

5.5.1.2

Slot welds may be specially approved for particular applications. Typical
applications are indicated in 5.5.2 and 5.5.3, and typical arrangements are shown in
Figure 6.5.7.

Slots are to be well-rounded and have a minimum slot length, [, of 75mm and
width, ws.r, of twice the gross plate thickness. Where used in the body of doublers
and similar locations, such welds are in general to be spaced a distance, s, of 2Lt
to 31y but not greater than 250mm.

Figure 6.5.7
Slot Welds

Slot welding

)

slot Selot slot

OO
A g

1
8ap

5.5.2 Closing plates

5.5.21 For the connection of plating to internal webs, where access for welding is not
practicable, the closing plating may be attached by slot fillet welds to face plates
fitted to the webs.

5.5.2.2 Slots are to be well rounded and have a minimum slot length, i, of 90mm and a
minimum width, ws., of twice the gross plate thickness. Slots cut in plating are to
have smooth, clean and square edges and are in general to be spaced a distance, sgor,
not greater than 140mm. Slots are not to be filled with welding.

5.5.3 (void)

5531 (void)

5.6 Stud Welds

5.6.1 General

5.6.1.1

Where permanent or temporary studs are to be attached by welding to main
structural parts in areas subject to high stress, the proposed location of the studs is
to be submitted for approval.
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5.7 Determination of the Size of Welds

5.7.1 General
5.71.1 The following weld sizes are to be rounded to the nearest half millimetre.

5.7.1.2 The leg length, lig, as shown in Figure 6.5.8, of continuous, lapped or intermittent
fillet welds, in association with the requirements of 5.7.2 to 5.7.5, is not to be taken
as less than:

(@) lieg = frtp-grs

(b) lleg = fydfweldf2 tp—grs + tgap

(©) I, asgivenin Table 6.5.2
Where:

fi =0.30 for double continuous welding
=0.38 for intermittent welding
tp-grs the gross plate thickness, in mm. Is generally to be taken as

that of the abutting member (member being attached). See
5.7.1.5

fd correction factor taking into account the yield strength of the
weld deposit:

05 0.75
= (%) ( 235 J but is not to be taken as less than 0.707
o

weld

Oweld minimum yield stress of the weld deposit, and is not to be less
than:
305N/ mm? for welding of normal strength steel

375N/ mm? for welding of higher strength steels with yield
strength of 265 to 355N/ mm?2

400 N/mm? for welding of higher strength steel with yield
strength of 390N/ mm?2

See 5.9.4 for additional requirements that are to be applied
where the weld size is determined based on a weld deposit
yield strength that exceeds the specified minimum value

k higher strength steel factor, as defined in 1.1.4. k is to be based
on the material of the abutting member

fuvela weld factor depending on the type of structural member, see
5.7.2,5.7.3and 5.7.5
f2 correction factor for the type of weld:

1.0 for double continuous fillet
Sar for intermittent or chain welding

lweld
Lvetd the actual length of weld fillet, clear of crater, in mm

Sctr the distance between successive weld fillets, from centre to
centre, in mm

toap allowance for weld gap (lesser gaps may be permitted, see
5.9.2):
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=2.0mm for tygrs > 6.5mm

= 2[1.25 - 1J mm for tygrs <6.5mm

2

5.7.1.3 The throat size is not to be less than [,/ V2, where the leg length, I, is as shown in
Figure 6.5.8.

5714 The leg size for matched fillet welds either side of an intersection with intermittent
welding is not to be greater than 0.62f,.;,;s or 6.5mm, whichever is the lesser.

5.71.5 Where the gross web thickness of the abutting longitudinal stiffener is greater than
15mm and exceeds the thickness of the table member (e.g. plating), the welding is to
be double continuous and the leg length of the weld is to be not less than the
greatest of the following:

(a) 0.3 times the gross thickness of the table member. The table member thickness
used need not be greater than 30mm

(b) 0.27 times the gross thickness of the abutting member plus 1.0mm. The leg size
need not be greater than 8.0mm

(c) as given by Table 6.5.2 for stiffeners to plating.

5.7.1.6 Where the gap between members being joined exceeds 2mm and is not greater than
5mm, the weld leg size is to be increased by the amount of the opening in excess of
2mm. Where the opening between members is greater than 5mm, corrective
measures are to be taken, in accordance with an approved welding procedure
specification.

Figure 6.5.8
Weld Definitions

L— Jll%
[ 2
R
Ligg l
I e —— e
staggered L—J chained L—J

ctr ctr

I, = leg size in mm
eg

t = throat size in mm

throat

5.7.2 Welding of fillet joints of main structural components

5721 General weld factors for the connections of the structural components of the hull are
given in Table 6.5.1.

5.72.2 Where components of the hull form a part of a double skin primary support
member the requirements of 5.7.4 are also to be applied.

5723 Where high tensile stresses act through an intermediate plate (see Figure 6.5.4),
increased fillet welds or penetration welds are to be used as required by 5.8.
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5.7.3 Welding of primary support members

5731

5732

Weld factors for the connections of the web plating of primary support members are
given in Table 6.5.4.

Where the minimum weld size is determined by the requirements of 5.7.1.2(b) the
weld connections to shell, decks or bulkheads are to take account of the material lost
in the cut out where stiffeners pass through the member. In cases where the web
plating and the width of the notch exceeds 15 percent of the stiffener spacing, the
size of the weld leg length is to be multiplied by:

0.85s
lw
Where:
S stiffener spacing, in mm
L length of web plating between notches, in mm, see Figure 6.5.9

Figure 6.5.9
Lost Material in Web Cut-outs for Stiffeners

—— (== ——
/] /] /]
—

width of cut-out

5.74 Welding of end connections of primary support members

5.7.4.1

Welding of end connections of primary support members (i.e. transverse frames
and girders) is to be such that the weld area, A, is to be equivalent to the Rule
gross cross-sectional area of the member. In terms of weld leg length, I, this is to be
taken as by:

h w tpf grs
ldep
Where:
ha web height of primary support member, in mm, see Figure
6.5.10
tp-grs rule gross thickness of the primary support member, in mm
Liep total length of deposit of weld metal, in mm. Generally this
can be taken as twice lws shown in Figure 6.5.10 for a double
continuous fillet weld
fa correction factor taking into account the yield strength of the

weld deposit, as defined in 5.7.1.2
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In no case is the size of weld to be less than that calculated in accordance with
5.7.1.2, using a minimum weld factor, fueq, of 0.48 in tanks or 0.38 elsewhere.

RCN 2 to July 2008 version (effective from 1 July 2010)

Figure 6.5.10
End Connection of Primary Support Members

weld

Note

1. The length I, is the length of the welded connection. The total length of the weld deposit L4,
is, for double continuous fillet welds, twice the length of the welded connection lye

5.7.5 Welding at the ends of stiffeners

5751

5.7.5.2

5.7.5.3

5.7.5.4

Welding of longitudinals to plating is to be double continuous at the ends of the
longitudinals. In way of transverses the length of the double continuous weld is to
be equal the depth of the longitudinal, or the depth of the end bracket, whichever is
greater.

For deck longitudinals, a matched pair of welds is required at the intersection of
longitudinals with transverses.

The welding of stiffener (i.e. longitudinals, beams and bulkhead stiffeners) end
connections is to be not less than as required by Table 6.5.5. Where two requirements
are given, the greater is to be complied with. The area of weld, Awas, indicated in
Table 6.5.5, is to be applied to each arm of the bracket or lapped connection.

Where a longitudinal strength member is cut at a primary support structure and the
continuity of strength is provided by brackets, the weld area, Awes, based on the
effective throat times the length of the weld, is to be not less than the gross cross-
sectional area of the member. If the longitudinal strength member is of high
strength steel, the weld area, A, is to be multiplied by f4, the correction factor
taking into account the yield strength of the weld deposit as defined in 5.7.1.2.

JuLy 2012

SECTION 6.5/PAGE 11




SECTION 6 - MATERIALS AND WELDING COMMON STRUCTURAL RULES FOR OIL TANKERS

5755 Where the stiffener member passes through, and is supported by the web of a
primary support member, the weld connection is to be in accordance with the
requirements of Section 4/3.4.3.11.

5.7.5.6  Where intermittent welding is permitted, unbracketed stiffeners of shell, watertight
and oil-tight bulkheads, and house fronts are to have double continuous welds for
one-tenth of their length at each end. Unbracketed stiffeners of non-tight structural
bulkheads, deck house sides and aft ends are to have a pair of matched intermittent
welds at each end.

5.8 Weld for Structures Subject to High Tensile Stresses

5.81 Minimum leg size

5.8.1.1 Where high tensile stresses act through an intermediate plate, see Figure 6.5.11, the
minimum leg length, I, of double continuous welds is to be taken as:

0.75
Ly =1.92 ( 2% j {0.2 + [2%0— 0.25) Lo }tp_gm +20 mm
o

weld p-grs
Where:
o maximum tensile stress in plate being attached, in N/mm?
Lroot root face length, in mm
tp-grs gross thickness of plate being attached, in mm
Ouweld as defined in 5.7.1.2, where oy is limited to the maximum

value permitted by the limits imposed on correction factor
taking into account the yield strength of the weld deposit, f,4,
as defined in 5.7.1.2

Figure 6.5.11
Welds Subject To High Tensile Stresses

Tension
A

lleg

T ‘ Root face
—»

root
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5.9 Reduced Weld Size

5.9.1 General

59.1.1 Reduction in fillet weld sizes that are required by 5.7 may be specially approved in
accordance with either 5.9.2, 5.9.3 or 5.9.4.

59.1.2 Where any of the methods for reduction of the weld size are adopted, the specific
requirements giving justification for the reduction are to be indicated on the
drawings. The drawings are to document the weld design and dimensioning
requirements for the reduced weld leg length and the required weld leg length
given by 5.7 without the permitted leg length reduction. Also, notes are to be added
to the drawings to describe the difference in the two leg lengths and the
requirements for their application.

5.9.2 Controlled gaps

59.21 Where quality control facilitates working to a gap between members of Imm or less,
a reduction in fillet weld leg size of 0.5mm is permitted.

5.9.3 Deep penetration welding

5931 Where an approved automatic deep penetration procedure is used and quality
control facilitates are working to a gap between members of Imm or less, the weld
factors given in Tables 6.5.1, 6.5.2(c) and (d), 6.5.4 and 6.5.5 may be reduced by 15
percent. Reductions of up to 20 percent, but not more than the fillet weld leg size of
1.5mm, will be accepted provided that the Shipyard is able to consistently meet the
following requirements:

(a) the welding is performed to a suitable process selection confirmed by welding
procedure tests covering both minimum and maximum root gaps

(b) the penetration at the root is at least the same amount as the reduction into the
members being attached

(c) demonstrate that an established quality control system is in place.

5.9.4 Controlled welding consumables

59.4.1 Where quality control systems are in place which ensure that the grade of welding
consumable used is higher than the minimum required for the particular strength
steel being welded, the welding consumables that are used may have a weld
deposit material yield strength that is greater than the minimums specified in 5.7.1.2
and the size of the weld may be determined based on the yield strength of the
higher grade welding consumable.

5.10 End Connections of Pillars and Cross Ties

5.10.1 Effective weld area

5.10.1.1 The end connections of pillars and cross ties are to have an effective fillet weld area
(weld throat multiplied by weld length) not less than:

235 )"
A el =f3( J Ag,sP cm?
O weld
Where:
Agrs gross cross-sectional area, for the pillar or cross tie, in m?
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P design pressure load, for the structure under consideration, in
kN /m?2
Ouweld minimum yield stress of the deposit, as given in 5.7.1.2, where

Owela is limited to the maximum value permitted by the limits
imposed on fy;in 5.7.1.2

f3 = (0.05 when pillar or cross tie is in compression only

= 0.14 when pillar or cross tie is in tension

5.11 Alternatives

5.11.1 General

511.1.1 The foregoing are considered minimum requirements for electric-arc welding in
hull construction, but alternative methods, arrangements and details will be
specially considered for approval.

5.11.1.2 The leg length limits given in Table 6.5.2 are to be complied with in all cases.
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COMMON STRUCTURAL RULES FOR OIL TANKERS

Table 6.5.1
Weld Factors
Items Weld Factor Remarks
fweld
(1) General application except as required by
PP items 2-11
Watertight boundaries 0.43
Non-tight plate boundaries 0.18
Strength deck plating to shell see Table 6.5.3
Other decks to shell and bulkheads (except 0.30 enerallv continuous
where forming tank boundaries) ’ & y
Stiffeners to plating (clear of end connections) 0.13 in dry spaces
0.18 in tanks
or extent of end bracket if
Stiffeners to plating for 0.1 span at ends 021 greater
Panel stiffeners 0.13
Overlapped welds generally 0.36
Longitudinals, with gross Web thickness see 5715 b g as defined in 5.7.15
greater than 15mm, to plating
(2) Bottom construction in cargo tank region )
Non-tight centre girder: to keel 0.30
to inner bottom 0.28 no scallops
Non-tight boundaries of floors and girders 0.15 mid half span
0.24 end quarters span
Floors and girder to inner bottom in way of:
vertical primary supporting members 0.43 M
Connection between floors and girders 0.36 )
End connection of floors and girders 0.43 )
Docking brackets 0.30
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Table 6.5.1 (Continued)

Weld Factors
Items Weld Factor Remarks
f weld
(3) Side construction in cargo tank region g;f;h(gg bilge hopper
Vertical webs to inner hull bulkhead
in way of deck transverse/bracket 0.43
in way of cross tie, as applicable 0.36
Elsewhere 0.24
Vertical webs to shell 0.24
Vertical webs end connection 0.43 )

including pump room

(4) Cargo tank bulkhead construction and cofferdam, 1)

Longitudinal and transverse oil-tight bulkhead

boundaries:

to deck, inner bottom and bottom shell 0.51

at sides 0.43
Vertical corrugation

at upper end 0.51

at lower end see 5.3.4
Non-tight bulkhead boundaries 0.24
Primary support members see Table 6.5.4
Connection between primary support 0.49
members

(5) Structures in machinery space

Centre girder to keel and inner bottom 0.36
Floors to centre girder in way of:
Engines 0.36
thrust and boiler bearers 0.36
Floors to main engine foundation girders 0.36
Floors/ girders to shell and inner bottom 0.24
Main engine foundation girders to top plate Partial edge to be prepared with
and primary hull structure penetration maximum root 0.33£,.¢rs
deep penetration
Foundation:
auxiliary diesels (>350kw) 0.40
boiler and other auxiliaries 0.35
Brackets supporting engine foundation 0.21

(6) Construction in 0.25L forward

In way of flat of bottom:

floors to shell and inner bottom 0.18

girders to shell and inner bottom 0.28
Bottom longitudinals to shell:

flat of bottom forward 0.30

Elsewhere 0.18

side shell stringers to shell 0.24

Fore peak construction:

internal structures 0.18

(7) Aft peak construction
Internal structure:

below water line 0.30

above waterline 0.18
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Table 6.5.1 (Continued)
Weld Factors

Items Weld Factor Remarks

f weld

(8) Superstructures and deck houses

Connection of external bulkhead to deck

first and second tier erections 0.28
Elsewhere 0.15
Internal bulkheads 0.12
(9) Closing Arrangements
Hatch coaming to deck 0.43
Cleats and fittings 0.60 minimum weld factor.

Where t s > 11.5mm, [
need not exceed 0.62 ¢,.
grs- Penetration welding
may be required

depending on design
Hatch covers:
oil-tight joints 0.46
watertight joints:
Outside 0.46
Inside 0.18
Hatch covers:
at end of stiffener (unbracketed) 0.38 @
at end of stiffener (bracketed) 0.38
Elsewhere 0.12
(10) Deck Equipment ©)]
Masts, derrick posts, crane pedestals, etc., to 0.43
deck
Deck machinery seats to deck 0.20
Mooring equipment seats 0.43
(11) Miscellaneous fittings and equipment
Rings for access hole type covers to ship 0.43
Frames of shell and weathertight doors 0.43
Stiffening of shell and weathertight doors 0.24
Ventilators, air pipes, etc., coaming to deck 0.43
Ventilators, etc., fittings 0.24
Scuppers and discharge to deck 0.55
Bulwark stays to deck 0.24
Bulwark attachment to deck 0.43
Guard rails, stanchions, etc., to deck 0.43
Bilge keel ground bars to shell see Table 11.3.1
Bilge keels to ground bars see Table 11.3.1
Fabricated anchors full penetration
Note

1. The weld size is to be increased for areas with high tensile stress, see 5.8.

2. Unbracketed stiffeners and webs of hatch covers are to be welded continuously to the plating
and to the face plate for a length, at the ends, equal to the end depth of the member.

3.  Weld factors are minimum values.
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Table 6.5.2
Leg Size
Item Minimum Leg
Size®, mm

(a) Gross plate thickness t,.¢;s < 6.5mm ©)

Hand or automatic welding 4.0

Automatic deep penetration welding 4.0
(b) Gross plate thickness #,.4rs > 6.5mm

Hand or automatic welding 4.5

Automatic deep penetration welding 4.0
(c) Welds within 3m below top of ballast and 6.5

cargo tanks® @)

(d) All welds in cargo tank region, except in (c) 4 6.0

Note

1. Inall cases, the limiting value is to be taken as the greatest of the
applicable values given above.

2. Only applicable to cargo and ballast tanks with weather deck as the tank
top.

3. See 5.9 for provisions to reduce minimum leg size.
A reduction to 5.5mm leg size for the secondary structural elements

such as carling, buckling stiffeners and tripping brackets may be applied
without additional gap control.

5. For superstructure and deck houses, the minimum leg length may be
taken as 3.5mm.

(RCN 2, effective from 1 July 2008)
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Table 6.5.3
Weld Connection of Strength Deck Plating to Sheer Strake
Stringer Weld type
gross plate thickness,
in mm
tygrs <15 Double continuous fillet weld with a leg size of 0.60 #,.¢;s + 2.0mm

15 < fygrs < 20

Single vee preparation to provide included angle of 50° with root face
length It < tpgrs /3 in conjunction with a continuous fillet weld with a
weld factor of 0.35

Double vee preparation to provide included angle of 50° with root face
length Lot < tpgrs /3

or

tygrs > 20

Double vee preparation to provide included angle of 50° with root face
length oot < tpgrs /3, but not to be greater than 10mm

50°

Where t,.¢,s = gross thickness of stringer plate, in mm

< |
SN, 1

single vee preparation

f

%»

—

root

S

50°

double vee preparation

Note

builders.

accordance with 4.4.4.

1. Welding procedure, including joint preparation, is to be specified and approved for individual
2. Where structural members pass through the boundary of a tank a leak stopper is to be arranged in

3. Alternative connections will be specially considered.
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Table 6.5.4
Connection of Primary Support Members
Primary Support
Member Weld factor, feia
gross face area, in cm? PSS
Not Position In tanks In dry spaces
Greater
than greater To face To To face To
than plate plating plate plating
30.0 At ends 0.20 0.26 0.20 0.20
Remainder 0.12 0.20 0.12 0.15
30.0 65.0 At ends 0.20 0.38 0.20 0.20
Remainder 0.12 0.26 0.12 0.15
65.0 95.0 At ends 0.42 0.59 6 0.20 0.30
Remainder 0.30 @ 0.42 0.15 0.20
95.0 130.0 At ends 042 0.59 © 0.30 0.42
Remainder 030 @ 0.42 0.20 0.30
130.0 At ends 059 & 0.59 ©) 0.42 0.59 )
Remainder 042 0.42 0.30 0.42
Note

1. The weld factors “at ends’ are to be applied for 0.2 times the overall length of the member
from each end, but at least beyond the toe of the member end brackets. On vertical webs, the
increased welding may be omitted at the top, but is to extend at least 0.3 times overall length
from the bottom.

Weld factor 0.38 to be used for cargo tanks.

3. Where the web plate thickness is increased locally to meet shear stress requirements, the
weld size may be based on the gross web thickness clear of the increased area, but is to be
not less than weld factor of 0.42 based on the increased gross thickness.

4. Inregions of high stress, see 5.3.4, 5.7.4 and 5.8.

RCN 2 to July 2008 version (effective from 1 July 2010)

Table 6.5.5
Stiffener End Connection Welds
Connection Weld area, Aweq, in cm? Weld
Factor,
f weld ®
(1) Stiffener welded direct to plating 0-25Asgrs Or 6.5 crn? 0.38

whichever is the greater

(2) Bracketless connection of stiffeners, stiffener
lapped to bracket or bracket lapped to stiffener:

a) in dry space 12 |z 0.26
Y sp grs

(b) intank 14 |z grs 0.38

() main frame to tank side bracket in 0.15L

forward as (a) or (b) 0.38

(3) Bracket welded to face of stiffener and bracket _ 038

connection to plating )

Where:

Asirgrs  gross cross sectional area of the stiffener, in cm?

Aveld weld area, in cm?, and is calculated as total length of weld, in cm, times throat
thickness, in cm (Where the gap exceeds 2mm the weld size is to be increased. See
5.7.1.6)

Zars the gross section modulus required, in cm3, of the stiffener on which the scantlings of
the bracket are based

Note

1. For minimum weld fillet sizes, see Table 6.5.2.
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1 INTRODUCTION
1.1 General

111 Application

1.1.1.1 This section provides in detail the loads and load combinations for the scantling
calculations. The loads cover load scenarios in harbour and at sea, see Section 2/5.4,
dividing the loads into static load components, dynamic load components, sloshing
loads and impact loads.

1.2 Definitions

1.21 Coordinate system

1.21.1 The applied coordinate system x, v, z is as defined in Section 4/1.4.1.1.

1.2.1.2 The direction of the incident waves are specified by the angle S between the x-axis
and the propagating wave direction as shown in Figure 7.1.1. Examples given:
(a) head sea is waves propagating in the negative x-direction,
(b) beam sea is waves propagating in the positive or negative y-direction,

(c) oblique sea is waves propagating in a direction between head and beam sea (or
following and beam sea), and

(d) following sea is waves propagating in positive x-direction.

Figure 7.1.1
Definition of Wave Heading

Y
wave
direction
) ] x

1.2.2 Sign conventions

1.221 Positive motions, as shown in Figure 7.1.2, are defined as:
(a) positive surge is translation along positive x-axis (forward)
b) positive sway is translation along positive y-axis (towards port side of vessel)
c) positive heave is translation along positive z-axis (upwards)

(
(
(d) positive roll is starboard down and port side up
(e) positive pitch is bow down and stern up

(

f) positive yaw is bow rotating towards portside of vessel and stern towards
starboard side.
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Figure 7.1.2
Definition of Positive Motions

heave

Note
1. This figure shows the rotation axis and not the coordinate system.
1.2.2.2 Positive accelerations are defined as:
(a) positive longitudinal acceleration is acceleration along positive x-axis (forward)
(b) positive transverse acceleration is acceleration along positive y-axis (towards
portside of vessel)
(c) positive vertical acceleration is acceleration along positive z-axis (upwards).
1.2.2.3 The sign convention of positive vertical hull girder shear force is shown in Figure
7.1.3.
Figure 7.1.3
Positive Vertical Shear Force
*)
1.2.2.4 The sign conventions of positive hull girder bending moments are shown in Figures
7.14 and 7.1.5, and are defined as:
(a) positive vertical bending moment is a hogging moment and negative vertical
bending moment is a sagging moment
(b) positive horizontal bending moment is tension on the starboard side and
compression on the port side.
Figure 7.1.4
Positive Vertical Bending Moment
*)
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Figure 7.1.5
Positive Horizontal Bending Moment

™)
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2 StATIC LOAD COMPONENTS

2.1 Static Hull Girder Loads

211 Permissible hull girder still water bending moment

2111

2112

21.1.3

21.1.4

2115

21.1.6

The designer is to provide the permissible hull girder hogging and sagging still
water bending moment limits for seagoing, Msw-perm-ses, and harbour/sheltered water
operations, Msw-pern-harb-

The permissible hull girder hogging and sagging still water bending moment limits
are to be given at each transverse bulkhead in the cargo area, at the middle of cargo
tanks, at the collision bulkhead, at the engine room forward bulkhead and at the
midpoint between the fwd and aft engine room bulkhead.

The permissible hull girder hogging and sagging still water bending moment
envelope is given by linear interpolation between values at the longitudinal
positions given in 2.1.1.2.

The permissible hull girder hogging and sagging still water bending moment
envelopes are to be included in the loading manual as required in Section 8/1.1.2.

The permissible hull girder hogging and sagging still water bending moment
envelopes for seagoing operations, Msw.perm-ses, are to envelop the minimum hull
girder hogging and sagging still water bending moments given in 2.1.2.1 and 2.1.2.2
and the most severe hogging and sagging hull girder still water bending moments
calculated for any seagoing loading condition given in the loading manual. The
requirements for the loading conditions are given in Section 8/1.1.2.

The permissible hull girder hogging and sagging still water bending moment
envelopes for harbour/sheltered water operation, Mswpermnars, are to envelop the
minimum hull girder hogging and sagging still water bending moments given in
2.1.2.3 and the most severe hogging and sagging hull girder still water bending
moments calculated for any harbour/sheltered water loading condition given in the
loading manual and are not to be less than the permissible envelopes for seagoing
operation, Msw—perm—sea~

Guidance note:

It is recommended that, for initial design, the permissible hull girder hogging and sagging still water
bending moment envelopes are at least 5% above the hull girder still water bending moment envelope
from the loading conditions in the loading manual, to account for growth and design margins during
the design and construction phase of the ship.

2.1.2 Minimum hull girder still water bending moment

21.21 The minimum hull girder hogging and sagging still water bending moment for
seagoing operations, Msw-min-sea-mid, at amidships is to be taken as:
for hogging:
M sw-min-sea—mid = fsea (Zv—min O perm—sea 103 _va—hog) kNm
which is identical to
Msw—min—sea-mid = 0.01 va L2 B(1197 - 19Cb) kNm
for sagging:
Msw—min—sea—mid = fsea (Zv—min O perm—sea 103 +szz—sag) kNm
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which is identical to
Msw_min_sea_mid = 0.05185 Cwy L2 B (Cb +O.7) kNm

Where:

foea -0.85 for sagging
1.0 for hogging

Zo-min rule minimum hull girder section modulus as given in Section
8/1.2.2.2, in m3

Operm-sea allowable seagoing hull girder bending stress at midships, as
defined in Section 8/1.2.3.2, in N/ mm?

Muvo-og envelope values of hogging vertical wave bending moment at
midships as defined in 3.4.1.1, in kKNm

Muvo-sag envelope values of sagging vertical wave bending moment at
midships as defined in 3.4.1.1, in kKNm

Cuwo wave coefficient, as defined in 3.4.1.1

L rule length, , in m, as defined in Section 4/1.1.1.1

B moulded breadth, in m, as defined in Section 4/1.1.3.1, in m

Cp block coefficient, as defined in Section 4/1.1.9.1

2122 The minimum hull girder hogging and sagging still water bending moment for
seagoing operations, Msu-min-sea, at any longitudinal position is to be taken as:

Msw—min—seu = fsw Msw—min—sea—mid kNm
Where:

fw 1.0 within 0.4L amidships
0.15at 0.1L from A.P. or F.P.
0 at A.P.and F.P.

intermediate f, values are to be obtained by linear
interpolation, see Figure 7.2.1

21.23 The minimum hull girder hogging and sagging still water bending moment for
harbour/sheltered water operations, Msu-min-narb, at any longitudinal position is to be
taken as:

Mswfminfharb = 125 Mswfminfsea kNm
Where:

Mw-min-sea corresponding minimum hull girder hogging and sagging
still water bending moment for seagoing operation at the
section under consideration, see 2.1.2.1 and 2.1.2.2
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Figure 7.2.1
Still Water Bending Moment Distribution
1.0 fm========nn-
P Y A E———— 5,
00 01 03L i 07 >
AP.

2.1.3 Still water shear force

2131

21.3.2

2.1.3.3

2134

2.1.3.5

21.3.6

The designer is to provide the permissible hull girder positive and negative still
water shear force limits for seagoing, Qswpermses, and harbour/sheltered water
Opel‘atiOHS, st—perm—hurb~

The permissible hull girder positive and negative still water shear force limits are to
be given at each transverse bulkhead in the cargo area, at the middle of cargo tanks,
at the collision bulkhead and at the engine room forward bulkhead.

The permissible hull girder positive and negative still water shear force envelope is
given by linear interpolation between values at the longitudinal positions given in
2.1.3.2.

The permissible hull girder positive and negative still water shear force envelopes
are to be included in the loading manual as required in Section 8/1.1.2.

The permissible hull girder positive and negative still water shear force envelopes
for seagoing operation, Qsw-perm-seas are to envelope the minimum hull girder positive
and negative still water shear forces given in 2.1.4.1, 2.1.4.2 and the most severe
positive and negative hull girder still water shear forces for any seagoing loading
condition given in the loading manual. The requirements for the loading conditions
are given in Section 8/1.1.2.

The permissible hull girder positive and negative still water shear force envelopes
for harbour operation, Qsw-perm-nart, are to envelop the minimum hull girder positive
and negative still water shear forces given in 2.1.4.3, 2.1.4.4 and the most severe
positive and negative hull girder still water shear forces for any harbour/sheltered
water loading condition given in the loading manual and are not to be less than the
permissible envelopes for seagoing operation, Qsw-perm-sea-

Guidance note:

It is recommended that, for initial design, the permissible hull girder still water shear force envelopes
are at least 10% above the hull girder shear force envelope from the loading conditions in the loading
manual, to account for growth and design margins during the design and construction phase of the
ship.

JuLy 2012

SECTION 7.2 /PAGE 3




SECTION 7 - LOADS COMMON STRUCTURAL RULES FOR OIL TANKERS

214 Minimum hull girder still water shear force

2141

2142

For ships with two longitudinal bulkheads, the minimum hull girder positive and
negative still water shear force for seagoing operation, Qsw-minses, in way of
transverse bulkheads between centre cargo tanks, is to be taken as:

0 .225,08Blocul l t Lse

KN
0508 [0.98(Ver +2Vsr )~ 0.7Biocal,, Tec |

st—min—sea =t max{

and taken as the maximum value of Qs min-sea calculated for cargo/ballast
tanks forward and aft of the transverse bulkhead

Where:

p density of cargo/sea water, not to be taken less than 1.025
tonnes/m3

g acceleration due to gravity, 9.81 m/s?

Biocal local breadth at T at the middle length of the tank under
consideration, in m

L length of cargo tank under consideration, taken at the
forward or aft side of the transverse bulkhead under
consideration, in m

Tsc scantling draught, in m, as defined in Section 4/1.1.5.5

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

Vst volume of side cargo tank, taken for the cargo tank on the

forward or aft side of the transverse bulkhead under
consideration, in m3

For ships with centreline longitudinal bulkhead, the minimum hull girder positive
and negative still water shear force for seagoing operation, Qsw-minsea, in Way of
transverse bulkheads between cargo tanks is to be taken as:

=% 0-4prlomlltk sc kN

st—min—sea

and taken as the maximum value of Qs-minseacalculated for cargo/ballast
tanks forward and aft of the transverse bulkhead

Where:

p density of cargo/sea water, not to be taken less than 1.025
tonnes/m3

g acceleration due to gravity, 9.81 m/s?

Biocal local breadth at Tsc at the middle length of the tank under
consideration, in m

L length of cargo tank under consideration, taken at the
forward or aft side of the transverse bulkhead under
consideration, in m

Tsc scantling draught, in m, as defined in Section 4/1.1.5.5
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2143

2144

For ships with two longitudinal bulkheads, the minimum hull girder positive and
negative still water shear force for harbour/sheltered water operation, Qsw-min-arv, in
way of transverse bulkheads between centre cargo tanks, is to be taken as:

0.275prlocalltk T

kN
0.509[0.98 (Ver +2Vsr )~ 0.6Bueal, T |

st—min—hm‘b == Inax{

and taken as the maximum value of Qsw-min-na calculated for cargo/ballast
tanks forward and aft of the transverse bulkhead

Where:

p density of cargo/sea water, not to be taken less than 1.025
tonnes/m3

g acceleration due to gravity, 9.81 m/s?

Biocal local breadth at T at the middle length of the tank under
consideration, in m

L length of cargo tank under consideration, taken at the
forward or aft side of the transverse bulkhead under
consideration, in m

Tsc scantling draught, in m, as defined in Section 4/1.1.5.5

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

Vst volume of side cargo tank, taken for the cargo tank on the

forward or aft side of the transverse bulkhead under
consideration, in m3

For ships with centreline longitudinal bulkhead, the minimum hull girder positive
and negative still water shear force for harbour/sheltered water operation,
Qsw-min-nar, in Way of transverse bulkheads between cargo tanks, is to be taken as:

st—min—harb ==t 0-45prloculltkTsc kN

and taken as the maximum value of Qsw-minna calculated for cargo/ballast
tanks forward and aft of the transverse bulkhead

Where:

p density of cargo/sea water, not to be taken less than 1.025
tonnes/m3

g acceleration due to gravity, 9.81 m/s2

Biocar local breadth at T at the middle length of the tank under
consideration, in m

L length of cargo tank under consideration, taken at the
forward or aft side of the transverse bulkhead under
consideration, in m

Tsc scantling draught, in m, as defined in Section 4/1.1.5.5

JuLy 2012 SECTION 7.2/PAGE 5




SECTION 7 - LOADS COMMON STRUCTURAL RULES FOR OIL TANKERS

2.2 Local Static Loads

2.2.1 General

2211 The following static loads are considered:
(a) static sea pressure
(b) static tank pressure
(c) tank overpressure
(d) static deck load

2.2.2 Static sea pressure
2221 The static sea pressure, Py, is to be taken as:

Puys = psug(Tic —z)  kN/m?2

Where:

z vertical coordinate of load point, in m, and is not to be greater
than Tic, see Figure 7.2.2

Psw density of sea water, 1.025tonnes/ m?

Tic draught in the loading condition being considered, in m

g acceleration due to gravity, 9.81m/s?2

Figure 7.2.2
Static Sea Pressure

klhﬂlhlhﬂjﬂl>/

2.2.3 Static tank pressure

2.23.1 The static tank pressure, Pi.4, is to be taken as:
Pt =pgzae  kN/m?2
Where:

Zik vertical distance from highest point of tank, excluding small
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hatchways, to the load point, see Figure 7.2.3, in m

p density of liquid in the tank, is not to be taken as less than
0.9 for liquid cargo for fatigue strength
1.025 otherwise

see Section 2/3.1.8, in tonnes/m3

g acceleration due to gravity, 9.81m/s?2
2232 The static tank pressure, Piqr, in the case of overfilling or filling during flow
through ballast water exchange, is to be taken as:
Piyair = Psw Zair kI\I/nl2
Where:
Zair vertical distance from top of air pipe or overflow pipe to the
load point, whichever is the lesser, see Figure 7.2.3, in m
=zt hair
Psw density of sea water, 1.025tonnes/m?3
g acceleration due to gravity, 9.81m/s?2
Hair height of air pipe or overflow pipe, in m, is not to be taken less
than 0.76m above highest point of tank, excluding small
hatchways. For tanks with tank top below the weather deck
the height of air-pipe or overflow pipe is not to be taken less
than 0.76m above deck at side unless a lesser height is
approved by the flag Administration. See also Figure 7.2.3.
Figure 7.2.3
Pressure-Heads and Distances used for Calculation of Static Tank Pressure
| & Y ; t—Q —
| =
I arr
| Zik
I R
| , Load Point
L
|
|
I '
I
zy| |
>L7vi
| Load Point /
JuLy 2012 SECTION 7.2 /PAGE 7




SECTION 7 -

LoADs COMMON STRUCTURAL RULES FOR OIL TANKERS

2233

2234

2235

The added overpressure due to sustained liquid flow through air pipe or overflow
pipe in the case of overfilling or filling during flow through ballast water exchange,
Pargp, is to be taken as 25 kN/m?2. Additional calculations may be required where
piping arrangements may lead to a higher pressure drop, for example long pipes or
arrangements such as bends and valves.

The pressure, Pinfioos, in compartments and tanks in a flooded or damaged condition
is to be taken as:

Pin—ﬂood = Psw §Z flood kN/m2
Where:

Zflood vertical distance from the load point to the deepest
equilibrium waterline in damaged condition obtained from
applicable damage stability calculations or to freeboard deck if
the damage waterline is not given, in m

Psw density of sea water, 1.025tonnes/m?

g acceleration due to gravity, 9.81m/s2

The tank testing pressure, Pi.«si, is to be taken as the greater of the following, see
also the testing requirements in Table 11.5.1:

Pin—test = Psw LZtest kN/m2
Pintest = PswZtk + Puarve kN/m2

Where:
Ziest vertical distance to the load point, is to be taken as the greater
of the following, in m:
(a) top of overflow
(b) 2.4 m above top of tank
Zik vertical distance from highest point of tank, excluding small
hatchways, to the load point, see Figure 7.2.3, in m
Psw density of sea water, 1.025tonnes/m3
g acceleration due to gravity, 9.81m/s2
Poatve setting of pressure relief valve, if fitted, is not to be taken less

than 25kN/m?

2.24 Static deck pressure from distributed loading

2241

The pressure on decks and inner bottom, Ps, is to be taken as:
Pstat = Peck kN/m2
Where:

Pieck uniformly distributed pressure on lower decks and decks
within superstructures, including platform decks in the main
engine room and for other spaces with heavy machinery
components, in kKN/m2. Pg.is not to be taken less than
16kN/ma2. Design pressures for decks of deck houses are
provided in Section 11/1.4.

JuLy 2012
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2.2.,5 Static deck loads from heavy units

2251 The scantlings of structure in way of heavy units of cargo and equipment are to
consider gravity forces acting where the mass is 20 tonnes or greater. The load
acting on supporting structures and securing systems for heavy units of cargo,
equipment or structural components, Fa, is to be taken as:

Fstut = mung kN

Where:
Mun mass of unit, in tonnes
g acceleration due to gravity, 9.81m/s2
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3 DyNAMIC LOAD COMPONENTS

3.1 General

3.1.1 Basic components

3.1.1.1
3.1.1.2

Formulas for ship motions and accelerations are given in this sub-section.

Formulas for the envelope value of the basic dynamic load components are also
given. The basic load components are:

(a) vertical wave bending moment and shear force

(b) horizontal wave bending moment

(c) dynamic wave pressure
(

d) dynamic tank pressures.

3.1.2 Envelope load values

3121

3122

3.1.23

3.1.24

The envelope loads for scantling requirements and strength assessment are given at
a 108 probability level, while the envelope loads for fatigue strength are given at a
10+ probability level.

For scantling requirements and strength assessments, correction factors to account
for non-linear effects and operational considerations in heavy weather are given.

For fatigue strength a factor adjusts the envelope load from a 108 probability level
to a 10+ probability level. A speed correction factor is applicable where appropriate.

The envelope value is the long term value, at a given probability level, taking into
consideration the effect of all wave headings.

3.1.3 Metacentric height and roll radius of gyration

3.1.3.1 The metacentric height, GM, and roll radius of gyration, ri.qy, associated with the
rule loading conditions or specified draughts are specified in Table 7.3.1.
Table 7.3.1
GM and rmu.gyr
Trc GM Troll-gyr
Loaded at deep draught between 0.9T;. and T, 0.12B 0.35B
Loaded on reduced draught 0.6T 0.24B 0.40B
In ballast Tat, Thain 0.33B 0.45B
Where:
B moulded breadth, in m, as defined in Section 4/1.1.3.1
Tic draught in the loading condition being considered, in m
Tse scantling draught, in m, as defined in Section 4/1.1.5.5
Tal minimum design ballast draught, in m, as defined in Section 4/1.1.5.2
Toai-n normal ballast draught, in m, as defined in Section 4/1.1.5.3
3.1.3.2 For the optional loading conditions, GM is to be taken as the corrected metacentric
height given in the loading manual. Where GM for optional loaded or
gale/emergency ballast conditions is not specified, GM is to be taken as 0.12B for
mean draught greater or equal to 0.9T,, and 0.24B for mean draught equal or less
than 0.6T.. For optional loading conditions with a mean draught other than the
JuLy 2012 SECTION 7.3/PAGE 1
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3.1.3.3

3134

values defined, GM is to be obtained by linear interpolation based on values for
0.6T and 0.97 .

Trolgyr fOr optional loaded or gale/emergency ballast conditions is, unless provided
based on the loading manual, to be taken as 0.35B for mean draught greater or equal
to 0.9T, and 0.4B for mean draught equal or less than 0.6Ts. For optional loading
conditions with a mean draught other than the values defined above, i, may be
obtained by linear interpolation based on values for 0.6Ts.and 0.9T..

For the loading conditions used for fatigue strength, GM is to be taken as the
corrected metacentric height given in the loading manual. If not available, GM is to
be taken as specified in Table 7.3.1 for ballast condition and according to the
procedure described in 3.1.3.2 for full load condition. 7,y is, unless based on the
loading condition, to be taken as specified in Table 7.3.1 for ballast condition and
according to the procedure described in 3.1.3.3 for full load condition.

3.2 Motions

3.21 General

3211

The envelope values for ship motions are given at a 108 probability level.

3.2.2 Roll motion

3221

3222

The natural roll period, U,y is to be taken as:

U ol :2'302;# secs

Where

GM metacentric height, in m, as defined in 3.1.3
Troll-gyr roll radius of gyration, in m, as defined in 3.1.3

The roll angle, 0, is to be taken as:

0= 3 i075 (1.25-0.025U o1 ) fox ~ rads
Where:
ok 1.2 for ships without bilge keels
1.0 for ships with bilge keels
B moulded breadth, in m, as defined in Section 4/1.1.3.1
Uron roll period, in secs, as defined in 3.2.2.1

3.2.3 Pitch motion

3.2.3.1

The characteristic pitch period, Upit, is to be taken as:

upitch zfv\/062?]r(1+f7‘ )L S

Where:
Vo[ L
=10+ —| —-0.67
fv % (525 j
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_ Tic
Jr T..
Vo vessel speed, in knots, is to be taken as:
0 for scantling requirements and strength assessment

0.75V for fatigue strength

% maximum service speed, in knots, as defined in Section
4/1.1.8.1

T scantling draught, in m, as defined in Section 4/1.1.5.5

Tic draught in the loading condition being considered, in m

L rule length, in m, as defined in Section 4/1.1.1.1

3.23.2 The pitch angle, ¢, is to be taken as:

0.25
Q= 960(£j L radians
Cy L 180

Where:

1% vessel speed, in knots. Is to be taken as V, but not to be taken
as less than 10

1% maximum service speed, in knots, as defined in Section
4/1.1.8.1

Cy block coefficient, as defined in Section 4/1.1.9.1

L rule length, in m, as defined in Section 4/1.1.1.1

3.3 Ship Accelerations

3.3.1 General

3.3.1.1 The envelope values for combined translatory accelerations due to motion in six
degrees of freedom are given. The transverse and longitudinal components of
acceleration include the component of gravity due to roll and pitch.

3.3.2 Common acceleration parameter

3.3.21 The common acceleration parameter, ay, is to be taken as:

ap =(1.58 —0.47C, % + % - %}

Where:

Cy block coefficient, as defined in Section 4/1.1.9.1
L rule length, in m, as defined in Section 4/1.1.1.1

3.3.3 Vertical acceleration

3.3.3.1 The envelope vertical acceleration, a,, at any position, is to be taken as:

— 2 2 2 2
ay = fproh \/ahmve + apitch—z T Ao, m/s

Where:
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Aheave vertical acceleration due to heave, is to be taken as:
=fvaog m/s?
Apitch-z vertical acceleration due to pitch, is to be taken as:
2
- (0.3 + i}p(z—”} x-0451] m/s?
325 )"\ U pitan
Aroll-z vertical acceleration due to roll, is to be taken as:

:1.26( 21 j2|y| m/s?
u

roll

ao common acceleration parameter, as defined in 3.3.2.1
g acceleration due to gravity, 9.81m/s?2

[ pitch angle, in rads, as defined in 3.2.3.2

Upitch pitch period, in secs, as defined in 3.2.3.1

L rule length, in m, as defined in Section 4/1.1.1.1
0 roll angle, in rads, as defined in 3.2.2.2

Uron roll period, in secs, as defined in 3.2.2.1

X longitudinal coordinate, in m

Y transverse coordinate, in m

forob as defined in 3.3.3.2 and 3.3.3.3 as appropriate
fv as defined in 3.3.3.2 and 3.3.3.3 as appropriate

3.3.3.2 For scantling requirements and strength assessment:

fprob is to be taken as 1.0
fv is to be taken as 1.0
3.3.3.3 For fatigue strength:
forob is to be taken as 0.45
oo ()
Where:
CoLc block coefficient for considered loading condition, as defined
in Section 4/1.1.9.2
Cp block coefficient, as defined in Section 4/1.1.9.1
L rule length, in m, as defined in Section 4/1.1.1.1

3.3.4 Transverse acceleration

3.34.1 The envelope transverse acceleration, a;, at any position, is to be taken as:

ar = fprob \/ﬂgway + (g sinf + aroll—y)z m/32

Where:

Asway

transverse acceleration due to sway and yaw, is to be taken as:
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=03ga0 m/s?
Aroll-y transverse acceleration due to roll, is to be taken as:
= 6(2—72)2 Ryt m/s?
0 roll angle, in rads, as defined in 3.2.2.2
Uron roll period, in secs, as defined in 3.2.2.1
Ryo1 =z-— (% + %) or z— (%) , whichever is the greater, in m
g acceleration due to gravity, 9.81m/s?2
ao common acceleration parameter, as defined in 3.3.2.1
Tic draught in the loading condition being considered, in m
D moulded depth, as defined in Section 4/1.1.4.1
z vertical coordinate, in m
Sprob as defined in 3.3.4.2 or 3.3.4.3 as appropriate
3.3.4.2 For scantling requirements and strength assessment:
forob is to be taken as 1.0
3.3.4.3 For fatigue strength:
fprob is to be taken as 0.5

3.3.5 Longitudinal acceleration

3.3.5.1 The envelope longitudinal acceleration, ai,, at any position, is to be taken as:

Ay =0.7f

Where:

Asurge

Apitch-x

upi tch

Rpi tch

aop

Tic

2
' prob \/aszurge + ( L (g Singo +a itch—x )j
325 P

longitudinal acceleration due to surge, is to be taken as:
=02ga9 m/s?

longitudinal acceleration due to pitch, is to be taken as:
= fv@(2m / Upitcn )2 Rpiten /82

pitch angle, in rads, as defined in 3.2.3.2

pitch period, in secs, as defined in 3.2.3.1

pitch radius and is to be taken as the greater of

z—| —+—|or z—-| —|,Inm
4 2 2

acceleration due to gravity, 9.81m/s?2

common acceleration parameter, as defined in 3.3.2.1
draught in the loading condition being considered, in m
moulded depth, in m, as defined in Section 4/1.1.4.1

rule length, in m, as defined in Section 4/1.1.1.1
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z vertical coordinate, in m

fprob as defined in 3.3.5.2 and 3.3.5.3 as appropriate

fv as defined in 3.3.5.2 and 3.3.5.3 as appropriate
3.3.5.2 For scantling requirements and strength assessment:

frob is to be taken as 1.0

fv is to be taken as 1.0

3.3.5.3 For fatigue strength:
Sfprob is to be taken as 0.5
fv is to be taken as 1.7

3.4 Dynamic Hull Girder Loads

3.4.1 Vertical wave bending moment

3.41.1 The envelope hogging and sagging vertical wave bending moments, Muo-1og and
Muw-sag , are to be taken as:

va—hog = fprob 0-19fwv—vcva2BCb

Muo-sog =~ foran 011 funoCon[2B(Cy +0.7) N0
Where:
fwvw distribution factor for vertical wave bending moment along
the vessel length, see 3.4.1.2 or 3.4.1.3 as appropriate
Cuwo wave coefficient to be taken as:
3
= 1075 —(300 — sz for 150 < L <300
100
=10.75 for 300 < L <350
3
= 10.75— (L — 350)2 for 350 < L <500
150
rule length, in m, as defined in Section 4/1.1.1.1
B moulded breadth, in m, as defined in Section 4/1.1.3.1
Cy block coefficient, as defined in Section 4/1.1.9.1

3.4.1.2 For scantling requirements and strength assessment:
fuo-o distribution factor for vertical wave bending moment along
the vessel length, is to be taken as:
0.0 at A.P.
1.0 for 0.4L to 0.65L from A.P.
0.0 at F.P.

intermediate values to be obtained by linear interpolation,
see Figure 7.3.1

fprob is to be taken as 1.0

L rule length, in m, as defined in Section 4/1.1.1.1
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Figure 7.3.1
Vertical and Horizontal Wave Bending Moment Distribution
for Scantling Requirements and Strength Assessment

fwv»v“
fwzv-h
1.0 ,
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
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1 ]
1 1
1 1
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1 1
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1 1
1 1
1 1
1 1
1 1
1 1
! ! -
0.0 0.4L 0.65L 1.0L
AP. EP.

3.4.1.3 For fatigue strength:
fuw-o distribution factor for vertical wave bending moment along

the vessel length, is to be taken as:

0.0 at A.P.

0.1 at 0.1L from A.P.

1.0 for 0.4L to 0.65L from A.P.

0.1 at 0.9L from A.P.

0.0 at F.P.

intermediate values to be obtained by linear interpolation,
see Figure 7.3.2

frob is to be taken as 0.5
L rule length, in m, as defined in Section 4/1.1.1.1
Figure 7.3.2
Vertical and Horizontal Wave Bending Moment Distribution for Fatigue Strength
fwv-v“
f;uv-h
1.0 1=============as
S AN S S
00 0.1L 04L 0.65L 09L 10L
AP. F.P.
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34.2

Horizontal wave bending moment

3.4.2.1 The envelope horizontal wave bending moment, M1, is to be taken as:

3422

3.4.2.3

My = fprob(0'3 + L)fwv—hvaLZTLCCb kNm

Where:

ﬁvv-h

Cuwo
L
Tic
@

2000

distribution factor for wave horizontal bending moment along
the vessel length, see 3.4.2.2 or 3.4.2.3 as appropriate

wave coefficient, as defined in 3.4.1.1
rule length, in m, as defined in Section 4/1.1.1.1
draught in the loading condition being considered, in m

block coefficient, as defined in Section 4/1.1.9.1

For scantling requirements and strength assessment:

f wo-h

ﬁﬂ'ob
L

distribution factor for wave horizontal bending moment along
the vessel length, is to be taken as:

0.0 at A.P.
1.0 for 0.4L to 0.65L from A.P.
0.0 at F.P.

intermediate values to be obtained by linear interpolation, see
Figure 7.3.1

is to be taken as 1.0

rule length, in m, as defined in Section 4/1.1.1.1

For fatigue strength:

f wo-h

fpmb
L

distribution factor for wave horizontal bending moment along
the vessel length, is to be taken as:

0.0 at A.P.

0.1 at 0.1L from A.P.

1.0 for 0.4L to 0.65L from A.P.

0.1 at 0.9L from A.P.

0.0 at F.P.

intermediate values to be obtained by linear interpolation, see
Figure 7.3.2

is to be taken as 0.5

rule length, in m, as defined in Section 4/1.1.1.1

3.4.3 Vertical wave shear force

3.43.1 The envelope positive and negative vertical wave shear forces, Quo-posand Quov-neg, are
to be taken as:

Qwv—pos :0-3quv7postvLB(Cb +07)

kN

QZUU—HEg = _0~3quv—negcvaB(Cb + 007)
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Where:

f;qu~pos

ﬁ]wv—neg

va

Gy

distribution factor for positive vertical wave shear force along
the vessel length and is to be taken as:

0.0 at A.P.
Co
(Cp+0.7)

0.7 for 0.4L to 0.6L from A.P.
1.0 for 0.7L to 0.85L from A.P.
0.0 at F.P.

1.59 for 0.2L to 0.3L from A.P.

distribution factor for negative vertical wave shear force along
the vessel length and is to be taken as:

0.0 at A.P.
0.92 for 0.2L to 0.3L from A.P.
0.7 for 0.4L to 0.6L from A.P.

1.73L for 0.7L to 0.85L from A.P.
(Cb + 0.7)

0.0 at F.P.

intermediate values of fuvpos and frwwnes are to be obtained by
linear interpolation, see Figure 7.3.3 and Figure 7.3.4
respectively.

wave coefficient, as defined in 3.4.1.1

rule length, in m, as defined in Section 4/1.1.1.1
moulded breadth, in m, as defined in Section 4/1.1.3.1
block coefficient, as defined in Section 4/1.1.9.1

Figure 7.3.3
Positive Vertical Wave Shear Force Distribution
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Figure 7.3.4
Negative Vertical Wave Shear Force Distribution
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3.5 Dynamic Local Loads

3.5.1 General

3511

3512
3513

3514

3.5.1.5

This section provides the envelope values for dynamic wave pressure, dynamic
tank pressure, green sea load and dynamic deck loads.

The envelope dynamic wave pressures are given in 3.5.2

The envelope green sea load given in 3.5.3 only applies to scantling requirements
and strength assessment. The green sea load for fatigue strength is to be taken as 0.

The envelope dynamic tank pressure is a combination of the inertial components
due to vertical, transverse and longitudinal acceleration. The envelope dynamic
tank pressure components are given in 3.5.4.

The envelope dynamic deck loads are given in 3.5.5 and 3.5.6.

3.5.2 Dynamic wave pressure

3.5.21 The envelope dynamic wave pressure, Pe.4n, is to be taken as the greater of the
following:
135Blocul 135Blocul
P =2 rob J nl— P+ 1.2(T; kN ?
1 fp bfl Pl|:( 11 —4(B+75) ( LC — )jfl (B 75)f2} /m
Biocal 0+ f1Cs 0.25B1car + 0.8C 0 07+ 2z f
8 14 TLC
P, = 26fprobfnl—P2 B 0258 5 kN/m?
local . local 4
+| —0+ frCp———| 0.7 +
( g T/ ( TLcDﬁ
Where:
Bioca  local breadth at the waterline, for considered draught, not to be
taken less than 0.5B, in m
0 roll angle, in rads, as defined in 3.2.2.2
Py = (3f +0.8)Cus
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Cww wave coefficient, as defined in 3.4.1.1

rule length, in m, as defined in Section 4/1.1.1.1
B moulded breadth, in m, as defined in Section 4/1.1.3.1
Tic  draught in the loading condition being considered, in m
Ts.  scantling draught, in m, as defined in Section 4/1.1.5.5
Cp block coefficient, as defined in Section 4/1.1.9.1

A= fe- ’; fot fo

\%
_ 4ly|
fr =025fy| —=-1| for |y|<0.25Biw
local
_ [ A4
Blocal
T
o=,
£ =Cp+ 1.33 at, and aft of A.P.
VCp
=Gy between 0.2L and 0.7L from A.P.
=Cy +1'33 at, and forward of F.P.

b
intermediate values to be obtained by linear interpolation
fmg =10 at, and aft of A.P.
=0.7 for0.2L to 0.7L from A.P.
=1.0 at, and forward of F.P.

intermediate values to be obtained by linear interpolation
y transverse coordinate, in m
z vertical coordinate, in m

ful-p1, far-p2, forob, and fv are given in 3.5.2.2 for scantling requirements and
strength assessment application and in 3.5.2.3 for fatigue strength.

3.5.2.2 For scantling requirements and strength assessment, the envelope maximum
dynamic wave pressure, Pecma, see Figure 7.3.5, and minimum dynamic wave
pressure, Pecmin, see Figure 7.3.6, are to be taken as:

Pecmax = Pex-ayn ' kKN/m?2 below still waterline
= Pwr - 10(2 - TLc) kN/m2 for Trc <z<Tic + Pl—M(I)L
Pt
=0 kN/ma? for z>Tic +——
10
Pexmin =-Pexayn kN/m2  below still waterline
=0 kN/ma? above still waterline

Pexmin is not to be taken as less than -pwg(Tic - 2)
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Where:

P ex-dyn

I:’WL

TLC

Psw

envelope dynamic wave pressure, in kN/m?2, as defined in
3.5.2.1 with:

foror = 1.0
fup1 =0.9
fur-r2 = 0.65
fv = 1.0

pressure at waterline, to be taken as P4, at still waterline, in
kN/m?2

draught in the loading condition being considered, in m
density of sea water, 1.025 tonnes/m3

vertical coordinate, in m

Transverse Distribution of Maximum Dynamic Wave Pressure
for Scantling Requirements and Strength Assessment

Figure 7.3.5
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Figure 7.3.6

Transverse Distribution of Minimum Dynamic Wave Pressure
for Scantling Requirements and Strength Assessment

I
47[ -psw g( TLC_Z)

LC

-

B local / 2

P
Blocal / 4

3.5.23 The dynamic wave pressure pseudo-amplitude (half range), Pecump for fatigue
strength, see Figure 7.3.7, is to be taken as:

P ex-amp

= 2
0 kN/m lesser

=05Pwm kN/m2  atstill waterline

=P ex-dyn kN / m?

greater

for z = Tic + hwr or D, whichever is the

for z < Tic - hw or 0, whichever is the

Intermediate values between the still waterline and z = T;c - hw to be
obtained by linear interpolation

Where:

hwe

I:’WL

Pex-max

Tic
D
P,

dynamic wave pressure head at the still waterline, is to be

taken as:

=Pw/10 m

pressure at waterline, and is to be taken as Pey.max at still

waterline, in kN /m?

envelope maximum dynamic wave pressure is to be taken as

the greater of P; and P, in kN/m?

draught in the loading condition being considered, in m

moulded depth, in m, as defined in Section 4/1.1.4.1
as defined in 3.5.2. , in kN /m?2, with:

ﬁm)b =05
fu-p1 = 1.0
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1.0 at,and aft of 0.7L
fv= 1.5 at, and forward of F.P.

intermediate values of fy to be obtained by linear interpolation

P as defined in 3.5.2.1, in kN/m?2, with:
Sprob =0.5
fup2 = 1.0
fv=1.0
z vertical coordinate, in m
Figure 7.3.7

Transverse Distribution of Dynamic Wave Pressure Amplitude for Fatigue Strength
I

1
|
|
|
|
|
|

y

Bluml / 4

B local / 2

3.5.3 Green sea load

3.5.3.1 The envelope green sea load on the weather deck, Pua, is to be taken as the greater
of the following;:

Puax = f1-ak (fupPl—WL — 10z gt ) kN/m?2
Puak =0.8 fo-a (Pr-m —10za-r)  kN/m?
Puwax = 34.3 kN/m2

Where:
L
. =08+ —
fi-a 750
fra —ose
wdk
fop =1.0 atand forward of 0.2L from A.P.

=0.8 atand aft of A.P.

intermediate values to be obtained by linear interpolation
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P P; pressure at still waterline for considered draught, in
kN/m?2, see 3.5.2.1

Pt P> pressure at still waterline for considered draught, in
kN/m2, see 3.5.2.1

Zdk-T distance from the deck to the still waterline at the applicable
draught for the loading condition being considered, in m

B local breadth at the weather deck, in m

L rule length, in m, as defined in Section 4/1.1.1.1

y transverse coordinate of load point, in m

3.5.4 Dynamic tank pressure

3.5.4.1

3.54.2

The envelope dynamic tank pressure, Pi:.,, due to vertical tank acceleration is to be
taken as:

Pin—y = pa, (zo - z) kN/m? for strength assessment and scantling
requirements

P =pay|zo —2z  kN/m?2 for fatigue strength

Where:

Yo, density of liquid in the tank, in tonnes/m3, and is not to be
taken as less than:
0.9 for cargo tanks for fatigue strength
1.025 otherwise,
see Section 2/3.1.8

y envelope vertical acceleration, in m/s?, as defined in 3.3.3.1,
and is to be taken at tank centre of gravity

z vertical coordinate of load point, in m

20 vertical coordinate of reference point, see 6.3.7 for scantling

requirements and strength assessment, and 3.5.4.5 for fatigue
strength, in m

The envelope dynamic tank pressure, Pi., due to transverse acceleration is to be
taken as:

Pit = fun-t pa (yo - y) kN/m?2  for strength assessment and scantling

requirements
Pyt = pa; |yo - y| kN/m?2 for fatigue strength
Where:
p density of liquid in the tank, in tonnes/m3, and is not to be

taken as less than:

0.9 for cargo tanks for fatigue strength
1.025 otherwise,

see Section 2/3.1.8
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fulr-t factor to account for ullage in cargo tanks, and is to be taken as:

0.67  for cargo tanks, including cargo tanks designed for

filling with water ballast

1.0 for ballast and other tanks
a envelope transverse acceleration, in m/s?, as defined in 3.3.4.1,

and is to be taken at tank centre of gravity
y transverse coordinate of load point, in m
Yo transverse coordinate of reference point, see 6.3.7 for scantling

requirements and strength assessment, and 3.5.4.5 for fatigue
strength, in m

3.5.4.3 The envelope dynamic tank pressure, Py, due to longitudinal acceleration is to be

3.54.4

3.54.5

taken as:
Pin-ing = fuli-ing PAing (x0 — X) for strength assessment and
kN/m? scantling requirements
Pin-ing = pmg|xo —x|  kN/m? for fatigue strength
Where:
p density of tank liquid, in tonnes/m?3, and is not to be taken as
less than:
0.9 for cargo tanks for fatigue strength
1.025 otherwise, see Section 2/3.1.8
futt-ing factor to account for ullage in cargo tanks, and is to be taken
as:
0.62  for cargo tanks, including cargo tanks designed for
filling with water ballast
1.0 for ballast and other tanks
Ang envelope longitudinal acceleration, in m/s? as defined in
3.3.5.1, and is to be taken at tank centre of gravity
X longitudinal coordinate of load point, in m
X0 longitudinal coordinate of reference point, see 6.3.7 for

scantling requirements and strength assessment, and 3.5.4.5
for fatigue strength, in m

For scantling requirements and strength assessment the simultaneous acting
dynamic tank pressure, Py, is to be taken as the summation of the components
for the considered dynamic load case, see 6.3.7.

For fatigue strength the dynamic tank pressure amplitude, Py on a tank
boundary with adjacent tank empty, is to be taken as:

Pin—amp = fvPin—v + full—tft Piy+ + full—lngflngpin—lng kI\T/In2

Where:
P in-v

Pin—t

envelope dynamic tank pressure due to vertical acceleration,
in kN/m?, as defined in 3.5.4.1

envelope dynamic tank pressure due to transverse
acceleration, in kN/m?, as defined in 3.5.4.2
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3.54.6

DPip-ing envelope dynamic tank pressure due to longitudinal
acceleration, in kN/m?2, as defined in 3.5.4.3

fulr-t factor to account for ullage in cargo tanks, not to be taken less
than 0.0 nor greater than 1.0
_ |20 =2+ Iy
2hyon
=1.0 for ballast tanks

for cargo tanks

fulling factor to account for ullage in cargo tanks, not to be taken less
than 0.0 nor greater than 1.0

zo — 2|+ Mpitcn
= # for cargo tanks

2 piten

=1.0 for ballast tanks

Pron roll height = bfsf%bg

Hiteh pitch height = /7

Sprob is to be taken as 0.5

0 roll angle, in rads, as defined in 3.2.2.2

[0 pitch angle, in secs, as defined in 3.2.3.2

by tank breadth at the top of the tank, see Figure 7.3.8, in m

Igs tank length at the top of the tank, in m

X0 longitudinal coordinate of reference point, and is to be taken
as the middle of tank length at the top of the tank, in m

Yo transverse coordinate of reference point, and is to be taken as
the middle of tank breadth at the top of the tank, see Figure
7.3.8, iInm

20 vertical coordinate of reference point, and is to be taken as the

highest point of the tank, excluding small hatchways, see
Figure 7.3.8, in m

fo pressure combination factor, as given in Table 7.3.2
f pressure combination factor, as given in Table 7.3.2
fing pressure combination factor, as given in Table 7.3.2

For fatigue strength the dynamic tank pressure amplitude, Pi.amp, on a longitudinal
tank boundary with adjacent tank full, is to be taken as:

Pin—ump = fv |Pin—v—tk1 - Pin—v—tk2| + ft

Sfun-t—tc1 Pin—t-n1 + f ull—t—tkzpin—t—tk2|

kN/m?
+ fing | futi-ing—tk1 Pin-ing—t1 — fun-ing—tk2 Pin-ng—tk2
Where:
) dynamic tank pressure due to vertical acceleration in tank 1, in
kN/m?
Pipotio dynamic tank pressure due to vertical acceleration in tank 2, in
kN/m?2
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Pivtta dynamic tank pressure due to transverse acceleration in tank 1,
in kN /m?2
Pivttio dynamic tank pressure due to transverse acceleration in tank 2,
in kN /m?2
Pinimgna  dynamic tank pressure due to longitudinal acceleration in tank
1, in kKN/m?
Pinng-ti2 dynamic tank pressure due to longitudinal acceleration in tank
2,in kN/m?
Sull-t-tia factor to account for ullage for tank 1, as defined in 3.5.4.5
Sullt-tk2 factor to account for ullage for tank 2, as defined in 3.5.4.5
Sulling-tk1 factor to account for ullage for tank 1, as defined in 3.5.4.5
Sulling-tk2 factor to account for ullage for tank 2, as defined in 3.5.4.5
fo pressure combination factor, as given in Table 7.3.2
fi pressure combination factor, as given in Table 7.3.2
fing pressure combination factor, as given in Table 7.3.2
Tank 1 and 2 are adjacent tanks with common longitudinal boundary
Table 7.3.2
Pressure Combination Factors for Fatigue Assessment
Cargo tanks Ballast tanks
f, 0.9 0.9
fi 0.9 0.6
fing 04 0.4
Figure 7.3.8
Dynamic Tank Pressure Load and Reference Points for Fatigue Strength
by
[ ° - bfs
|yo'y | [
[y ‘
(Xg Yo Z9) | - ‘
r i; (%o Yo Zp)
| Reference point | Reference|point
| |
i lzyz| i |z5z |
| |
| |
| |
| |
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3.5.4.7 For fatigue strength by hot spot stress (FE) approach, the dynamic tank pressure
amplitudes due to vertical, transverse and longitudinal accelerations, illustrated in
Figure 7.3.9 are to be taken as:

Pi-o = pas(zo —z)  in kN/m?
Pyt = full—tpat (yO - y) in kN/m2

Pin—lng = full—lngpalng (XO - X) in 1(1\1/1’1'12

Where:

p density of liquid in the tank, in tonnes/m3, and is not to be
taken as less than:
0.9 for cargo tanks
1.025 otherwise,
see Section 2/3.1.8

fuir-t factor to account for ullage in cargo tanks, as defined in 3.5.4.5

futt-ing factor to account for ullage in cargo tanks, as defined in 3.5.4.5

x longitudinal coordinate of load point, in m

y transverse coordinate of load point, in m

z vertical coordinate of load point, in m

Xo longitudinal coordinate of reference point, and is to be taken
as the middle of the tank length at the top of the tank, in m

Yo transverse coordinate of reference point, and is to be taken as
the middle of the tank breadth at the top of the tank, in m

20 vertical coordinate of reference point, and is to be taken as the
highest point in the tank, in m

y envelope vertical acceleration, in m/s?, as defined in 3.3.3.1, at
tank centre of gravity

a envelope transverse acceleration, in m/s?, as defined in 3.3.4.1,
at tank centre of gravity

Aing envelope longitudinal acceleration, in m/s?, as defined in

3.3.5.1, at tank centre of gravity
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Figure 7.3.9 (a)
Dynamic Tank Pressure due to Vertical Acceleration for Fatigue Strength
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Figure 7.3.9 (b)
Dynamic Tank Pressure due to Transverse Acceleration for Fatigue Strength
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Dynamic Tank Pressure due to Longitudinal Acceleration for Fatigue Strength

Figure 7.3.9 (c)

Illustrated for a Cargo Tank

Xy=X -

B /v’/¢/l/w

i
A

A

0

A

0.5, 0.51

3.5.5 Dynamic deck pressure from distributed loading

3.5.5.1

The envelope dynamic deck pressure, Pk, on decks, inner bottom and hatch
covers is to be taken as:

Pdeck—dyn = Pdeck a_v kN/ m?2
8

Where:

@y envelope vertical acceleration, in m/s?, as defined in 3.3.3.1

Pieck uniformly distributed pressure on lower decks and decks
within superstructure, in kN/m?, as defined in 2.2.4.1

g acceleration due to gravity, 9.81 m/s?

3.5.6 Dynamic loads from heavy units

3.5.6.1

The envelope dynamic deck loads, F., F; Fi,g acting vertically, transversely and
longitudinally on supporting structures and securing systems for heavy units of
cargo, equipment or structural components are to be taken as:

F,=mg,a, kN
Fo=m,a, kN
FIng =My, Qg kN
Where:
Mun mass of unit, in tonnes
y envelope vertical acceleration, in m/s?, as defined in 3.3.3.1, at
centre of gravity of considered unit
a envelope transverse acceleration, in m/s?, as defined in 3.3.4.1,
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at centre of gravity of considered unit

Aing envelope longitudinal acceleration, in m/s?, as defined in
3.3.5.1, at centre of gravity of considered unit
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4 SLOSHING AND IMPACT LOADS

4.1 General

411 Load Components

4111

Sloshing pressures in tanks, and bow impact and bottom slamming pressures are
given in this sub-section.

4.2 Sloshing Pressure in Tanks

421 Application and limitations

4211

4212

The sloshing pressures given in 4.2.2 to 4.2.4 are pressures induced by free
movement of the tank liquids as a result of ship motions.

The given pressures do not include the effect of impact pressures due to high
velocity impacts with tank boundaries or internal structures. For tanks with a
maximum effective sloshing breadth, b., greater than 0.56B or a maximum effective
sloshing length, L, greater than 0.13L at any filling height from 0.05/4x to 0.95a,
an additional impact assessment is to be carried out in accordance with the
individual Classification Society procedures. The effective sloshing lengths and
breadths, [q, and ba, are calculated using the equations in 4.2.2.1 and 4.2.3.1
respectively.

4.2.2 Sloshing pressure due to longitudinal liquid motion

4221 The sloshing pressure in way of transverse tight and wash bulkheads due to

longitudinal liquid motion, Psy.ing, for a particular filling height, is to be taken as:

1.7151}1 L
Ps h—Ing — ls slh 0.4_ 0.39_ e kN m2
Ih-ing = PLsin u{ ( j350} /

Where:

Yo, density of liquid in the tank, in tonnes/m?, and is not to be
taken as less than 1.025

Lstn effective sloshing length, at considered filling height as given
in 4.2.2.3 and 4.2.2.4 for transverse tight bulkheads and
transverse wash bulkheads respectively, in m

h 2

o = 1—2(0.7— i j

L rule length, in m, as defined in Section 4/1.1.1.1

g filling height, measured from inner bottom, in m, see Figure
7.4.1

Pinax maximum tank height excluding small hatchways, measured
from inner bottom, in m, see Figure 7.4.1

g acceleration due to gravity, 9.81 m/s?

4222 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 heights from 0.05/4x to 0.954x, in 0.05M 14
increments.
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4223 For calculation of sloshing pressures in way of transverse tight bulkheads, the
effective sloshing length, I, is to be taken as:

(1 + Nwash—t Qwash—t )(1 + fwfawf )ltkfh
(U4 et N1+ fur)

lsllz =

Where:
Nuwash-t number of transverse wash bulkheads in the tank
Olwash-t transverse wash bulkhead coefficient,

_ Aopn—wash—t

Atk-t-h

see Figure 7.4.1
Ctuf transverse web frame coefficient,

_ Aopn-wf-h

Atk-t-h

see Figure 7.4.2
for tanks with changing shape along the length and/or with web
frames of different shape the transverse web frame coefficient, cuy,
may be taken as the weighted average of all web frame locations in
the tank given as
n Aopn-wfh — i
zizl Athet-h — i

nwf

Agnwesn-t  total area of openings in the transverse section in way of the wash
bulkhead below the considered filling height, in m?2

At total transverse cross sectional area of the tank below the considered
filling height, in m?2
Agmwrn  the total area of openings in the transverse section in way of the web

frame below the considered filling height, in m?

for factor to account for number of transverse web frames and
transverse wash bulkheads in the tank:

=7’lw/(1 + Nuwash-t)

Huf number of transverse web frames, excluding wash bulkheads, in the
tank
Ly length of cargo tank, at considered filling height, in m
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Figure 7.4.1
Transverse Wash Bulkhead Coefficient

A
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0.25 0.5

a

wash-t

Figure 7.4.2
Transverse Web Frame Coefficient
A
T
A
hTﬂﬂX

hﬁll

Y k / . 1 Lo

0.5 1.0
awf
&
4224 For calculation of sloshing pressures in way of transverse wash bulkheads, the

effective sloshing length, [, is to be taken as:

[1 + (nwusllft - 1)awash7t ](1 + fwfawf )Ztkfh

Lan =

Where:
Nwash-t

Clwash-t

(1 + Mansht N+ fur )

number of transverse wash bulkheads in the tank

transverse wash bulkhead coefficient,

_ Aopn-wash—t
Atk-t-h
see Figure 7.4.1
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Olwf

Aopn—wash—t

Aetn

Aopn—wf—h

Jor

lef

Lkn

transverse web frame coefficient,
_ Aopnwfh
© Asketn
see Figure 7.4.2
for tanks with changing shape along the length and/or with
web frames of different shape the transverse web frame
coefficient, ony may be taken as the weighted average of all
web frame locations in the tank given as
n Aopn-wfh — i
Z":l Akt i

nwf

the total area of openings in the transverse section in way of
the wash bulkhead below the considered filling height, in m?2

total transverse cross sectional area of the tank below the
considered filling height, in m?2

the total area of openings in the transverse section in way of
the web frame below the considered filling height, in m?

factor to account for number of transverse web frames and
transverse wash bulkheads in the tank:

=nw/(1 + nwash—t)

number of transverse web frames, excluding wash bulkheads,
in the tank

length of cargo tank, at considered filling height, in m

4225 For tanks with internal web frames the sloshing pressure acting on a web frame
adjacent to a transverse tight or wash bulkhead, Pg-«f, provided it is located within
0.25 [gn from the bulkhead, is to be taken as:

Pan—wf = Pein-ing [1 ~7

Where:

P slh-Ing

Swf

Lsn

Swf

J kN/m?2

slh

sloshing pressure acting on bulkhead due to longitudinal
liquid motion, as given in 4.2.2.1

distance from bulkhead to web frame under consideration, in
m

effective sloshing length, at considered filling height as
defined in 4.2.2.3 and 4.2.2.4 for transverse tight and wash
bulkheads respectively, in m

The distribution of pressure across the web frame is given in Figure 7.4.3.

422.6 For tanks with internal bulkhead stringers and/or web frames, the distribution of
sloshing pressure, Py, across these members is shown in Figure 7.4.3.
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Figure 7.4.3
Sloshing Pressure Distribution on Stringers and Web Frames
0'2515111
( Deck (
) )
Psll1=Pslhfwf
Pslh=0'5pslh-wf
Psllz=0‘5psllz—lﬂg
Transverse Pslh=P91h-1n
Bulkhead s s
(As for stringer 1)
(As for stringer 1)
( Inner Bottom
)
(
) Bottom

4.2.3 Sloshing pressure due to transverse liquid motion

4231 The sloshing pressure in way of longitudinal tight and wash bulkheads due to
transverse liquid motion, Pg., for a particular filling height, is to be taken as:

Pan-+ =7 pgfsin ( b;;h - 0.3JGM 075 kN/m?2

Where:

Yo, density of liquid in the tank, in tonnes/m3, and is not to be
taken as less than 1.025

bsin effective sloshing breadth, see 4.2.3.3 and 4.2.3.4 for
longitudinal tight bulkheads and longitudinal wash
bulkheads respectively, not to be taken less than 0.3B, in m.

GM metacentric height, is to be taken as 0.33B for calculation of

sloshing pressures in ballast tanks and 0.24B for calculation of
sloshing pressure in cargo tanks
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4232

4233

4234

h 2
fslh =1- 2(07 — Sl j

max

B moulded breadth, in m, as defined in Section 4/1.1.3.1

hgu filling height, measured from inner bottom, in m, see Figure
7.4.1

Pinax maximum tank height excluding small hatchways, measured

from inner bottom, in m, see Figure 7.4.1

g acceleration due to gravity, 9.81m/s?2

The sloshing pressure due to transverse liquid motion, P+, 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 heights from 0.05/14x to 0.95hax, in 0.05Max
increments.

For calculation of sloshing pressures in way of longitudinal tight bulkheads the
effective sloshing breadth, by, is to be taken as:

(1 + Nwash-Ing X wash—Ing )(1 + fgrd K grd )btk—h

bslh =
(1 + Nwash-Ing )(1 + fgrd)

Where:
Nwash-Ing number of longitudinal wash bulkheads in the tank
Ctwash-Ing longitudinal wash bulkhead coefficient

. Aopn—wash—lng

Atk-lng—h

Ogrd girder coefficient

_ Aopn~grd~h

Atk»lng~h

Aopnwash-ing - total area of openings in the longitudinal section in way of the
wash bulkhead below the considered filling height, in m?2

Abelng-h total longitudinal cross sectional area of the tank below the
considered filling height, in m?2

Aopr-grd-h total area of openings in the longitudinal section below the
considered filling height, in m?

fera factor to account for longitudinal girders and longitudinal
wash bulkheads in the tank:

=ngrd/(1 + nwush—lng)

Mgrd number of longitudinal girders, excluding longitudinal wash
bulkheads, in the tank
bin tank breadth at considered filling height, in m

For calculation of sloshing pressures in way of longitudinal wash bulkheads the
effective sloshing breadth, bay, is to be taken as:

[1 + (nwash—lng - 1)aw”5h—l”8 ](1 + fgrdagrd )btk_h
(1 + Nwash-Ing )(1 + fg’d)

bslh =

Where:
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Mwash-Ing number of longitudinal wash bulkheads in the tank

Cwash-Ing longitudinal wash bulkhead coefficient
. Aopn-wash—lng
Atk-lng—h

Ogrd girder coefficient
_ Aopn—grd—h
Atk-Ing-h

Aopn-wash-ing - total area of openings in the longitudinal section in way of the
wash bulkhead below the considered filling height, in m?

Atiing-h total longitudinal cross sectional area of the tank below the
considered filling height, in m?2

Agm-gran  total area of openings in the longitudinal section below the
considered filling height, in m?2

fera factor to account for longitudinal girders and longitudinal
wash bulkheads in the tank:

=7’lgrd/(1 + nwush—lng)

Mgrd number of longitudinal girders, excluding longitudinal wash
bulkheads, in the tank
bin tank breadth at considered filling height, in m

4.2.3.5 For tanks with internal longitudinal girders or webframes, the sloshing pressure on
the girder/webframe adjacent to a longitudinal wash bulkhead, Pg.¢a, provided it
is located within 0.25bg;, from the bulkhead, is to be taken as:

2
Pslhfgrd = Pslht(l - Sgrd J kN/m2
slh
Where:
Dyt sloshing pressure acting on bulkhead due to transverse liquid
motion, in kN/m?2, see 4.2.3.1
Sgrd distance from longitudinal bulkhead to longitudinal girder
being considered, in m
bsin effective sloshing breadth, see 4.2.3.3 and 4.2.3.4 for

longitudinal tight bulkheads and longitudinal wash
bulkheads respectively, in m

423.6 For tanks with internal longitudinal stringers and or girders/webframes, the
distribution of sloshing pressure across these members is shown in Figure 7.4.4.
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Figure 7.4.4
Pressure Distribution on Stringers and Longitudinal Girders
( Deck
| J
0.25b,, h 0.25b,,,
]
/{ (As for stringer 2)
Longitudinal
Bulkhead Py, =0.5P,,
PsUl:Pslh—t
, (As for stringer 2)
(
)
(
)

4.24 Minimum sloshing pressure

4241 The minimum sloshing pressure, Pgmin, in cargo and ballast tanks except tanks of
cellular construction is to be taken as 20kN/m2.

4242 The minimum sloshing pressure, Pgymin, in cellular construction ballast tanks is to be
taken as 12kN/m?2.
4.3 Bottom Slamming Loads

4.3.1 Application and limitations
43.1.1 The slamming loads in this section apply to ships with C, = 0.7 and bottom
slamming draught > 0.01L and < 0.045L.
4.3.2 Slamming pressure
43.2.1 The bottom slamming pressure, Pqy, is to be taken as the greater of:
Pap-mt = fam130gCsim-mecr  kN/m?2 for empty ballast tanks
Pay—fut = fsim130gCsim—fpunecr —cawpgzoan  kN/m?2  for full ballast tanks

Where:
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4322
43.2.3

4324

4325

g acceleration due to gravity, 9.81 m/s?

feim longitudinal slamming distribution factor, see Figure 7.4.5, is
to be taken as:
0at0.5L

Tat [0.175-0.5(Cy —0.7)]L from E.P.
Tat [0.1-0.5(Ci —0.7)]L from F.P.
0.5 at, and forward of E.P.

intermediate values to be obtained by linear interpolation.

Cun block coefficient, Cp, as defined in Section 4/1.1.9.1, but not to
be taken less than 0.7 or greater than 0.8

slamming coefficient for empty ballast tanks

Cslm-m 02
et 595 10.5( Tep-mt j
L
slamming coefficient for full ballast tanks
Cslm-full T 02
sl _ 595 10.5(—“’“’ J
L
C1 is to be taken as:
0 for L <180m

=—0.0125(L — 180)*7® for L >180m

Trp-mt  design slamming ballast draught at F.P. with ballast tanks
within the bottom slamming region empty as defined in
4.3.2.3, inm

Trppun  design slamming ballast draught at F.P. with ballast tanks
within the bottom slamming region full as defined in 4.3.2.4,

inm
Cav dynamic load coefficient, to be taken as 1.25
L rule length, in m, as defined in Section 4/1.1.1.1
Zpall vertical distance from tank top to load point, in m

The designer is to provide the design slamming draughts Trp...: and Trp-fu.

The design slamming draught at the F.P., Trp.u, is not to be greater than the
minimum draught at the F.P. indicated in the loading manual for all seagoing
conditions wherein the ballast tanks within the bottom slamming region are empty.
This includes any loading conditions with tanks inside the bottom slamming region
that use the “sequential” ballast water exchange method.

The design slamming draught at the F.P., Trpsn, is not to be greater than the
minimum draught at the F.P. indicated in the loading manual for any seagoing
conditions wherein the ballast tanks within the bottom slamming region are full.
This includes any loading condition with tanks inside the bottom slamming region
that use the “flow-through” ballast water exchange method.

The loading guidance information is to clearly indicate the design slamming
draughts and the ballast water exchange method used for each ballast tank, see
Section 8/1.1.
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Figure 7.4.5
Longitudinal Distribution of Slamming Pressure
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44 Bow Impact Loads

44.1 Application and limitations

4411 The bow impact pressure applies to the side structure in the area forward of 0.1L aft
of F.P. and between the waterline at draught Ty, and the highest deck at side.

4.4.2 Bow impact pressure

4421 The bow impact pressure, Py, is to be taken as:

Pim = 1‘025f’mcimvirzn Sianl kl\I/rn2

1

Where:
fim 0.55 atO0.1L aft of F.P.
0.9 at 0.0125L aft of F.P.
1.0 at and forward of F.P.
intermediate values to be obtained by linear interpolation
Vim impact speed, inm/s
= 0.514V foq Sin @l + /L
Viwd forward speed, in knots
= (0.75V but is not to be taken as less than 10
1% service speed, in knots, as defined in Section 4/1.1.8.1
Ol local waterline angle at the position considered, but is not to be

taken as less than 35 degrees, see Figure 7.4.6.

local bow impact angle measured normal to the shell from the
Yol horizontal to the tangent line at the position considered but is not
to be less than 50 degrees, see Figure 7.4.6.
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Cim 1.0 for positions between draughts Tiu
and T

B (hp —2h,)
B \/ 1+cos2[30 hp Ifor positions above draught T

hy, vertical distance from the waterline at draught T to the highest
deck at side, see Figure 7.4.6, in m

h, vertical distance from the waterline at draught T, to the position
considered, see Figure 7.4.6, in m

L rule length, in m, as defined in Section 4/1.1.1.1

Tsc scantling draught, in m, as defined in Section 4/1.1.5.5

Tal minimum design ballast draught, in m, for the normal ballast

condition as defined in Section 4/1.1.5.2
WL;  waterline at the position considered, see Figure 7.4.6

Guidance Note

Where local bow impact angle measured normal to the shell, y.;, is not available, this angle may be taken
as:

Yuwl =tan-1 M
COS Ol
Where
Bl local body plan angle at the position considered from the horizontal to the tangent line, but is

not to be less than 35 degrees
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Figure 7.4.6
Definition of Bow Geometry
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5 ACCIDENTAL LOADS
5.1 Flooded Condition

5.1.1 Local Pressure

51.1.1 The pressure in compartments and tanks in flooded condition or damaged
condition is to be taken as Piufo0d, se€ 2.2.3.4.
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6 COMBINATION OF LOADS
6.1 General

6.1.1 Application

6.1.1.1 The design load combinations S, S + D, and A are to be used for scantling
calculations for the scantling requirements and strength assessment (by FEM).
design load combinations are defined in Section 2/4.2.2 and the relevant loads and
load combination are to be taken as given in 6.2.

6.1.1.2 The dynamic loads, D, consist of several dynamic load cases. For each dynamic load
case, the envelope load values as given in Sub-Section 3 are multiplied with dynamic
load combination factors to give simultaneously acting dynamic loads. The
procedures for calculating the simultaneously acting dynamic loads are given in 6.3.
The dynamic load combination factors are given in 6.4 for strength assessment (by

FEM) and in 6.5 for scantling requirements.

6.2 Design Load Combination

6.2.1 General

6.2.1.1 The design load combinations are given in Table 7.6.1.

Table 7.6.1

Design Load Combinations

Design Load Combination
S S+D A
Load components
M-totar Msw-harh Msw-sea + va -
M totar - M;, -
Q st—hurb st—sea + Qwv -
Weather Deck - Pudi-ayn -
Pex | Hull envelope Prys Prys +Piyp-dyn -
Ballast tanks (BWE with the greater of
sequential filling method) ) Pirest Pinact Pov Ponod
b) Pingir + Parop
. the greater of
Ballast tanks (BWE with flow-
through method) a) Pin—test Pin-air+ Pdrop + Pin-dyn Pin-ﬂood
b) Pinair + Pdrop
P;, | Cargo tan'ks mcludmg cargo the greater of Pot P o= 25+
tanks designed for filling with | a) Pi-est p. -
water ballast b) Pip-tk + Poatve iy
the greater of
Other tanks with liquid filling | a) Pijtest Pin-tkt Pin-ayn Pin-fiood
b) P in-air
Watertight boundaries - - DPin-fiood
Py Internal decks for dry spaces Psar DPstat + Pat-ayn -
Decks for heavy units Fstat Fstat + Fa-ayn -

RCN 1 to July 2010 version (effective from 1 July 2012)
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Table 7.6.1 (Continued)
Design Load Combinations

Note:
1. Separate load requirements may be specified in strength assessment (FEM) and scantling
requirements.
Where:
Mo-total design vertical bending moment, in kNm
Msw-permnae ~ permissible hull girder hogging and sagging still water bending see 211
moment envelopes for harbour/sheltered water operation, in kKNm o
Mw-perm-sea permissible hull girder hogging and sagging still water bending see 211
moment envelopes for seagoing operation, in kNm o
M vertical wave bending moment for a considered dynamic load case, see 6.3.2.1
in kNm
Mitotal design horizontal bending moment, in kKNm
M, horizontal wave bending moment for a considered dynamic load see 6.3.3.1
case, in kNm
Q design vertical shear force, in kN
Qso-perm-harb permissible hull girder positive and negative still water shear force see 213
limits for harbour/sheltered water operation, in kN o
Qsto-perm-sea permissible hull girder positive and negative still water shear force
. . L see 2.1.3
limits for seagoing operation, in kN
Quo vertical wave shear force for a considered dynamic load case, in kN  see 6.3.4.1
Py design sea pressure, in kN/m?
Prys static sea pressure at considered draught, in kN/m? see 2.2.2.1
Puo-dyn dynamic wave pressure for a considered dynamic load case, in see 6.3.5
kN/m?
Poyik-ayn green sea load for a considered dynamic load case, in kIN/m? see 6.3.6
Piy design tank pressure, in kN/m?
Pip-test tank testing pressure, in kN/m? see 2.2.3.5
Pip-qir static tank pressure in the case of overfilling or filling during flow  see 2.2.3.2
through ballast water exchange, in kN/m?
Pirop added overpressure due to liquid flow through air pipe or see 2.2.3.3
overflow pipe, in kN/m?
Poatve setting of pressure relief valve, in kN/m? see 2.2.3.5
Pin-nc static tank pressure, in kN/m? see 2.2.3.1
Pin-ayn dynamic tank pressure for a considered dynamic load case, in see 6.3.7
kN/m?2
Pin_fiood pressure in compartments and tanks in flooded or damaged
e see 2.2.3.4
condition, in kN /m?2
Psat static pressure on decks and inner bottom, in kN/m? see 2.2.4.1
Pk design deck pressure, in kN/m?
Pa-yn dynamic deck pressure on decks, inner bottom and hatch covers
. . . see 6.3.8.1
for a considered dynamic load case, in kN/m?
Fstat load acting on supporting structures and securing systems for see 2251

heavy units of cargo, equipment or structural components, in kN

dynamic load acting on supporting structures and securing

systems for heavy units of cargo, equipment or structural see 6.3.8.2
components, in kN

Faeayn

6.3 Application of Dynamic Loads

6.3.1 Heading correction factor and dynamic load combination factors
6.3.1.1 The heading correction factor, f, is to be taken as:

fo =0.8 for beam sea dynamic load cases

=1.0 for all other dynamic load cases
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6.3.1.2 The dynamic load combination factors used for the calculations of the
simultaneously acting dynamic loads, are to be taken as given in Table 7.6.2 for
strength assessment by FEM, see 6.4. Dynamic load factors are to be taken as given

in Table 7.6.4 to Table 7.6.9 for scantling assessment, see 6.5.

6.3.2 Vertical wave bending moment for a considered dynamic load case

6.3.21 The simultaneously acting vertical wave bending moment, M., is to be taken as:

va = fﬂfvawv—hog kNm forfmv 20

My = _fﬁfvawv—sag kNm forﬁnv <0

Where:

Mio-hog hogging vertical wave bending moment, in kNm, as defined
in3.4.1.1

Mip-sag sagging vertical wave bending moment, in kNm, as defined in
3411

foo dynamic load combination factor for vertical wave bending

moment for considered dynamic load case, see 6.3.1.2

15 heading correction factor, as defined in 6.3.1.1

6.3.3 Horizontal wave bending moment for a considered dynamic load case

6.3.3.1 The simultaneously acting horizontal wave bending moment, M,, is to be taken as:

My, = fﬂfmh Mo kNm

Where:

Muon horizontal wave bending moment, in kKNm, as defined in 3.4.2

fonn dynamic load combination factor for horizontal wave bending
moment for considered dynamic load case, see 6.3.1.2

fs heading correction factor, as defined in 6.3.1.1

6.3.4 Vertical wave shear force for a considered dynamic load case

6.3.4.1 The simultaneously acting vertical wave shear force, Qu», is to be taken as:

Qwv = fﬁfquwv—pos kN forﬁ]v > 0

Qwv = _fﬂfquwvfneg kN forﬁ]v< 0

Where:

Quwo-pos envelope positive vertical wave shear force, in kN, as
defined in 3.4.3

Quwv-neg envelope negative vertical wave shear force, in kN, as
defined in 3.4.3

foo dynamic load combination factor for vertical wave shear

force for considered dynamic load case, see 6.3.1.2

1 heading correction factor, as defined in 6.3.1.1
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6.3.5
6.3.5.1

6.3.5.2

Dynamic wave pressure distribution for a considered dynamic load case

The simultaneously acting dynamic wave pressure, Puwoam for the port and
starboard side within the cargo tank region for a considered dynamic load case is to
be taken as follows, but not to be less than -psg(TLc - z) below still waterline or less
than 0 above still waterline:

Puo-ayn = Pty + 05|B+|(Pbﬁg€ - Pm) between centreline and start of bilge
. local

z between end of bilge and still
Puo-ayn = Pritge + ——(Pwr — Phige
dy s Tic ( e g ) waterline

Puo-ayn =P —10(z = Trc) for side-shell above still waterline

intermediate values of Puo.ayn around the bilge are to be obtained by linear
interpolation along the vertical distance

Where:

Pey dynamic wave pressure at bottom centreline, to be taken as:
= fetr Pex-max ~ kN/m?

Pritge dynamic wave pressure at z = 0 and v = Bioca/ 2, to be taken as:
= foitge Pex-max ~ kKIN/m?2

Pwi dynamic wave pressure at waterline, to be taken as:
= fuwr Pex-max ~ kN/m2

Peyinax envelope maximum dynamic wave pressure, in kN/m?, as
defined in 3.5.2.2

S dynamic load combination factor for dynamic wave pressure
at still waterline for considered dynamic load case, see 6.3.1.2

Joitge dynamic load combination factor for dynamic wave pressure
at bilge for considered dynamic load case, see 6.3.1.2

fetr dynamic load combination factor for dynamic wave pressure
at centreline for considered dynamic load case, see 6.3.1.2

Biocar local breadth at waterline for considered draught, in m

Tic draught in the loading condition being considered, in m

Y transverse coordinate, in m

z vertical coordinate, in m

Psw density of sea water, 1.025tonnes/m?3

g acceleration due to gravity, 9.81m/s2

The simultaneously acting dynamic wave pressure for the port and starboard side
outside the cargo region, Puvayu, for a considered dynamic load case is to be
obtained by linear interpolation between P and P, but not to be taken less than
-psug(TLc - z) below still waterline or less than 0 above still waterline.

Z

Pwv,dyn =P, + T_(PWL - Pctr) between bottom centreline and still waterline
LC

Puwo-ayn = Pwr —10(z = T1c) above still waterline
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Where:

P dynamic wave pressure at bottom centreline, and is to be taken as:
fetr Px-max ~ kKIN/m?

Pwi dynamic wave pressure at still waterline, and is to be taken as:
fL Pex-max kKN /m?2

) L— envelope maximum dynamic wave pressure, in kN/m?, as defined
in 3.5.2.2

for dynamic load combination factor for dynamic wave pressure at
still waterline for considered dynamic load case, see 6.3.1.2

fetr dynamic load combination factor for dynamic wave pressure at
centreline for considered dynamic load case, see 6.3.1.2

Tic draught in the loading condition being considered, in m

z vertical coordinate, in m

Psw density of sea water, 1.025tonnes/m?3

g acceleration due to gravity, 9.81m/s?2

6.3.5.3  Figure 7.6.1 to Figure 7.6.3 illustrates simultaneously acting dynamic wave pressures.
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Figure 7.6.1
Dynamic Wave Pressure for Head Sea Dynamic Load Cases
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Figure 7.6.2

Dynamic Wave Pressure for Beam and Oblique Sea Dynamic Load Cases
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|
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Figure 7.6.3
Pressure Distribution for Wave Crest and Wave Trough for Forward and Aft
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6.3.6 Green sea load for a considered

6.3.6.1 The simultaneously acting green sea load on the weather deck, Pua.ayn, for strength

dynamic load case

assessment is obtained by linear interpolation between Pupt and Puk-siv:

The green sea load at the port side, Puakpt, is to be taken as the greater of:

Pwdk—pt = fl—dk (fWLfop Piowr — 10z
Pogi—pt = O.S(wa Prowi =10z g1 )

T)

kN/m?
kN/m?2

Puar—p is not to be taken as less than 34.3 kN/m? when fivr = 1.0 and the

ship's draught used in the design

load case is greater or equal to 0.9T.
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The green sea load at the starboard side, Puars, is to be taken as the
greater of:

Potk-stv = fioax(fwr fop Prome —10za—r)  kN/m?2

Puik—stv = 0.8(fwr Pr-wr = 10za-r)  kN/m?

Pua—swv is not to be taken as less than 34.3 kN/m?2 when fuz = 1.0 and the

ship's draught used in the design load case is greater or equal to 0.9T.

Puik-pt and Pur-sip are not to be taken as less than 0.

Where:

L
; =08+ —

S 750

fop =1.0 atand forward of 0.2L from A.P.
=0.8 atand aft of A.P.
intermediate values to be obtained by linear interpolation

Prwr P; pressure at still waterline for considered draught, in
kN/m?, see 3.5.2.1

Powr P> pressure at still waterline for considered draught, in
kN/m2, see 3.5.2.1

for dynamic load combination factor for dynamic wave pressure
at still waterline for considered dynamic load case, see 6.3.1.2

Zik-T distance from the deck to the still waterline at the applicable
draught for the loading condition being considered, in m

L rule length, in m, as defined in Section 4/1.1.1.1

6.3.6.2 The simultaneously acting green sea load on the weather deck, Puk-ays, for scantling

requirements is to be taken as the greater of:

Podk-am = f1_a (fWLf op D1 — 1Ode—T) kN/m?

but is not to be taken as less than 34.3kN/m?2 when fi. = 1.0 and the ship's
draught used in the design load case is greater or equal to 0.9T.

Pudidyn= 0.8 f5 s (fvr Powy =10z 1)  kN/m?

but is not to be taken as less than 34.3kN/m?2 when fi. = 1.0 and
fo-ar =1.0 and the ship's draught used in the design load case is greater or
equal to 0.9T%

Pwdk—dyn = O
Where:
L
. =08+ —
fra 750
fa 0se M
wdk
fop =1.0 atand forward of 0.2L from A.P.

=(0.8 atand aft of A.P.

intermediate values to be obtained by linear interpolation

Prwr P; pressure at still waterline for considered draught, in kN /m?2
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Pt P> pressure at still waterline for considered draught, in kN/m?2

S dynamic load combination factor for dynamic wave pressure
at still waterline for considered dynamic load case, see 6.3.1.2

Y transverse coordinate, in m

Zdk-T distance from the deck at side to the still waterline at the
applicable draught for the loading condition being considered,
in m

Buwak local breadth at the weather deck, in m

L rule length, in m, as defined in Section 4/1.1.1.1

6.3.7 Dynamic tank pressure for a considered dynamic load case

6.3.71 The simultaneously acting dynamic tank pressure, Piay, for tanks in the cargo
region, is to be taken as:

Pin—dyn = fﬁ (fvpin—v + ftpin—t + flngpin—lng) kl\I/In2

Where:

Pipo envelope dynamic tank pressure due to vertical acceleration as
defined in 3.5.4.1 with reference point zo taken as:

(a) top of tank

(b) top of air pipe/overflow for ballast tanks designed for
BWE by flow-through method

see Figure 7.6.4, in kN/m?2
Pip-t envelope dynamic tank pressure due to transverse

acceleration as defined in 3.5.4.2 with reference point yo taken
as:

(a) tank top towards port side for f; > 0
(b) tank top towards starboard side for f; <0
see Figure 7.6.5, in kN/m?2
Pip-ing envelope dynamic tank pressure due to longitudinal

acceleration as defined in 3.5.4.3 with reference point xo taken
as:

(a) forward bulkhead for fi,; > 0
(b) aft bulkhead of the tank for fi,q <0
see Figure 7.6.6, in kN /m?
fo dynamic load combination factor for vertical acceleration for

considered dynamic load case. f; is to be taken as appropriate
to the tank location, see 6.3.1.2

fi dynamic load combination factor for transverse acceleration
for considered dynamic load case, see 6.3.1.2

fing dynamic load combination factor for longitudinal acceleration
for considered dynamic load case. fi,; is to be taken as most
appropriate dependent on tank location, see 6.3.1.2

fs heading correction factor, as defined in 6.3.1.1

Xo longitudinal coordinate of reference point, in m
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Yo transverse coordinate of reference point, in m

Z0 vertical coordinate of reference point, in m

Note

1. For a non-parallel tank, 1o should be selected from either forward or aft bulkhead

corresponding to the reference point xo. If the longitudinal load combination factor
fing= 0, yo should be selected from the bulkhead with the greater breadth.

2. The vertical, transverse and longitudinal acceleration is to be taken at the centre of
gravity of the tank under consideration.

6.3.7.2 The simultaneously acting dynamic tank pressure for tanks outside the cargo region,
Pin-ayn, is to be taken as:

Pinfdyn = fﬁ (fvfmid Pinfv + |ft Pin7t| + |flng Pinflng ) kl\T/rn2

Where:

Pipo envelope dynamic wave pressure due to vertical acceleration
as given in 3.5.4.1 with reference point zo taken as:
(a) top of tank
(b) top of air pipe for ballast tanks design for BWE by flow
through
see Figure 7.6.5, in kN /m?2

Pin-t envelope dynamic tank pressure due to transverse
acceleration as given in 3.5.4.2 using (yo - y) as extreme
breadth of tank, in kN/m?

Pip-ing envelope dynamic tank pressure due to longitudinal
acceleration as given in 3.5.4.3 using (xo - x) as extreme length
of tank, in kN /m?2

fo-mia dynamic load combination factor for vertical acceleration for
considered dynamic load case, see 6.3.1.2

fi dynamic load combination factor for transverse acceleration
for considered dynamic load case, see 6.3.1.2

fing dynamic load combination factor for longitudinal acceleration
for considered dynamic load case, see 6.3.1.2

fs heading correction factor, as defined in 6.3.1.1

Xo longitudinal coordinate of reference point, in m

Yo transverse coordinate of reference point, in m

2o vertical coordinate of reference point, in m
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Figure 7.6.4
Dynamic Tank Pressure in Cargo Tank (Left) and Ballast Tank (Right) due to Positive
and Negative Vertical Tank Acceleration
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Note

For ballast tank which is designed for ballast water exchange by flow-through method,
reference point zo is to be taken as top of air pipe/overflow of the tank.
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Figure 7.6.5
Dynamic Tank Pressure in Cargo Tank (Left) and Ballast Tank (Right) due to
Negative and Positive Transverse Tank Acceleration
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Figure 7.6.6
Dynamic Tank Pressure in Tanks due to Positive and Negative Longitudinal
Acceleration
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6.3.8 Dynamic deck loads for a considered dynamic load case

6.3.8.1 The simultaneously acting dynamic deck load for uniformly distributed load, Pa-ayn,
on the enclosed upper deck, where a forecastle or poop is fitted, and also on all

lower decks, is to be taken as:

pdk—dyn = fﬁfv—mid Pdeck—dyn kN/m2

Where:

envelope dynamic deck pressure on decks, inner bottom and

hatch covers, in kN/m?2, as defined in 3.5.5.1

fo-mia dynamic load combination factor for vertical acceleration for
considered dynamic load case, see 6.3.1.2

P deck-dyn

fs heading correction factor, as defined in 6.3.1.1

6.3.8.2 The simultaneously acting dynamic vertical force for heavy units, Fi4y, acting on
supporting structures and securing systems for heavy units of cargo, equipment or

structural components, is to be taken as:

de—dyn = fﬁfv—midpv kN
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Where:

F,

fv—mid

fs

envelope vertical dynamic load from heavy units, in kN, as
defined in 3.5.6

dynamic load combination factor for vertical acceleration for
the considered dynamic load case, see Table 7.6.2 and Table
7.6.4107.6.9

heading correction factor, as defined in 6.3.1.1

6.4 Dynamic Load Cases and Dynamic Load Combination Factors for Strength

Assessment

6.4.1 General

6.4.1.1

For strength assessment (FEM) the dynamic load cases given in Table 7.6.2 are to be
applied in accordance with the requirements of Appendix B for Design Load
Combination S + D. The simultaneously acting dynamic load cases are to be derived
using the dynamic load combination factors given in Table 7.6.2.
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Table 7.6.2

Dynamic Load Cases for Strength Assessment (by FEM)

Wave direction Head sea Beam sea Oblique sea
Max response Mw.v wa] Qw.v QW.’ ay va.' I
(Sagging) | (Hogging) | (Sagging) | (Hogging) (Hogging)
Dynamic Load Case 1 2 3 4 5a 5b 6a 6b
Muwo | fio -1.0 1.0 -1.0 1.0 0.0 0.0 0.4 0.4
Global loads Quwo | fo 1.0 -1.0 1.0 -1.0 0.0 0.0 0.0 0.0
Mot | finn 0.0 0.0 0.0 0.0 0.0 0.0 1.0 -1.0
ay fo 0.5 -0.5 0.3 -0.3 1.0 1.0 -0.1 -0.1
Accelerations a; f 0.0 0.0 0.0 0.0 -0.6 0.6 0.0 0.0
Amg | fing -0.6 0.6 -0.6 0.6 -05 05 0.5 0.5
Dynamic wave | Pwe | fur 03 0.3 0.1 0.1 1.0 04 0.6 0.0
pressure for Pbilge fbizge -0.3 0.3 0.1 -0.1 1.0 0.4 0.4 0.0
port side Peir | forr 0.7 0.7 03 0.3 0.9 0.9 0.5 0.5
Dynamic wave | Pwe | fur 03 0.3 0.1 0.1 0.4 1.0 0.0 0.6
pressure for Prige | foitge -0.3 0.3 0.1 -0.1 0.4 1.0 0.0 0.4
starboard side | p.,, | fu4, 0.7 0.7 03 0.3 0.9 0.9 0.5 0.5

Where:

Symbols are as defined in 3.3, 6.3.5.1, Table 7.6.1 and below:

So-mid dynamic load combination factor associated with the vertical acceleration of a centre cargo and ballast tank

fopt dynamic load combination factor associated with the vertical acceleration of a port cargo and side ballast tank

So-stb dynamic load combination factor associated with the vertical acceleration of a starboard cargo and side ballast tank
Note:
1. Load parameters and locations to be used for the calculations are to be taken as specified in Appendix B/2.4.1
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6.5 Dynamic Load Cases and Dynamic Load Combination for Scantling
Requirements

6.5.1 General

6.5.1.1

6.5.1.2

6.5.1.3

6.5.1.4

For the scantling requirements the dynamic load cases are to be applied in
accordance with the design load sets given in Table 8.2.7 through Table 8.2.9 for the
design load combination S + D. The simultaneously acting dynamic load cases are
to be derived using the dynamic load combination factors given in Table 7.6.4 to
Table 7.6.9.

The Dynamic Load Combination Factor (DLCF) table to be used depends on the
longitudinal position being considered and is specified in Figure 7.6.7 and Table 7.6.3.

Each dynamic load case in the DLCF tables maximises one or more dynamic load
components. The minimised dynamic load components are to be calculated by
multiplying all the dynamic load combination factors for a dynamic load case by
-1.0. The scantling requirements are to be evaluated for all maximised and
minimised dynamic load cases.

Load parameters to be used for the calculations are to be taken as specified in Table
8.2.8 and Table 8.2.9.

Figure 7.6.7
Illustration of Structural Regions

Cargo Region

A

>

Tank
\\ OLlce

AP m 0.85L E.P.

- > |
> >

il o Lt 1
Machinery space Mid and aft cargo Forward cargo Forward

and aft end tank region tank region end
Table 7.6.3
Dynamic Load Combination Factor Tables used for Structural Region and Loading
Condition
Structural Machinery Space Mid and aft Forward cargo
. cargo tank . Forward end
region and Aft End . tank region
region
. where the tank where the tank forward of
f;gilsl(;ﬁilz f:Zes aitaif gftt;ist LCG is aft of LCG s at or foremost
P & 0.85L forward of 0.85L bulkhead
Loaded DLCF Table 7.6.8 Table 7.6.4 Table 7.6.6 Table 7.6.8
Ballast DLCF Table 7.6.9 Table 7.6.5 Table 7.6.7 Table 7.6.9
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Table 7.6.4

Dynamic Load Cases for Mid and Aft Cargo Tank Region for Loaded Condition

Wave direction Head Sea Oblique Sea Beam Sea
Max response Mo Ay Aing Mzwo-n a Pty Pwr
Dynamic Load Case 1 2 3 4a 4b 5a 5b 6a 6b 7a 7b
M, 1.0 -1.0 0.5 -0.2 -0.2 -0.1 -0.1 -0.2 -0.2 -0.3 -0.3
Global loads e Jono
Myo-n fonn 0.0 0.0 0.0 1.0 -1.0 -0.1 0.1 0.0 0.0 0.0 0.0
Ay-mid fo-mid -0.2 0.5 -04 -0.1 -0.1 05 0.5 1.0 1.0 1.0 1.0
Ay-pt fo-pt -0.2 0.5 -0.4 -0.1 -0.1 0.2 0.6 0.8 1.0 0.8 1.0
Ay-sth fo-stb -0.2 0.5 -04 -0.1 -0.1 0.6 0.2 1.0 0.8 1.0 0.8
. az f 0.0 0.0 0.0 0.0 0.0 1.0 -1.0 0.5 -0.5 0.6 -0.6
Accelerations
Ang-mid | fing-mid 0.3 -0.6 1.0 -0.3 -0.3 -0.1 0.1 -0.5 -0.5 -0.6 -0.6
Alug-pt fing-pt 0.3 -0.6 1.0 -0.4 -0.2 -0.1 -0.1 -0.5 -0.5 -0.6 -0.6
Alng-stb fing-stb 0.3 -0.6 1.0 -0.2 -0.4 -0.1 -0.1 -0.5 -0.5 -0.6 -0.6
Alng-ctr fing-ctr 0.3 -0.6 1.0 -0.3 -0.3 -0.1 -0.1 -0.5 -0.5 -0.6 -0.6
Dynamic wave P, ferr 0.7 -0.6 0.2 0.3 -0.3 0.5 0.5 1.0 1.0 0.9 0.9
pressure for Pyirge fb,-lge 0.3 -0.2 0.1 -0.4 -0.1 0.8 -0.3 0.9 04 1.0 0.4
starboard side | p,,; fwr 0.3 -03 0.1 -0.6 -0.1 0.5 -0.2 0.8 0.4 1.0 0.4
Dynamic wave Pt fetr 0.7 -0.6 0.2 -0.3 -0.3 0.5 0.5 1.0 1.0 0.9 0.9
pressure for Philge fbilge 0.3 -0.2 0.1 -0.1 -0.4 -0.3 0.8 04 0.9 0.4 1.0
port side Pwr fwr 0.3 -0.3 0.1 -0.1 -0.6 -0.2 0.5 0.4 0.8 0.4 1.0
Where: Symbols are as defined in 3.3, 3.4.2, 6.3.5.1 and Table 7.6.1 and Table 7.6.2 and below:
Aopt vertical acceleration for port tank, in m/s2
Ay-sth vertical acceleration for starboard tank, in m/s2
Amg-mia  longitudinal acceleration for centre tank, in m/s?
amgpt  longitudinal acceleration for port tank, in m/s?
amg-stp  longitudinal acceleration for starboard tank, in m/s?
Amg-ctr  longitudinal acceleration for centre double bottom ballast tank, in m/s?
Singpt dynamic load combination factor associated with the longitudinal acceleration of a port side cargo or ballast tank

fig-stw dynamic load combination factor associated with the longitudinal acceleration of a starboard side cargo or ballast tank
fimgetr  dynamic load combination factor associated with the longitudinal acceleration of a centre double bottom ballast tank

fing-mia dynamic load combination factor associated with the longitudinal acceleration of a centre tank
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Table 7.6.5
Dynamic Load Cases for Mid and Aft Cargo Tank Region for Ballast Condition

Wave direction Head Sea Oblique Sea Beam Sea
Max response My Ay Alng My-n a Py Pw
Dynamic Load Case 1 2 3 4a 4b 5a 5b 6a 6b 7a 7b
Global loads My fno 1.0 -1.0 0.4 -0.4 -0.4 -0.1 -0.1 -0.2 -0.2 -0.2 -0.2

Mo-n fonn 0.0 0.0 0.0 1.0 -1.0 0.1 -0.1 -0.1 0.1 -0.2 0.2

Ay-mid fo-mid -0.1 0.4 -0.2 0.1 0.1 0.5 0.5 1.0 1.0 1.0 1.0

Ay-pt fo-pt -0.1 0.4 -0.2 0.1 0.1 0.1 0.8 0.7 1.0 0.6 1.0

Ay-stb fo-siv -0.1 0.4 -0.2 0.1 0.1 0.8 0.1 1.0 0.7 1.0 0.6

. az f 0.0 0.0 0.0 0.0 0.0 1.0 -1.0 0.8 -0.8 0.6 -0.6

Accelerations

Ang-mid | fing-mid 0.2 -0.1 1.0 -0.6 -0.6 0.0 0.0 -0.2 -0.2 -0.1 -0.1

Aingpt | fingpt 0.2 0.1 1.0 0.6 -0.4 0.0 0.0 -0.2 -0.2 0.1 -0.1

Aing-stb fing-stb 0.2 -0.1 1.0 -0.4 -0.6 0.0 0.0 -0.2 -0.2 -0.1 -0.1

Alng-ctr fing-ctr 0.2 -0.1 1.0 -0.4 -0.4 0.0 0.0 -0.2 -0.2 -0.1 -0.1
Dynamic wave | Perr fotr 1.0 08 0.3 05 05 03 03 0.8 0.8 0.4 0.4
pressure for Prige fb,-lgg 0.3 -0.2 0.1 -0.4 0.0 0.9 -0.4 0.9 0.3 0.9 0.2
starboard side | p,; fwr 0.3 -0.2 0.1 -0.6 0.0 0.7 -0.4 0.9 0.2 1.0 0.2
Dynamic wave | Perr fotr 1.0 0.8 0.3 05 05 0.3 03 0.8 0.8 0.4 0.4
pressure for Philge fbilge 0.3 -0.2 0.1 0.0 -0.4 -0.4 09 0.3 0.9 0.2 09
port side Pwr fur 0.3 -0.2 0.1 0.0 -0.6 -0.4 0.7 0.2 0.9 0.2 1.0
Where:

Symbols are as defined in 3.3, 3.4.2, 6.3.5.1 and Table 7.6.1, Table 7.6.2 and Table 7.6.4
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Table 7.6.6
Dynamic Load Cases for Forward Cargo Tank Region for Loaded Condition

Wave direction Head Sea Oblique Sea Beam
Max response y Alng Aing Py, Phirge Pw Ay a
Dynamic Load Case 1 2 3a 3b 4a 4b 5a 5b 6a 6b 7a 7b 8a 8b
Global loads My fno -0.7 0.9 0.3 0.3 -0.6 -0.6 -0.3 -0.3 -0.4 -0.4 -0.4 -0.4 -0.1 -0.1
Mo fonn 0.0 0.0 -0.2 0.2 0.2 -0.2 -0.1 0.1 0.2 -0.2 -0.1 0.1 -0.5 0.5
Av-mid fo-mid 0.7 -0.6 -0.6 -0.6 0.7 0.7 0.9 0.9 0.7 0.7 1.0 1.0 0.4 0.4
Ay-pt fo-pt 0.7 -0.6 -0.6 -0.6 0.7 0.7 0.9 1.0 0.7 0.7 0.9 1.0 0.3 0.6
Ay-stb fo-stb 0.7 -0.6 -0.6 -0.6 0.7 0.7 1.0 0.9 0.7 0.7 1.0 0.9 0.6 0.3
. as f 0.0 0.0 -0.4 0.4 0.1 -0.1 0.7 -0.7 0.5 -0.5 0.6 -0.6 1.0 -1.0
Accelerations
Ang-mid | fing-mid -0.8 1.0 0.8 0.8 -1.0 -1.0 -0.5 -0.5 -1.0 -1.0 -0.5 -0.5 -0.1 -0.1
Aingpt | fingpt 08 | 10 1.0 06 | 10 | 09 | 05 | 05 | 10 | 07 | 05 | -05 | -01 | -01
Aing-stb fing-stb -0.8 1.0 0.6 1.0 -0.9 -1.0 -0.5 -0.5 -0.7 -1.0 -0.5 -0.5 -0.1 -0.1
Alng-ctr fing-ctr -0.8 1.0 0.8 0.8 -1.0 -1.0 -0.5 -0.5 -1.0 -1.0 -0.5 -0.5 -0.1 -0.1
Dynamic wave | Perr fotr 10 | 09 | 04 | -04 1.0 1.0 0.8 0.8 0.5 05 0.8 0.8 0.4 04
pressure on Pyirge frilge 0.6 -0.7 -0.6 -0.2 0.9 0.6 1.0 0.5 0.7 0.3 1.0 0.5 0.8 -0.1
starboard side | p,,; fw 03 | 05 | 09 | -02 0.8 0.4 0.9 0.4 1.0 0.2 0.9 0.4 0.6 -0.2
Dynamic wave | Per fotr 10 | 09 | 04 | -04 1.0 1.0 0.8 0.8 0.5 05 0.8 0.8 0.4 04
pressure on port Philge fbilge 0.6 -0.7 -0.2 -0.6 0.6 0.9 0.5 1.0 0.3 0.7 0.5 1.0 -0.1 0.8
side Pwr, fwr 0.3 -0.5 -0.2 -0.9 0.4 0.8 0.4 0.9 0.2 1.0 0.4 0.9 -0.2 0.6

Where:

Symbols are as defined in 3.3, 3.4.2, 6.3.5.1 and Table 7.6.1, Table 7.6.2 and Table 7.6.4
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Table 7.6.7
Dynamic Load Cases for Forward Cargo Tank Region for Ballast Condition

Wave direction Head Sea Oblique Sea Beam Sea
Max response @y Aing Aing P, Pyige Pwi Ay a
Dynamic Load Case 1 2 3a 3b 4a 4b 5a 5b 6a 6b 7a 7b 8a 8b
Global loads My fno -0.8 0.9 0.7 0.7 -1.0 -1.0 -0.2 -0.2 -0.3 -0.3 -0.1 -0.1 -0.1 -0.1

M- fonn 0.0 0.0 -0.4 0.4 0.0 0.0 -0.5 0.5 0.3 -0.3 -0.4 0.4 -0.4 0.4

Ay-mid fo-mid 0.7 -0.6 -0.7 -0.7 0.4 0.4 0.6 0.6 0.9 0.9 1.0 1.0 0.4 0.4

Ay-pt fo-pt 0.7 -0.6 -0.7 -0.7 0.4 0.4 0.3 0.8 0.7 0.7 0.5 1.0 0.0 0.7

Ay-stb fo-siv 0.7 -0.6 -0.7 -0.7 0.4 0.4 0.8 0.3 0.7 0.7 1.0 0.5 0.7 0.0

. az f 0.0 0.0 0.0 0.0 0.0 0.0 0.9 -0.9 0.2 -0.2 0.7 -0.7 1.0 -1.0

Accelerations

Aing-mid | fing-mid -0.9 1.0 1.0 1.0 -0.6 -0.6 -0.3 -0.3 -0.9 -0.9 0.0 0.0 0.0 0.0

Aingpt | fingpt 09 | 10 1.0 1.0 06 | 06 | -05 0.2 09 | -06 0.0 0.0 0.0 0.0

Alng-stb fing-stb -0.9 1.0 1.0 1.0 -0.6 -0.6 0.2 -0.5 -0.6 -0.9 0.0 0.0 0.0 0.0

Alng-ctr fing-ctr -0.9 1.0 1.0 1.0 -0.6 -0.6 -0.3 -0.3 -0.9 -0.9 0.0 0.0 0.0 0.0
Dynamic wave | Per ftr 10 | 07 | 09 | -09 1.0 1.0 0.6 0.6 0.6 0.6 0.4 0.4 0.2 0.2
pressure on Pryirge fb,-lgg 0.5 -0.4 -0.7 -0.3 0.6 0.6 1.0 -0.3 0.9 0.2 0.8 0.2 0.7 -0.3
starboard side | py, fwr 03 | 02 | 06 | -01 0.4 0.4 0.9 -0.3 1.0 0.1 0.8 0.2 0.7 -0.4
Dynamic wave | Per fotr 10 | 07 | -09 0.9 1.0 1.0 0.6 0.6 0.6 0.6 0.4 0.4 0.2 02
pressure on port Pbilge fbilge 0.5 -0.4 -0.3 -0.7 0.6 0.6 -0.3 1.0 0.2 0.9 0.2 0.8 -0.3 0.7
side Pwr fwr 0.3 -0.2 -0.1 -0.6 0.4 0.4 -0.3 0.9 0.1 1.0 0.2 0.8 -0.4 0.7

Where:
Symbols are as defined in 3.3, 3.4.2, 6.3.5.1 and Table 7.6.1, Table 7.6.2 and Table 7.6.4
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Table 7.6.8
Dynamic Load Cases for Spaces Outside the Cargo Tank Region for Loaded Condition

Ship location Machinery Space and Aft End Forward End
Followi
Wave direction ? So::ng Oblique Sea Beam Sea Beam Sea
Max response P Pwi Ay at Ao az
Dynamic Load Case 1 2a 2b 3a 3b 4a 4b 5a 5b 6a 6b
Global Load My fuo -1.0 -0.7 -0.7 -0.4 -0.4 -0.1 -0.1 - - - -
Ay-mid fo-mid 0.6 0.9 0.9 1.0 1.0 0.3 0.3 1.0 1.0 0.3 0.3
Aopt | fopt 0.6 - 0.9 - 1.0 - 0.4 - 1.0 - 0.3
Accelerations Ao-stb fo-stb 0.6 0.9 - 1.0 - 0.4 - 1.0 - 0.3 -
az fi 0.0 0.2 -0.2 0.5 -0.5 1.0 -1.0 0.7 -0.7 1.0 -1.0
Aing fing 0.8 0.7 0.7 0.6 0.6 -0.1 -0.1 0.7 0.7 0.1 0.1
Dynamic wave | p . fotr 1.0 0.8 0.8 0.7 0.7 0.2 0.2 1.0 1.0 0.2 0.2
pressure on
starboard side | Pwr | fwr 05 1.0 0.2 0.8 03 05 03 1.0 0.8 0.2 0.0
Dynamic wave P, fetr 1.0 0.8 0.8 0.7 0.7 0.2 0.2 1.0 1.0 0.2 0.2
pressure on
port side Pw. | fwm 0.5 0.2 1.0 03 0.8 03 05 0.8 1.0 0.0 0.2
Where:

Symbols are as defined in 3.3, 6.3.5.1 and Table 7.6.1, Table 7.6.2 and Table 7.6.4
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Table 7.6.9
Dynamic Load Cases for Spaces Outside the Cargo Tank Region for Ballast Condition
Ship location Machinery Space and Aft End Forward End
Wave direction FOHSO::ng Oblique Sea Beam Sea Beam Sea
Max response Py Pwi Ay a Ao az
Dynamic Load Case 1 2a 2b 3a 3b 4a 4b 5a 5b 6a 6b
Global Load My fmo -1.0 -0.3 -0.3 0.2 0.2 0.1 0.1 - - - -
Ay-mid fo-mia 0.6 0.9 0.9 1.0 1.0 0.3 0.3 1.0 1.0 0.3 0.3
Aopt | forpe 0.6 - 0.9 - 1.0 - 0.5 - 1.0 - 0.5
Accelerations Ao-stb fo-sto 0.6 0.9 - 1.0 - 0.5 - 1.0 - 0.5 -
az fi 0.0 0.1 -0.1 0.6 -0.6 1.0 -1.0 0.7 -0.7 1.0 -1.0
Alng fing 0.7 0.8 0.8 0.2 0.2 0.0 0.0 -0.3 -0.3 0.0 0.0
Dynamic wave P fetr 1.0 0.7 0.7 0.5 0.5 0.1 0.1 0.6 0.6 0.1 0.1
pressure on
starboard side | Pwr | fumr 0.8 1.0 03 0.6 0.1 0.4 03 0.7 03 0.3 0.1
Dynamic wave Pt fetr 1.0 0.7 0.7 0.5 0.5 0.1 0.1 0.6 0.6 0.1 0.1
pressure on
port side Pw. | fwm 0.8 03 1.0 0.1 0.6 03 0.4 03 0.7 -0.1 0.3
Where:

Symbols are as defined in 3.3, 6.3.5.1 and Table 7.6.1, Table 7.6.2 and Table 7.6.4
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SECTION 8 -

SCANTLING REQUIREMENTS COMMON STRUCTURAL RULES FOR OIL TANKERS

1 LONGITUDINAL STRENGTH

1.1 Loading Guidance

1.1.1 General

1.1.1.1

1112
1.1.1.3

1114

1.1.15

All ships are to be provided with loading guidance information containing
sufficient information to enable the master of the ship to maintain the ship within
the stipulated operational limitations. The loading guidance information is to
include an approved Loading Manual and Loading Computer System complying
with the requirements given in 1.1.2 and 1.1.3 respectively.

The loading guidance information is to be based on the final data of the ship.

Modifications resulting in changes to the main data of the ship (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 need not be re-
submitted 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 guidance is to be prepared in a language understood by the users. If
this language is not English, a translation into English shall be included. When
applicable a document translating the language of the input and output data for the
Loading Computer System into English is to be provided.

The loading guidance information is to include the following statement, to ensure
the crew are aware of the operational limitations for minimum draught forward:

The scantlings are approved for a minimum draught forward, at F.P. In sea conditions
where slamming is likely to occur, the forward draught is not to be less than the following:

(@) ...m with double bottom ballast tanks No(s)... filled, or
(b) ...m with double bottom ballast tanks No(s)... empty

1.1.2 Loading Manual

1.1.21

1122

The Loading Manual is a document that:

(a) describes the loading conditions on which the design and approval of the ship
has been based for seagoing- and harbour/sheltered water operation

(b) describes the results of the calculations of still water bending moments, shear
forces and where applicable, limitations due to torsional and lateral loads

(c) describes relevant operational limitations as given in 1.1.2.7.
The following loading conditions and design loading and ballast conditions upon

which the approval of the hull scantlings is based are, as a minimum, to be included
in the Loading Manual:

(a) Seagoing conditions including both departure and arrival conditions

e homogeneous loading conditions including a condition at the scantling draft
(homogeneous loading conditions shall not include filling of dry and clean
ballast tanks at departure condition)

RCN 1 to July 2010 version (effective from 1 July 2012)
e a normal ballast condition where:

* the ballast tanks may be full, partially full or empty. Where partially full
options are exercised, the conditions in 1.1.2.5 are to be complied with
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1.1.23

* all cargo tanks are to be empty including cargo tanks suitable for the
carriage of water ballast at sea

* the propeller is to be fully immersed, and
* the trim is to be by the stern and is not to exceed 0.015L, where L is as
defined in Section 4/1.1.1
e a heavy ballast condition where:
* the draught at the forward perpendicular is not to be less than that for the
normal ballast condition

* ballast tanks in the cargo tank region or aft of the cargo tank region may be
full, partially full or empty. Where the partially full options are exercised,
the conditions in 1.1.2.5 are to be complied with

= the fore peak water ballast tank is to be full. If upper and lower fore peak
water ballast tanks are fitted, the lower is required to be full. The upper fore
peak tank may be full, partially full or empty.

If upper and lower fore peak tanks are fitted and only one of them is
designated as water ballast tank, the other may be empty.

RCN 2 to July 2008 version (effective from 1 July 2010)

* all cargo tanks are to be empty including cargo tanks suitable for the
carriage of water ballast at sea

* the propeller is to be fully immersed
* the trim is to be by the stern and is not to exceed 0.015L, where L is as
defined in Section 4/1.1.1

e any specified non-uniform distribution of loading

e conditions with high density cargo including the maximum design cargo
density, when applicable

e mid-voyage conditions relating to tank cleaning or other operations where
these differ significantly from the ballast conditions

e conditions covering ballast water exchange procedures with the calculations
of the intermediate conditions just before and just after ballasting and/or
deballasting any ballast tank

Harbour/sheltered water conditions

e conditions representing typical complete loading and unloading operations
¢ docking condition afloat

e propeller inspection afloat condition, in which the propeller shaft centre line is
at least Doy /4 above the waterline in way of the propeller, where D, is the
propeller diameter

(b) Additional design conditions

e a 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.

Guidance Note

The design condition specified in (c) 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.

(RCN 1, effective from 1 April 2007) (RCN 2, effective from 1 July 2008)

The calculation for the departure conditions are to be based on full tanks according
to the applicable stability regulations for filling of tanks; note bunker tanks are not
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1.1.24

1.1.25

1.1.2.6

1.1.2.7

1.1.28

to be taken less than 95% full and other consumables are to be taken at 100%
capacity. Arrival conditions are to be based on 10% of the maximum capacity of
bunker, fresh water and stores.

Where the amount and disposition consumables at any intermediate stage of the
voyage are considered more severe than of those described in 1.1.2.3, calculations
for such intermediate conditions are also to be submitted for approval.

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, for all filling levels between empty and full, the
resulting stress levels are within the stress and buckling acceptance criteria. For
design purposes this criteria will be satisfied if the stress levels are within the stress
and buckling acceptance criteria for loading conditions with the appropriate 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 1.1.2.2(a). Where multiple ballast
tanks are intended to be partially filled, all combinations of full, empty or 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.

(RCN 2, effective from 1 July 2008)

In cargo loading conditions, the requirements for partially filled ballast tanks as
specified in 1.1.2.5 are applicable to the peak ballast tanks only.
(RCN 2, effective from 1 July 2008)

The Loading Manual is to include the design basis and operational limitations upon
which the approval of the hull scantlings are based. The information listed in Table
8.1.1 is to be included in the Loading Manual.

The approval of the hull scantlings is based on the rule defined loading patterns and
the loading conditions given in the Loading Manual.

Table 8.1.1
Design Parameters

Parameter

Permissible limits of still water bending moments (seagoing operation and
harbour/sheltered water operation)

Permissible limits of still water shear forces (seagoing operation and
harbour/sheltered water operation)

Scantling draught, T

Design minimum ballast draught at midships, Tya

Design slamming draught forward with forward double bottom ballast tanks
filled, Tpp.fun

Design slamming draught forward with forward double bottom ballast tanks
empty, Trp.mt

Maximum allowable cargo density

Maximum cargo density in any loading condition in Loading Manual

Description of the ballast exchange operations including any limitations

Design speed
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1.1.29

1.1.2.10

1.1.2.11

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) sea-going ballast conditions including water ballast carried in one or more cargo
tanks which are intended for use in emergency situations as allowed by
MARPOL Regulation 13. (Ship approved for loading pattern A8 of Table B.2.3 or
B7 of Table B.2.4)

(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 0.9T.

(c) seagoing loading conditions with cargo tanks less than 25% full with the
combination of mean ship’s draught greater than 0.9T.

(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 tonnes/m3 and a mean ship’s draught of 0.6T

(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
tilling level between corresponding port and starboard wing cargo tanks
exceeds 25% of the filling height in the wing cargo tank (Ship approved for
loading pattern A7 of Table B.2.3)

This sub-section is not intended to prevent any other loading conditions to be
included in the Loading Manual, nor is it intended to replace in any way the
required Loading Manual/Instrument.

A tanker may in actual operation be loaded differently from the design loading
conditions specified in the Loading Manual, provided limitations for longitudinal
and local strength as defined in the Loading Manual and Loading Instrument
onboard and applicable stability requirements are not exceeded.

1.1.3 Loading computer system

1.13.1

1.1.3.2

1.1.3.3

1.1.3.4

1.1.3.5

The loading computer system, is to be a system, which unless stated otherwise is
digital and that can easily and quickly ascertain whether operational limitations are
exceeded for any loading condition.

The loading computer system is to be approved based on the Rules of the individual
Classification Society.

The loading computer system is to be capable of producing any specific loading
condition and verify that these comply with all the operational limitations given in
1.1.2.2, and provide plots including input and output.

If any of the operational limitations are not checked, the user is to be properly
informed when using the system, and by the plots provided, so that each such item
is verified by other means. The loading computer system is as a minimum to verify
that the following are satisfied:

(a) draught limitations

(b) still water bending moments and shear forces are reported at the specified
locations/read-out points.

The final test conditions for the loading computer are to be based on conditions
given in the final Loading Manual. The test conditions are subject to approval and
the shear forces and bending moments calculated by the loading computer system,
at each read out point, are to be within 0.02Qsw-perm Or 0.02Mswperm Of the results given
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1.1.3.6

in the loading manual, where Qsw-perm and Msw-perm are the assigned permissible shear
force and bending moment at each read out point respectively.

Before a loading computer system is accepted, all relevant aspects of the computer,
including but not limited to the following, are to be demonstrated to the Surveyor:
(a) verification that the final data of the ship has been used

(b) verification that the relevant limits for all read-out points are correct

(c) that the operation of the system after installation onboard, is in accordance with
the approved test conditions

(d) that the approved test conditions are available onboard

(e) that an operational manual is available onboard.

1.2 Hull Girder Bending Strength

1.2.1 General

1211

1212

1.2.1.3

1214

The net vertical hull girder section modulus, Zy.s0, is to be equal to or greater than
the requirements given by 1.2.2.2 and 1.2.3.2. The net vertical hull girder moment of
inertia, Io-nes0, as defined in Section 4/2.6.1.1 is to be equal to or greater than the
requirement given by 1.2.2.1.

Scantlings of all continuous longitudinal members of the hull girder based on
moment of inertia and section modulus requirement in 1.2.2.1 and 1.2.2.2 are to be
maintained within 0.4L midships.

The hull girder section modulus requirements in 1.2.3 apply along the full length of
the hull girder, from A.P. to F.P.

Structural members included in the hull girder section modulus are to satisfy the
buckling criteria given in 1.4.

1.2.2 Minimum requirements

1221

At the midship cross section the net vertical hull girder moment of inertia about the
horizontal neutral axis, I,..ts50, is not to be less than the rule minimum vertical hull
girder moment of inertia, l,min, defined as:

nymin = 2.7Cw7JL3B(Cb + 0.7) . 10_8 m4

Where:

Cuo wave coefficient as defined in Table 8.1.2

L rule length, in m, as defined in Section 4/1.1.1.1

B moulded breadth, in m, as defined in Section 4/1.1.3.1

Gy block coefficient, as defined in Section 4/1.1.9.1 but is not to be

taken as less than 0.70

Table 8.1.2
Wave Coefficient Cyy
rule length Cuwo
150 < L <300 10.75 - [(300 - L) / 100]3/2
300 <L <350 10.75
350 < L <500 10.75 - [(L - 350) / 150]%/2
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1.2.2.2 At the midship cross section the net vertical hull girder section modulus, Z,.uin, at
the deck and keel is not to be less than the rule minimum hull girder section
modulus, Zy-min, defined as:
Z, .. =09kC I?B(C,+0.7)-10° m3
Where:
k higher strength steel factor, as defined in Section 6/1.1.4
Cuo wave coefficient as defined in Table 8.1.2
L rule length, in m, as defined in Section 4/1.1.1.1
B moulded breadth, in m, as defined in Section 4/1.1.3.1
Cy block coefficient, as defined in Section 4/1.1.9.1 but is not to be
taken as less than 0.70
RCN 1 to July 2010 version (effective from 1 July 2012)
1223 The net hull girder section modulus at keel, Z,es504, is to be calculated in
accordance with Section 4/2.6.1.2 and taking z at the keel.
1224 The net hull girder section modulus at deck, Zyesoa, is to be calculated in
accordance with Section 4/2.6.1.2 and taking z at the effective deck height, see 1.2.2.5.
1.2.2.5 The effective deck height from the horizontal neutral axis for the hull girder section

modulus, Zi-f, is to be taken as:

Zigk—eff = Zk-side ~ ZNA-netso 1N

When no effective longitudinal strength members are positioned above a
line extending from moulded deck line at side to a position
(Zdk-side-zNA-nets0) / 0.9 from the neutral axis at the centreline

Zdk—eff = (Zy — ZNA-net50 {0.9 +0.2 y};l j

When any effective longitudinal strength members are positioned above a
line extending from moulded deck line at side to a position

(Zdk-side-zNA-nets0) / 0.9 from the neutral axis at the centreline

Where:

Zy distance from the baseline to top of the continuous strength
member at a distance y from the centreline, in m, giving the
largest value of za.p, see Figure 8.1.1

ZNA-net50 distance from baseline to horizontal neutral axis, in m, see
Figure 8.1.1

Y distance from the top of the continuous strength member to
the centreline of the ship, in m, giving the largest value of
Zik-of, see Figure 8.1.1

B moulded breadth, in m, as defined in Section 4/1.1.3.1

Zdk-side distance from the baseline to the moulded deck line at side, in

m, see Figure 8.1.1
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Figure 8.1.1
Position for Calculation of Section Modulus Deck
|
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|
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I z
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i NA
|
| Zk-side  ZNA-net50
|
| / A
¢
(b) Ship with large camber

1.2.3 Hull girder requirement on total design bending moment

1.2.3.1 The net vertical hull girder section modulus requirement as defined in 1.2.3.2 is to
be assessed for both hogging and sagging conditions.

1.2.3.2 The net hull girder section modulus about the horizontal neutral axis, Zy-ets0, is not
to be less than the rule required hull girder section modulus, Z;..; based on the
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permissible still-water bending moment and design wave bending moment defined

as:

M

sw—perm

Z —

+M

v-req —

Where:
Msw—perm

M’LUZI—Z)

Operm

perm

wo—-ov !
10° ms

permissible hull girder hogging or sagging still water
bending moment as given in Table 8.1.3, in KNm

hogging or sagging vertical wave bending moment, in kNm
as given in Table 8.1.3

permissible hull girder bending stress as given in Table 8.1.3,

in N/mm?

Mo s to be taken as:

Table 8.1.3
Loads and Corresponding Acceptance Criteria for Hull Girder Bending Assessment
Still water Wave
Design load bending bending Permissible hull girder bending Sh'ess,
combination moment, moment, Cperm ™
Msw-perm va-v
143/k within 0.4L amidships
S) Misw-perm-harb 0 at and forward of 0.9L from A.P.
105/k and
at and aft of 0.1L from A.P.
190/k within 0.4L amidships
(S+D) Mo pern-sea Moo at and forward of 0.9L from A.P.
140/k and
at and aft of 0.1L from A.P
Where:

Mesw-perm-nas~ permissible hull girder hogging and sagging still water bending moment for
harbour/sheltered water operation, in kNm, as defined in Section 7/2.1.1

Mw-perm-sea permissible hull girder hogging and sagging still water bending moment for seagoing
operation, in kNm, as defined in Section 7/2.1.1

Mo hogging and sagging vertical wave bending moments, in kNm, as defined in Section
7/3.4.1

Muw-nog for assessment with respect to hogging vertical wave bending moment

Man-sag for assessment with respect to sagging vertical wave bending moment

k higher strength steel factor, as defined in Section 6/1.1.4

Note

1. Gyerm is to be linearly interpolated between values given.
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1.3 Hull Girder Shear Strength

1.3.1 General

1.3.1.1 The hull girder shear strength requirements apply along the full length of the hull
girder, from A.P to F.P.

1.3.2 Assessment of hull girder shear strength

1.3.21 The net hull girder shear strength capacity, Qo-nets0, as defined in 1.3.2.2 is not to be
less than the required vertical shear force, Qo as indicated in the following:

QU—VEq = st—perm + Qwv kN

Where:

st—perm

Qwv

permissible hull girder positive or negative still water shear
force as given in Section 7/2.1.3, in kN

vertical wave positive or negative shear force as defined in
Section 7/3.4.3, in kN

1.3.2.2 The permissible positive and negative still water shear forces for seagoing and
harbour/sheltered water operations, Qsw-perm-sea ANd Qsw-perm-ary are to satisfy:

st—perm < Qv—netSO _Qwv—pos kN
for maximum permissible positive shear force

st—perm

2 — Qv—netSO - Qwv—neg kN

for minimum permissible negative shear force

Where:
st—perm

Qv~net5 0

Tij-perm

Qwv»pos

Qwv-neg

tij—netS()

tnet50

tgrs

tw-grs

permissible hull girder still water shear force as given in Table
8.1.4, in kN

net hull girder vertical shear strength to be taken as the
minimum for all plate elements that contribute to the hull
girder shear capacity

_ Vijiperm ti_netso N

1000,

permissible hull girder shear stress, 7., as given in Table
8.1.4,in N/mm?2, for plate i

positive vertical wave shear force, in kN, as defined in Table
8.1.4

negative vertical wave shear force, in kN, as defined in Table
8.14

equivalent net thickness, t..s0, for plate ij, in mm. For
longitudinal bulkheads between cargo tanks, t..ss is to be
taken as tgtnetso and tsr-k as appropriate, see 1.3.3.1 and 1.3.4.1
net thickness of plate, in mm

=t,,, —0.5¢

corr

gross plate thickness, in mm. The gross plate thickness for
corrugated bulkheads is to be taken as the minimum of t, ¢
and fgers, in mMm

gross thickness of the corrugation web, in mm
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trgrs gross thickness of the corrugation flange, in mm
teorr corrosion addition, in mm, as defined in Section 6/3.2
Jo unit shear flow per mm for the plate being considered and

based on the net scantlings. Where direct calculation of the
unit shear flow is not available, the unit shear flow may be
taken equal to:

_ fi(ql—neﬁo J 10° mm-
I v—net50
i shear force distribution factor for the main longitudinal hull
&
girder shear carrying members being considered. For

standard structural configurations f; is as defined in Figure
812

q1-net50 first moment of area, in cm3,about the horizontal neutral axis
of the effective longitudinal members between the vertical
level at which the shear stress is being determined and the
vertical extremity, taken at the section being considered. The
first moment of area is to be based on the net thickness, t.ts0

RCN 1 to July 2010 version (effective from 1 July 2012)

To-netso net vertical hull girder section moment of inertia, in m#, as
defined in Section 4/2.6.1.1

Table 8.1.4
Loads and Corresponding Acceptance Criteria for Hull Girder Shear
Assessment
Design load Still water shear Vertical wave Permissible shear
L. shear force,
combination force, Qsw-perm Quo stress, Tperm
Harbour/sheltered
water operations Qsw-perm-harb 0 105/ k for plate ij
(S)
Seagoing
operations Qsw-perm-sea Quo 120/ k for plate ij
(5+D)
Where:
Qswo-perm-harb permissible positive or negative hull girder still water shear
force for harbour operation, in kN, as defined in Section 7/2.1.3
Qsw-perm-sea permissible positive or negative hull girder still water shear
force for seagoing operation, in kN, as defined in Section
7/2.1.3
Quwo positive or negative vertical wave shear, in kN, as defined in

Section 7/3.4.3. Quw is to be taken as:

Quo-pos for assessment with respect to maximum positive
permissible still water shear force
Quo-neg for assessment with respect to minimum negative
permissible still water shear force

plate ij for each plate j, index i denotes the structural member of
which the plate forms a component

k higher strength steel factor, as defined in Section 6/1.1.4
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Figure 8.1.2
Shear Force Distribution Factors
Hull configuration fi factors
Outside cargo region (no longitudinal bulkhead)
Side shell
fi=05
\_ | Y,
Outside cargo region (centreline bulkhead)
Side shell
f;=0.231+0.076 —= At netso
3-net50
Longitudinal bulkhead
f3=0.538 —0.152 —=b= At netso
AS net50
\_ J
One centreline bulkhead Side shell
f; =0.055+0.097 —== At netso +0.020 —=et. Ay a0
| | 2-net50 3-net50
Inner hull
A, A,
| —1 1| f, =0193-0.059 ——"== Lonets0. 4 (0,058 —2=retx0.
2—net50 3—net50
—1 /,_ Longitudinal bulkhead
I N E Loed A A
ki | | EJ f3 — 0 504 0 076 1—net50 0 156 2—net50
2—net50 3—net50
Two longitudinal bulkheads Side shell
f; =0.028 + 0.087 ——= At netso +0.023 =l As-netso
2—net50 3—net50
[ | | | Inner hull
| -1 f,=0119-0.038 ——== Atnetso +0.072 —=ebt A neizo
2—net50 3-net50
|| - Longitudinal bulkhead
H i A, A,
N -7 f3=0.353 - 0.049 == LonetS0. _ (), 095 —2=1ets0.
2—net50 3—net50
Where
i index for the structural member under consideration:
1, for the side shell
2, for the inner hull
3, for the longitudinal bulkhead
A netso net area as defined in Section 4/2.6.4 and based on deduction of 0.5¢4,,, of the structural
member, i, at one side of the section under consideration. The area As. .50 for the
centreline bulkhead is not to be reduced for symmetry around the centreline.
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1.3.3 Shear force correction for longitudinal bulkheads between cargo tanks

1.3.3.1 For longitudinal bulkheads between cargo tanks the effective net plating thickness
of the plating above the inner bottom, t.e150 for plate ij, used for calculation of hull
girder shear strength, Qu..es0, is to be corrected for local shear distribution and is

given by:
tenetso = grs — 0.5t —t,  mm
Where:
tors gross plate thickness, in mm
teorr corrosion addition, in mm, as defined in Section 6/3.2
ta thickness deduction for plate ij, in mm, as defined in 1.3.3.2

1.3.3.2 The vertical distribution of thickness reduction for shear force correction is assumed
to be triangular as indicated in Figure 8.1.3. The thickness deduction, ¢, to account
for shear force correction is to be taken as:

tA_

0Q3

L
P

Xblk

Zp

hdb

Tij-perm

h

(1 _ xblk J(z _ Z(Zp _hdb)J mm
bik T ij—perm 0.5l Py

Where:

shear force correction for longitudinal bulkhead as defined in
1.3.3.3 and 1.3.3.5 for ships with one or two longitudinal
bulkheads respectively, in kNN.

length of cargo tank, in m

height of longitudinal bulkhead, in m, defined as the distance
from inner bottom to the deck at the top of the bulkhead, as
shown in Figure 8.1.3

the minimum longitudinal distance from section considered to
the nearest cargo tank transverse bulkhead, in m. To be taken
positive and not greater than 0.5/

the vertical distance from the lower edge of plate ij to the base
line, in m. Not to be taken as less than K

height of double bottom, in m, as shown in Figure 8.1.3
permissible hull girder shear stress, 7y, in N/ mma? for plate
y

=120/ ki

higher strength steel factor, k, for plate ij as defined in Section
6/1.1.4
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SECTION 8 - SCANTLING REQUIREMENTS

Figure 8.1.3
Shear Force Correction for Longitudinal Bulkheads
t, for
— Xy S0
h
t, for bk
[ Xy = 0251, |
- y
Xk Iy
A
s
9 051,
i |

5Q,

1.3.3.3 For ships with a centreline bulkhead between the cargo tanks, the shear force

1.3.3.4

1.3.3.5

1.3.3.6

correction in way of transverse bulkhead, 0Qjs, is to be taken as:

5Q; = 0.5K,F, kN

Where:
K3 correction factor, as defined in 1.3.3.4
Fap maximum resulting force on the double bottom in a tank, in

kN, as defined in 1.3.3.7

For ships with a centreline bulkhead between the cargo tanks, the correction factor,
Ks, in way of transverse bulkheads is to be taken as:

K, = [0.40(1 —ﬁj - f3}

Where:
n number of floors between transverse bulkheads
JE shear force distribution factor, see Figure 8.1.2

For ships with two longitudinal bulkheads between the cargo tanks, the shear force
correction, 6Q;, is to be taken as:

5Q; =05K,F, kN

Where:
K correction factor, as defined in 1.3.3.6
Fap maximum resulting force on the double bottom in a tank, in

kN, as defined in 1.3.3.7

For ships with two longitudinal bulkheads between the cargo tanks, the correction
factor, K, in way of transverse bulkhead is to be taken as:
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SCREIN

Where:

n number of floors between transverse bulkheads

r ratio of the part load carried by the wash bulkheads and floors
from longitudinal bulkhead to the double side and is given by:

1
r= y
As neso N 2x10"bg, (ns + 1)A3—net50
Al—netso + AZ—netSO Itk (ns AT—net50 + R)

Note: for preliminary calculations, »r may be taken as 0.5

Lik length of cargo tank, between transverse bulkheads in the side
cargo tank, in m

bso 80% of the distance from longitudinal bulkhead to the inner
hull longitudinal bulkhead, in m, at tank mid length

ATonets0 net shear area of the transverse wash bulkhead, including the
double bottom floor directly below, in the side cargo tank, in
cm?, taken as the smallest area in a vertical section. Ar.tso is to
be calculated with net thickness given by tgs - 0.5t 0

Alnetso net area, as shown in Figure 8.1.2, in m?2

Aonetso net area, as shown in Figure 8.1.2, in m?2

Az netso net area, as shown in Figure 8.1.2, in m?2

f3 shear force distribution factor, as shown in Figure 8.1.2

ns number of wash bulkheads in the side cargo tank

R total efficiency of the transverse primary support members in
the side tank

n - ns —
R _ _1 AQ net50 cm?
2 y
2
% =1+ 3001780 AQ—net5O
I psm—net50

AQ-netso net shear area, in cm?, of a transverse primary support
member in the wing cargo tank, taken as the sum of the net
shear areas of floor, cross ties and deck transverse webs.
Agunerso is to be calculated using the net thickness given by
ters - 0.5t The net shear area is to be calculated at the mid
span of the members.

Lpsm-netso net moment of inertia for primary support members, in cm#, of

a transverse primary support member in the wing cargo tank,
taken as the sum of the moments of inertia of transverses and
cross ties. It is to be calculated using the net thickness given by
ters - 0.5t.0rr. The net moment of inertia is to be calculated at the
mid span of the member including an attached plate width
equal to the primary support member spacing
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tgrs

tCOW’

gross plate thickness, in mm

corrosion addition, in mm, as defined in Section 6/3.2

1.3.3.7 The maximum resulting force on the double bottom in a tank, Fa, is to be taken as:

de = g|WCT + WCWBT - pswaZtkTmean kN
Where:
Wer weight of cargo, in tonnes, as defined in Table 8.1.5
Wewer weight of ballast, in tonnes, as defined in Table 8.1.5
b2 breadth, in m, as defined in Table 8.1.5
L length of cargo tank, between watertight transverse bulkheads
in the wing cargo tank, in m
Tinean draught at the mid length of the tank for the loading condition
considered, in m.
g acceleration due to gravity, 9.81 m/s?
Psw density of sea water, 1.025 tonnes/m3
Table 8.1.5
Design Conditions for Double Bottoms
Structural
Configuration Wer Wensr bz
Ships with one weight of cargo weight of ballast maximum breadth
longitudinal in cargo tanks, in | between port and between port and
bulkhead tonnes, using a starboard inner starboard inner sides
minimum sides, in tonnes at mid length of
specific gravity of tank, in m, as shown
1.025 tonnes/ m? in Figure 8.1.4
Ships with two weight of cargo weight of ballast maximum breadth of
longitudinal in the centre below the centre the centre cargo tank
bulkheads tank, in tonnes, cargo tank, in at mid length of
using a tonnes tank, in m, as shown
minimum in Figure 8.1.4
specific gravity of
1.025 tonnes/m3

1.3.3.8 The maximum resulting force on the double bottom in a tank, Fa, is in no case to be
less than that given by the rule minimum conditions given in Table 8.1.6.

JuLy 2012

SECTION 8.1/PAGE 15




SECTION 8 - SCANTLING REQUIREMENTS COMMON STRUCTURAL RULES FOR OIL TANKERS

Table 8.1.6
Rule Minimum Conditions for Double Bottoms
Structural Configuration Positive/negative Minimum condition
force, F
Ships with one longitudinal | Max positive net 0.9T.. and empty cargo and ballast tanks
bulkhead vertical force, F+
Max negative net 0.6Tsc and full cargo tanks and empty
vertical force, F- ballast tanks
Ships with two longitudinal | Max positive net 0.9T and empty cargo and ballast tanks
bulkheads vertical force, Fu+
Max negative net 0.6T and full centre cargo tank and empty
vertical force, F- ballast tanks
Figure 8.1.4
Tank Breadth to be Included for Different Tanker Types
bZ
Centre
Cargo
Tank
NG |/

bZ
Cargo Cargo
Tank Tank
Port Starboard

| |

1.3.4 Shear force correction due to loads from transverse bulkhead stringers

1.3.4.1 In way of transverse bulkhead stringer connections, within areas as specified in
Figure 8.1.6, the equivalent net thickness of plate used for calculation of the hull
girder shear strength, t:-«, where the index k refers to the identification number of
the stringer, is not to be taken greater than:

T

str mm
Tij—perm

Lk = tsfc—netSO(l -

Where:

Esfe-net50 effective net plating thickness, in mm, as defined in 1.3.3.1 and
calculated at the transverse bulkhead for the height
corresponding to the level of the stringer

Tij-perm permissible hull girder shear stress, Ty, for plate ij

= 120/](1']' N/mm2
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kij higher strength steel factor, k, for plate ij as defined in Section
6/1.1.4
Tstr _ Qstr~k N / mm?2
lstrtsfc—netSO
Lstr connection length of stringer, in m, see Figure 8.1.5
Qstrk shear force on the longitudinal bulkhead from the stringer in

loaded condition with tanks abreast full

=0.8F,,, (1_MJ KN
blk

RCN 1 to July 2010 version (effective from 1 July 2012)

Fotrk total stringer supporting force, in kN, as defined in 1.3.4.2

hay the double bottom height, in m, as shown in Figure 8.1.6

hpi height of bulkhead, in m, defined as the distance from inner
bottom to the deck at the top of the bulkhead, as shown in
Figure 8.1.6

Zstr the vertical distance from baseline to the considered stringer,
in m.

1.3.4.2 The total stringer supporting force, Fs-«, in way of a longitudinal bulkhead is to be

taken as:
Fstr—k — Pstrbstr (hk + hk—l) kKN
2

Where:

Py pressure on stringer, in kN/m?, to be taken as: 10/

Bt the height from the top of the tank to the midpoint of the load
area between h/2 below the stringer and h.1/2 above the
stringer, in m

h the vertical distance from the considered stringer to the
stringer below. For the lowermost stringer, it is to be taken as
80 % of the average vertical distance to the inner bottom, in m

Bk the vertical distance from the considered stringer to the
stringer above. For the uppermost stringer, it is to be taken as
80 % of the average vertical distance to the upper deck, in m

bstr load breadth acting on the stringer, in m, see Figure 8.1.7 and

8.1.8
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Figure 8.1.5
Effective Connection Length of Stringer
stringer connection length

- 1 -

str

_ o R -

30°
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Figure 8.1.6
Region for Stringer Correction, t;;, for a Tanker with Three Stringers

e — e ——————————tm e e e ]

2nd frame

1st frame Transverse

forward

bulkhead

aft

Figure 8.1.7
Load Breadth of Stringers for Ships with a Centreline Bulkhead

V4

V4

'y
A

Buttress

bstk

str

0.5b,,

str
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1.3.4.3

Where reinforcement is provided to meet the above requirement, the reinforced
area based on fy« is to extend longitudinally for the full length of the stringer
connection and a minimum of one frame spacing forward and aft of the bulkhead.
The reinforced area shall extend vertically from above the stringer level and down
to 0.5h below the stringer, where h;, the vertical distance from the considered
stringer to the stringer below is as defined in 1.3.4.2. For the lowermost stringer the
plate thickness requirement ts« is to extend down to the inner bottom, see Figure
8.1.6.

Load Breadth of Stringers for Ships with Two Inner Longitudinal Bulkheads

Figure 8.1.8

i

Buttress

~l-

bs.‘k bs

N N

Notes
1. bsu is the breadth of wing cargo tank, in m.
2. be is the breadth of centre cargo tank, in m.

1.4 Hull Girder Buckling Strength

1.4.1 General

1411

These requirements apply to plate panels and longitudinals subject to hull girder
compression and shear stresses. These stresses are to be based on the permissible
values for still water bending and shear forces given in Section 7/2.1, and wave
bending moments and shear forces given in Section 7/3.4.
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1412

1413

The hull girder buckling strength requirements apply along the full length of the
ship, from A.P to F.P.

For the purposes of assessing the hull girder buckling strength in this sub-section,
the following are to be considered separately:
(a) axial hull girder compressive stress to satisfy requirements in 1.4.2.6 and 1.4.2.8

(b) hull girder shear stress to satisfy requirements in 1.4.2.7.

1.4.2 Buckling assessment

1421

1422

1423

The buckling assessment of plate panels and longitudinals is to be determined
according to Section 10/3.1 with hull girder stresses calculated on net hull girder
sectional properties.

The buckling strength for the buckling assessment is to be derived using local net
scantlings, t., as follows:

T -1.0¢t,, mm

Where:

tors gross plate thickness, in mm

teorr corrosion addition, in mm, as defined in Section 6/3.2

The hull girder compressive stress due to bending, oOngueso for the buckling
assessment is to be calculated using net hull girder sectional properties and is to be
taken as the greater of the following;:

_ |(Z - ZNA—netSO )(Msw—perm—sea + va—v)
Uhg—netEO - |

107 N/mm?2

I v—net50 |

0hg—net50 = 7 N/ mm?

Where:

Meaw-perm-sea  permissible still water bending moment for seagoing
operation, in kNm, as defined in Section 7/2.1.1, with signs
as givenin 1.4.2.4

Mivo-o hogging and sagging vertical wave bending moments, in
kNm, as defined in Section 7/3.4.1, with signs as given in
14.24
My is to be taken as:
Mauwnog for assessment with the hogging still water bending
moment
Muw-sqg for assessment with the sagging still water bending
moment

z distance from the structural member under consideration to
the baseline, in m

ZNA-net50 distance from the baseline to the horizontal neutral, in m,
see Figure 8.1.1

To-netso net vertical hull girder section moment of inertia, in m#, as
defined in Section 4/2.6.1.1
k higher strength steel factor, as defined in Section 6/1.1.4.1
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1424

1425

1.4.2.6

The sagging bending moment values of Mswperm-sea and Muoo are to be taken for
members above the neutral axis. The hogging bending moment values are to be
taken for members below the neutral axis.

The design hull girder shear stress for the buckling assessment, Tignets0, is to be
calculated based on net hull girder sectional properties and is to be taken as:

10004,

= 2
ThgfnetSO - (stfpermfsea + Qwv{ J N/mm

ij—net50

Where:
Qswpermsea  positive and negative still water permissible shear force for
seagoing operation, in kN, as defined in Section 7/2.1.3

Quwo positive or negative vertical wave shear, in kN, as defined in
Section 7/3.4.3.

Quw is to be taken as:

Quo-pos for assessment with the positive permissible still water
shear force

Quo-neg for assessment with the negative permissible still water
shear force

tijnets0 net thickness for the plate ij, in mm
=tij.grs = 0.5corr

tijgrs gross plate thickness of plate ij, in mm. The gross plate

thickness for corrugated bulkheads is to be taken as the
minimum of ty-gsand trgs, in mm

tw-grs gross thickness of the corrugation web, in mm

trgrs gross thickness of the corrugation flange, in mm

teorr corrosion addition, in mm, as defined in Section 6/3.2

Jo unit shear per mm for the plate being considered as defined in
1.3.2.2

Note

1. Maximum of the positive shear (still water + wave) and negative shear (still water +

wave) is to be used as the basis for calculation of design shear stress

2. All plate elements ij that contribute to the hull girder shear capacity are to be
assessed. See also Table 8.1.4 and Figure 8.1.2

3. The gross rule required thicknesses is to be calculated considering shear
force correction.

4. For longitudinal bulkheads between cargo tanks, fiiu.i50is to be taken as
tsfe-netso and tsr-x as appropriate.

RCN 2 to July 2008 version (effective from 1 July 2010)

The compressive buckling strength, of plate panels, is to satisfy the following
criteria:
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n < N atiow

Where:

n buckling utilisation factor
Uhg—netSO

o,

Ong-nets0 hull girder compressive stress based on net hull girder
sectional properties, in N/mm? as defined in 1.4.2.3

Ocr critical compressive buckling stress, oxcr or oy as appropriate,
in N/mm?, as specified in Section 10/3.2.1.3. The critical
compressive buckling stress is to be calculated for the effects
of hull girder compressive stress only. The effects of other
membrane stresses and lateral pressure are to be ignored. The
net thickness given as tys -t as described in Section 6/3.3.2.2
is to be used for the calculation of o,

Hallow allowable buckling utilisation factor:
= 1.0 for plate panels at or above 0.5D
= 0.90 for plate panels below 0.5D

tors gross plate thickness, in mm

teorr corrosion addition, in mm, as defined in Section 6/3.2

(RCN 1, effective from 1 April 2007)

1.4.2.7 The shear buckling strength, of plate panels, is to satisfy the following criteria:

Ui < Mattow

Where:

n buckling utilisation factor
Tllg—netSO

TCV

Thg-net50 design hull girder shear stress, in N/mm?, as defined in 1.4.2.5

Ter critical shear buckling stress, in N/mm?, as specified in Section
10/3.2.1.3. The critical shear buckling stress is to be calculated
for the effects of hull girder shear stress only. The effects of
other membrane stresses and lateral pressure are to be
ignored. The net thickness given as fys - t.orr as described in
Section 6/3.3.2.2 is to be used for the calculation of 7.,

Hallow allowable buckling utilisation factor
=0.95

tors gross plate thickness, in mm

teorr corrosion addition, in mm, as defined in Section 6/3.2

1428 The compressive buckling strength of longitudinal stiffeners is to satisfy the
following criteria:
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n < M attow

Where:

n greater of the buckling utilisation factors given in Section
10/3.3.2.1 and Section 10/3.3.3.1. The buckling utilisation factor
is to be calculated for the effects of hull girder compressive
stress only. The effects of other membrane stresses and lateral
pressure are to be ignored.

Hallow allowable buckling utilisation factor:

= 1.0 for stiffeners at or above 0.5D
= 0.90 for stiffeners below 0.5D

(RCN 1, effective from 1 April 2007)

1.5 Hull Girder Fatigue Strength

1.5.1 General

1511

1.5.1.2

1513

The following provides a simplified fatigue control measure against the dynamic
hull girder stresses in the longitudinal deck structure.

The requirements in 1.5.1.3 are not mandatory, but are recommended to be applied
in the early design phase in order to give an indication of the required hull girder
section modulus for compliance with the mandatory fatigue requirements specified
in Section 9/3 and Appendix C.

The fatigue life for the deck structure as required by Section 9/3 and Appendix C is
normally satisfied providing the net vertical hull girder section modulus at the
moulded deck line at side, Z, .50, as defined in Section 4/2.6.1.1, is not less than the
required hull girder section modulus, Z, s, defined as:

va—ha _va—sa
Z = g £ md
o fut 1000R,

Where:

Mvo-og hogging vertical wave bending moment for fatigue, in kNm,
as defined in Section 7/3.4.1

Mip-sag sagging vertical wave bending moment for fatigue, in kNm, as
defined in Section 7/3.4.1

Ra allowable stress range, in N/mm?
= (0.17L + 86 for class F-details
= 0.15L + 76 for class F2-details

L rule length, in m, as defined in Section 4/1.1.1.1

1.6 Tapering and Structural Continuity of Longitudinal Hull Girder Elements

1.6.1 Tapering based on minimum hull girder section property requirements

1.6.1.1

1.6.1.2

Scantlings of all continuous longitudinal members of the hull girder based on the
moment of inertia and section modulus requirements given in 1.2.2 are to be
maintained within 0.4L of amidships.

Scantlings outside of 0.4L amidships as required by the rule minimum moment of
inertia and section modulus as given in 1.2.2 may be gradually reduced to the local
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requirements at the ends provided the hull girder bending and buckling
requirements, along the full length of the ship, as given in 1.2.3 and 1.4 are complied
with. For tapering of higher strength steel, see 1.6.2 and 1.6.3..

1.6.2 Longitudinal extent of higher strength steel

1.6.2.1

Where used, the application of higher strength steel is to be continuous over the
length of the ship up to locations where the longitudinal stress levels are within the
allowable range for mild steel structure, see Figure 8.1.9.

Figure 8.1.9
Longitudinal Extent of Higher Strength Steel

H.S. steel line S

Equivalent mild steel
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’

\\
~
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~
~
~
~
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~|

A

0.2L 0.1L

1.6.3 Vertical extent of higher strength steel

1.6.3.1

The vertical extent of higher strength steel, zus, used in the deck or bottom and
measured from the moulded deck line at side or keel is not to be taken less than the
following, see also Figure 8.1.10.

o
Ints = 21(1—ﬁj m

01
RCN 1 to July 2010 version (effective from 1 July 2012)

Where:

Z1 distance from horizontal neutral axis to moulded deck line
or keel respectively, in m

01 to be taken as ou or oy for the hull girder deck and keel
respectively, in N/mm?

Ok hull girder bending stress at moulded deck line given by:

M., wtM
Sw—perm-—sea wo—-v -3
= i (Zak-side = ZNAnets0) - 10 N/mm?
v-net50
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owl hull girder bending stress at keel given by:
Msw—perm—seu + va—v -3
= I (Zna-neiso = Zi) - 10 N/mm?
v—net50
Operm permissible hull girder bending stress as given in Table 8.1.3

for design load combination S+D, in N/mm?
RCN 1 to July 2010 version (effective from 1 July 2012)

Msw-perm-sea permissible hull girder still water bending moment for
seagoing operation, in kNm, as defined in Section 7/2.1.1

Moo hogging and sagging vertical wave bending moments, in
kNm, as defined in Section 7/3.4.1
Muw» is to be taken as:

Muw-nog for assessment with respect to hogging vertical wave
bending moment

Map-sag for assessment with respect to sagging vertical wave
bending moment

To-netso net vertical hull girder moment of inertia, in m#, as defined
in Section 4/2.6.1.1

Zdk-side distance from baseline to moulded deck line at side, in m
Zki vertical distance from the baseline to the keel, in m
ZNA-net50 distance from baseline to horizontal neutral axis, in m

ki higher strength steel factor for the area i defined in Figure

8.1.10. The factor, k, is defined in Section 6/1.1.4
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Figure 8.1.10
Vertical Extent of Higher Strength Steel

steel
with material
factor k,

NA

1.6.4 Tapering of plate thickness due to hull girder shear requirement

1.6.4.1

Longitudinal tapering of shear reinforcement is permitted, provided that for any
longitudinal position the requirements given in 1.3.2 are complied with. Control of
the shear strength at intermediate positions is to be carried out by linear
interpolation of permissible shear limits at the bulkhead and in the middle of the
tank.

1.6.5 Structural continuity of longitudinal bulkheads

1.6.5.1

Suitable scarphing arrangements are to be made to ensure continuity of strength
and the avoidance of abrupt structural changes. In particular longitudinal
bulkheads are to be terminated at an effective transverse bulkhead and large
transition brackets shall be fitted in line with the longitudinal bulkhead.

1.6.6 Structural continuity of longitudinal stiffeners

1.6.6.1

1.6.6.2

Where longitudinal stiffeners terminate, and are replaced by a transverse system,
adequate arrangements are to be made to avoid an abrupt changeover.

Where a deck longitudinal stiffener is cut, in way of an opening, compensation is to
be arranged to ensure structural continuity of the area. The compensation area is to
extend well beyond the forward and aft end of the opening and not be less than the
area of the longitudinal that is cut. Stress concentration in way of the stiffener
termination and the associated buckling strength of the plate and panel are to be
considered.
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2 CARGO TANK REGION
2.1 General

211 Application

21.1.1 The requirements of this Sub-Section apply to the hull structure within the cargo
tank region of the ship, for the shell, deck, inner bottom and bulkhead plating,
stiffeners and primary support members.

2.1.2 Basis of scantlings

21.21 The net scantlings described in this Sub-Section are related to gross scantlings as
follows:

(a) for application of the minimum thickness requirements specified in 2.1.5 and
2.1.6, the gross thickness is obtained from the applicable requirements by
adding the full corrosion additions specified in Section 6/3

(b) for plating and local support members, the gross thickness and gross cross
sectional properties are obtained from the applicable requirements by adding
the full corrosion additions specified in Section 6/3

(c) for primary support members, the gross shear area, gross section modulus, and
other gross cross sectional properties are obtained from the applicable
requirements by adding one half of the relevant full corrosion addition specified
in Section 6/3

(d) for application of the buckling requirements of Section 10/3, the gross thickness
and gross cross-sectional properties are obtained from the applicable
requirements by adding the full corrosion additions specified in Section 6/3.

2.1.3 Evaluation of scantlings

2131 The following scantling requirements are based on the assumption that all
structural joints and welded details are designed and fabricated, such that they are
to be compatible with the anticipated working stress levels at the locations
considered. The loading patterns, stress concentrations and potential failure modes
of structural joints and details during the design of highly stressed regions are to be
considered. Structural design details are to comply with the requirements given in
Section 4/3.

2.1.3.2 The scantlings are to be assessed to ensure that the strength criteria are satisfied at
all longitudinal positions, where applicable.

21.3.3 Local scantling increases are to be applied where applicable to cover local
variations, such as increased spacing, increased stiffener spans and green sea
pressure loads. Local scantling increases may also be required to cover fore end
strengthening requirements, see Section 8/3.

214 General scantling requirements

21.4.1 The hull structure is to comply with the applicable requirements of:
(a) hull girder longitudinal strength, see Section 8/1
(b) strength against sloshing and impact loads, see Section 8/6
(c) hull girder ultimate strength, see Section 9
(d) strength assessment (FEM), see Section 9
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2142

2143

2144

2145

214.6

2147

21438

(e) fatigue strength, see Section 9/3
(f) buckling and ultimate strength, see Section 10.

The net section modulus, shear areas and other sectional properties of the local and
primary support members are to be determined in accordance with Section 4/2.

The section modulus, shear areas and other sectional properties of the local and
primary support members apply to the areas clear of the end brackets.

The spans of the local and primary support members are defined in Section 4/2.1.

The moments of inertia for the primary support members are to be determined in
association with the effective attached plating at the mid span as specified in Section
4/2.3.2.3.

Limber, drain and air holes are to be cut in all parts of the structure, as required, to
ensure the free flow to the suction pipes and escape of air to the vents. See also
Section 4/3.

All shell frames and tank boundary stiffeners are in general to be continuous, or are
to be bracketed at their ends, except as permitted in Sections 4/3.2.4 and 4/3.2.5.
Enlarged stiffeners (with or without web stiffening) used for Permanent Means of
Access (PMA) are to comply with the following requirements:
a)  Buckling strength including proportion (slenderness ratio) requirements for
primary support members as follows:
e  For stiffener web, see Section 10/2.3.1.1 (a), 10/3.2.
e  For stiffener flange, see Section 10/2.3.1.1 (b), 10/2.3.3.1.
e  For web stiffeners, see Section 10/2.3.2.1, 10/2.3.2.2, 10/3.3.
Note: Note 1 of table 10.2.1 is not applicable.
b)  Buckling strength of longitudinal PMA platforms without web stiffeners may

also be ensured using the criteria for local support members in Section 10/2.2
and Section 10/3.3, including Note 1 of Table 10.2.1, provided shear buckling
strength of web is verified in line with Section 10/3.2.

c)  All other requirements for local support members as follows:
e  Corrosion additions: requirements for local support members
e  Minimum thickness: requirements for local support members
e  Fatigue: requirements for local support members

Note: For primary support members (or part of it) used as a PMA platform the
requirements for primary support members are to be applied.

2.1.5 Minimum thickness for plating and local support members

2151

The thickness of plating and stiffeners in the cargo tank region is to comply with the
appropriate minimum thickness requirements given in Table 8.2.1.
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Table 8.2.1
Minimum Net Thickness for Plating and Local Support Members
in the Cargo Tank Region
Scantling Location Net Thickness
(mm)
Keel plating 6.5+0.03L;
Shell
Bottom shell/bilge/side shell 4.5+0.03L,
Upper Deck 4.5+0.02L,
Plating Hull internal tank boundaries 4.5+0.02L,
Other structure Non-tight bulkheads, bulkheads
between dry spaces and other 4.5+0.01L,
plates in general
Local Local support members on tight boundaries 3.5+0.015L,
support
members Local support members on other structure 2.5+0.015L;
Tripping brackets 5.0+0.015L,
Where:
L rule length, L, as defined in Section 4/1.1.1.1, but need not be taken greater than 300m

RCN 1 to July 2008 version (effective from 1 February 2010)

2.1.6 Minimum thickness for primary support members

21.6.1 The thickness of web plating and face plating of primary support members in the
cargo tank region is to comply with the appropriate minimum thickness
requirements given in Table 8.2.2.

Table 8.2.2
Minimum Net Thickness for Primary Support Members
in Cargo Tank Region
. ) Net Thickness
Scantling Location
(mm)
Double bottom centreline girder 5.5+0.025L,
Other double bottom girders 5.5+0.02L;
Double bottom floors, web plates of side transverses and stringers in 5.0+0.015L,
double hull
Web and flanges of vertical web frames on longitudinal bulkheads,
horizontal stringers on transverse bulkhead, deck transverses (above and 5.5+0.015L,
below upper deck) and cross ties.
Where:
L, rule length, L, as defined in Section 4/1.1.1.1, but need not be taken greater than 300m

2.2 Hull Envelope Plating

221 Keel plating

2.21.1 Keel plating is to extend over the flat of bottom for the complete length of the ship.
The breadth, by, is not to be less than:
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2212

Where:

L, rule length, L, as defined in Section 4/1.1.1.1, but not to be
taken greater than 300m

The thickness of the keel plating is to comply with the requirements given in 2.2.2.

2.2.2 Bottom shell plating

2221

The thickness of the bottom shell plating is to comply with the requirements in Table
8.2.4.

2.2.3 Bilge plating

2231

2232

The thickness of bilge plating is not to be less than that required for the adjacent
bottom shell, see 2.2.2.1, or adjacent side shell plating, see 2.2.4.1, whichever is the
greater.

The net thickness of bilge plating, t.: without longitudinal stiffening is not to be
less than:

13[7’2 St ng

tngt = mm
100
Where:
Pex design sea pressure for the design load set 1 calculated at the

lower turn of bilge, in kKN /m?

r effective bilge radius

=7,+05(a+b) mm

10 radius of curvature, in mm. See Figure 8.2.1

St distance between transverse stiffeners, webs or bilge brackets,
in m

a distance between the lower turn of bilge and the outermost

bottom longitudinal, in mm, see Figure 8.2.1 and 2.3.1.2. Where
the outermost bottom longitudinal is within the curvature,
this distance is to be taken as zero.

b distance between the upper turn of bilge and the lowest side
longitudinal, in mm, see Figure 8.2.1 and 2.3.1.2. Where the
lowest side longitudinal is within the curvature, this distance
is to be taken as zero.

Where plate seam is located in the straight plate just below the lowest stiffener on
the side shell, any increased thickness required for the bilge plating does not have to
extend to the adjacent plate above the bilge provided that the plate seam is not more
than S,/4 below the lowest side longitudinal. Similarly for flat part of adjacent
bottom plating, any increased thickness for the bilge plating does not have to be
applied provided that the plate seam is not more than S,/4 beyond the outboard
bottom longitudinal. Regularly longitudinally stiffened bilge plating is to be
assessed as a stiffened plate. The bilge keel is not considered as “longitudinal
stiffening” for the application of this requirement.
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Figure 8.2.1
Unstiffened Bilge Plating

Sp

Where bilge longitudinals are omitted, the bilge plate thickness outside 0.4L
amidships will be considered in relation to the support derived from the hull form
and internal stiffening arrangements. In general, outside of 0.4L amidships the bilge
plate scantlings and arrangement are to comply with the requirements of ordinary
side or bottom shell plating in the same region. Consideration is to be given where
there is increased loading in the forward region.

2.24 Side shell plating

2241

2242

2243

The thickness of the side shell plating is to comply with the requirements in Table
8.2.4.

The net thickness, t.:, of the side plating within the range as specified in 2.2.4.3 is
not to be less than:

0.25
t =26[ > +0.7j LU mm
1000 o

yd

Where:

S stiffener spacing, in mm, as defined in Section 4/2.2

B moulded breadth, in m as defined in Section 4/1.1.3.1
T scantling draught, in m, as defined in Section 4/1.1.5.5

Oyd specified minimum yield stress of the material, in N/mm?

The thickness in 2.2.4.2 is to be applied to the following extent of the side shell
plating, see Figure 8.2.2:

(a) longitudinal extent:

¢ between a section aft of amidships where the breadth at the waterline exceeds
0.9B, and a section forward of amidships where the breadth at the waterline
exceeds 0.6B

(b) vertical extent:

¢ between 300mm below the minimum design ballast wate