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APPLICATION OF PART 14
"STRUCTURAL RULES FOR CONTAINER SHIPS"

1. Unless expressly specified otherwise, the requirements in the Rules apply to ships for which con-
tracts for construction are signed on or after 1 July 2019.

2. The amendments to the Rules for 2018 edition and their effective date are as follows;

Effective Date : 1 July 2019

CHAPTER 1 General Principles

Section 1 Application
- 2.2.2 has been amended.

Section 2 Rule Principles
- 2.4.4 has been amended.
- 3.1.2 has been amended.
- 4.3.2 Table 5 has been amended.
- 501. 5 has been deleted.

Section 3 Verification of Compliance
- 2.2.1 Table 1 has been amended.

Section 4 Symbols and Definitions

- 2.1.1 Table 2 has been amended.
2.3.1 Table 4 has been amended.
3.1.5 has been amended.

- 3.1.9 has been amended.
- 3.7.1 Table 7 has been amended.

Section 5 Loading Manual and Loading Instrument
- 2.1.1 has been amended.

- 3. Loading instrument has been newly added.

CHAPTER 2 General Arrangement

Section 3 Compartment Arrangement

- 1.2.4 has been amended.

CHAPTER 3 Structural Design Principles

Section 1 Materials
- 1.2.1 has been amended.
- 1.3.1 has been amended.



Section 2

Section 3

Section 5

Section 6

Section 7

CHAPTER 4

Section 1

Section 2

- 2.1.2 Table 1 has been amended.
- 2.2.1 Table 2 has been amended.
- 2.3.3 has been deleted.

- 2.3 Table 3 has been amended.
- 2.5.1 has been amended.

- 3.1.3 has been amended.

Net Scantling Approach

- <Symbols> has been amended.
- 1.3.2 Table 1 has been amended.

Corrosion Additions
- 1.2.1 Table 1 has been amended.

Limit States
- 2.5.1 has been deleted
- 2.3.1 has been newly added.

Structural Detail Principles
- 2.3.1 has been newly added.
- 3.2.5 has been amended.

- 3.4.1 has been amended.

- 3.4.2 has been amended.

- 4.2 has been amended.

- 4.3 has been amended.

- 5.1.5 has been deleted.

- 6.3.2 has been amended.

- 7.1.1 has been amended.

- 7.1.4 has been amended.

- 7.1.5 has been amended.

- 7.1.6 has been deleted.

- 8.2.1 has been amended.

- 10.2.2 has been deleted.

Structural Idealisation
- <Symbols> has been amended.

- 2.2.1 has been amended.
- 2.2.2 has been amended.

Loads

Introduction

- 1.1.1 has been amended.

- 1.1.3 has been amended.

- 1.1.6 has been newly added.

Dynamic Load Cases

- 1.2.1 has been amended.



Section 3 Ship Motions and Accelerations

- 3.2 has been amended.

Section 5 External Loads

- 1.4.1 has been amended.
- 2.2.3 Table 13 has been amended.

- 5. External pressures on hatch covers has been deleted.

Section 6 Internal Loads

- <Symbols> has been amended.
- 1.3.1 has been amended.8

Section 7 Design Load Scenarios

- 1.1.1 has been amended.

Section 8 Loading Conditions
- 2.4.2 Table 1 has been amended.
- 2.4.3 Table 2 has been amended.

CHAPTER 5 Hull Girder Strength

Section 1 Hull Girder Yielding Strength
- <Symbols> has been amended.
- 1.2.1 has been amended.
- 1.3.2 has been newly added.
- 2.1.1 has been newly added.
- 2.1.4 has been amended
- 2.1.5 has been amended
- 2.1.6 has been amended
- 3.4.1 has been amended

- 3.5.1 has been amended

Section 2 Hull Girder Ultimate Strength
- <Symbols> has been amended.
- 2.3.2 has been amended.

Appendix 2 Hull Girder Ultimate Capacity
- 2.2.2 has been amended.
- 3.1.1 has been newly added.

CHAPTER 6 Hull Local Scantling

Section 2 Load Application

- Table 1 has been amended.

Section 4 Plating

- <Symbols> has been amended.

— i -



Section 6 Primary Supporting Members and Pillars

- <Symbols> has been amended.

- 2.2.4 Table 1 has been amended.

- 2.2.5 has been amended.

- 2.2.6 has been amended.

- 2.2.7 has been amended.

- 2.2.8 has been amended.

- 3.2.1 has been amended.

- 3.2.2 has been amended.

- 3.3.2 has been amended.

CHAPTER 7 Direct Strength Analysis

Section 2  Cargo Hold Structural Strength Analysis
- 1.2.3 has been amended.
- 2.4.8 Table 1 has been amended.
- 4.3.5 has been amended.
- 5.2.4 has been amended.

Section 3 Local Structural Strength Analysis
- 2.4.2 has been amended.
- 2.5.2 has been amended.

CHAPTER 8 Buckling

Section 1 General

- 2.1.3 has been amended.
- 3.3.1 Table 1 has been amended.

Section 2 Prescriptive Buckling Requirements
- 1.1.1 has been amended.

- 3.4.1 has been amended.

Section 3 Buckling Requirements for Direct Strength Analysis

- 1.1.2 has been amended.
- 2.2.1 has been deleted.
- 3. Pillars has been newly added.

Section 4 Buckling Capacity
- 1.1.1 has been amended.
- 2.4.1 has been amended.

- 3.Buckling capacity of other structures has been newly added.

Section 5 Stress Based Reference Stress
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CHAPTER 9 Fatigue

Section 1 General Considerations

- 4.1.1 has been amended.
- 4.4 has been newly added.

Section 2 Structural Details to be Assessed

- <Symbols> has been amended.

Section 3 Fatigue Evaluation

- 3.2.1 has been amended.
- 3.3.1 Table 5 has been amended.

Section 4 Simplified Stress Analysis
- 4.1.2 has been amended.
- 5.2.3 has been amended.

Section 6 Detail Design Standard

- Section 6 has been newly added.

CHAPTER 10 Other Structures

Section 1 Fore Part
- 3.2.4 has been amended.

Section 3  Aft Part
- 3.2.3 has been deleted.

Section 4 Tanks Subject to Sloshing

CHAPTER 11 Superstructure, Deckhouses and Hull Outfitting

Section 1 Superstructures, Deckhouses and Companionways

- 3.2.1 has been amended.

Section 3 Equipment
- 3.3.3 has been amended.

- 5.1.2 has been amended.

Section 5  Hatchways
- 1.2.2 has been amended.
- 1.2.3 has been amended.
- 1.2.5 has been amended.
- 1.4.4 has been amended.
- 1.5.6 has been amended.

- 1.6 has been amended.



CHAPTER 12 Construction

Section 3 Design of Weld Joints
- 2.5 Table 2 has been amended.
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Ch1 General Principles Pt14, Ch1
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General Principles

Section 1 Application

Section 2 Rule Principles

Section 3 Verification of Compliance

Section 4 Symbols and Definitions

Section 5 Loading Manual and Loading Instrument
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Pt 14 Structural Rules for Container Ships
Ch1 General Principles Pt14, Ch1,Sec1

Section 1 - Application

1. Scope of application
1.1 General

1.1.1
These Rules apply to the following ships:
a) Container ships and:

b) Being self-propelled ships with unrestricted navigation.

Note 1: "Container Ship" means a ship designed exclusively for the carriage of containers in holds and on deck.
Note 2: Unrestricted navigation means that the ship is not subject to any geographical restrictions (i.c. any oceans, any
seasons) except that limited by the ship’s capability for operation in ice.

1.1.2
These Rules apply to ships constructed of welded steel structures and composed of stiffened plate panels.

1.2 Scope of application for container ships

1.2.1

These Rules apply to double bottom ships of double side skin construction, intended to carry containers
in holds or on deck. The requirements of container ships with a length less than 90 m are generally to
comply with those in Pt 4 and Pt 10.

The ship’s structure is to be longitudinally and transversely framed with full transverse bulkheads and
intermediate web frames. Typical midship sections are shown in Figure 1.

] [1

/

Figure 1 : Container ship of double side skin construction

2. Rule application
2.1 Rule description

2.1.1 Rule structure

This Rules are structured in chapters giving instructions for detail application and requirements which are
applied in order to satisfy the rule objectives.

#Z»Rules for the Classification of Steel Ships 2019 3



Pt 14 Structural Rules for Container Ships
Ch1 General Principles Pt14, Ch1,Sec1

2.1.2 Numbering

The system of numbering is given in Table 1.

Table 1 : Rule numbering and abbreviations

Order Levels Example Abbreviations
1 Chapter Chapter 1 — General Requirements Ch 1
2 Section Section 1 — Application Sec 1
3 Article 1. Scope of application [1]
4 Sub-article 1.1 General [1.1]
5 Requirements 1.1.1 These Rules apply to... [1.1.1]

2.2 Rule requirements

2.2.1

These Rules provides requirements common to container ship as follow:

e Chapter 1 : General Principles

e Chapter 2 : General Arrangement

e Chapter 3 : Structural Design Principles

e Chapter 4 : Loads

e Chapter 5 : Hull Girder Strength

e Chapter 6 : Hull Local Scantling

e Chapter 7 : Direct Strength Analysis

e Chapter 8 : Buckling

e Chapter 9 : Fatigue

e Chapter 10 : Other Structures

e Chapter 11 : Superstructure, Deckhouses and Hull Outfitting
*  Chapter 12 : Construction

e Chapter 13 : Ship in Operation — Renewal Criteria

* Chapter 14 : Lashing Equipment
The provisions of the Ch 1, 2, 3, 4, 5, 6, 8, 12, 13, 14 and Ch 10, Sec 4 are applicable all over the
ship length. The Ch 7, 9, 10 and 11 define their own scope of application.
2.2.2 Application of the Rules
The ship arrangement and scantlings are to comply with the relevant chapters of the Rules as it is given
in Figure 2.
2.2.3 General criteria

The ship arrangement, the proposed details and the offered scantling in net or gross, as the case may,
are to comply with the requirements and the minimum scantling given the Rules.

2.3 Structural requirements

2.3.1 Materials and welding

The Rules apply to welded hull structures made of steel having characteristics complying with
requirements in Ch 3, Sec 1. The Rules applies also to welded steel ships in which parts of the hull,
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Pt 14 Structural Rules for Container Ships
Ch1 General Principles

Pt14, Ch1, Sec1

such as superstructures or small hatch cover, are built in material other than steel, complying with

requirements in Ch 3, Sec1.

Ships whose hull materials are different than those given in the first paragraph are to be individually
considered by the Society, on the basis of the principles and criteria adopted in the present rules.

2.4 Ship

2.4.1 General

For the purpose of application of the present rules, the ship is considered as divided into the following

five parts:

Fore part.

Cargo hold region.
Machinery space.

Aft part.
Superstructures and deckhouse.

#Z»Rules for the Classification of Steel Ships 2019

Topic Chapter
General principles 1
General arrangement 2
Structural design principles 3
Loads 4
Superstructures,
deckhouses and hull
outfitting
Af,t parté Cargo hold region Fore part
machinery space
Topic Chapter
Hull longitudinal strength 5 Topic Chapter
Topic Chapter Hull local tli 6
P P ull local scantling Fore part 10.1
Machinery space 10.2 Direct strength analysis 7
Aft part 10.3 Buckling 8
Fatigue 9
Tank subject to sloshing 10.4
Superstructures,
deckhouses and hull 11
outfitting
Construction 12
Ship in operation 13
Figure 2: Application of the Rules
parts



Pt 14 Structural Rules for Container Ships
Ch1 General Principles Pt14, Ch1,Sec1

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

* The fore peak structures.
e The stem.

2.4.3 Cargo hold region

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

2.4.4 Machinery space

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

2.4.5 Aft part

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

2.4.6 Superstructures and deckhouses

A superstructure is a decked structure on the freeboard deck extending from side to side of the ship or
with the side plating not being inboard of the shell plating more than 0.04 B. A deckhouse is a decked
structure on the freeboard or superstructure deck which does not comply with the definition of a
superstructure.
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Pt 14 Structural Rules for Container Ships
Ch 1 General Principles Pt14, Ch1,Sec2

Section 2 - Rule Principles

1. General
1.1 Rule objectives

1.1.1

The objectives of the Rules are to establish the classification minimum requirements to mitigate the risks
of major hull structural failure in order to help improve the safety of life, environment and property and
to contribute to the durability of the hull structure for the ship’s design life.

2. Design basis
2.1 General

211

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.

21.2

Ships are to be designed to withstand, in the intact condition, the environmental conditions as defined in
[4.3.2] and [4.3.3] anticipated during the design life, for the appropriate loading conditions. Structural
strength is to be determined against buckling and yielding. Ultimate strength calculations have to include
ultimate hull girder capacity and ultimate strength of plates and stiffeners.

213

Ship are to be designed to have sufficient reserve strength to withstand loads in damaged condition, e.g.
flooded scenarios.

2.1.4 Finite element analysis

The scantling of the structural members within the cargo hold region of ships having a length L of 150 m
or above is to be assessed according to the requirements specified in Ch 7.

2.1.5 Fatigue life

Ships having a length L of 150 m or above are to be assessed according to the design fatigue life for
structural details specified in Ch 9.

2.2 Hull form limit

2.2.1

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

* 90 m =L < 400 m

s 5<L/B=<9

s 2<B/T. =6

« B/D <25

* 055 =Cp =09
For ships over 400 m in length or except above mentioned hull form, the wave loads are to be in
accordance with Pt 13, Annex 13-1.
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Pt 14 Structural Rules for Container Ships
Ch1 General Principles Pt14, Ch1, Sec 2

2.3 Design life

2.3.1

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

2.4 Environmental conditions

2.4.1 North Atlantic wave environment

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

2.4.2 Wind and current

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

2.4.3 Ice

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

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

* Lowest mean daily average temperature in air is —10°C.

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

Materials for ships intended to operate in areas with lower mean daily average temperature are to be in
accordance with Pt 3, Ch 1, 406.

In the above, the following definitions apply:
*  Mean : Statistical mean over observation period (at least 20 years).
* Daily Average : Average during one day and night.
* Lowest : Lowest during year.
For seasonally restricted service the lowest value within the period of operation applies.

2.4.5 Thermal loads

The effects of thermal loads and residual stresses are not taken into account in the Rules.

2.5 Operating conditions

2.5.1
The Rules specify minimum loading conditions that are to be assessed for compliance.

Specification of loading conditions other than those required by the Rules is the responsibility of the
owner. These other loading conditions are to be documented and also be assessed for compliance.

2.6 Operating draughts

2.6.1

The design operating draughts are to be specified by the builder/designer subject to acceptance by the
owner and are to be used to derive the appropriate structural scantlings. All operational loading
conditions in the loading manual are to comply with the specified design operating draughts. The
following design operating draughts are as a minimum to be considered:
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Pt 14 Structural Rules for Container Ships
Ch 1 General Principles Pt14, Ch1,Sec2

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

*  Minimum forward draughts for the assessment of bottom structure forward subjected to slamming
loads, as defined in Ch 4, Sec5, [3.2.1].

2.7 Maximum service speed

2.71
The maximum service speed is to be specified in the design specification. Although the hull structure

verification criteria takes into account the service speed this does not relieve the responsibilities of the
owner and personnel to properly handle the ship.

2.8 Owner’s extras

2.8.1

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

* Vibration analysis.

*  Maximum percentage of high strength steel.

* Additional scantlings above that required by the Rules.

* Additional design margin on the loads specified by the Rules, etc.

* Improved fatigue resistance, in the form of a specified increase in design fatigue life or equivalent.
Owner’s extras are not specified by these Rules. Owner’s extras, if any, that may affect the structural
design are to be clearly specified in the design documentation.

3. Design principles
3.1 Overall principles

3.1.1 Introduction

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

3.1.2 General

The Rules are based on the following overall principles:
* The safety of the structure can be assessed by addressing the potential structural failure mode(s)
when the ship is subjected to operational loads and environmental loads/conditions.
* The design complies with the design basis, see Ch 1, Sec 3.
* The structural requirements are based on consistent design load sets which cover the appropriate
operating modes of container ship.

3.1.3 Limit state design principles
The rules are based on the principles of limit state design.

Limit state design is a systematic approach where each structural element is evaluated with respect to
possible failure modes related to the design scenarios identified. For each retained failure mode, one or
more limit states may be relevant. By consideration of all relevant limit states, the limit load for the
structural element is found as the minimum limit load resulting from all the relevant limit states.
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Pt 14 Structural Rules for Container Ships
Ch1 General Principles Pt14, Ch1, Sec 2

The limit states defined in Ch 3, Sec 5 are divided into the four categories:
* Serviceability Limit State (SLS)
* Ultimate Limit State (ULS)
* Fatigue Limit State (FLS)
* Accidental Limit State (ALS).
The Rules include requirements to cover the relevant limit states for the various parts of the structure.

3.2 Loads

3.2.1 Design load scenarios
The structural assessment of the structure is based on the design load scenarios encountered by the ship.
Refer to Ch 4, Sec 7.
The design load scenarios are based on static and dynamic loads as given below:
» Static design load scenario (S):
Covers application of relevant static loads and typically covers load scenarios in harbour,
sheltered water, or tank testing.
» Static plus Dynamic design load scenario (S+D):
Covers application of relevant static loads and simultaneously occurring dynamic load components
and typically cover load scenarios for seagoing operations.
* Impact design load scenario (I):
Covers application of impact loads such as bottom slamming and bow impact encountered during
seagoing operations.
* Sloshing design load scenario (SL):
Covers application of sloshing loads encountered during seagoing operations.
* Fatigue design load scenario (F):
Covers application of relevant dynamic loads.
* Accidental design load scenario (A):
Covers application of some loads not occurring during normal operations.

3.3 Structural capacity assessment

3.3.1 General

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

3.3.2 Capacity models for ULS, SLS and ALS
The strength assessment method is to be capable of analysing the failure mode in question to the
required degree of accuracy.

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

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

3.3.3 Capacity models for FLS

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

The fatigue capacity model is based on a linear cumulative damage summation (Palmgren-Miner’s rule)
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Pt 14 Structural Rules for Container Ships
Ch 1 General Principles Pt14, Ch1,Sec2

in combination with a design S-N curve, a reference stress range and an assumed long-term stress
distribution curve.

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

3.3.4 Net scantling approach

The objective of the net scantling approach is to:
* Provide a relationship between the thickness used for strength calculations during the newbuilding
stage and the minimum thickness accepted during the operational phase.
* Enable the status of the structure with respect to corrosion to be clearly ascertained throughout the
life of the ship.
The net scantling approach distinguishes between local and global corrosion. Local corrosion is defined
as uniform corrosion of local structural elements, such as a single plate or stiffener. Global corrosion is
defined as the overall average corrosion of larger areas, such as primary supporting members and the
hull girder. Both the local and global corrosion are used as a basis for the newbuilding review and are
to be assessed during operation of the ship.
No credit is given in the assessment of structural capability for the presence of coatings or similar
corrosion protection systems. The application of the net thickness approach to assess the structural
capacity is specified in Ch 3, Sec 2.

3.3.5 Intact structure
All strength calculations for ULS, SLS and FLS are based on the assumption that the structure is intact.

4. Rule desigh method
4.1 General

4.1.1 Design methods

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

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

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

4.1.2 WSD method
s W, <mR for condition A

stat —

* Wiyu+ W, <n,R  for condition B

where

Wt : Simultaneously occurring static loads (or load effects in terms of stresses).

W : Simultaneously occurring dynamic loads. The dynamic loads are typically a combination
of local and global load components.

R : Characteristic structural capacity (e.g. specified minimum yield stress or buckling

capacity).
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Pt 14 Structural Rules for Container Ships
Ch1 General Principles Pt14, Ch1, Sec 2

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

4.1.3 PSF method

Ysta—1 Wata T Vagn Wagn = o for condition A
* Vatam1 Wata T Vayn Wagn < % for condition B
where
Veta—i : Partial safety factor that accounts for the uncertainties related to static loads.
Vayn—i : Partial safety factor that accounts for the uncertainties related to dynamic loads.
TR : Partial safety factor that accounts for the uncertainties related to structural capacity.

The acceptance criteria for both the WSD method and PSF method are calibrated for the various
requirements such that consistent and acceptable safety levels for all combinations of static and dynamic
load effects are derived.

4.2 Minimum requirements

4.21

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

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

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

4.3 Load-capacity based requirements

4.3.1 General

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

The identified load scenarios are addressed by the Rules in terms of design loads, design format and
acceptance criteria set, as given in Table 2.

The table is schematic and only intended to give an overview. Load based prescriptive requirements
provide scantling requirements for all plating, local support members, most primary supporting members
and the hull girder and cover all structural elements including deckhouses, foundations for deck
equipment.

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

4.3.2 Design loads for SLS, ULS and ALS

The structural assessment of compartment boundaries, e.g. bulkheads, is based on loading condition
deemed relevant for the type of ship and the operation the ship is intended for.
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To provide consistency of approach, standardised Rule values for parameters, such as GM, R ,, 7, and
Cy are applied to calculate the Rule load values.

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

The design load scenarios for structural verification apply the applicable simultaneously acting local and
global load components. The relevant design load scenarios are given in Ch 4, Sec 7.

The simultaneously occurring dynamic loads are specified by applying a dynamic load combination factor
to the dynamic load values given in Ch 4. The dynamic load combination factors that define the
dynamic load cases are given in Ch 4, Sec 2.

Design load conditions for the hull girder ultimate strength are given in Ch 5, Sec 2.

Table 1: Load scenarios and corresponding rule requirements

Operation Load type Design load scenario | Acceptance criteria

Seagoing operations

Static and dynamic loads in heavy weather S+D AC-SD
Impact loads in heavy weather Impact (I) AC-1
Transit
Internal sloshing loads Sloshing (SL) AC-S
Cyclic wave loads Fatigue (F) -
BWE by
flow through or |Static and dynamic loads in heavy weather S+D AC-SD

sequential methods

Harbour and sheltered operations

Loading, unloading | Typical maximum loads during loading, unloading and

and ballasting | ballasting operations S ACS
Special conditions | Typical maximum loads during special operations in
. . - S AC-S
in harbour harbour, e.g. propeller inspection afloat
Accidental condition
Tank testing Typical maximum loads during tank testing operations A AC-A
Flooded conditions Typically maximum loads on internal watertight A AC-A

subdivision structure in accidental flooded conditions

4.3.3 Design loads for FLS

For the fatigue requirements given in Ch 9, the load assessment is based on the expected load history
and an average approach is applied. The expected load history for the design life is characterised by the
107 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.

* Dynamic wave pressures.

* Dynamic pressure from cargo.
The load values are based on Rule parameters corresponding to the loading conditions, e.g. GM and Cj
and the applicable draughts at amidships.

The simultaneously occurring dynamic loads are accounted for by combining the stresses due to the
various dynamic load components. The stress combination procedure is given in Ch 9.
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4.3.4 Structural response analysis
In general, the following approaches are applied for determination of the structural response to the
applied design load combinations.

a) Beam theory:
* Used for prescriptive requirements.
b) FE analysis:
* Coarse mesh for cargo hold model.
* Fine mesh for local models.
* Very fine mesh for fatigue assessment.

4.4 Acceptance criteria

4.4.1 General

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

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

* Repeated yield.
* Allowance for some dynamics.
* Margins for some selected limited operational mistakes.

b) The acceptance criteria set AC-SD is applied for the S+D design load combinations where
considered loads are extreme loads with a low probability of occurrence.

¢) The acceptance criteria set AC-I is typically applied for impact loads, such as bottom slamming
and bow impact loads.

Table 2: Acceptance criteria - prescriptive requirements

Acceptance locafq:ltl;p%?tletllielart)ders“) Primary supporting members'” Hull girder members
criteria
Yield Buckling Yield Buckling Yield Buckling
AC-S Permissible |Control of stiffness| Permissible |Control of stiffness| Permissible |Allowable buckling
AC-SD stress: and proportions: stress: and proportions: stress: utilisation factor:
AC-A Ch 6, Sec 4 Ch8 Sec2 Ch 6, Sec 6 Chs, Sect, 2 Ch 5, Sec 1 Ch8 Sec1 [3]
B Ch 6, Sec 5 Pillar buckling
Control of stiffness Control of stiffness
Plastic criteria: | and proportions: | Plastic criteria: | and proportions:
ACT Ich10sectial| chs Sec2 |Ch10Sec1[3l | cChs, Sec 2 NA A
Ch 10 Sec1I3] Ch 10 Sec 1[3]

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

Table 3 : Acceptance criteria - FE analysis

Acceptance Cargo hold analysis Fine mesh analysis
criteria Yield Buckling Yield
AC-S, AC-SD, Permissible stress: Allowable buckling utilisation | Permissible Von Mises stress: Ch 7, Sec 3, [6]
AC-A Ch 7, Sec 2, [5] factor: Ch 8, Sec 1, [3] Screening criteria: Ch 7, Sec 3, [3.3]
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4.4.2 Acceptance criteria

The specific acceptance criteria applied in the working stress design requirements are given in the
detailed Rule requirements in Ch 5 to Ch 8, Ch 10 and Ch 11.

To provide a general informational summary overview of the acceptance criteria, refer to Table 2 and
Table 3 below for the different design load scenarios covered by these Rules for the yield and buckling
failure modes.

For the yield criteria the permissible stress is proportional to the specified minimum yield stress of the
material. For the buckling failure mode, the acceptance criteria are based on the control of stiffness and
proportions as well as on the buckling utilization factor.

4.5 Design verification

4.5.1 Design verification - hull girder ultimate strength

The requirements for the ultimate strength of the hull girder are based on a Partial Safety Factor (PSF)
method. A safety factor is assigned to each of the basic variables, the still water bending moment, wave
bending moment and ultimate capacity. The safety factors were determined using a structural reliability
assessment approach, the longterm load history distribution of the wave bending moment was derived
using ship motion analysis techniques suitable for determining extreme wave bending moments.

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

4.5.2 Design verification - global finite element analysis

The global finite element analysis is used to verify the scantlings given by the load-capacity based
prescriptive requirements to better consider the complex interactions between the ship’s structural
components, complex local structural geometry, change in thicknesses and member section properties as
well as the complex load regime with sufficient accuracy.

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

4.5.3 Design verification - fatigue assessment

The fatigue assessment is required to verify that the fatigue life of critical structural details is adequate.
A simplified fatigue requirement is applied to details such as end connections of longitudinal stiffeners
using stress concentration factors (SCF) to account the actual detail geometry. A fatigue assessment
procedure using finite element analysis for determining the actual hot spot stress of the geometric detail
is applied to selected details. In both cases, the fatigue assessment method is based on the
Palmgren-Miner linear damage model.

4.5.4 Relationship between prescriptive scantling requirements and FE analysis

The scantlings defined by the prescriptive requirements are not to be reduced by any form of alternative
calculations such as FE analysis, unless explicitly stated.
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Section 3 - Verification of Compliance

1. General
1.1 Newbuilding

111

For newbuildings, the plans and documents submitted for approval, as indicated in [2], are to comply
with applicable requirements in these Rules, taking account of the relevant criteria, such as additional
service features and classification notations assigned to the ship or the ship length.

1.1.2
When a ship is surveyed by the Society during construction, the Society:

a) Approves the plans and documentation submitted as required by the Rules.

b) Proceeds with the appraisal of the design of materials and equipment used in the construction of
the ship and their inspection at works.

c) Carries out surveys or obtains appropriate evidence to satisfy itself that the scantlings and
construction meet the Rule requirements in relation to the approved drawings.

d) Attends tests and trials provided for in the Rules.
e) Assigns the classification character of the Society’s notation.

1.1.3
The Society defines in specific Rules which materials and equipment used for the construction of ships
built under survey are, as a rule, subject to appraisal of their design and to inspection at works, and
according to which particulars.
114
As part of his/her interventions during ship’s construction, the surveyor:

a) Conducts an overall examination of the parts of the ship covered by the Rules.

b) Examines the construction methods and procedures when required by the Rules.

¢) Checks selected items covered by the Rule requirements.

d) Attends tests and trials where applicable and deemed necessary.

1.1.5

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

1.2 Ships in service

1.2.1

For ships in service, the requirements in Ch 13 are to be complied with.
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2. Document to be submitted

2.1 Documentation and data requirements

2.1.1 Loading information

Loading information containing sufficient information to enable the master of the ship to maintain the
ship within the stipulated operational limitations is to be provided on board the ship. The loading
information is to include an approved loading manual and loading instrument complying with the
requirements given in Ch 1, Sec 5.

2.1.2 Calculation data and results

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

a) Reference to the calculation procedure and technical program used.
b) A description of the structural modelling.
¢) summary of the analysed parameter including properties and boundary conditions for direct analysis,
when applicable.
d) Details of the loading conditions and the means of applying loads for direct analysis, when
applicable.
e) A comprehensive summary of calculation results.
f) Sample calculations where appropriate.
The responsibility for error free specification and input of program data and the subsequent correct
transposal of output resides with the designer.

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

2.2 Submission of plans and supporting calculations

2.2.1 Plans and supporting calculations are to be submitted for approval

For the application of these Rules, the plans and supporting calculations to be submitted to the Society
for approval are listed in Table 1. Plans are to be submitted electronically or physically. When
physically submitted plans are to be submitted in triplicate, with one copy necessary for supporting
documents and calculations. In addition, the Society may request the submission of information, other
plans and documents deemed necessary for the review of the design.

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

For welding requirements, see Ch 12, Sec 2 and Ch 12, Sec 3. In case there are deviations from the
design basis, then these are to be documented and submitted to the Society.

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

a) General arrangement.

b) Capacity plan, indicating the volume and position of the centre of gravity of all compartments and tanks.
¢) Lines plan, when deemed necessary by the Society.

d) Hydrostatic curves.

e) Lightweight distribution.

f) Docking plan.

g) Arrangement of lifting appliances

#Z»Rules for the Classification of Steel Ships 2019 17



Pt 14 Structural Rules for Container Ships
Ch1 General Principles

Pt14, Ch1, Sec3

Table 1: Plans and supporting calculation to be submitted for approval

Plan or supporting calculation

Containing also information on

Midship section

Transverse sections

Shell expansion

Decks and profiles

Double bottom

Pillar arrangements

Framing plan

Deep tank and ballast tank bulkheads,
Standard construction details

Class characteristics

Ship’s main dimensions

Minimum ballast draught

Frame spacing

Maximum service speed

Density of cargoes

Design loads on decks and double bottom

Steel grades

Corrosion protection

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

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

Watertight subdivision bulkheads
Watertight tunnels

Openings and their closing appliances, if any

Fore part structure

Aft part structure

Machinery space structures
Foundations of propulsion machinery and boilers

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

Superstructures and deckhouses
Machinery space casing

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

Hatch covers and hatch coamings

Design loads on hatch covers

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

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

Bulwarks and freeing ports

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

Windows and side scuttles, arrangements and details

Scuppers and sanitary discharges

Mooring and towing arrangement

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

Design loads and directions of load actions, rated pull and holding
load for mooring winches

Reaction forces

Details of connection of the foundations to the deck, including
specifications for holding down bolts for mooring winches
Material specifications and welding

Supporting structure and foundations for
windlasses and chain stoppers

Design loads and directions of load actions

Reaction forces

Details of connection of the foundations to the deck, including
specifications for holding down bolts for windlasses

Material specifications and welding

Stern frame or sternpost, sterntube
Propeller shaft boss and brackets'”

Plan of watertight doors and scheme of
relevant closing devices

Closing devices
Electrical diagrams of power control and position indication circuits

18
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Plan or supporting calculation Containing also information on

Plan of weathertight or outer doors and
hatchways

Design loads (forces and moments)

SWL and self weight of lifting appliances
Maximum sea state in offshore operation, if any
Connections to the hull structures

Supporting structure for lifting appliances

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

Sea chests, stabiliser recesses, etc -

Plan of manholes -

Plan of access to and escape from spaces -

Plan of ventilation including ventilators and Use of spaces and location and height of air vent outlets of
tank vents various compartments

Testing procedures for the various compartments

Plan of tank testing Height of pipes for testing

Geometrical elements for calculation

List of equipment

Equipment number calculation Construction and breaking load of steel wires

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

Anchoring arrangement -

Hawse pipes -

Loading manual and/or trim and stability booklet | -

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

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

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

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

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

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

d) Welding.

e) Details of the extent and location of higher tensile steel together with details of the specification and
mechanical properties, and any recommendations for welding, working and treatment of these steels.

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

g) Towing and mooring arrangements plan, see Ch 11, Sec 3.

h) Structural access manual.

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

Other plans or instrument may be required by the Society.
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3. Scope of approval

3.1 General

3.1.1

The attention of owners, designers and builders is directed to the regulations of international, national,
canal, and other authorities dealing with those requirements which may affect structural aspects, in
addition to or in excess of the classification requirements.

3.1.2

The documentation, plans and data requirements specified in [2] are to be submitted. The Society is to
review such documentation to verify compliance with the requirements.

3.1.3

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

3.2 Requirements of international and national regulations

3.2.1 Responsibility

It is the responsibility of the designer to ensure that the design complies with the national and
international regulations applicable to the ship.

The Society is not responsible for assessing compliance with international and national regulations as part
of the general classification process. However, the Society may enter into an agreement with the flag
administration of the ship under which they are explicitly instructed to review and approve a ship design
for compliance with specified regulations.

4. Workmanship

4.1 Requirements to be complied with by the manufacturer

411

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

4.2 Quality control

4.2.1

As far as required and expedient, the manufacturer’s personnel has to examine all structural components
both during manufacture and on completion, to verify that they are complete, that the dimensions are
correct and that workmanship is satisfactory and meets the standard of good shipbuilding practice.

Upon inspection and corrections by the manufacturing plant, the structural components are to be shown
to the surveyor of the Society for inspection, in suitable sections, normally unpainted condition and
enabling proper access for inspection.

The Surveyor may reject components that have not been adequately checked by the plant and may
demand their resubmission upon successful completion of such checks and corrections by the plant.
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5. Structural details
5.1 Details in manufacturing documents

5.1.1

Significant details concerning quality and functional ability of the component concerned are to be entered
in the manufacturing documents (e.g. workshop drawing). This includes not only scantlings but, where
relevant, such items as surface conditions (e.g. finishing of flame cut edges and weld seams), and special
methods of manufacture involved as well as inspection and acceptance requirements and where relevant
permissible tolerances. When a standard is used (works or national standard), it is to be submitted to the
Society. For weld joint details, see Ch 12, Sec 2.

If, due to missing or insufficient details in the manufacturing documents, the quality or functional ability
of the component is doubtful, the Society may require appropriate improvements to be submitted by the
manufacturer. This includes the provision of supplementary or additional parts (for example,
reinforcements) even if these were not required at the time of plan approval.

6. Equivalence procedures
6.1 Rule applications

6.1.1

These Rules apply to ships of normal form, proportions, speed and structural arrangements. Relevant
design parameters defining the assumptions made are given in Ch 1, Sec 2, [2].

6.1.2

Special consideration is to be given to the application of the Rules incorporating design parameters
which are outside the design basis as specified in Ch 1, Sec 2, [2], for example, increased fatigue life.

6.2 Novel designs

6.2.1

Ships of novel design, i.e. those of unusual form, proportions, speed and structural arrangements outside
those specified in Ch 1, Sec 2, [2.2], are specially considered according to the contents of [6.2.2] to
[6.2.4].

6.2.2

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

6.2.3

In such cases, the Society is to be contacted at an early stage in the design process to establish the
applicability of the Rules and additional information required for submission.

6.2.4

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

6.3.1

Where indicated in specific sections of the Rules, alternative calculation methods to those shown in the
Rules may be accepted provided it is demonstrated that the scantling and arrangements are of at least
equivalent strength to those derived using the Rules.
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Section 4 - Symbols and Definitions

1. Primary symbols and units

Pt14, Ch1, Sec 4

1.1 General
1.1.1
Unless otherwise specified, the general symbols and their units used in these Rules are those defined in
Table 1.
Table 1: Primary symbols
Symbols Meaning Units
Area m?
A
Sectional area of stiffeners and primary members cm?
C Coefficient -
F Force and concentrated loads kN
Hull girder inertia m*
! Inertia of stiffeners and primary members cm?
M Bending moment kNm
M Mass t
P Pressure KN/m?
(0] Shear force kN
T Draught of ship, see [3.1.5] m
Hull girder section modulus m’
g Section modulus of stiffeners and primary supporting members cm’
a; Acceleration for the effect ‘1’ m/s’
Width of attached plating m
’ Width of face plate of stiffeners and primary supporting members mm
g Gravity acceleration, taken equal to 9.81 m/s2 m/s’
Height m
h
Web height of stiffeners and primary supporting members mm
/ Length/span of stiffeners and primary supporting members m
n Number of items -
Radius mm
’ Radius of curvature of plating or bilge radius mm
t Thickness mm
X X coordinate along longitudinal axis, see [3.5] m
y Y coordinate along transverse axis, see [3.5] m
z Z coordinate along vertical axis, see [3.5] m
n Permissible utilisation factor (usage factor) -
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Symbols Meaning Units
¥ Safety factor -
Deflection/displacement mm
0 Angle deg
p Density of seawater, taken equal to 1.025 t/m’ t/m’
o Normal stress N/mm?
T Shear stress N/mm?
2. Symbols

2.1 Ship’s main data

2.1.1

Unless otherwise specified, symbols regarding ship’s main data and their units used in these Rules are
those defined in Table 2.

Table 2: Ship’s main data

Symbols Meaning Units
L Rule length m
L Freeboard length m
Lpp Length between perpendiculars m
Ly Rule length, L, but not to be taken less than 110 m m
L, Rule length, L, but need not be taken greater than 250 m m
L Rule length, L, but need not be taken greater than 300 m m
B Moulded breadth of ship m

Moulded depth of ship m
T Moulded draught m
Tsc Scantling draught m
Tpar Ballast draught (minimum midship) m
Tpesign Design draught m
Tic Midship draught at considered loading condition m
Trp Deepest equilibrium waterline in damage condition
Toy Tre Minimum draught at fOI’WfiI’d perpendicular for' bottom slammin.g, with respectively m
all ballast tanks full or with any tank empty in bottom slamming area
A Moulded displacement at draught Tic t
Cs Block coefficient at draught Tsc -
V Maximum service speed knot
¥y z ii,/stlg,mz coordinates of the calculation point with respect to the reference coordinate m

24
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2.2 Materials

2.2.1

Unless otherwise specified, symbols regarding materials and their units used in these Rules are those

defined in Table 3.

Table 3: Materials

Symbols Meaning Units
E Young’s modulus, see Ch 3, Sec 1, [2] N/mm?
G Shear modulus, G= _E N/mm?
’ 2(1+wv)
Rey Specified minimum yield stress, see Ch 3, Sec 1, [2] N/mm?
. . R.p 2
TeH Specified shear yield stress, 7,5;= 73 N/mm
v Poisson’s ratio, see Ch 3, Sec 1, [2] -
k Material factor, see Ch 3, Sec 1, [2] -
R, Specified minimum tensile strength, see Ch 3, Sec 1, [2] N/mm?
Ry Nominal yield stress, taken equal to 235/k N/mm?
2.3 Loads
2.3.1
Unless otherwise specified, symbols regarding loads and their units used in these Rules are those defined
in Table 4.
Table 4: Loads
Symbols Meaning Units
Cy Wave coefficient -
T, Roll period s
0 Roll angle deg
T, Pitch period s
Pitch angle deg
a Common acceleration parameter -
a. Vertical acceleration m/s
ay Transverse acceleration m/s>
ay Longitudinal acceleration m/s’
fr Probability factor -
ky Roll amplitude of gyration
GM Metacentric height
A Wave length
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Symbols Meaning Units
S Static load case -
S+D Dynamic load case -
P, Total sea pressure, see Ch 4, Sec 5, [1.1] KN/m?
P, Total internal pressure due to liquid, see Ch 4, Sec 6, [1], or due to container, see N/
Ch 4, Sec 6, [2]
P Static sea pressure KN/m?
Py Static tank pressure KN/m?
P, Dynamic wave pressure KN/m?
Py Dynamic tank pressure KN/m?
Pp Green sea deck pressure kN/m?
Py Sloshing pressure, j=direction KN/m?
F, Total longitudinal force due to container load, see Ch 4, Sec 5, [2.2] and [2.3] kN
F, Total transverse force due to container load, see Ch 4, Sec 5, [2.2] and [2.3] kN
F. Total vertical force due to container load, sce Ch 4, Sec 5, [2.2] and [2.3] kN
Py, Bottom slamming pressure KN/m?
Prp Bow impact pressure KN/m?
Py Static pressure in flooded conditions KN/m?
Py Dynamic pressure in flooded conditions KN/m?
Psr Tank testing pressure (static) KN/m?
M. Vertical still water bending moment, j = 4, s, p (hog, sag, harbour) kNm
Osw Vertical still water shear force kN
M, Vertical wave bending moment, j = A, s (hog, sag) kNm
O Vertical wave shear force kN
M Torsional wave moment kNm
M Horizontal wave bending moment kNm

2.4 Scantlings

241

Unless otherwise specified, symbols regarding scantlings and their units used in these Rules are those

defined in Table 5.

Table 5: Scantlings

Symbols Meaning Units
Lnso Net vertical moment of inertia of hull girder m*
L.ns50 Net horizontal moment of inertia of hull girder m*

Zpnso, ZB-nso Net vertical hull girder section moduli, at deck and bottom respectively m’
Zy Vertical distance from BL to horizontal neutral axis
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Symbols Meaning Units
a Length of EPP, as defined in Ch 3, Sec 7, [2.1.1] mm
b Breadth of EPP, as defined in Ch 3, Sec 7, [2.1.1] mm
s Stiffener spacing (see Ch 3, Sec 7, [1.2.1]) mm
S Primary supporting member spacing (see Ch 3, Sec 7, [1.2.2]) m
£ Span of stiffeners or primary supporting member (see Ch 3, Sec 7, [1]) m
L, Bracket arm length m
t Net thickness with full corrosion reduction mm
tns0 Net thickness with half corrosion reduction mm
tc Corrosion addition mm
tor Gross thickness mm
bas built As built thickness mm
tor off Gross thickness offered mm
Lor req Gross thickness required mm
Loy Net thickness offered mm
treq Net thickness required mm
tvol_add Thickness for voluntary addition mm
tres Reserve thickness mm
tep, 1o Corrosion addition on each side of structural me mm
hy Web height of stiffener or primary supporting member mm
by Web thickness of stiffener or primary supporting member mm
by Face plate width stiffener or primary supporting member mm
hyy Height of stiffener mm
t Face plate/flange thickness of stiffener or primary supporting member mm
t Thickness of the plating attached to a stiffener or a primary supporting member mm
d, Distance from the upper edge of the web to the top of the flange for L; profiles mm
bey Effective breadth of attached plating, in bending, for yield and fatigue mm
Aoy or Agnso Net se'bctional area of stiffeners or primary supporting members, with attached plating o
(of width s)
A or As-nso | Net shear sectional area of stiffeners or primary supporting members cm?
1, Net polar moment of inertia of stiffener about its connection to plating cm?
I Net moment of inertia of the stiffener, with attached shell plating, about its neutral o’
axis parallel to the plating
Z or Zos Net. section modulus of a stiffener or primary supporting member with attached o
plating (of breadth b )
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3. Definition
3.1 Principal Particulars

3.1.1 L, Rule length
The Rule length L is the distance, in m, measured on the waterline at the scantling draught 75c from

the forward side of the stem to the centre of the rudder stock. L is to be not less than 96% and need
not exceed 97% of the extreme length on the waterline at the scantling draught Tsc.

In ships without rudder stock (e.g. ships fitted with azimuth thrusters), the Rule length L is to be taken
equal to 97% of the extreme length on the waterline at the scantling draught Tsc.

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

3.1.2 L, freeboard length

The freeboard length L;;, in m, is to be taken as 96% of the total length on a waterline at 85% of the
least moulded depth measured from the top of the keel, or as the length from the fore side of the stem
to the axis of the rudder stock on that waterline, if that be greater.

For ships without a rudder stock, the length L;, is to be taken as 96% of the waterline at 85% of the
least moulded depth.

Where the stem contour is concave above the waterline at 85% of the least moulded depth, both the
forward end of the extreme length and the forward side of the stem are to be taken at the vertical
projection to that waterline of the aftermost point of the stem contour (above that waterline), see
Figure 1.

0.85D
Forward terminal of the
total length

Figure 1: Concave stem contour

3.1.3 Moulded breadth

The moulded breadth B is the greatest moulded breadth, in m, measured amidships at the scantling
draught, Tsc.

3.1.4 Moulded depth

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

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

Tsc is the scantling draught, in m, at which the strength requirements for the scantlings of the ship are
met and represents the full load condition. The scantling draught 7sc is to be not less than that
corresponding to the assigned freeboard.

Tp4r is the minimum design normal ballast draught amidships, in m, at which the strength requirements
for the scantlings of the ship are met. This normal ballast draught is the minimum draught of ballast
conditions including ballast water exchange operation, if any, for any ballast conditions in the loading
manual including both departure and arrival conditions.

3.1.6 Moulded displacement

Moulded displacement, in t, corresponds to the underwater volume of the ship, at a draught, in seawater
with a density of 1.025 t/m’.

3.1.7 Maximum service speed

V, the maximum ahead service speed, in knots, means the greatest speed which the ship is designed to
maintain in service at her deepest seagoing draught at the maximum propeller RPM and corresponding
engine MCR (Maximum Continuous Rating).

3.1.8 Block coefficient
Cs, the block coefficient at the draught, Tsc is defined in the following equation:

A
O = 1.025LB T

where:
4 : Moulded displacement of the ship at draught Tc.
Cppar, the block coefficient at the draught, 734, is defined in the following equation:

ABAL
1.025LBTy,,

Cp_pu =
where:
Apar : Moulded displacement of the ship at draught Tg;.
3.1.9 Waterplane coefficient

Cyp, the Waterplane coefficient at the draught, Tsc is defined in the following equation:

Awp : Waterplane area at draught Tic.
Cyp.par, the Waterplane coefficient at the draught, 734 is defined in the following equation:

C _ Awp-par
WP-BAL = T | p

where:

Apa : Waterplane area at draught Tz,
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3.1.10 Lightweight

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

3.1.11 Deadweight

The deadweight DWT is the difference, in t, between the displacement, at the summer draught in
seawater of density p = 1.025 t/m’, and the lightweight.

3.1.12 Fore end

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

3.1.13 Aft end

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

AE Midship FE
\
T
SC
A | )
‘ L/2 o L/2 |
- L

Figure 2: Ends and midship

3.1.14 Midship

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

3.1.15 Midship part
The midship part of a ship is the part extending 0.4 L amidships, unless otherwise specified.

3.1.16 Forward freeboard perpendicular

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

3.1.17 After freeboard perpendicular
The after freeboard perpendicular, 4P, is to be taken at the aft end of the length L.
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3.2 Position 1 and Position 2

3.2.1 Position 1
Position 1 includes:
a) Exposed freeboard and raised quarter decks.
b) Exposed superstructure decks situated forward of 0.25 L;;, from FPy.
3.2.2 Position 2
Position 2 includes:

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

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

3.3 Standard height of superstructure

3.3.1
The standard height of superstructure is defined in Table 6.

Table 6 : Standard height of superstructure

) Standard height As, in m
Freeboard length L;;, in m -
Raised quarter deck All other superstructures
90 < L;; < 125 03 + 0.012L;; 1.05 + 0.01 L;;
Ly, > 125 1.80 2.30

3.3.2

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

3.4 Operation definition

3.4.1 Sheltered water

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

3.5 Reference coordinate system

3.5.1

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

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

X axis : Longitudinal axis, positive forwards.

Y axis : Transverse axis, positive towards portside.

Z axis : Vertical axis, positive upwards.
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Figure 3 : Reference coordinate system
3.6 Naming convention

3.6.1 Structural nomenclature

Figure 4 to Figure 6 show the common structural nomenclature used within these Rules.

Longitudinal

Longitudinal deck girder
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Figure 4 : Typical cargo hold configuration
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Figure 5: Typical transverse section in way of cargo hold
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3.7 Glossary

3.7.1 Definitions of

Pt14, Ch1, Sec 4

terms

Table 7 : Definition of terms

Terms

Definition

Accommodation deck

Deck used primarily for the accommodation of the crew

Accommodation ladder

Portable set of steps on a ship’s side for people boarding from small boats or from a pier

Aft peak

The area aft of the aft peak bulkhead

Aft peak bulkhead

First main transverse watertight bulkhead forward of the stern

Aft peak tank

Compartment in the narrow part of the stern, aft of the aft peak bulkhead

Anchor

Device 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

Ballast tank

Compartment used for the storage of water ballast

Bay

Area between adjacent transverse frames or transverse bulkheads

Bilge keel

Piece of plate set perpendicular to a ship’s shell along the bilges to reduce the rolling motion

Bilge plating

Curved plating between the bottom shell and the side shell, to be taken as follows:

* Within the cylindrical part of the ship: from the start of the curvature at the lower turn of
bilge on the bottom to the end of the curvature at the upper turn of the bilge

* Outside the cylindrical part of the ship: from the start of the curvature at the lower turn
of the bilge on the bottom to the lesser of:
- a point on the side shell located 0.2 D above the baseline/local centreline elevation
- the end of the curvature at the upper turn of the bilge

Bilge strake

The lower strake of bilge plating

Boss

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

Bottom shell

Shell envelope plating forming the predominantly flat bottom portion of the shell envelope,
including the keel plate

Bow

Structural arrangement and form of the forward end of the ship

Bower anchor

Anchor carried at the bow of the ship

Bracket

Extra structural component used to increase the strength of a joint between two structural
members

Bracket toe

Narrow end of a tapered bracket

Inclined and stiffened plate structure on a weather deck to break and deflect the flow of

Breakwater .

water coming over the bow
Breasthook Triangular plate bracket joining port and starboard side structural members at the stem
Bridge Elevated superstructure having a clear view forward and at each side, and from which a ship

is steered

Buckling panel

Elementary plate panel considered for the buckling analysis

Builder

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

Bulb profile

Stiffener having an increase in steel mass on the outer end of the web instead of a separate
flange

Bulkhead

Structural partition wall subdividing the interior of the ship into compartments

Bulkhead deck

Uppermost continuous deck up to which transverse watertight bulkheads and shell are to extend
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Terms

Definition

Bulkhead structure

Transverse or longitudinal bulkhead plating with stiffeners and girders

Vertical plating immediately above the upper edge of the ship’s side surrounding the exposed

Bulwark deck(s)

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

Cable Rope or chain attached to the anchor

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

Container hold

Generic term for spaces intended to carry container

Carling

Stiffening member used to supplement the regular stiffening arrangement

Casing

Covering or bulkheads around any space for protection

Centreline girder

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

Compartment, usually at the forward end of the ship, used to store the anchor chain

Chain pipe

Section of pipe through which the anchor chain enters or leaves the chain locker

Chain stopper

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

Vertical boundary structure of a hatch or a skylight

Cofferdams

Spaces, between two bulkheads or decks, primarily designed as a safeguard against leakage
from one compartment to another, see Ch 2, Sec 3, [1]

Collar plate

Patch used to close, partly or completely, a hole cut for a stiffener passing through a web
plate

Collision bulkhead

The foremost main transverse watertight bulkhead

Companionway

Weathertight entrance leading from a deck to spaces below

Compartment

Internal space bounded by bulkheads or plating

Confined space

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

Cargo hold region

See Ch 1, Sec 1, [2.4.3]

Cross deck Area between cargo hatches
Deck Horizontal structure element defining the upper or lower boundary of a compartment
Deckhouse See Ch 1, Sec 1, [2.4.6]

Deck structure

Deck plating with stiffeners, girders and supporting pillars

Deck transverse

Transverse primary supporting member (PSM) of a deck

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

Deep tank above or higher
The party who creates the documentation to be submitted to the Society for approval or for
Designer information. The designer can be the builder or a party contracted by the builder or the
Owner to create this documentation
Discharges Any piping leading through the ship’s sides for conveying bilge water, circulating water,

drains etc.

Docking bracket

Bracket located in the double bottom to locally strengthen the bottom structure for the
purposes of docking

Double bottom
structure

Inner bottom plating and all shell plating, stiffeners, primary supporting members and other
elements located below
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Terms

Definition

Doubler

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

Double skin member

Structural member where the idealised beam comprises the web with top and bottom flanges
formed by the attached plating

Duct keel

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

Enclosed superstructure

Superstructure with bulkheads forward and/or aft fitted with weathertight doors and closing
appliances

Engine room bulkhead

Transverse bulkhead located either directly forward or aft of the engine room

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

EPP stiffeners, PSM, bulkheads, etc.

Face plate Section of a stiffening member attached to the web and usually parallel to the plated surface

Flange Section of a §tiffening member attached to the web, or sometimes formed by bending the
web over. It is usually parallel to the plated surface

Flat bar Stiffener only made of a web

Floor A bottom transverse member

Forecastle Short superstructure situated at the bow

Fore peak Area of the ship forward of the collision bulkhead

Fore peak deck

Short raised deck extending aft from the bow of the ship

Freeboard deck

Deck designated as such by the designer, in accordance with ICLL. Generally the uppermost
complete deck exposed to weather and sea, with permanent means of closing for all the
exposed openings

Freeing port

Opening in the bulwarks to allow water shipped on deck to run freely overboard

Girder Collective term for primary supporting structural members
Block with a hole in the centre to receive the pintle of a rudder; located on the stern post,
Gudgeon . . .
it supports the rudder and allows it to swing
Gunwale Upper edge of side shell
Gusset Plate usually fitted to distribute forces at a strength connection between two structural

members

Hatch cover

Cover fitted over a hatchway to prevent the ingress of water into the hold

Hatchway Opening, generally rectangular, in a deck affording access to the compartment below

Hawse pipe S'teel pipe through which the hawser or cabl§ 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

HP Bulb profile in accordance with the Holland Profile standard

IACS International Association of Classification Societies

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

IMO International Maritime Organisation

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

Intercostal Non-continuous member between stiffeners or PSM

JIS Japanese Industrial Standard

Keel Main structural member or backbope of a ship runping longitudipally along thfs gentreline of
the bottom. Usually a flat plate stiffened by a vertical plate on its centreline inside the shell
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Terms

Definition

Knuckle

Discontinuity in a structural member

Lightening hole

Hole cut in a structural member to reduce its weight

Limber hole

Small drain hole cut in a frame or a plate to prevent water or oil from collecting

Local support members

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

Manhole

Round or oval hole cut in decks, tanks, etc, for the purpose of providing access

Margin plate

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

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

MARPOL of 1978, as amended
Mid-hold Middle hold(s) of the three cargo hold length FE model as defined in Ch 7, Sec 2, [1.2.2]
Notch Discontinuity in a structural member caused by welding

Oil fuel tank

Tank used for the storage of fuel oil

Outer shell

Same as shell envelope

The party who has assumed all the duties and responsibilities for registration and operation
of the ship and who, assuming such responsibilities, has agreed to take over all the duties

Owner and responsibilities on delivery of the ship from the builder with valid certificates prepared
for the operator
Pillar Vertical support placed between decks, where the deck is not supported by the shell or a

bulkhead

Pipe tunnel

Void space running between the inner bottom and the shell plating, and forming a protective
space for bilge, ballast and other lines linking the engine room to the tanks

Plate panel

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

Plating

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

Poop

Superstructure located at the extreme aft end of the ship

Primary supporting
members (PSM)

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

Propeller post

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

Rudder post

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

Scallop

Hole cut into a stiffening member to allow continuous welding of a plate seam

Scarfing bracket

Bracket used between two offset structural items

Scantlings Physical dimensions of a structural item

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

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

Sheerstrake Top strake of a ship’s side shell plating

Shell envelope plating

Shell plating forming the effective hull girder exclusive of the strength deck plating

Side shell

Shell envelope plating forming the side portion of the shell envelope above the bilge plating

Single skin member

Structural member where the idealised beam comprises a web, a top flange formed by an
attached plating and a bottom flange formed by a face plate
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Terms Definition

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

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

Spaces Separate compartments, including tanks

Stay Bulwark or hatch coaming brackets

Stem Piece of bar or plating at which the hull plating terminates at forward end

Stern The after end of the vessel.

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

Stern tube Tube' through which the. shaft passes to the prppeller; it acts as an after bearing for the
shafting. It may be lubricated with water or oil

Stiffener Collective term for secondary supporting structural members

Strake Course or row of shell, deck, bulkhead, or other plating

Strength deck

The uppermost continuous deck

Stringer

Horizontal girder linking vertical web frames

Stringer plate

Outside strake of deck plating

Superstructure See Ch 1, Sec 1, [2.4.6]
SWL Safe Working Load
Generic term for space intended to carry liquid such as seawater, fresh water, oil, liquid
Tank
cargoes, FO, DO, etc.
Tank top Horizontal plating forming the bottom of a cargo hold

Towing pennant

Long rope used to tow a ship

Transom

Structural arrangement and form of the aft end of the ship

Transverse ring

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

Transverse web frame

Primary transverse girder which joins the ship longitudinal structure

Tripping bracket

Bracket used to strengthen a structural member under compression against torsional forces

Trunk

Decked structure similar to a deckhouse but not provided with a lower deck

Tween deck

Space between two decks, placed between the upper deck and the tank top in the cargo tanks

Void

Enclosed empty space in a ship

Wash bulkhead

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

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 Section of a stiffening member attached to the plated surface, usually perpendicular
Web frame Transverse PSM, including deck transverse

Wind and water strakes

Strakes of the side shell plating between the ballast and the deepest load waterline

Windlass Winch for lifting and lowering the anchor chain
Wing tank Space bounded by the inner hull longitudinal bulkhead and the side shell
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Section 5 - Loading Manual and Loading Instrument

1. General requirements
1.1 Application

1.1.1

This Section contains minimum requirements for loading guidance information.

1.1.2

An approved loading manual and an approved loading instrument are to be supplied onboard.

1.1.3

A ship may in actual operation be loaded differently from the loading conditions specified in the loading
manual, provided limitations for longitudinal and local strength as defined in the loading manual and
loading instrument onboard and applicable stability requirements are not exceeded.

1.1.4

The requirements concerning the loading manual are given in [2] and those concerning the loading
instruments in [3].

1.2 Annual and class renewal survey

1.21

At each annual and class renewal survey, it is to be checked that the approved loading manual is
available onboard.

1.2.2

The loading instrument is to be checked for accuracy at regular intervals by the ship's master by
applying test loading conditions.

1.2.3

At each class renewal survey this checking is to be done in the presence of the surveyor.

2. Loading manuals
2.1 General requirements

2.1.1 Definition
The approved loading manual is to be based on the final data of the ship.
A loading manual is a document which describes:
a) The loading conditions on which the design of the ship has been based for seagoing and
harbour/sheltered water, including permissible limits of still water bending moment and shear force.

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

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

d) The relevant operational limitations.
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2.1.2 Condition of approval

The approved loading manual is to be based on the final data of the ship.

Modifications resulting in changes to the main data of the ship (e.g. lightship weight, buoyancy
distribution, tank volumes or usage, etc), require the loading manual to be updated and re-approved, and
subsequently the loading computer system to be updated and re-approved. However, new loading
guidance and an updated loading manual need not be resubmitted provided that the resulting draughts,

still water bending moments and shear forces do not differ from the originally approved data by more
than 2%.

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

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

The loading conditions are listed in Ch 4, Sec 8, [2].

2.1.4 Operational limitations
The loading manual is to describe relevant operational limitations:
a) Scantling draught,
b) Design minimum ballast draught at midships,
¢) Design slamming ballast draught forward with forward double bottom ballast tanks filled,
d) Design slamming ballast draught forward with any of the forward double bottom ballast tanks empty,
e) Maximum allowable container weight,
f) Maximum container weight in any loading condition in the Loading Manual,
g) Maximum service speed,
h) Envelope results and permissible limits of still water bending moments and shear forces.

3. Loading instrument
3.1 General requirements

3.1.1 Definition

A loading computer system is a system, which is either analog or digital, by means of which it can be
easily and quickly ascertained that, at specified read-out points, relevant operational limitations, such as
the still water bending moments, shear forces, and lateral loads, where applicable, in any load or ballast
condition do not exceed the specified permissible values.

The loading instrument is ship specific onboard equipment and the results of the calculations are only
applicable to the ship for which it has been approved.

An approved loading instrument can not replace an approved loading manual.

3.1.2 Conditions of approval of loading instruments

The loading instrument is subject to approval based on the Rules of the individual Society. The approval
is to include:

a) Verification of type approval, if any,
b) Verification that the final data of the ship has been used,
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¢) Acceptance of number and position of read-out points,
d) Acceptance of relevant limits for all read-out points,

e) Checking of proper installation and operation of the instrument onboard, in accordance with agreed
test conditions, and that a copy of the operation manual is available.

Modifications resulting in changes to the main data of the ship (e.g. lightship weight, buoyancy
distribution, tank volumes or usage, etc), require the loading manual to be updated and re-approved, and
subsequently the loading instrument to be updated and re-approved. However, new loading guidance and
an updated loading instrument need not be resubmitted provided that the resulting draughts, still water
bending moments and shear forces do not differ from the originally approved data by more than 2%.

An operational manual is always to be provided for the loading instrument. The operation manual and
the instrument output are to be prepared in a language understood by the users. If this language is not
English, a translation into English is to be included.

The operation of the loading instrument is to be verified upon installation. It is to be checked that the
agreed test conditions and the operation manual for the instrument is available onboard.
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Section 1 - Application

1. General
1.1 General

1141

This chapter covers the general structural arrangement requirements for the ship.
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Section 2 - Subdivision Arrangement

1. Watertight bulkhead arrangement
1.1 Number and disposition of watertight bulkheads

1.1.1

All ships are to have at least the following transverse watertight bulkheads:
a) One collision bulkhead.
b) One aft peak bulkhead.

¢) One bulkhead forward of the machinery space, and one bulkhead at the aft end of the machinery
space which may be the aft peak bulkhead.

1.1.2

In the case of ships with an electrical propulsion plant, both the generator room and the engine room
are to be enclosed by watertight bulkheads.

1.1.3

In addition to the requirements of [1.1.1] and [1.1.2], the number and disposition of bulkheads are to be
arranged to suit the requirements for subdivision, floodability and damage stability, and are to be in
accordance with the requirements of national regulations.

1.1.4

For container ships not required to comply with subdivision requirements, bulkheads not less in number
than indicated in Table 1 are to be fitted.

Table 1: Number of watertight bulkheads for container ships

Total number of bulkhead
Length in m — -
Ship with machinery room at aft body Elsewhere
90 < L <102 4 5
102 < L <123 5 6
123 < L < 143 6 7
143 < L < 165 7 8
165 < L < 186 8 9
186 < L to be considered individually

1.1.5

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

1.2 Openings in watertight bulkheads

1.2.1

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

1.2.2

The tightness, operability and indication of the doors in watertight bulkheads are to be in accordance
with Ch llI-1, Reg 13-1 of SOLAS Convention, as amended.
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2. Collision bulkhead
2.1 Extent and position of collision bulkhead

2.1.1

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

21.2

For ships without bulbous bows the reference point is to be taken where the forward end of L,
coincides with the forward side of stem, on the waterline which L;; is measured. For ships with
bulbous bows, it is to be measured from the forward end of L;; a distance x forward; where x is to be
taken as the lesser of the following:

a) Half the distance, from FP;; to the extreme forward end of the bulb extension.
b) 0.015 L.
c) 3.0m.

2.2 Arrangement of collision bulkhead

2.2.1

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

222

Doors, manholes, permanent access openings or ventilation ducts are not to be cut in the collision
bulkhead below the freeboard deck. Where the collision bulkhead is extended above the freeboard deck,
the number of openings in the extension is to be kept to a minimum compatible with the design and
proper working of the ship.

3. Aft peak bulkhead

3.1 General

3.1.1

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

3.1.2

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

3.1.3

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

3.14

The aft peak bulkhead may terminate at the first deck above the deepest draught at the aft
perpendicular, provided that this deck is made watertight to the stern or to the transom.
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Section 3 - Compartment Arrangement

1. Cofferdam
1.1 Definition

111

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

1.2 Arrangement of cofferdams

1.2.1

Cofferdams are to be provided between compartments intended for liquid hydrocarbons (including fuel
oil, lubricating oil) and those intended for fresh water (water for propelling machinery and boilers) as
well as tanks intended for the carriage of liquid foam for fire extinguishing.

1.2.2

Furthermore, tanks carrying fresh water for human consumption are to be separated from other tanks
containing substances hazardous to human health by cofferdams or other means as approved by the
Society.

Note 1: Normally, tanks for fresh water and water ballast are considered non-hazardous.
1.2.3

Where a corner to corner situation occurs, tanks are not considered to be adjacent.

1.2.4

The cofferdams specified in [1.2.1] may be waived when deemed impracticable or unreasonable by the
Society in relation to the characteristics and dimensions of the spaces containing such tanks, provided
that the common boundaries of fuel oil and lubricating oil tank have full penetration welds.

2. Double bottom
2.1 General

2.1.1

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

2.2 Extent of double bottom

2.2.1

A double bottom is to be fitted extending from the collision bulkhead to the aft peak bulkhead, as far
as this is practicable and compatible with the design and proper working of the ship.
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2.2.2

Where double bottom is required to be fitted, the inner bottom is to be continued out to the ship side
in such a manner as to protect the bottom to the turn of the bilge in areas where double side spaces
are not provided.

2.3 Height of double bottom

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

B/20 or 2 m, however not less than 0.76 m measured vertically from the plane parallel with keel line to
inner bottom.

2.4 Small wells in double bottom tank

2.4.1

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

3. Fore end compartments

3.1 General

3.1.1

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

4. Fuel oil Tanks
4.1 Arrangement of fuel oil tanks

4.1.1

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

5. Aft end compartments
5.1 Sterntube

5.1.1

Sterntubes are to be enclosed in a watertight space (or spaces) of moderate volume. Other measures to
minimise the danger of water penetrating into the ship in case of damage to the sterntube arrangement
may be taken at the discretion of the Society.
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6. Ballast Tank
6.1 Capacity and disposition of ballast tanks

6.1.1

All ships are to have ballast tanks of sufficient capacity that the ship may operate safely on ballast
voyage.
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Section 4 - Access Arrangement

1. Closed spaces
1.1 General

1141

All closed spaces are to be accessible for easy inspection. Special measures for inspection and
maintenance are to be put in place for small closed spaces for which the design causes impracticality for
the access.

2. Cargo area and forward space

2.1 General

All tanks are to be accessible for easy inspection.
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Section 1 - Materials

1. General
1.1 Standard of material

1.1.1
Materials used during construction are to comply with Pt 2, Ch 1.

1.1.2

Other materials than those covered under [1.1.1] may be accepted, provided their specification (e.g.
manufacture, chemical composition, mechanical properties, welding) is submitted to the Society for
approval.

1.2 Testing of materials

1.21

Materials are to be tested in compliance with the applicable requirements of Pt 2, Ch 1.

1.3 Manufacturing process

1.3.1

The requirements of this section presume that welding and other cold or hot manufacturing processes are
carried out in compliance with current sound working practice defined in the Rules and/or documents of
the individual Society which incorporate IACS UR W and the applicable requirements of Pt 2, Ch 1.

In particular:

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

b) Specific preheating may be required before welding.

¢) Welding or other cold or hot manufacturing processes may need to be followed by an adequate
heat treatment.

2. Hull structural steel
2.1 General

2.1.1 Young’s modulus and Poisson’s ratio

The Young’s modulus for Carbon steel materials is equal to 206,000 N/mm’ and the Poisson’s ratio
equal to 0.3.

2.1.2 Steel material grades and mechanical properties

Steel having a specified minimum yield stress of 235 N/mm2 is regarded as normal strength hull
structural steel and is denoted by ‘MS’ for mild steel. Steel having a higher specified minimum yield
stress is regarded as higher strength hull structural steel and is denoted ‘HT’ for high tensile steel.

Material grades of hull structural steels are referred to as follows:
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a) A, B, D and E denote normal strength steel grades.
b) AH, DH and EH denote higher strength steel grades.

Table 1 gives the mechanical characteristics of steels generally used in the construction of ships.

Table 1: Mechanical properties of hull steels

Steel grades for plates Ren, specified minimum R, specified tensile
with o puie = 100 mm yield stress, in N/mm’ strength, in N/mm’
A-B-D-E 235 400 - 520
AH32 - DH32 - EH32 - FH32 315 440 - 570
AH36 - DH36 - EH36 - FH36 355 490 - 630
AHA40 - DH40 - EH40 - FH40 390 510 - 660
AH47 - DH47 - EH47 - FH47 460 570-720

2.1.3

Higher strength steels other than those indicated in Table 1 are considered by the Society on a
case-by-case basis.

2.1.4 High tensile steel

When steels with a specified minimum yield stress ReH other than 235 N/mm’ are used, hull girder
strength and hull scantlings are to be determined by taking into account the material factor, k defined in
[2.2].

2.1.5 Onboard documents

It is required to keep onboard a plan indicating the steel types and grades adopted for the hull
structures. Where steels other than those indicated in Table 1 are used, their mechanical and chemical
properties, as well as any workmanship requirements or recommendations, are to be available onboard
together with the above plan.

2.2 Material factor, k&
2.21

Unless otherwise specified, the material factor, & of normal and higher strength steel for hull girder
strength and scantling purposes is to be taken as defined in Table 2, as a function of the specified
minimum yield stress R.n. For intermediate values of R.n, k is obtained by linear interpolation.

Steels with a specified minimum yield stress Ry, greater than 460 N/mm’ are considered by the Society
on a case by-case basis.

Table 2: Material factor, k

Ren, specified minimum yield stress, in N/mm? k
235 1.00
315 0.78
355 0.72
390 0.68"
460 0.62
M 0.66 for material factor provided that a fatigue assessment of the structure is performed
to verify compliance with the requirements of Ch 9.
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2.3 Steel grades

2.3.1

Materials in the various strength members are not to be of lower grade than those corresponding to the
material classes and grades specified in Table 3 to Table 6. General requirements are given in Table 3,
while additional minimum requirements for ships greater than 150 m or 250 m in length are given
respectively in Table 4 and Table 5. The material grade requirements for hull members of each class
depending on the thickness are defined in Table 6.

2.3.2

For strength members not mentioned in Table 3 to Table 5, grade A/AH may be used, upon agreement
of the Society.

2.3.3

Plating materials for stern frames and shaft brackets are, in general, not to be of lower grades than

those corresponding to Class II.

Table 3 : Material classes and grades

Within 042 | Outside 04L 11 e 0.62
Structural member category S and within 0.6 L P
amidships S amidships
amidships
* Longitudinal bulkhead strakes, other than those belonging to
% the primary category
S |« Deck plating exposed to weather, other than that belonging I A/ AH A/ AH
E- to the primary or special category
* Side plating
* Bottom plating, including keel plate
= » Strength deck plating, excluding that belonging to the
2 special catego:
P . £ ry. . ) I A/ AH A / AH
* Continuous longitudinal plating of strength members above
strength deck, excluding hatch coamings
» Uppermost strake in longitudinal bulkhead
* Sheerstrake at strength deck”
« Stringer plate in strength deck” 1 1 I
* Deck strake at longitudinal bulkhead, excluding deck plating
in way of inner-skin bulkhead of double hull ships"
* Strength deck plating at outboard corners of cargo hatch ) 1I ) [
: 11T Min. class III Min. class III
openings within cargo region | within cargo region
7]
=
§. * Bilge strake in ships with double bottom over the full I 1 I
= breadth and with length less than 150 m
* Bilge strake in other ships® I I I
* Longitudinal hatch coamings of length greater than 0.15 L,
including coaming top plate and flange 11 I I
. . . not to be less not to be less not to be less
* End brackets and deckhouse transition of longitudinal cargo than grade D/DH | than grade D/DH | than grade D/DH
hatch coamings
M Single strakes required to be of class Il within 0.4 L amidships are to have breadths not less than (800 + 5 L) mm, but need not
be greater than 1800 mm, unless limited by the geometry of the ship’s design.
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Table 4 : Minimum material grades for ships greater than 150 m in length

Structural member category Material grade

* Longitudinal plating of strength deck where contributing to the

longitudinal strength Grade B/AH within 0.4 L amidships

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

» Single side strakes for ships without inner continuous longitudinal

bulkhead(s) between bottom and the strength deck Grade B/AH within cargo region

Table 5: Minimum material grades for ships greater than 250 m in length

Structural member category” Material grade

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

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

* Bilge strake Grade D/DH within 0.4 L amidships

M Single strakes required to be of grade E/EH and within 0.4 L amidships are to have breadths not less than (800 + 5 L) mm,
but need not be greater than 1800 mm, unless limited by the geometry of the ship’s design.

Table 6 : Material grade requirements for classes I, Il, Il

As-built thickness, Class 1 Class 11 Class 11T
in mm MS steel HT steel MS steel HT steel MS steel HT steel

t <15 A AH A AH A AH
15<¢t=<20 A AH A AH B AH
20 <t <25 A AH B DH D DH
25 <t <30 A AH D DH D DH
30 <t <35 B AH D DH E EH
35 <t <40 B AH D DH E EH
40 <t = 50 D DH E EH E EH

2.4 Through thickness property

241

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
Pt 2, Ch 1. These steels are to be designated on the approved plan by the required steel strength grade
followed by the letter Z (e.g. EH36Z).

2.5 Stainless steel

2.5.1

The reduction of strength of stainless steel with increasing temperature is to be taken into account in the
calculation of the material factor, £ and in the material Young’s modulus, .

Stainless steels are to be in accordance with Pt 3, Ch 1, 401.
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3. Steels for forging and casting
3.1 General

3.1.1

Mechanical and chemical properties of steels for forging and casting to be used for structural members
are to comply with the applicable requirements of Pt 2, Ch 1.

3.1.2

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

3.1.3

The steels used are to be tested in accordance with the applicable requirements of Pt 2, Ch 1.

3.2 Steels for forging

3.2.1

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

3.3 Steels for casting

3.3.1

Cast parts intended for stems and stern frames in general may be made of C and C-Mn weldable steels,
having specified minimum tensile strength, R, =400N/mm’, in accordance with the applicable
requirements of the Society’s Rules for Materials.

3.3.2

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

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

4. Aluminium alloys
4.1 General

41.1

The use of aluminium alloys in superstructures, deckhouses, hatch covers, helicopter platforms, or other
local components is to be specially considered. A specification of the proposed alloys and their proposed
method of fabrication is to be submitted for approval.

Material requirements and scantlings are to comply with the Rules for Materials of the Society. Series
5000 aluminium-magnesium alloys or series 6000 aluminium-magnesium-silicon alloys are to be used.
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4.1.2

In the case of structures subjected to low service temperatures or intended for other specific applications,
the alloys to be employed are to be agreed by the Society.

4.1.3

Unless otherwise agreed, the Young’s modulus for aluminium alloys is equal to 70,000 N/mm’ and the
Poisson’s ratio equal to 0.33.

41.4

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

4.2 Extruded plating

4.2.1

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

4.2.2

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

4.2.3

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

4.2.4

Connections between extruded plating and primary members are to be given special attention.

4.3 Mechanical properties of weld joints

4.3.1

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

4.3.2

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

4.3.3

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

4.4 Material factor, k&

441
The material factor, £ for aluminium alloys is to be obtained from the following formula:
235
§ R’lim
where
R jim : Minimum guaranteed yield stress of the parent metal in welded condition R’y», in N/mmz,
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but not to be taken greater than 70% of the minimum guaranteed tensile strength of the
parent metal in welded condition R’,, in N/mm?.

R’y2,  : Minimum guaranteed yield stress, in N/mm?, of material in welded condition.
R’p[LQ = Tth[L?
R’ : Minimum guaranteed tensile strength, in N/mm? of material in welded condition.
R, m = T]QR‘m
Ry : Minimum guaranteed yield stress, in N/mm’, of the parent metal in delivery condition.
Ry : Minimum guaranteed tensile strength, in N/mm?, of the parent metal in delivery condition.

n, ny - Specified in Table 7.

Table 7 : Aluminium alloys - Coefficients for welded construction

Aluminium alloy m My

Alloys without work-hardening treatment (series 5000 in annealed ! !
condition O or annealed flattened condition H111)
Alloys hardened by work hardenin, , ,

y Y .. g R p0‘2/R R m/Rm
(series 5000 other than condition O or H111)
Alloys hardened by heat treatment (series 6000) R,pO,Q/ Ry 0.6
M When no information is available, coefficient 7, is to be taken equal to the metallurgical efficiency coefficient 3 as defined

in Table 8.

Table 8: Aluminium alloys - Metallurgical efficiency coefficient 3

Aluminium alloy Temper condition As-built thickness, in mm 164
t <6 0.45

6005A (Open sections) T5 or T6
t>06 0.40
6005A (Closed sections) T5 or T6 All 0.50
6061 (Sections) T6 All 0.53
6082 (Sections) T6 All 0.45

4.4.2

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

4.5 Others

4.5.1

Aluminium fittings in tanks used for the carriage of oil, and in cofferdams and pump rooms are to be
avoided.

4.5.2

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

5.1.1

Other materials and products such as parts made of iron castings, where allowed, products made of
copper and copper alloys, rivets, anchors, chain cables, cranes, masts, derrick posts, derricks, accessories
and wire ropes are to comply with the applicable requirements of the Rules for Materials of the Society.

5.1.2

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

5.2 Iron cast parts

5.2.1

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

5.2.2

Ordinary iron cast parts may not be used for windows or sidescuttles; Iron cast part used for windows
or sidescuttles are to be in accordance with Pt 4, Ch 8, 804 and 904.
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Section 2 - Net Scantling Approach

Symbols

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

t

: Net thickness in mm.

tc : Corrosion addition in mm.

tor : Gross thickness in mm.

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

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

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

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

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

L : Thickness of the plating attached to a stiffener or to a primary supporting member in mm.

d, : Distance in mm, from the upper edge of the web to the top of the flange for L3 profiles,
see Figure 3.

dr : Distance in mm, for extension of flange for L2 profiles, see Figure 3.

tes buir  © As-built thickness, in mm, taken as the actual thickness provided at the newbuilding stage.

to oy - Gross offered thickness, in mm, as defined in [1.2.2].

tor req : Gross required thickness, in mm, as defined in [1.2.1].

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

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

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

twi aaa : Thickness for voluntary addition, in mm, taken as the thickness voluntarily added as the
owner’s extra margin or builder’s extra margin for corrosion wastage in addition to ¢.

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

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

1. General

1.1 Application

1.1.1 Net thickness approach

The net thickness, ¢, of a structural element is required for structural strength in compliance with the
design basis. The corrosion addition, #, for a structural element is derived independently from the net
scantling requirements as shown in Figure 1. This approach clearly separates the net thickness from the
thickness added to address the corrosion that is likely to occur during the ship-in-operation phase.
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1.1.2 Local and global corrosion

The net thickness approach distinguishes between local and global corrosion. Local corrosion is defined
as uniform corrosion of local structural elements, such as a single plate or stiffener. Global corrosion is
defined as the average corrosion of larger areas, such as primary supporting members and the hull
girder.

1.1.3 Exceptions in gross scantling

Items that are directly determined in terms of gross scantlings do not follow the net scantling approach,
i.e. they already include additions for corrosion but without any owner’s extra margin. Gross scantling
requirements are identified with the suffix "gr" and examples are:

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

b) Scantlings of massive pieces made of steel forgings and steel castings.

L \
/ \ jr tw:._nuu’ j: t\'U.'_.’I(H /
/ A F, A )
¥ dm

aE_uilt

Roundup (L, + t.)

e

Y ’ Y

Figure 1: Net scantling approach scheme

1.2 Gross and net scantling definitions

1.2.1 Gross required thickness

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

tyr_req = treq + tc

1.2.2 Gross offered thickness

The gross offered thickness, #x o, 1S the gross thickness provided at the newbuilding stage, which is
obtained by deducting any thickness for voluntary addition from the as-built thickness, as follows:

tgr_off = tus_lmil! - trol_add
1.2.3 Net offered thickness

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

tuff = tgr_off - tc = tus_built - twl_add - t(‘,
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1.3 Scantling compliance

1.3.1

The net required thickness, #.q, is obtained by rounding the net thickness calculated according to the

Rules

a)
b)

1.3.2

to the nearest half millimetre. For example:

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

Scantling compliance in relation to the Rules is as follow:

a)

b)

©)

d)

e)

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

The required net section modulus, moment of inertia and shear area properties of local supporting
members are to be calculated using the net thickness of the attached plate, web and flange. The
net sectional dimensions of local supporting members are defined in Figure 2 and Figure 3. The
required section modulus and web net thickness apply to areas clear of the end brackets.

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

The strength assessment methods prescribed are to be assessed by applying the corrosion reduction
specified in Table 1 to the offered gross scantlings. Half of the applied corrosion addition specified
in Table 1 is to be deducted from both sides of the structural members being considered.

Corrosion additions are not to be taken less than those given in Ch 3, Sec 3, [1.2].

Any additional thickness specified by the owner or the builder is not to be included when considering
the compliance with the Rules.

Table 1: Assessment for corrosion applied to the gross scantlings

Structural requirement Property/analysis type Applied corrosion addition
Minimum thickness (all members including PSM) | Thickness te
Thickness / sectional properties t:
Local strength (plates and stiffeners)
Stiffness / proportions / Buckling capacity te
Sectional properties 0.5¢

Primary supporting members (prescriptive)

Stiffness / proportions of web and flange
Buckling capacity

Cargo hold (stress determination) 0.5¢
Strength assessment by FEM Buckling capacity t

Local fine mesh 0.5¢

Sectional properties 0.5¢
Hull girder strength

Buckling capacity t

Sectional properties 0.5¢
Hull girder ultimate strength

Buckling / collapse capacity 0.5¢

Fatigue assessment (simplified stress analysis)

Hull girder section properties

Local support member 052

Fatigue assessment (FE Stress analysis)

Coarse mesh FE model

Very fine mesh portion 0.5z
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Figure 2 : Net sectional properties of local supporting members (T, L and FB-profile)
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Figure 3 : Net sectional properties of local supporting members (L2, L3 and Bulb-Profile)

Bulb and similar profiles

The net cross-sectional area, the moment of inertia about the y-axis and the associated neutral axis

position are to be determined applying a corrosion magnitude of 0.57 deducted from the surface of the
profile cross-section.

#Z»Rules for the Classification of Steel Ships 2019 67



Pt 14 Structural Rules for Container Ships
Ch 3 Structural Design Principles Pt14, Ch3,Sec3

Section 3 - Corrosion Additions

Symbols

t : Corrosion addition, in mm.

t.s, t. . Corrosion addition, in mm, on one side of the considered structural member, as defined in
Table 1.

tres . Reserve thickness, taken as 0.5 mm.

1. General

1.1 Applicability

1141

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

The corrosion additions for other materials are to be in accordance with the requirements of the Society.

1.2 Corrosion addition determination

1.2.1

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

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

.=ty Ttoti.,

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

tc = 2tr1 + trrs

where #.; is the value specified in Table 1 for one side exposure to that compartment.

The total corrosion addition, #, in mm, for compartment boundaries and internal members made from

stainless steel, or aluminium is to be taken as:
t,=t,, =05

c

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

a) t. as specified for the corresponding compartment in Table 1
b) to=20

1.2.2 Stiffener

The corrosion addition of a stiffener is determined according to the location of its connection to the
attached plating.
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1.2.3

When a local structural member/plate is affected by more than one value of corrosion addition, the most
onerous value is to be applied to the entire strake.

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

Compartment type te1 OF t.2
Ballast water tank, bilge tank, drain storage tank, chain locker" 1.0
Exposed to atmosphere 1.0
Exposed to sea water 1.0
Fuel oil and Iube oil tank 0.5
Fresh water tank 0.5
Void spaces and dry spaces®®® 0.0
Container holds® 0.5
Accommodation spaces 0.0
Compartments other than those mentioned above 0.5
M 1.0 mm is to be added to the plate surface within 3 m above the upper surface of the chain locker bottom.
@ For the determination of the corrosion addition of the outer shell plating, the pipe tunnel is considered as for a ballast water tank.
@ For bottom plate of compartment, £, or #y is to be taken equal to 0.5 mm.
@ For the hull girder strength assessment according to Ch 5, 7, or f, is to be taken equal to 0.5 mm.
® For the hull girder strength assessment according to Ch 5, 7, or f, is to be taken equal to 1.0 mm.
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Section 4 - Corrosion Protection

1. General
1.1 Structures to be protected

1.1.1 Dedicated seawater ballast tanks

All dedicated seawater ballast tanks are to have an efficient corrosion prevention system.

1.1.2 Narrow spaces

Narrow spaces are generally to be filled by an efficient protective product, particularly at the ends of the
ship where inspections and maintenance are not easily practicable due to their inaccessibility.
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Section 5 - Limit States

1. General
1.1 Limit states

1.1.1 Definition
A limit state is defined as a state beyond which the structure no longer satisfies the requirements. The
following categories of limit states are relevant for structures:
a) Serviceability limit state (SLS), which corresponds to conditions beyond which specified requirements
are no longer met.
b) Ultimate limit state (ULS), which corresponds to the maximum load carrying-capacity or, in some
cases, to the maximum applicable strain or deformation, under intact (undamaged) conditions.
c) Fatigue limit state (FLS), which corresponds to degradation due to effect of time varying (cyclic) loading.
d) Accidental limit state (ALS), which concerns the ability of the structure to resist accident situations.

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

a) Local damage which may reduce the working life of the structure or affect the efficiency or
appearance of structural members or non-structural elements.
b) Unacceptable deformations which affect the efficient use and appearance of structural or
non-structural elements or the functioning of safety equipment.
In the context of serviceability limit state, the term ‘appearance’ is concerned with such criteria as high
deflection and extensive cracking, rather than aesthetics.

1.1.3 Ultimate limit state

Ultimate limit state, which corresponds to the maximum load-carrying capacity, or in some cases, the
maximum applicable strain or deformation, includes:

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

b) Excessive yielding, transforming the structure or part of it into a plastic mechanism.

1.1.4 Fatigue limit state

Fatigue limit states assess that the fatigue capacity of structural members due to cyclic loads is greater
than the design fatigue life.

1.1.5 Accidental limit state
Accidental limit states are concerned with the ability of the structure to resist accident situations or
abnormal events. Flooded conditions of any compartment without progression of the flooding to another
compartment are considered. The limit states are concerned with the following in intact (undamaged)
conditions with accidental or abnormal loads, or in damaged conditions with environmental loads the ship
meets during a limited time frame:

e The safety of life.

* Environment.

* Property (ship and cargo).
Accidental limit state includes:

* Loss of structural strength without loss of containment.

* Loss of structural strength and loss of containment.
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1.2 Failure modes

1.2.1

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

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

Possible failure modes to be Limit states"

considered SLS ULS FLS ALS
Yielding Y Y - Y
Plastic collapse - Y - Y
Buckling Y Y - Y
Rupture - Y - Y
Fatigue cracking - - Y -
Brittle fracture®® - - - -
() «y” indicates that the structural assessment is to be carried out.

@ Controlled by the material rule requirement of steel grade

1.2.2 Yielding

The yielding failure mode is the mode in which plastic strain locally occurs in the structural members to
be considered under combined in-plane and normal stresses. Local plastic strain is controlled in SLS,
ULS and ALS by checking that the stresses caused in the structural members remains below a
permissible value.

1.2.3 Plastic collapse

The plastic collapse failure mode usually appears in the local structural members under large lateral
impact pressure. In this failure mode, permanent lateral deflection in the local structural members occurs,
but does not influence the global strength. This mode is controlled in ULS and ALS by using
conventional plastic design method.

1.2.4 Buckling

The buckling failure mode is the instability phenomena of structural members under compressive loads.
When the stress in structural members just attains the elastic buckling stress, elastic (reversible) buckling
occurs during the compressive load. This buckling failure mode is controlled in SLS. By further
increasing the compressive load, stress redistribution occurs due to buckling of the weakest structural
member and the stress in some structural members reaches the yield stress. This buckling failure mode
with large elastic deflection is controlled in ULS or ALS. When compression is unloaded, no
consequence of failure due to buckling is seen.

On the other hand, plastic (irreversible) buckling occurs when the stress in structural members exceeds
the yield stress. As a result, the substantial permanent deflections due to plastic buckling appear. This
irreversible buckling failure mode is controlled only in ULS or ALS for global hull girder strength.

1.2.5 Rupture

The rupture failure mode is the mode in which breaking occurs in the structural members to be
considered under large tensile stress beyond the yield stress of the material. This failure mode is
controlled in ULS or ALS, but the assessment of this failure mode is covered by controlling the yielding
failure.
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1.2.6 Brittle fracture

Brittle fracture is dependent upon the material, temperature and thickness. Therefore, this mode is
controlled by the material rule requirement of steel grade.

1.2.7 Fatigue cracking

This failure mode is different from the failure modes mentioned above and is controlled in FLS.

2. Criteria
2.1 General

2.1.1

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

Table 2 : Structural assessment

Structural Elements” Yielding check | Buckling check Ultimate Fatigue check
strength check
Local Stiffeners Y Y Y® Y
Structures Plating Y Y y® _
Primary supporting members Y Y Y@ Y
Hull girder Y Y@ Y -

M «y” indicates that the structural assessment is to be carried out.

@ The ultimate strength check is included in the buckling check.

®) The ultimate strength check of plating is included in the yielding check formula of plating.

“ The buckling check of stiffeners and plating taking part in hull girder strength is performed against stress due to
hull girder bending moment and hull girder shear force.

2.2 Serviceability limit states

2.2.1 Hull girder
For the yielding check of the hull girder, the stress corresponds to a load at 10 probability level.

2.2.2 Plating

For the yielding check and buckling check of platings constituting a primary supporting member, the
stress corresponds to a load at 10® probability level.

2.2.3 Stiffeners
For the yielding check of stiffeners, the stress corresponds to a load at 10™® probability level.
2.3 Ultimate limit states

2.3.1 Hull girder

The ultimate strength of the hull girder is to be checked against the hull girder loads at 10® probability
level, amplified with the partial safety factor.
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2.3.2 Plating

The ultimate strength of the plating between stiffeners and primary supporting members is to be checked
against theloads at 10™ probability level.

2.3.3 Stiffeners
The ultimate strength of stiffeners is to be checked against the loads at 10 probability level.

2.4 Fatigue limit state

2.4.1 Structural details

The fatigue life of representative welded structural details such as connections of stiffeners and primary
supporting members is to be assessed from long term distribution loads based on loads at 107
probability level.

2.5 Accidental limit state

2.5.1 Plating, stiffeners and PSM

The plating, stiffeners and PSM are to be assessed in flooded conditions in accordance with Ch 6 for
yielding criteria.

3. Strength check against impact loads
3.1 General

3.1.1

Structural response against impact loads such as forward bottom slamming, bow impact and stern
slamming depends on the loaded area, magnitude of loads and structural grillage.

3.1.2

The ultimate strength of structural members that constitute the grillage, i.e. platings between stiffeners
and primary supporting members and stiffeners with attached plating, is to be checked against the
maximum impact loads acting on them.
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Section 6 - Structural Detail Principles

Symbols

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

1. Application
1.1 General

1.1.1

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

2. General principles
2.1 Structural continuity

2.1.1 General
Attention is to be paid to the structural continuity, in particular in the following areas:
a) In way of changes in the framing system.
b) At end connections of primary supporting members or ordinary stiffeners.
c¢) In way of the transition zones between cargo hold region and fore part, aft part and machinery
space.
d) In way of side and end bulkheads of superstructures.
At the termination of a structural member, structural continuity is to be maintained by the fitting of

suitable supporting structure. Abrupt changes in transverse section properties of longitudinal members are
to be avoided. Smooth transitions are to be provided.

On double hull ships, where the machinery space is located between two holds, the inner side is, in
general, to be continuous within the machinery space. Where the machinery space is situated aft, the
inner hull is to extend as far abaft as possible and be tapered at the ends.

2.1.2 Longitudinal members

Longitudinal members are to be arranged in such a way that continuity of strength is maintained.
Longitudinal members contributing to the hull girder longitudinal strength are to extend continuously as
far as practicable towards the ends of the ship.

2.1.3 Primary supporting members

Primary supporting members are to be arranged in such a way that continuity of strength is maintained.
Abrupt changes of web height or cross section are to be avoided.

2.1.4 Stiffeners

Stiffeners are to be arranged in such a way that continuity of strength is maintained. Stiffeners contributing
to the hull girder longitudinal strength are to be continuous when crossing primary supporting members
within the 0.4 L amidships and as far as practicable outside 0.4 L amidships. Where stiffeners are
terminated in way of large openings, foundations and partial girders, compensation is to be arranged to
provide structural continuity in way of the end connection.
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2.1.5 Plating

Where plates with different thicknesses are joined, the change in the as-built plate thickness is not to
exceed 50% of the larger plate thickness in the load carrying direction. This also applies to strengthening
by local inserts, e.g. insert plates in double bottom girders, floors and inner bottom.

2.1.6 Weld joints

Weld joints are to be avoided in areas with high stress concentration.

2.2 Local reinforcements

2.2.1 Reinforcements at knuckles

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

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

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

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

2.2.2 Reinforcement of deck structure in way of concentrated loads

The deck structure is to be reinforced in way of concentrated loads, such as anchor windlass, deck

machinery, cranes, masts and derrick posts.

2.2.3 Reinforcement under container corners and in way of fixed cargo securing
devices and cell guides

Local reinforcement of the hull structure and hatch covers is to be provided under container corners and
in way of fixed cargo securing devices and cell guides, if fitted.

The forces applying on the fixed cargo securing devices are to be indicated by the designer.

2.2.4 Reinforcement by insert plates

Insert plates are to be made of materials with, at least, the same specified minimum yield stress and the
same grade as the plates to which they are welded. See also [2.1.5].

2.3 Connection of longitudinal members not contributing to the hull girder
longitudinal strength

2.3.1

Where the hull girder stress at the strength deck or at the bottom as defined in Ch 5, Sec 1, [2.2.2] is
higher than the permissible stress as defined in Ch 5, Sec 1, [3.4.1] for normal strength steel,
longitudinal members not contributing to the hull girder longitudinal strength and welded to the strength
deck or bottom plating and bilge strake, such as gutter bars, strengthening of deck openings, bilge keel,
are to be made of steel with the same specified minimum yield stress as the strength deck or bottom
structure steel.
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2.3.2

The requirement in [2.3.1] is also applicable to non-continuous longitudinal stiffeners welded on the web
of a primary structural member contributing to the hull girder longitudinal strength such as hatch
coamings, stringers and girders or on the inner bottom are to be made of steel with the same specified
minimum yield stress as attached plate when the hull girder stress on those members is higher than the
permissible stress as defined in Ch 5, Sec 1, [3.4.1] for normal strength steel.

3. Stiffeners
3.1 General

3.1.1

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

3.1.2

Where the angle between the web plate of the stiffener and the attached plating is less than 50 deg, as
shown on Figure 1, a tripping bracket is to be fitted. If the angle between the web plate of an
unsymmetrical stiffener and the attached plating is less than 50 deg, the face plate of the stiffener is to
be fitted on the side of the open angle.

P

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

Figure 1 : Stiffener on attached plating with an angle less than 50 deg

3.2 Bracketed end connections of non-continuous stiffeners

3.2.1

Where continuity of strength of longitudinal members is provided by brackets, the alignment of the
brackets on each side of the primary supporting member is to be ensured, and the scantlings of the
brackets are to be such that the combined stiffener/bracket section modulus and effective cross sectional
area are not less than those of the member.

3.2.2

At bracketed end connections, continuity of strength is to be maintained at the stiffener connection to the
bracket and at the connection of the bracket to the supporting member.
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3.2.3

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

3.2.4 Net web thickness

The net bracket web thickness, #,, in mm, is to comply with the following:

t, = 2+ fuVZ) % and need not be greater than 13.5 mm.

where:

okt . Coefficient taken as:
e fie = 0.2 for brackets with flange or edge stiffener.
e fiy« = 0.3 for brackets without flange or edge stiffener.

Z : Net required section modulus, of the stiffener, in cm’. In the case of two stiffeners connected,
Z is the smallest net required section modulus of the two connected stiffeners.

Rengy @ Specified minimum yield stress of the stiffener material, in N/mmn?’.

Rennie @ Specified minimum yield stress of the bracket material, in N/mm>.

3.2.5 Brackets at the ends of non-continuous stiffeners

Brackets at the ends of non-continuous stiffeners Brackets are to be fitted at the ends of non-continuous
stiffeners, with arm lengths, ¢,,, in mm, taken as:

| Z
by = iy 7}

¢, 1s not to be taken less than:

* Ay = 1.8 hy, for connections where the end of the stiffener web is supported and the bracket is
welded in line with the stiffener web or with offset necessary to enable welding, see item (c) in
Figure 2.
* Ay = 2.0 hy, for other cases, see items (a), (b) and (d) in Figure 2.
where:

Cys : Coefficient taken as:

Gy = 65 for brackets with flange or edge stiffener.
Gy = 70 for brackets without flange or edge stiffener.
Z : Net required section modulus, for the stiffener, in cm’, as defined in [3.2.4].

t, : Minimum net bracket thickness, in mm, as defined in [3.2.4].

For connections similar to item (b) in Figure 2, but not lapped, the bracket arm length is to comply
For connections similar to items (c¢) and (d) in Figure 2 where the smaller stiffener is connected to a
primary supporting member or bulkhead, the bracket arm length is not to be less than two times of /gy
3.2.6 Brackets with different arm lengths

The lengths of the arms, measured from the plating to the toe of the bracket, are to be such that the sum
of them is greater than 2¢,,, and each arm not to be less than 0.8¢,,,, where £, is as defined in [3.2.5].
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Figure 2: Bracket arm length of non-continuous stiffeners

3.2.7 Edge stiffening of bracket
Where an edge stiffener is required, the web height of the edge stiffener, hw, in mm, is not to be less
than:

h,, = 45(1+i) but not less than 50 mm.

v 2000

where:

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

3.3 Bracketless connections

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

3.4 Sniped ends

3.41
Sniped ends may be used where dynamic loads are small, provided the net thickness of plating

supported by the stiffener, #,, is not less than:

s\ sPk
t, = ¢4/ (10001 = 3) T

(mm)
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where:
P : Design pressure for the stiffener for the design load set being considered, in kN/m’.
C1 : Coefficient for the design load set being considered, to be taken as:

* cl = 1.2 for acceptance criteria set AC-S.
* cl = 1.1 for acceptance criteria set AC-SD.

Sniped stiffeners are not to be used on structures in the vicinity of engines or generators in the
machinery space, propeller impulse zone in the stern area nor on the shell envelope.
3.4.2

Bracket toes and sniped stiffeners ends are to be terminated close to the adjacent member. The distance
is not to exceed 40 mm unless the bracket or member is supported by another member on the opposite
side of the plating. Tapering of the sniped end is not to be more than 30 deg, where it is not practical
to comply with this requirement, alternative arrangements are specially considered. The depth of toe or
sniped end is, generally, not to exceed the thickness of the bracket toe or sniped end member, but need
not be less than 15 mm.

4. Primary support members
4.1 General

411

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

4.2 Web stiffening arrangement

4.2.1

Web stiffeners arranged on primary supporting members are to be arranged in such a way that they
ensure adequate strength.

4.3 Tripping bracket arrangement

4.3.1
Tripping brackets (see Figure 3) are generally to be fitted:
a) At every fourth spacing of ordinary stiffeners, with an interval of about 3 m.
b) At the toe of end brackets.
¢) At ends of continuous curved face plates.
d) In way of concentrated loads.
e) Near the change of section.

4.3.2

Where the width of the symmetrical face plate is greater than 400 mm, backing brackets are to be fitted
in way of the tripping brackets.
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4.3.3

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

4.3.4 Arm length

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

a) d = 0.38b
b) d = 0.85b \/STT
where:
b : Height, in m, of tripping brackets, shown in Figure 3.
S : Spacing, in m, of tripping brackets.
t : Net thickness, in mm, of tripping brackets.

Tripping bracket in way of stiffener

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

Figure 3 : Primary supporting member: Tripping bracket arrangement

4.4 Bracketed end connections

4.4.1 General

Brackets or equivalent structure are to be provided at ends of primary supporting members.
End brackets are generally to be soft-toed.

Bracketless connections may be applied provided that there is adequate support of adjoining face plates.
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4.4.2 Scantling of end brackets

In general, the arm length of brackets connecting PSMs, as shown in Figure 4, is not to be less than
the web depth of the member and need not be taken greater than 1.5 times this web depth.

The bracket thickness is, in general, not to be less than that of the adjoining PSM web plate.

The scantling of the end brackets is to be such that the section modulus of the primary supporting
member with end bracket, excluding face plate where it is sniped, is not less than that of the primary
supporting member at mid-span.

The net cross-sectional area A, , in cm’, of the bracket face plates is to be such that:

A, =1,

where:

2, : Length of the bracket edge, in m, see Figure 4. For curved brackets, the length of the
bracket edge may be taken as the length of the tangent at the midpoint of the edge.

ty : Minimum net bracket web thickness, in mm, as defined in [3.2.4].

Moreover, the net thickness of the face plate is to be not less than that of the bracket web.

4.4.3 Arrangement of end brackets
Where the length of free edge of bracket, ¢,, is greater than 1.5 m, the web of the bracket is to be
stiffened as follows:
a) The net sectional area, in cm’ of web stiffeners is to be not less than 16.5¢, where ¢ is the span,
in m, of the stiffener.
b) Tripping flat bars are to be fitted. Where the width of the symmetrical face plate is greater than
400 mm, additional backing brackets are to be fitted.

\\ﬁ%
A
FL‘
Arm length
(Bracket height)
Y ‘
_______________ F’
Arm length

Figure 4: Dimension of brackets

For a ring system where the end bracket is integral with the webs of the members and the face plate is
carried continuously along the edges of the members and the bracket, the full area of the largest face
plate is to be maintained close to the mid-point of the bracket and gradually tapered to the smaller face
plates. Butts in face plates are to be kept well clear of the bracket toes.

Where a wide face plate abuts a narrower one, the taper is not to be greater than 1 to 4.

The toes of brackets are not to land on unstiffened plating. The toe height is not to be greater than the
thickness of the bracket toe, but need not be less than 15 mm. In general, the end brackets of primary
supporting members are to be soft-toed. Where primary supporting members are constructed of higher
strength steel, particular attention is to be paid to the design of the end bracket toes in order to
minimise stress concentrations.
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Where a face plate is welded onto the edge or welded adjacent to the edge of the end bracket (see
Figure 5), the face plate is to be sniped and tapered at an angle not greater than 30°.

—

Bracket toe area

Face plate area

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

Figure 5: Bracket face plate adjacent to the edge

5. Intersection of stiffeners and primary supporting members
5.1 Cut-outs

5.1.1

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

5.1.2

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

5.1.3

Cut-outs in high stress areas are to be fitted with full collar plates, see Figure 6.

Figure 6 : Full collar plates
R > 0.2b but not less than 25 mm.
514

Lug type collar plates are to be fitted in cut-outs where required for compliance with the requirements
of [5.2], and in areas of high stress concentrations, e.g. in way of primary supporting member toes. See
Figure 7 for typical lug arrangements.
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Primary supporting Primary supporting
member web stiffener member web stiffener

by

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

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

Primary supporting
member web stiffener

(e) lug or collar plate and
direct connection

The details shown in this figure are only used to illustrate symbols and definitions and are not intended to represent
design guidance.

Figure 7 : Symmetric and asymmetric cut-outs

5.1.5

Cut-outs are to have rounded corners and the corner radii, R, are to be as large as practicable, with a
minimum of 20% of the breadth, b, of the cut-out or 25 mm, whichever is greater. The corner radii, R,
does not need to be greater than 50 mm, see Figure 6. Consideration is to be given to other shapes on
the basis of maintaining equivalent strength and minimising stress concentration.

Note 1: Except where specific dimensions are noted for the details of the keyhole in way of the soft heel, the details shown

in this figure are only used to illustrate symbols and definitions and are not intended to represent design guidance
or recommendations.
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Ay = tys dye 102
A=ty d, 102
L J
Idwz due s

(a) Straight heel no bracket (b) Soft toe and soft heel

max. 15 mm
— |<7
Ao 1% Ron = 25 mm

(c) Keyhole in way of soft heel

Aue = Auct + Auca
Au=Ayr+ Ay

m—

(d) Symmetrical soft toe brackets

et = dyq =4+t + e+ 0,4 1,4 for angles and bulb flats

dye1=dy=8 +t,3+ 2+ 0,8t,,for Tbars
[ e ——
/
du T/
TS

Ws2

L.

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

tuss sty bus2 : Net thickness of the primary supporting member web stiffener/backing bracket, in mm.

dy, dy, dy: : Minimum depth of the primary supporting member web stiffener/backing bracket, in mm.

ey Ayt dyeo : Length of connection between the primary supporting member web stiffener/backing bracket
and the stiffener, in mm.

t : Net thickness of the flange in mm. For bulb profile, # is to be obtained as defined in Ch.3
Sec.7 [1.4.1].

Figure 8: Primary supporting member web stiffener details

5.2 Connection of stiffeners to PSM

5.2.1 General
For connection of stiffeners to PSM

a) in case of lateral pressure other than bottom slamming, stern slamming and bow impact loads,
[5.2.2] and [5.2.3] are to be applied.

b) in case of bottom slamming or bow impact loads, [5.2.4] is to be applied.

The cross sectional areas of the connections are to be determined from the proportion of load transmitted
through each component in association with its appropriate permissible stress.
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5.2.2
The load, W,, in kN, transmitted through the shear connection is to be taken as follows.

a) If the web stiffener is connected to the intersecting stiffener:

W, =W

1
+ e
o 4fc‘/4w + Al

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

W, =W
where:
w : Total load, in kN, transmitted through the stiffener connection to the PSM taken equal to:
Ps, (51 . ﬁ)‘l’PQSQ (SQ . ﬁ)
W= 107°

2

P, P, : Design pressure applied on the stiffener for the design load set being considered, in kN/m?
on each side of the considered connection.

S, 8 . Spacing between the considered and the adjacent PSM on each side of the considered
connection, in m.

s;, s2 @ Spacing of the stiffener, in mm, on each side of the considered connection.

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

S
«

©7 7000 S
S, +8.
=%
5 +s,
=T
Ay . Effective net shear area, in cm’, of the connection, to be taken equal to:
Ay =4+ 4,
In case of a slit type slot connections area, 4;, is given by:
A =24,
In case of a typical double lug or collar plate connection area, A4;, is given by:
A, =24,
Aja : Net shear connection area, in cm’, excluding lug or collar plate, as given by:
Ay =44,1077
4, : Length of direct connection between stiffener and PSM web, in mm.
t, : Net web thickness of the primary supporting member, in mm.
A, : Net shear connection area, in cm’, with lug or collar plate, given by:
Ay = f£21077
l, : Length of connection between lug or collar plate and PSM, in mm.
t, : Net thickness of lug or collar plate, not to be taken greater than the net thickness of the
adjacent PSM web, in mm.
fi : Shear stiffness coefficient, taken as:

f1 =10, for stiffeners of symmetrical cross section.

f1=140/w, not to be taken greater than 1.0, for stiffeners of asymmetrical cross section.
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w : Width of the cut-out for an asymmetrical stiffener, measured from the cut-out side of the
stiffener web, in mm, as indicated in Figure 7.

A, . Effective net cross sectional area, in cm’, of the PSM web stiffener in way of the connection

including backing bracket where fitted, as shown in Figure 8. If the PSM web stiffener
incorporates a soft heel ending or soft heel and soft toe ending, Aw is to be measured at the
throat of the connection, as shown in Figure 8.

f. : Collar load factor taken equal to:

For intersecting stiffeners of symmetrical cross section:

f.=1.85 for 4, <14
f.=1.85—-0.0441(A,, —14) for 14< 4, <31
f.=11-0.013(4,—31) for 31 <4, <58
f.=185 for 4, > 58

For intersecting stiffeners of asymmetrical cross section:

5

A

w

f.=0.684+0.0172

1 : Connection length equal to:
For a single lug or collar plate connection to the PSM:
ZS = llﬁ
For a single sided direct connection to the PSM:
Z& = ld
In the case of a lug or collar plus a direct connection:
0, =05(.+1,)
5.2.3
The load, W,, in kN, transmitted through the PSM web stiffener is to be taken as:

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

W,=WwW\|l—a,— L
2 ©AfALtA,
» If the web stiffener is not connected to the intersecting stiffener:
W, =0
The values of A,, 4,. and A, are to be such that the calculated stresses satisfy the following criteria:
* For the connection to the PSM web stiffener not in way of the weld : o, <o0,,,
* For the connection to the PSM web stiffener in way of the weld D Ope = Oporm
* For the shear connection to the PSM web D T = Toerm
where:
w : Load, in kN, as defined in [5.2.2].
£ : Collar load factor as defined in [5.2.2].
a, : Panel aspect ratio, as defined in [5.2.2].
A, . Effective net shear area, in cm’ as defined in [5.2.2].
A, . Effective net cross sectional area, in cm’, as defined in [5.2.2].
Oy . Direct stress, in N/mm?’, in the PSM web stiffener at the minimum bracket area away from

the weld connection:
_10W;
w A

w

g
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T e : Direct stress, in N/mm?’ in the PSM web stiffener in way of the weld connection:
10,
Owe = Aw(j
T, : Shear stress, in N/mn?’, in the shear connection to the PSM web:
10w,
Tu.' = Al
we Effective net area, in cm’ of the PSM web stiffener in way of the weld as shown in
Figure 8.
T perm : Permissible direct stress given in Table 1 for AC-S and AC-SD, in N/mm’,
Toerm : Permissible shear stress given in Table 1 for AC-S and AC-SD, in N/mm’.

5.2.4 Bottom slamming and bow impact loads

For bottom slamming or bow impact loads, the load W, in kN, transmitted through the PSM web

Pt14, Ch 3, Sec 6

stiffener is to comply with the following criteria instead of those defined in [5.2.2] and [5.2.3]:

AT+ Ay
09W=< — pmmlo LA AL
where:
w : Load, in kN, as defined in [5.2.2].
A, . Effective net shear area, in cm?’ as defined in [5.2.2].
A, . Effective net cross sectional area, in cm? as defined in [5.2.2].
T perm : Permissible direct stress given in Table 1 for AC-I, in N/mm’.
Toerm : Permissible shear stress given in Table 1 for AC-I, in N/mm”.

Table 1: Permissible stresses for connection between stiffeners and PSMs

Direct stress, o

perm>

in N/mm?

shear stress, T

perm>

in N/mm?

Item Acceptance criteria set Acceptance criteria set
AC-S AC-SD AC-I AC-S AC-SD AC-I

PSM web stiffener 0.83R,, ) Ry By - - i
PSM web stiffener to intersecting
stiffener in way of weld connection:

* Double continuous fillet 0.58R,,* | 0.70R,, " By - - -
* Partial penetration weld 0.83R , V| g, Ry - - -
PSM stiffener to intersecting

, : , 0.50R, ,, 0.60R, ,, R, - - -
stiffener in way of lapped welding ) i
Shear connection including lugs or
collar plates:
* Single sided connection - - - 0.717, 0857, 4 Ten
* Double sided connection - - - 0837, 4 Tenr Ten

) The root face is not to be greater than one third of the gross thickness of the PSM stiffener.
@ Permissible stresses may be increased by 5 percent where a soft heel is provided in way of the heel of the PSM web stiffener.

88
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5.2.5

Where a backing bracket is fitted in addition to the PSM web stiffener, it is to be aligned with the web
stiffener. The arm length of the backing bracket is not to be less than the depth of the web stiffener.
The net cross sectional area through the throat of the bracket is to be included in the calculation of A,
as shown in Figure 8.

5.2.6

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

5.2.7

Where built-up stiffeners have their face plate welded to the side of the web, a symmetrical arrangement
of connection to the PSM is to be fitted. This may be achieved by fitting backing brackets on the
opposite side of the PSM or bulkhead. In way of the cargo hold region, the PSM web stiffener and
backing brackets are to be butt welded to the intersecting stiffener web.

5.2.8

Where the web stiffener of the PSM is parallel to the web of the intersecting stiffener, but not
connected to it, the offset PSM web stiffener is to be located in close proximity to the slot edge as
shown in Figure 9. The ends of the offset web stiffeners are to be suitably tapered and softened.

Locations where the web stiffener of the PSM are not connected to the intersecting stiffeners as well as
the detail arrangements are to be specially considered on the basis of their ability to transmit load with
equivalent effectiveness to that of [5.2.2] through [5.2.7]. Details of calculations made and/or testing
procedures and results are to be submitted.

5.2.9

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

Table 2: Weld factors for connection between stiffeners and PSMs

Item Acceptance criteria Weld factor
AC-S 0.60,/c, .
PSM stiffener to intersecting stiffener weperm
& AC-SD not to be less than 0.38
Shear connection inclusive of lug or collar plate AC-S 0.38
usiv u .
& P AC-SD
Shear connection inclusive of lug or collar plate, where the web AC-S 0.67,/T e
stiffener of the PSM is not connected to the intersection stiffener AC-SD not to be less than 0.44
PSM stiffener to intersecting stiffener 4
. . AC-I 0.6———F—F

Shear connection inclusive of lug or collar plate AﬂmerAw”pwm
Note

T, . Shear stress, in N/mm?, as defined in [5.2.31.

T e . Stress, in N/mm’, as defined in [5.2.3].

Tperm Permissible shear stress, in N/mm’, see Table 1.

Tperm : Permissible direct stress, in N/mn’, see Table 1.

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

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

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

w
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Primary supporting member
‘A web stiffener offset from
’—’ intersecting stiffener

|
)

i

L» Stiffener view ‘A=A
e
Figure 9: Offset PSM web stiffeners

6. Openings
6.1 Openings and scallops in stiffeners

6.1.1

Figure 10 shows examples of air holes, drain holes and scallops. In general, the ratio of a/b, as defined
in Figure 10, 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.

===
—" O

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

Figure 10 : Examples of air holes, drain holes and scallops

6.1.2

Openings and scallops are to be kept at least 200 mm clear of the toes of end brackets, end connections
and other areas of high stress concentration, measured along the length of the stiffener toward the
mid-span and 50 mm measured along the length in the opposite direction, see Figure 11. In areas where

the shear stress is less than 60 percent of the permissible stress, alternative arrangements may be
accepted.

200 50 200

Openings to be kept clear of these areas.

Figure 11: Location of air and drain holes
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6.1.3

Closely spaced scallops or drain holes, i.e. where the distance between scallops/drain holes is less than
twice the width b as shown in Figure 10, are not permitted in stiffeners contributing to the longitudinal
strength.

For other stiffeners, closely spaced scallops/drain holes are not permitted within 20% of the stiffener
span measured from the end of the stiffener. Widely spaced air or drain holes may be permitted
provided that they are of elliptical shape or equivalent to minimise stress concentration and are cut clear
of the welds.

6.2 Openings in primary supporting members

6.2.1 General

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) Floors or double bottom girders close to their span ends.
b) Primary supporting member webs in way of end bracket toes.
c) Above the heads and below the heels of pillars.
Where openings are arranged, the shape of openings is to be such that the stress concentration remains
within acceptable limits. Openings are to be well rounded with smooth edges.
6.2.2 Manholes and lightening holes
Web openings as indicated below do not require reinforcement

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

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

The length of openings is not to be greater than:

* At the mid-span of primary supporting members: the distance between adjacent openings.

* At the ends of the span: 25% of the distance between adjacent openings.
For openings cut in single skin sections, the length of opening is not to be greater than the web depth
or 60% of the stiffener spacing, whichever is greater.
The ends of the openings are to be equidistant from the cut outs for stiffeners.

Where lightening holes are cut in the brackets, the distance from the circumference of the hole to the
free flange of brackets is not to be less than the diameter of the lightening hole.

Openings not complying with this requirement are to be reinforced according to [6.2.3].

6.2.3 Reinforcements around openings

Manholes and lightening holes are to be stiffened according to this requirement, except where alternative
arrangements are demonstrated as satisfactory, in accordance with the analysis methods described in Ch 7.

On members contributing to longitudinal strength, stiffeners are to be fitted along the free edges of the
openings parallel to the vertical and horizontal axis of the opening. Stiffeners may be omitted in one
direction if the shortest axis is less than 400 mm and in both directions if length of both axes is less
than 300 mm. Edge reinforcement may be used as an alternative to stiffeners, see Figure 12.
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Figure 12: Web plate with openings

=g

In the case of large openings in the web of PSMs (e.g. where a pipe tunnel is fitted in the double
bottom), the secondary stresses in PSMs are to be considered for the reinforcement of these openings.

Where no FE analysis is performed, this may be carried out by assigning an equivalent net shear
sectional area to the PSM obtained, in cm’, according from the following formula:

A A
1—nb0 2—nb0
A

50 = +
e 32(3/”141*7150 32€zh'rA2*n50
1+
[1*r150 ]2*’7L50
where:
L 50> Lo nso : Net moments of inertia, in cm4, of deep webs (1) and (2), respectively, with
attached plating around their neutral axes parallel to the plating.

Al sos As_ s : Net shear sectional areas, in cm’ of deep webs (1) and (2), respectively, taking

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

% : Shear span, in m, of deep webs (1) and (2) as defined in Ch 3, Sec 7, [1.1.2].
Deep web (1) and (2) are defined in Figure 13.

WEb (1) ’l NS0, Al-f\EO

Web (2): 1,50, Az 0

Figure 13 : Large openings in the web of primary supporting members
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6.3 Openings in the strength deck

6.3.1 General

Openings in the strength deck are to be kept to a minimum and spaced as far as practicable from one
another and from the ends of superstructures. Openings are to be located as far as practicable from high
stress regions such as side shell platings, hatchway corners, or hatch side coamings.

6.3.2 Small opening location
Openings are generally to be located outside the limits as shown in Figure 14 in dashed area, defined
by:

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

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

c) ¢=0.074¢+0.1b or 0.25b, whichever is greater.

where:
b : Width, in m, of the hatchway considered, measured in the transverse direction, see Figure 14.
I : Width, in m, in way of the corer considered, of the cross deck strip between two

consecutive hatchways, measured in the longitudinal direction, see Figure 14.

Transverse distance between the above limits and openings or between hatchways and openings as shown
in Figure 14 is not to be less than:

* gy, =2a, for circular openings.

* g =q for elliptical openings.
Transverse distance between openings as shown in Figure 15 is not to be less than:

* 2(a,+a,) for circular openings.

* 15(a +ay) for elliptical openings.
where:

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

Longitudinal distance between openings is not to be less than:
s (a,+ay) for circular openings.
* 0.75(a; +a;) for elliptical openings and for an elliptical opening in line with a circular one.

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

Side i Side
F A AT LA A P od L P Sl T j
h T T T BN T TR AT WA 7
‘ 7Y gl 77777
y 2 i

(B-b) .| Ay

B ) i |
2 1 O Deck I Deck

? L Limit ¢ :

of curvature

C.L

Figure 14 : Position of openings in strength deck
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Figure 15: Elliptical and circular openings in strength deck

7. Double bottom structure
7.1 General

7.1.1 Framing system

For ships greater than 120 m in length, the bottom shell and the inner bottom are to be longitudinally
framed within the cargo hold region. Where it is not practicable to apply the longitudinal framing system
to fore and aft parts of the cargo hold region due to the hull form, transverse framing may be accepted
on a case-by-case basis subject to appropriate brackets and other arrangements being incorporated to
provide structural continuity in way of changes to the framing system.

7.1.2 Variation in height of double bottom

Any variation in the height of the double bottom is to be made gradually and over an adequate length;
the knuckles of inner bottom plating are to be located in way of plate floors. Where such arrangement
is not possible, suitable longitudinal structures such as partial girders, longitudinal brackets, fitted across
the knuckle are to be arranged.

7.1.3 Breadth of inner bottom

Breadth of inner bottom, in m, is to be measured at mid-length of the cargo hold as shown in
Figure 16.

] M

; /

Figure 16 : Breadth of inner bottom

7.1.4 Drainage of tank top

Where wells are provided for the drainage, such wells are not to extend for more than one-half height
of the double bottom. The vertical distance from the bottom of such a well to a plane coinciding with
the keel line shall not be less 500 mm.
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7.1.5 Cell guides

The structure of the bottom and inner bottom on which cell guides rest is to be adequately stiffened
with doublers, brackets or other equivalent reinforcements.

7.1.6 Duct keel

Where a duct keel is arranged, the centre girder may be replaced by two girders spaced, no more than
3m apart. Otherwise, for a spacing wider than 3 m, the two girders are to be provided with support of
adjacent structure and subject to the Society’s approval. The structures in way of the floors are to
provide sufficient continuity of the latter.

7.2 Keel plate

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

7.3 Girders

7.3.1 Centre girder

When fitted, the centre girder is to extend within the cargo hold region and is to extend forward and aft
as far as practicable. Structural continuity of the centre girder is to be maintained within the full length
of the ship.

Where double bottom compartments are used for the carriage of fuel oil, fresh water or ballast water,
the centre girder is to be watertight, except for the case such as narrow tanks at the end parts or when
other watertight girders are provided within 0.25 B from the centreline.

7.3.2 Side girders

The side girders are to extend within the parallel part of the cargo hold region and are to extend
forward and aft of the cargo hold region as far as practicable.

7.4 Floors

7.4.1 Web stiffeners

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

7.5 Bilge keel

7.5.1 Material

The material of the bilge keel and ground bar is to be of the same yield stress as the material to which
they are attached.

In addition, when the bilge keel extends over a length more than 0.15 L, the material of the bilge keel
and ground bar is to be of the same grade as the material to which they are attached.
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7.5.2 Design

The design of single web bilge keels is to be such that failure to the web occurs before failure of the
ground bar. This may be achieved by ensuring the web thickness of the bilge keel does not exceed that
of the ground bar.

Bilge keels of a different design, from that shown in Figure 17, are to be specially considered by the
Society.

7.5.3 Ground bars

Bilge keels are not to be welded directly to the shell plating. A ground bar, or doubler, is to be fitted
on the shell plating as shown in Figure 17 and Figure 18. In general, the ground bar is to be
continuous.

The gross thickness of the ground bar is not to be less than the gross thickness of the bilge strake or
14 mm, whichever is the lesser.

7.5.4 End details

The ground bar and bilge keel ends are to be tapered or rounded. Tapering is to be gradual with a
minimum ratio of 3:1, see items (a), (b), (d) and (¢) in Figure 18/Figure 19. Rounded ends are to be
as shown in item (c) of Figure 18. Cut-outs on the bilge keel web, within zone ‘A’ (see items (b) and
(e) of Figure 18/Figure 19) arc not permitted.

The end of the bilge keel web is to be not less than 50 mm and not greater than 100 mm from the
end of the ground bar, see items (a) and (d) of Figure 18/Figure 19.

Ends of the bilge keel and ground bar are to be supported by either transverse or longitudinal members
inside the hull, as indicated as follows:

a) Transverse support member is to be fitted at mid length between the end of the bilge keel web
and the end of the ground bar, see items (a), (b) and (c) of Figure 18.

b) Longitudinal stiffener is to be fitted in line with the bilge keel web, it is to extend to at least the
nearest transverse member forward and aft of zone ’A’ (see items (b) and (e¢) of Figure 18/
Figure 19).

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

As close as
practicable

Figure 17 : Bilge keel construction
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Figure 19 : Bilge keel end design (continued)

7.6 Docking

7.6.1 General
The drydocking arrangement itself is not covered in these Rules.

The bottom structure is to withstand the forces imposed by drydocking the ship.
7.6.2 Docking brackets

Docking brackets connecting the centreline girder to the bottom plating, are to be connected to the
adjacent bottom longitudinals.
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8. Double side sturcture

8.1 General

8.1.1

Side shell and inner hull are generally to be longitudinally framed. Where the side shell is longitudinally
framed, the inner hull bulkheads are to be longitudinally framed.

8.2 Structural arrangement

8.2.1 Primary supporting members

Side side web frames are to be fitted in line with the bottom web frames. Alternative framing
arrangements may be considered by the Society on a case by case basis.

8.2.2 Longitudinal stiffeners

The longitudinal stiffeners on side shell and inner hull, where fitted, are to be continuous within the
length of the parallel part of the cargo hold region. They are to be effectively connected to the
transverse web frames and bulkheads of the double side structure.

Longitudinal framing of the side shell is to extend outside the cargo hold region, as far forward as
practicable.

8.2.3 Transverse stiffeners

The transverse stiffeners on side shell and inner hull, where fitted, are to be continuous or fitted with
bracket end connections. At their upper and lower ends, the shell and inner hull transverse stiffeners are
to be connected by brackets to the supporting stringer plates.

8.2.4 Sheer strake

Sheer strakes are to have breadths, in m, not less than 0.8 + L/200, measured vertically, but need not be
greater than 1.8 m. The sheer strake may be either welded to the stringer plate or rounded. If the sheer
strake is rounded, its radius, in mm, is to be not less than 17¢, , where ¢, is the net thickness, in mm,

of the sheer strake.

The upper edge of the welded sheer strake is to be rounded, smooth and free of notches. Fixtures, such
as bulwarks and eye plates, are not to be directly welded on the upper edge of the sheer strake, except
in fore and aft parts. Drainage openings with a smooth transition in the longitudinal direction may be
permitted.

Longitudinal seam welds of rounded sheer strake are to be located outside the bent area at a distance
not less than 5 times the maximum net thickness of the sheer strake.

The welding of deck fittings to rounded sheer strakes is to be avoided within 0.6 L amidships.

The transition from a rounded sheer strake to an angled sheer strake associated with the arrangement of
superstructures is to be designed to avoid any discontinuities.

9. Deck structure
9.1 Structural arrangement

9.1.1 Framing system
Deck areas contributing to the longitudinal strength are to be longitudinally framed.

#Z»Rules for the Classification of Steel Ships 2019 99



Pt 14 Structural Rules for Container Ships
Ch 3 Structural Design Principles Pt14, Ch 3, Sec 6

9.1.2 Stringer plate

Stringer plates are to have breadths not less than 0.8 + L/200 m, measured parallel to the deck, but need
not be greater than 1.8 m. Rounded stringer plates, where adopted, are to comply with the requirements
in [8.2.4].

9.1.3 Connection of deckhouses and superstructures

Connection of deckhouses and superstructures to the strength deck are to be designed such that loads are
transmitted into the under deck supporting structure.

9.1.4 Longitudinal hatch coaming

The width of the longitudinal hatch coaming flanges is to be such as to accommodate the hatch covers
and their securing arrangements. The end connections of the longitudinal hatch coamings are to ensure a
proper transmission of stresses from the hatch coaming to the supporting structure.

9.2 Deck scantlings

9.2.1 Deck and hatch cover reinforcements

The deck and hatch cover structures are to be reinforced taking into account the loads transmitted by the
container corners and cell guides.

9.2.2 Hatch corners

The stress concentrations in way of the hatch corners are to be checked, in particular in the top part
(hatch coaming, upper deck and stringers under deck).

10. Bulkhead structure
10.1 Application

10.1.1

The requirements of this article apply to longitudinal and transverse bulkheads.

10.2 Cargo hold bulkheads

10.2.1 General
Watertight transverse bulkheads are to be fitted in line with a double bottom floor.

10.2.2 Primary supporting members

The vertical primary supporting members of the transverse bulkheads are to be fitted in line with bottom
girders. Their flanges are to be in line with a double bottom floor.

The strength of the connection between these members and the bottom structure is to be assessed.

10.2.3 Reinforcements in way of cell guides

When cell guides are fitted on transverse or longitudinal bulkheads which form boundaries of the hold,
such structures are to be reinforced, taking into account the loads transmitted by the cell guides.
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10.3 Plane bulkheads

10.3.1 General

Plane bulkheads may be horizontally or vertically stiffened. The horizontally framed bulkheads are made
of horizontal stiffeners supported by vertical primary supporting members. The vertically framed
bulkheads are made of vertical stiffeners supported by horizontal stringers, if needed.

10.3.2 End connection of stiffeners

The crossing of stiffeners through a watertight bulkhead is to be watertight. End connections of stiffeners
are to be bracketed. For isolated areas where bracketed end connections cannot be applied due to hull
lines, other arrangements including sniped ends are acceptable.

Sniped ends may be used for stiffeners on bulkheads subject to hydrostatic pressure, provided they
comply with [3.4].

10.4 Watertight bulkheads of trunks and tunnels

10.4.1

Watertight bulkheads of trunks, tunnels, duct keels and ventilators are to be of the same strength as
watertight bulkheads at corresponding levels. The means used for making them watertight, and the
arrangements adopted for closing their openings, are to be to the satisfaction of the Society.

11. Pillars
11.1 General

11.11

Wherever possible, pillars are to be fitted in the same vertical line. If not possible, effective means are
to be provided for transmitting the pillar loads to the supports below. Effective arrangements are to be
made to distribute the loads at the heads and the heels of all the pillars. Where pillars support eccentric
loads, they are to be strengthened to withstand the additional bending moment applied on them.

11.1.2

Pillars are to be provided in line with the double bottom girders or as close thereto as practicable, and
the structure above and below the pillars is to be of sufficient strength to provide effective distribution
of the load.

Where pillars connected to the inner bottom are not located in way of the intersection of floors and
girders, partial floors or girders, or equivalent structures, are to be fitted as necessary to support the
pillars.

11.1.3
Pillars provided in tanks are to be of solid or open section type.
11.2 Connections

11.2.1

Heads and heels of the pillars are to be secured by thick doubling plates and brackets, as necessary.
Alternative arrangements for doubling plates may be accepted, provided they are considered equivalent, as
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deemed appropriate by the Society. Where the pillars are likely to be subjected to tensile loads, heads
and heels of the pillars are to be efficiently secured to withstand the tensile loads and the doubling
plates are to be replaced by insert plates.

The net thickness of the doubling plates, when fitted, is to be not less than 1.5 times the net thickness
of the pillar. Pillars are to be attached at their heads and heels by continuous welding.
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Section 7 - Structural Idealisation

Symbols

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

2 w

Tty =

> o 2

: Angle, in deg, between the stiffener or primary supporting member web and the attached

plating, see Figure 12. ¢, is to be taken equal to 90 deg if the angle is greater than or
equal to 75 deg.

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

supporting members.

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

supporting members.

: Full length of stiffener or of primary supporting member, in m, between their supports.
. Stiffener spacing, in mm, as defined in [1.2].

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

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

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

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

: Net thickness of attached plate, in mm.

: Net web thickness, in mm. For bulb profiles, see [1.4.1].

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

: Primary Supporting Member.

: Elementary Plate Panel.

: Load Calculation Point.

1. Structural idealisation of stiffeners and primary support members

1.1 Effective spans

1.1.1 General

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

1.1.2 Effective bending span of stiffeners

The effective bending span ¢, of stiffeners is to be measured as shown in Figure 1 for single skin
structures and Figure 2 for double skin structures.

If the web stiffener is sniped at the end or not attached to the stiffener under consideration, the effective
bending span is to be taken as the full length between PSMs unless a backing bracket is fitted, see

Figure 1.

The effective bending span may be reduced where brackets are fitted to the flange or free edge of the
stiffener. Brackets fitted on the side opposite to that of the stiffener with respect to attached plating are
not to be considered as effective in reducing the effective bending span.
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In single skin structures, the effective bending span of a stiffener supported by a bracket or by a web
stiffener on one side only of the primary supporting member web, is to be taken as the total span
between primary supporting members as shown in item (a) of Figure 1. If brackets are fitted on both
sides of the primary supporting member, the effective bending span is to be taken as in items (b), (c)
and (d) of Figure 1.
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Figure 1 : Effective bending span of stiffeners supported by web stiffeners (Single skin construction)
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Figure 2 : Effective bending span of stiffeners supported by web stiffeners (Double skin construction)
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Where the face plate of the stiffener is continuous along the edge of the bracket, the effective bending
span is to be taken to the position where the depth of the bracket is equal to one quarter of the depth
of the stiffener, see Figure 3.

A Span }/
h /4%

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

1.1.3 Effective shear span of stiffeners

The effective shear span, ¢, in m, of stiffeners is to be measured as shown in Figure 4 for single skin
structures and Figure 5 for double skin structures.

The effective shear span may be reduced for brackets fitted on either the flange or the free edge of the
stiffener, or for brackets fitted to the attached plating on the side opposite to that of the stiffener.

If brackets are fitted at both the flange or free edge of the stiffener, and to the attached plating on the
side opposite to the stiffener the effective shear span may be reduced using the longer effective bracket
arm.

Regardless of support detail, the full length of the stiffener may be reduced by a minimum of /4000 m
at each end of the member, hence the effective shear span ¢, ., is not to be taken greater than:

shr>
S

< p—
b = £ 5000

For curved and/or long brackets (high length/height ratio), the effective bracket length is to be taken as
the maximum inscribed 1:1.5 right angled triangle as shown in item (c) of both Figure 4 and Figure 5.

Where the face plate of the stiffener is continuous along the curved edge of the bracket, the bracket
length to be considered for determination of the span point location is not to be taken greater than 1.5
times the length of the bracket arm as shown in Figure 6.

1.1.4 Effect of hull form shape on span of stiffeners

For curved stiffeners, the span is defined as the chord length between span points to be measured at the
flange for stiffeners with a flange, and at the free edge for flat bar stiffeners. The calculation of the
effective span is to be in accordance with requirements given in [1.1.2] and [1.1.3].
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Figure 5: Effective shear span of stiffeners supported by web stiffeners (double skin construction)
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Shear Span, {,

_\/\/

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

1.1.5 Effective bending span of primary supporting members

The effective bending span ¢, of a primary supporting member without end bracket is to be taken as
the length of the primary supporting member between supports.

The effective bending span ¢, of a primary supporting member may be taken as less than the full
length of the primary supporting member between supports, provided suitable end brackets are fitted:

The effective bending span (,,, in m, of a primary supporting member with end brackets is taken
between points where the depth of the bracket is equal to half the web height of the primary supporting
member as shown in Figure 7 (b). The effective bracket used to define these span points is to be taken
as given in [1.1.7].

In case of brackets where the face plate of the member is continuous along the face of the bracket, as
shown in Figure 7 (a), (c) and (d), the effective bending span ¢,,, in m, is taken between points where
the depth of the bracket is equal to one quarter the web height of the primary supporting member. The
effective bracket used to define these span points is to be taken as given in [1.1.7].

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

For curved brackets, for span positions above the tangent point between fitted bracket and effective
bracket, the span point is to be taken to the fitted bracket; otherwise, the span point is to be taken to
the effective bracket.

For arrangements where the primary supporting member face plate is carried on to the bracket and
backing brackets are fitted, the span point need not be taken greater than to the position where the total
depth reaches twice the depth of the primary supporting member. Arrangements with small and large
backing brackets are shown in Figure 7 (e) and (f).

For arrangements where the height of the primary supporting member is maintained and the face plate
width is increased towards the support, the effective bending span ¢,,, may be taken to a position where
the face plate breadth reaches twice the nominal breadth.

1.1.6 Effective shear span of primary supporting members

The effective shear span of the primary supporting member may be reduced compared to effective
bending span, and taken between the toes of the effective brackets supporting the member, where the
toes of effective brackets are as shown in Figure 8. The effective bracket used to define the toe point
is given in [1.1.7].

For arrangements where the effective backing bracket is larger than the effective bracket in way of face
plate, the shear span is to be taken as the mean distance between toes of the effective brackets as
shown in item (f) of Figure 8.
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Figure 7 : Effective bending span of primary supporting member
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Figure 8 : Effective shear span of primary supporting member
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1.1.7 Effective bracket definition

The effective bracket is defined as the maximum size of right angled triangular bracket with a length to
height ratio of 1.5 that fits inside the fitted bracket. See Figure 7 for examples.

1.2 Spacing and load supporting breadth

1.2.1 Stiffeners

Stiffeners spacing, s, in mm, for the calculation of the effective attached plating of stiffeners is to be
taken as the mean spacing between stiffeners and taken equal to, see Figure 9.
by +b, +by b,

5 4

where:

by, by, by, by : Spacings between stiffeners at ends, in mm.

In general, the loading breadth supported by stiffener is to be taken equal to s.
1.2.2 Primary supporting member

Primary supporting member spacing, S, for the calculation of the effective attached plating of primary

supporting members is to be taken as the mean spacing between adjacent primary supporting members,
and taken equal to, see Figure 9.

b, +b, +by+b,
S = ———(——————
4
where:
by, by, by, b, : Spacings between primary supporting members at ends.

In general, the loading breadth supported by a primary supporting member is to be taken equal to S.
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Figure 9: Spacing of plating
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1.2.3 Spacing of curved plating

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

1.3 Effective breadth

1.3.1 Stiffeners
The effective breadth, b, in mm, of the attached plating to be considered in the actual net section
modulus for the yielding check of stiffeners is to be obtained from the following formulae:
a) Where the plating extends on both sides of the stiffener:
by =200¢, or
bepr=s
whichever is lesser.
b) Where the plating extends on one side of the stiffener (i.e. stiffeners bounding openings):
b = 100¢, or
beyr = 0.5s
whichever is lesser.
However, where the attached plate net thickness is less than 8 mm, the effective breadth is not to be

taken greater than 600 mm.

The effective breadth, b, in mm, of the attached plating to be considered for the buckling check of
stiffeners is given in Ch 8, Sec 4, [2.3.5].

1.3.2 Primary supporting members

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

, 1.12 i,
beyr = S min f%;l.o for S\/%Zl
415

55

5V3
b — 0407 for —H g
o V3 SV3
1.3.3 Effective area of curved face plate and attached plating of primary supporting

members

The effective net area given in a) and b) is only applicable to curved face plates and curved attached
plating of primary supporting members. This is not applicable for the area of web stiffeners parallel to
the face plate.
The effective net area is applicable to primary supporting members for the following calculations:
* Actual net section modulus used for comparison with the scantling requirements in Ch 6.
* Actual effective net area of curved face plates, modelled by beam elements, used in Ch 7.
a) The effective net area, A, 5, in mm’, is to be taken as:

A, ff—n50 — Cftf—nsao bf

where:
C; : Flange efficiency coefficient taken equal to:
V Tftf —nb50
Cr=Cp——"y— but not to be taken greater than 1.0.
1

#Z»Rules for the Classification of Steel Ships 2019 113



Pt 14 Structural Rules for Container Ships
Ch 3 Structural Design Principles Pt14, Ch3,Sec7

Cp : Coefficient taken equal to:

* For symmetrical and unsymmetrical face plates,

_ 0.643 (sinhf coshf + sinf cosB)
(sinhf3)? + sin® 3

Cy

* For attached plating of box girders with two webs,

c. - 0.78 (sinh B+ sinf) (coshB— cosB)
n (sinhfB)?+ sin® 3

* For attached plating of box girders with multiple webs,

c. - 1.56 (coshB—cos3)
g sinh3+sinf

Ié] : Coefficient calculated as:

1.285 b )
g =——"—"" in rad.

\/Tft/—nso ’
b, : Breadth, in mm, to be taken equal to:
* For symmetrical face plates, by =0.5(b; =, 50)
* For unsymmetrical face plates, b, =b;
* For attached plating of box girders, b, =s, —t,_.5
s, : Spacing of supporting webs for box girders, in mm.
t;—.50 : Net flange thickness, in mm. For calculation of C; and 3 of unsymmetrical face plates,
trus0 is not to be taken greater than ¢, .
tu_nso . Net web plate thickness, in mm.
T : Radius of curved face plate or attached plating, in mm, see Figure 10 at mid thickness.
by : Breadth of face plate or attached plating, in mm, see Figure 10.

b) The effective net area, in mm’, of curved face plates supported by radial brackets, or attached
plating supported by cylindrical stiffeners, is given by:

3ri,_ s+ C)s>
I _(M]t b ()
eff—n50 f—nb50 Y f
3rr st s
where:
s, : Spacing of tripping brackets or web stiffeners or stiffeners normal to the web plating, in

mm, see Figure 10.

Figure 10: Curved shell panel and face plate
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1.4 Geometrical properties of stiffeners and primary supporting members

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

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

hy = h'y — LT, +2
9.2

where:
by = alt ,,+LW—2)
i’ wT e
t, =t
R, t, : Net height and thickness of a bulb section, in mm, as shown in Figure 11.
a . Coefficient equal to:

a = 1.1-1—(120;}1,2”)2 for ', <120

3000 v
a =10 for n', >120
by

Y
A
53‘

Y
A

Bulb Equivalent angle

Figure 11 : Dimensions of stiffeners

1.4.2 Net elastic shear area of stiffeners

The net elastic shear area, A4,,,, in cm?, of stiffeners is to be taken as:

shr»

As/n' = dsh,r tu11072
dg, . Effective shear depth of stiffener, in mm, as defined in [1.4.3].
t, : Net web thickness of the stiffener, in mm, as defined in Ch 3, Sec 2, Figure 2.

1.4.3 Effective shear depth of stiffeners

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

g = (hyp— 0.5t +t,+0.5t_,)sing,
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where:

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

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

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

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

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

greater than or equal to 75 degrees.

1.4.4 Elastic net section modulus of stiffeners

The elastic net section modulus, Z, in cm’® and the net moment of inertia, 7, in cm® of stiffeners, in
cm’, is to be taken as:

Z= Zsthingow

I=I,sin’p,,
where:
s : Net section modulus of the stiffener, in cm’, considered perpendicular to its attached plate, i.e.

with ¢, =90 deg.

1, : Net moment of inertia of the stiffener, in cm®, considered perpendicular to its attached plate,
ie. with ¢, =90 deg.

Do : Angle, in deg, as defined in Figure 12. ¢, is to be taken as 90 degrees if the angle is
greater than or equal to 75 degrees.

Figure 12: Angle between stiffener web and attached plating

1.4.5 Effective net plastic shear area of stiffeners

The net plastic shear area, A, _, of stiffeners, in cm’, which is used for assessment against impact
loads is to be taken as:
Ashr*pl = Ashr

where:

Ay, : Net elastic shear area, in cm’, as defined in [1.4.2].

1.4.6 Effective net plastic section modulus of stiffeners

The effective net plastic section modulus, Z,, of stiffeners, in cm’, which is used for assessment against
impact loads, is to be taken as:
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_ fu'h‘i'tu- (27_ 1 ) Afhff ctr

pl

‘l

where

Jw

for 75° < ¢, < 90°

2000 1000
fu*hi'tu*SinQOw (277 1) Af(hffdr Sin(pw B bf*dr COSPy)
= — f < 175°
2000 1000 o ¢u <75
: Web shear stress factor, taken equal to:
e f, =075 for flanged profile cross sections with n = 1 or 2
e f, =10 for flanged profile cross sections with n = 0

bf*dr

hy_ gy

e f, =10 for flat bar stiffeners

: Number of plastic hinges at end supports of each member, taken equal to: 0, 1 or 2.
A plastic hinge at end support may be considered where:
* The stiffener is continuous at the support.

* The stiffener passes through the support plate while it is connected at its termination point
by a carling (or equivalent) to adjacent stiffeners.

* The stiffener is attached to an abutting stiffener effective in bending (not a buckling
stiffener).

* The stiffener is attached to a bracket effective in bending. The bracket is assumed to be
effective in bending when it is attached to another stiffener (not a buckling stiffener).
: Depth of stiffener web, in mm, taken equal to:
* For T, L (rolled and built-up) profiles and flat bar, as defined in Ch 3, Sec 2, Figure 2.
* For L2 and L3 profiles as defined in Ch 3, Sec 2, Figure 3.
* For bulb profiles, to be taken as defined in [1.4.1].

: Coefficient equal to:

_1++/3F123
4

: Coefficient equal to:
* For L profiles without a mid-span tripping bracket:

t21 l?n'
/B _ l;;fbh)
SOZLh,

t,

100+ ——
20,
Without being taken greater than 0.5.
* For other cases:
68 =05
: Net cross sectional area of flange, in mm®:
© 4,=0 for flat bar stiffeners.
A =bg for other stiffeners.
: Distance from mid thickness of stiffener web to the centre of the flange area:
* byy =05(,—t,) for rolled angle profiles and bulb profiles.
¢ by, =0 for T profiles.
: Height of stiffener measured to the mid thickness of the flange:
*  hy_y =h, 05t for profiles with flange of rectangular shape except for L3 profiles.
* hpg =hy;—d,—05t, for L3 profiles as defined in Ch 3, Sec 2, Figure 3.

: Distance from upper edge of web to the top of the flange, in mm, for L3 profiles, see Ch 3,
Sec 2, Figure 3.
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£ : Coefficient taken equal to:

* #, = 0.8 for flanges continuous through the primary supporting member, with end bracket(s).

* f, = 0.7 for flanges sniped at the primary supporting member or terminated at the support
without aligned structure on the other side of the support, and with end bracket(s).

* f, = 1.0 for other stiffeners.
t; : Net flange thickness, in mm.
c t,=0 for flat bar stiffeners.
*  For bulb profiles ¢, is defined in [1.4.1].

1.4.7 Primary supporting member web not perpendicular to attached plating

Where the primary supporting member web is not perpendicular to the attached plating, the actual net shear

area, in cm’, and the actual net section modulus, in cm’®, can be obtained from the following formulae:
a) Actual net shear area:

= Ash-O-n{SO Sinww fOI‘ Pw < 750

sh—n50

_ 0 0
Ash*n{io - AsthfnSO for 757 = Puw =90

b) Actual net section modulus:

Znso = Zperp—nso SINPy, for ¢, <75

Zns0 = Zoerp—ns0 for 75° < ¢, < 90°

where:

Ay o o Actual net shear area, in cm’ of the primary supporting member assumed to be
perpendicular to the attached plating, to be taken equal to:
Agp—o—nso = (hu' i 50 +tp—nsu) by —n50 107? (sz)

Z rp—ns0 : Actual section modulus, in cm’, with its attached plating of the primary supporting

member assumed to be perpendicular to the attached plating.

n
10
|

f

Figure 13 : Effective shear area in way of web openings
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1.4.8 Shear area of primary supporting members with web openings
The effective web height, h., in mm, to be considered for calculating the effective net shear area,

A, .50 18 to be taken as the lesser of:

herr = hu
Popp = hyg Ry

Pepr = Ryt thoy T hy
where:

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

w

Pyts Pyas Rys, hys @ Dimensions as shown in Figure 13.

where an opening is located at a distance less than h,
taken as the smaller of the net height and the net distance through the opening. See Figure 13.

/3 from the cross-section considered, h,,, is to be

2. Plates
2.1 ldealisation of EPP

211 EPP

An elementary plate panel (EPP) is the unstiffened part of the plating between stiffeners and/or primary
supporting members. The plate panel length, a, and breadth, b, of the EPP are defined respectively as
the longest and shortest plate edges, as shown in Figure 14.

> D

7
A4

] ] ] PSM or
Stiffener

N
gy P e

Strake considered
Q
Strake considered
o

N
g ) gpepereereme

l<
Y
Avd
Y

/ . \ : : PSM or
: : Stiffener

PSM or PSM or PSM or PSM or
Stiffener Stiffener Stiffener Stiffener

Longitudinal/horizontal framing Transverse/vertical framing

Figure 14 : Elementary Plate Panel (EPP) definition

2.1.2 Strake required thickness

The required thickness of a plate strake is to be taken as the greatest value required for each EPP
within that strake. The requirements given in Table 1 are to be applied for the selection of strakes to
be considered as shown in Figure 15.

The maximum corrosion addition within a strake is to be applied according to Ch 3, Sec 3, [1.2.3].
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Table 1: Strake considered in a given EPP

a/b >2 a/b=<2
a; > b2 All strakes (Stl1, St2, St3, St4) All strakes (Stl, St2, St3, St4)
a; <b/2 Strakes St2 and St4 All strakes (Stl1, St2, St3, St4)

EPP
a, /
-

A

St1 St2
P b
>

S5t3 St4 Y

- .
- F

a, : Distance, in mm, measured inside the considered strake in the direction of the long edge of the EPP,
between the strake boundary weld seam and the EPP edge.

Figure 15: Strake considered in a given EPP

213

For direct strength assessment, the EPP is idealised with the mesh arrangement in the finite element model.

2.2 Load calculation point

2.2.1 Yielding

For the yielding check, the local pressure and hull girder stress, used for the calculation of the local
scantling requirements are to be taken at the Load Calculation Point (LCP) having coordinates x, y and z
as defined in Table 2.

Table 2: LCP coordinates for yielding

General Horizontal plating Vertical transverse structure
LCP Longitudinal Transverse o Horizontal Vertical
coordinates ) . Longitudinal Transverse ; .
framing framing framin framin framing framing
(Figure 18) (Figure 19) & & (Figure 20) (Figure 21)
x coordinate | Mid-length of the EPP Mid-length of the EPP Corresponding to y and z values

y coordinate

Corresponding to x and z

coordinates

Outboard y value of the EPP

Outboard y val
taken at z leve

ue of the EPP,
1@

z coordinate

Lower edge
of the EPP

The greater of
lower edge of
the EPP or
lower edge of
the strake

Corresponding to x and y values

Lower edge
of the EPP

The greater of
lower edge of
the EPP or
lower edge of
the strake

M All structures other than horizontal platings or vertical transverse structures

@ For transom plate, the y coordinate of the load calculation point is to be taken corresponding
the load calculation point, for the external dynamic pressure calculation.

to y value at side shell at z level of

120
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Strake considered

| | | | | | |
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g fA_ | | ; | , . | | |
5 K I I |- I I I
8 | . [ | . | - | . L | [ | - |
2 | EPP8| EPP7 | EPP6 | EPP5 | EPP4 | EPP3 | EPP2 | EPP1 |
(] [ - S : SN H S ] s SN ' SN 5 " g
= il O I S S A R LT A |
I1Leps:) LeP7 L Leps *) Leps Ll LeP4 ¢ Lep3 Ll Lep2 ) Lep )
! ! ) ! ! ) '! PSM
Cross section ' PSM ' ' ' PSM ' ' ' PSM
Global z-axis
Global x-axis
Figure 16 : Load calculation point for longitudinal framing
P Strake considered ‘
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i : : T T : i PSM
%) AN rid 4 Pax
5 f 2 I I Sl fl I |
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8 | . . | . | .. | .. .. | . | = 3 1
o EPP8| EPP7 : EPP6 ; EPP5 : EPP4 | EPP3 | EPP2 : EPP1 |
< P reo4 s bosx 1w o boss bos |
5 i L O T R R
I{ Leps| LeP7 ) Leps *) Leps ) Lepa o Leps ) Lep2 L Lepa |
i — — 1 PSM
Cross section ' PSM ' ' ' PSM ' ' ’ PSM
Global z-axis
Global x-axis
Figure 17 : Load calculation point for transverse framing
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©
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i |
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— |_
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Global z-axis

Global y-axis<—T

Figure 18 : Load calculation point for horizontal framing on transverse vertical structure
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Ship’s

Strake considered ¢

| 1 I | I I I |

-\_D T | | | 1') | | | :

I | 1 i | | 7 | PSM
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Cross section PSM PSM |

Global z-axis

Global y-axis

Figure 19: Load calculation point for vertical framing on transverse vertical structure

2.2.2 Buckling

For the prescriptive buckling check of the EPP according to Ch 8, Sec 2, the LCP for the pressure and
for the hull girder stresses are defined in Table 3.

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

Table 3: LCP coordinates for plate buckling

LCP for hull girder stresses (Figure 22)

LCP .
. LCP for pressure Bending stresses'"
coordinates Shear stresses
Non horizontal plate Horizontal plate
x coordinate Mid-length of the EPP

Same coordinates as| Corresponding to x and z | Outboard and inboard ends of | Mid-point of EPP
LCP for yielding values the EPP (points Al and A2) (point B)
See Table 2

y coordinate

Both upper and lower ends of

7 coordinate the EPP (points Al and A2)

Corresponding to x and y values

M The bending stress for curved plate panel is the mean value of the stresses calculated at points Al and A2.

Considerad Considered
fransverse transverse
section - Isectlon | |
- 4_ _______ I_ A2| | psm!__ 2 _
| =TT
| | !
A2 | |A2 | ' | |
1 | R | I |
B Q TB B [ 1|,B | | ©
A1 L | I
| | | ol
- _____I_____ A1l | PSM |_‘IFA1| I Y
| 2 | = T Ay
PSM PSM [
Longitudinal Framing Transverse Framing

Figure 20: LCP for plate buckling - hull girder stresses
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3. Stiffeners
3.1 Reference point

3.1.1

The requirements of section modulus for stiffeners relate to the reference point giving the minimum
section modulus. This reference point is generally located as shown in Figure 21 for typical profiles.

Figure 21 : Reference point for calculation of section modulus and hull girder stress
for local scantling assessment

3.2 Load calculation points

3.2.1 LCP for Pressure
The load calculation point for the pressure is located at:
a) Middle of the full length, ¢, of the considered stiffener.
b) The intersection point between the stiffener and its attached plate.

For stiffeners located on transom plate, the y coordinate of the load calculation point is to be taken
corresponding to y value at side shell at z level of the load calculation point, for the external dynamic
pressure calculation.

3.2.2 LCP for hull girder bending stress
The load calculation point for the hull girder bending stresses is defined as follows:
a) For yielding verification according Ch 6:
* At the middle of the full length, ¢, of the considered stiffener.
* At the reference point given in Figure 21.
b) For prescriptive buckling requirements according to Ch 8:
* At the middle of the full length, ¢, of the considered stiffener.

» At the intersection point between the stiffener and its attached plate.

3.2.3 Non-horizontal stiffeners
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The lateral pressure, P is to be calculated as the maximum between the value obtained at middle of the
full length, ¢, and the value obtained from the following formulae:

a) when the upper end of the vertical stiffener is below the lowest zero pressure level.
Pu +P, L
2

b) when the upper end of the vertical stiffener is at or above the lowest zero pressure level, see
Figure 22.
0, P,
U

where:
¢, : Distance, in m, between the lower end of vertical stiffener and the lowest zero pressure level.
P, : Lateral pressures at the upper end of the vertical stiffener span ¢.

u

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

—

_/_/ A

/ ) \\‘f_j/

Figure 22 : Definition of pressure for vertical stiffeners

4. Primary Support Members
4.1 Load calculation point

411

The load calculation point is located at the middle of the full length, ¢, at the attachment point of the
primary supporting member with its attached plate. However, for primary supporting members in the
cargo hold region the requirements in Ch 6, Sec 6, [2], as applicable.

For primary supporting members located on transom plate, the y coordinate of the load calculation point
is to be taken corresponding to y value at side shell at z level of load calculation point for the external
dynamic pressure calculation.
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Section 1 Introduction

Section 2 Dynamic Load Cases

Section 3 Ship Motions and Accelerations

Section 4 Hull Girder Loads

Section 5 External Loads

Section 6 Internal Loads

Section 7 Design Load Scenarios

Section 8 Loading Conditions
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Section 1 - Introduction

Symbols

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

S : Static load case
S+D  : Static plus dynamic load case
1. General

1.1 Application

1.1.1 Scope

This chapter provides the design load for strength and fatigue assessments.

The load combinations are to be derived for the design load scenarios specified in Ch 4, Sec 7. This
section uses the concept of design load scenarios to specify consistent design load sets which cover
the appropriate operating modes.

1.1.2 Equivalent Design Wave EDW

The dynamic loads associated with each dynamic load case are based on the Equivalent Design Wave
(EDW) concept. The EDW concept applies a consistent set of dynamic loads to the ship such that
specified dominant load response is equivalent to the required long term response value.

1.1.3 Probability level for strength and fatigue assessments

In this chapter, the assessments are to be understood as follows:

a) Strength assessment means the assessment for the strength criteria excluding fatigue, for the loads
corresponding to the probability level of 107® for the ballast water exchange, for harbour conditions
and for flooded conditions.

b) Fatigue assessment means the assessment for the fatigue criteria for the loads corresponding to the
probability level of 1072,

1.1.4 Dynamic load components

All dynamic load components are to be concurrent values calculated for each dynamic load case.

1.1.5 Loads for strength assessment

The strength assessment is to be undertaken for all design load scenarios and the final assessment is to
be made on the most onerous strength requirement.

Each design load scenario for strength assessment is composed of a Static (S) load case or a Static +
Dynamic (S+D) load case, where the static and dynamic loads are dependent on the loading condition
being considered.

The static loads are defined in the following sections:

a) Still water hull girder loads in Ch 4, Sec 4.
b) External loads in Ch 4, Sec 5.
¢) Internal loads in Ch 4, Sec 6.
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The EDWs for the strength assessment and the dynamic load combination factors for global loads are
listed in Ch 4, Sec 2, [2].

The dynamic load components are defined in the following sections:
a) Dynamic hull girder load components in Ch 4, Sec 4.
b) External loads in Ch 4, Sec 5.
c¢) Internal loads in Ch 4, Sec 6.

1.1.6 Loads for fatigue assessment
Each design load scenario for fatigue assessment is composed of a Static + Dynamic (S+D) load case,
where the static and dynamic loads are dependent on the loading condition being considered.

The static loads are defined in the following sections:

a) Still water hull girder loads in Ch 4, Sec 4.
b) External loads in Ch 4, Sec 5.
¢) Internal loads in Ch 4, Sec 6.

The EDWs for the fatigue assessment are listed in Ch 4, Sec 2, [2].
The dynamic load components are defined in the following sections:
a) Dynamic hull girder load components in Ch 4, Sec 4.
b) External loads in Ch 4, Sec 5.
¢) Internal loads in Ch 4, Sec 6.

1.2 Definitions

1.2.1 Coordinate system
The coordinate system is defined in Ch 1, Sec 4, [3.5.1].

1.2.2 Sign convention for ship motions

The ship motions are defined with respect to the ship’'s centre of gravity (COG) as shown in Figure 1,
where:

a) Positive surge is translation in the X-axis direction (positive forward).

b) Positive sway is translation in the Y-axis direction (positive towards port side of ship).

c) Positive heave is translation in the Z-axis direction (positive upwards).

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

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

f) Positive yaw motion is positive rotation about a vertical axis through the COG (bow moving to
port and stern to starboard).
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Heave

Figure 1: Definition of positive motions

1.2.3 Sign convention for hull girder loads

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

a) The vertical bending moments A7, and A/, are positive when they induce tensile stresses in the

wv

strength deck (hogging bending moment) and negative when they induce tensile stresses in the
bottom (sagging bending moment).

b) The vertical shear forces @,,,@,, are positive in the case of downward resulting forces acting aft
of the transverse section and upward resulting forces acting forward of the transverse section under
consideration.

¢) The horizontal bending moment A7, is positive when it induces tensile stresses in the starboard
side and negative when it induces tensile stresses in the port side.

d) The torsional moment A/, is positive in the case of resulting moment acting aft of the transverse
section following negative rotation around the X-axis, and of resulting moment acting forward of
the transverse section following positive rotation around the X-axis.

st' Qurr H {*) [ E

Aft

Mwr My H

Al

Fore

[ 3

Fore

|
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|

|
|
- %
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Figure 2: Sign conventions for shear forces @Q,,, @,,» @,, and bending moments 1/,
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Section 2 - Dynamic load cases

Symbols

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

a

sz

fr

f Ip

flp* BSR

/i Ip— BSP

flp— OSsT

Jip—osa

ws
LS
My,
Qwv
My

130

surge> apitdz —x

asw(ty s Qpop— Yo Apeaves roll—z> a‘pi,f(h —z

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

for = %, but not to be taken less than 0.0 or greater than 1.0.

. Acceleration components, as defined in Ch 4, Sec 3.

: Ratio between draught at a loading condition and scantling draught, as defined in Ch 4, Sec

3.

: Factor depending on longitudinal position along the ship, to be taken as:
fp=10 for z/L <05
fpy=—10 for 0.5<z/L

: Factor for the longitudinal distribution of the torsional moment for the BSR load case,
taken as:

Jio—por =1.2f,;,—0.2 for /L <05
fip—psp =04 for 0.5<z/L<0.75
fip-psg=—16f,, 116 for 0.75 <z/L
: Factor for the longitudinal distribution of the torsional moment for the BSP load case,
taken as:
J—nsp=08f,1 for /L <0.5
Jip—psp =04 for 0.5 <2/L <0.75
Jip—psp=—16f,,+1.6 for 0.75 <z/L

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

Jp—o0sr=10 for z/L < 0.45
fip—osr=—85f,, 4825  for 0.45<xz/L < 0.65
Sip—o0s7=—0.7 for 0.65 <xz/L

: Factor for the longitudinal distribution of the torsional moment for the OSA load case,
taken as:

Jip— 054 =038 for /L <0.3

11
Sp-0sa =3 for =19 for 0.3<z/L <06
Sip—0sa =03 for 0.6 <z/L

: Weather side, side of the ship exposed to the incoming waves.

: Lee side, sheltered side of the ship away from the incoming waves.
: Vertical wave bending moment, in kNm, defined in Ch 4, Sec 4.

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

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

to be

to be

to be

to be
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Qur : Horizontal wave shear force, in kN, defined in Ch 4, Sec 4.

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

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

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

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

Cyr : Load combination factor to be applied to the wave torsional moment.

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

Cyp : Load combination factor to be applied to the longitudinal acceleration due to pitch.
Cyo : Load combination factor to be applied to the longitudinal acceleration due to pitch motion.
Cys : Load combination factor to be applied to the sway acceleration.

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

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

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

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

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

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

1. General

1.1 Definition of dynamic load cases

111

The following Equivalent Design Waves (EDW) are to be used to generate the dynamic load cases for

structural assessment:

a)

b)

d)

HSM load cases :

HSM-1 and HSM-2: Head sea EDWs that minimise and maximise the vertical wave bending
moment amidships respectively.

HSA load cases:

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

FSM load cases:

FSM-1 and FSM-2: Following sea EDWs that minimise and maximise the vertical wave bending
moment amidships respectively.

BSR load cases:

BSR-1P and BSR-2P: Beam sea EDWs that minimise and maximise the roll motion downward and

upward on the port side respectively with waves from the port side.

BSR-1S and BSR-2S: Beam sea EDWs that maximise and minimise the roll motion downward and
upward on the starboard side respectively with waves from the starboard side.
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e)

g)

BSP load cases:

BSP-1P and BSP-2P: Beam sea EDWSs that minimise and maximise the hydrodynamic pressure at
the waterline amidships on the port side respectively.

BSP-1S and BSP-2S: Beam sea EDWs that minimise and maximise the hydrodynamic pressure at
the waterline amidships on the starboard side respectively.

OST load cases:

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

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

OSA load cases:

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

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

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

Note 2: P and S denote that the weather side is on port side and on starboard side respectively.

BSP load cases are not to be used for ballast conditions.

HSA

and OSA load cases are not to be used for fatigue assessment.

1.2 Application

1.2.1

The dynamic load cases described in this section are to be used for determining the dynamic loads
required by the design load scenarios described in Ch 4, Sec 7. These dynamic load cases are to be
applied to the following structural assessments:

a)
b)

Strength assessment :
For plating, ordinary stiffeners and primary supporting members by prescriptive methods.
For the direct strength method (FE analysis) assessment of structural members.
Fatigue assessment:
For structural details covered by simplified stress analysis.
For structural details covered by FE stress analysis.

2. Dynamic load cases

2.1 Description of dynamic load cases

2.1.1

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

132
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Table 1: Ship responses for HSM, HSA and FSM load cases

Loadcase HSM-1 HSM-2 HSA-1 HSA-2 FSM-1 FSM-2
EDW HSM HSA FSM
Heading Head Head Following
Effect Max. bending moment Max. vertical acceleration Max. bending moment
VWBM Sagging Hogging Sagging Hogging Sagging Hogging
VWSF Neg.a.tive-aft Posit.ive-aft Neggtive-aﬂ Posit‘ive-aﬂ Neggtive-aﬂ Posit.ive-aft
Positive-fore Negative-fore Positive-fore Negative-fore Positive-fore Negative-fore
HWBM - - - - - -
HWSF - - - - - -
™ - - - - - -
Surge To stern To bow To stern To bow To stern To bow

Gyirye N A = e T e A = I U = A RN Y

Sway - - - - - -
asu:ay - - - - _ _
Heave Down Up Down Up Down Up
Roll - - - - - -
Qpop - - - - - -
Pitch Bow down Bow up Bow down Bow up Bow down Bow up
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Table 2: Ship responses for BSR and BSP load cases
Load case | BSR-1P BSR-2P BSR-1S BSR-2S BSP-1P BSP-2P BSP-1S BSP-2S
EDW BSR BSR BSP BSP
Heading Beam Beam
Effect Max. roll Max. pressure at waterline
VWBM - - - - Hogging Sagging Hogging Sagging
Positive-aft | Negative-aft | Positive-aft | Negative-aft
VWSF - - - - . . . .
Negative-fore| Positive-fore | Negative-fore| Positive-fore
HWBM | Stbd tensile | Port tensile | Port tensile | Stbd tensile | Port tensile | Stbd tensile | Stbd tensile | Port tensile
Negative-aft | Positive-aft | Positive-aft | Negative-aft | Positive-aft | Negative-aft | Negative-aft | Positive-aft
HWSF i . . . . ” i .
Positive-fore | Negative-fore | Negative-fore| Positive-fore | Negative-fore | Positive-fore | Positive-fore | Negative-fore
™ Negative Positive Positive Negative - - - -
Surge - - - - To bow To stern To bow To stern
a‘surg(’, - - - - LL <_i { kL i_> { Ll 4_5 { l\ i_’ {
T rtsid 1 To starboard t . .
Sway © poriside or o o st oa.r orte To portside | To starboard | To starboard| To portside
starboard portside
WS L s Ls| —[w3
; = or . 2 or
. A [ |
Aspay W.S L.S W.S L S L.S W.S L.S W.S
S [
W.S L.S L.S W.s
Heave Down Up Down Up Down Up Down Up
@ eque WS LS | WS LS | LS Vv? LS w ws Ls | Ws LS | LS 7\/? LS Vv?
Portsi Portsi t
Roll ortside Portside up Starboard Starboard up | Portside up ortside Starboard up Starboard
down down down down
o |7 Wes | TR s [l |l | s [ 5 s | o[ | o
Pitch - - - - - - - -
a’pitdl - - - - - - - -
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Table 3: Ship responses for OST and OSA load cases
Loadcase OST-1P OST-2P OST-18 OST-28 OSA-1P OSA-2P OSA-1S OSA-28
EDW OST OSA
Heading Oblique Oblique
Effect Max. torsional moment Max. pitch acceleration
VWBM Sagging Hogging Sagging Hogging Hogging Sagging Hogging Sagging

Negative-aft

Positive-aft

Negative-aft

Positive-aft

Positive-aft

Negative-aft

Positive-aft

Negative-aft

Negative-fore

Positive-fore

Positive-fore

Negative-fore

Positive-fore

Negative-fore

VWSF . . . . . - . i
Positive-fore |Negative-fore| Positive-fore | Negative-fore| Negative-fore| Positive-fore |Negative-fore| Positive-fore

HWBM | Port tensile | Stbd tensile | Stbd tensile | Port tensile | Stbd tensile | Port tensile | Port tensile | Stbd tensile

HWSF Positive-aft | Negative-aft | Negative-aft | Positive-aft | Negative-aft | Positive-aft | Positive-aft | Negative-aft

Negative-fore

Positive-fore

Negative-aft

Positive-aft

Positive-aft

Negative-aft

Positive-aft

Negative-aft

Negative-aft

Positive-aft

™ Positive-fore |Negative-fore | Negative-fore| Positive-fore | Negative-fore| Positive-fore | Positive-fore | Negative-fore
Surge To bow To stern To bow To stern To bow To stern To bow To stern

e | S | S | 5 | =S | 5 |5 | 5 | =S
Sway - - - - To portside | To starboard | To starboard | To portside
Asipay - - ws| —>ILs Wsﬂ‘— ’L.S L.s“— ’*vv%é L.S‘ *j‘vﬁ
Heave Up Down Up Down Up Down Up Down

Opeque Wéﬂ { ’LS m tlis L.S‘ { hfsﬂ L.SW? SL.S Wé)‘ t ’L.S L.S‘ / "v?/? L.S\ t ’TN?
Roll Portside Portside up Starboard Starboard up Portside Portside up Starboard Starboard up

down down down down

roll Ws’@ LS W@L.s LS @W:sv L.S@‘\I-V? W.S LS Wis’@m LS @Vv? L.S@‘V—V?
Pitch Bow up Bow down Bow up Bow down Bow up Bow down Bow up Bow down
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2.2 Load combination factors

2.2.1

The load combinations factors, LCFs for the global loads and inertia load components are defined in:
Table 4 : LCFs for HSM, HSA and FSM load cases.

Table 5 : LCFs for BSR and BSP load cases.

Table 6 : LCFs for OST and OSA load cases.

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

Load component LCF HSM-1 HSM-2 HSA-1 HSA-2 FSM-1 FSM-2
M, wv CIVV —1 1 - 09 09 —1 1
QIW CQW —f }p S }11 =/ .lp / }p —0.85f }1) 0.85f }p
Hull girder )
loagds M, WH CI’VH 0 0 0 0 0 0
Qwr | Con 0 0 0 0 0 0
My | Cyr 0 0 0 0 0 0
asur‘ge CXS 06_04fT _06+04fT 1_04fT _1+04fT 05_05fT _05+05fT
Longitudinal
| C —0. 5 — —0. )
accelerations | “Pitch—2 AP 0.5 0-5 1 1 0.1 0.1
gsine CXG 0.45 —0.45 0.95 —0.95 0.1 —0.1
Ogpay Cyg 0 0 0 0 0 0
Transverse a c 0 0 0 0 0 0
accelerations roll—y Yr
gsind | Cyg 0 0 0 0 0 0
Wheave | Cozm 0.2 —0.2 —0.1+04f7| 0.1—04f, 0.1 01
Vertical
' C
accelerations Groll—= 7R 0 0 0 0 0 0
piten—- | Czp —05 0.5 -1 1 —0.1 0.1
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Table 5: Load combination factors, LCFs for BSR and BSP load cases

Load component LCF BSR-1P BSR-2P BSR-1S BSR-2S
My, C Wy 0 0 0 0
Quwv | Cow 0 0 0 0
H“IIL fider Myz | Cyx 0.05 —0.05 —0.05 0.05
Owr | Con 0 0 0 0
]L[W"T CIJ*"T - flp*BSR flp*BSR flpf BSR - flp*BSR
Asurge | Cxs 0 0 0 0
il LV Y% B o o o
gsing Cxe 0 0 0 0
Oyuey | Cys 0.6—0.7f, —0.6+0.7f, —0.6+0.7f, 0.6—0.7/,
gsind Cye -1 1 1 —1
Gome | Coir 0.9—0.8/ —0.9+0.8f, 0.9—0.8f, —0.9+0.8f,
acc\gleg‘ilct?(l)ns Gou—= | Cum 15—fr —15+f7 =15+ f7 L5—fr
Gir—» | Cozp 0 0 0 0
Load component LCF BSP-1P BSP-2P BSP-1S BSP-2S
My | Cyy —0.25+0.5f 0.25— 0.5/ —0.25+0.57 0.25—0.5/,
Quyv | Cow | (=025f,4+05)f, | (025f,—05)f, | (—0.25/,+05)f, | (0.25f,—05)f,
Hulli) agdi;der Myy | Com —0.15 0.15 0.15 —0.15
Qui | Con 0.1f, —0.1/, —0.1f, 0.1,
My Cyr /i Ip— BSP —f ‘lp —BSP =/ Ip— BSP f Ip—BSP
Gyrge | Chs 0.1 —0.1 0.1 —0.1
Lol e | o | 0 o o o
gsing Cxe 0 0 0 0
Qguay | Cls 1 —1 —1 1
a:;:ifr‘;flrszs G-y | Cyr 0.58f,—0.18 —0.58f,+0.18 —0.58f,+0.18 0.58/,—0.18
gsinf | Cygq —0.1 0.1 0.1 —0.1
Gome | Coir —0.5f,—0.4 0.5/,+0.4 —0.5f,—04 0.5f,+0.4
aclfgi;?éns Qo | Com 0.58f,—0.18 —0.58f,+0.18 —0.58f,+0.18 0.58f,—0.18
Apiten—= | Czp 0 0 0 0
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Table 6 : Load combination factors, LCFs for OST and OSA load cases

Load component LCF OST-1P OST-2P OST-1S OST-2S
My | Cyy —0.3—0.2f; 0.3+0.2f, —0.3—0.2f, 0.3+0.2f,
Quwv | Cow —0.35f), 035/, —0.35f, 0.35f;,
Hull girder
o a%is My | Conr -1.0 1.0 1.0 -1.0
Quu | Con | (L1f7—04)f, (—11f7+04)f, | (—11f,+04)f, (L1f,—0.4)f,
M, wr CWT - f Ip— OST f Ip— OST f Ip— OST - f Ip— OST
Qgyyrge Cys —0.25 0.25 —0.25 0.25
Longitudinal
-z | C . —0. . —0.
accelerations | “itch—e AP 0.6 0.6 0.6 0.6
gsing | Cxg —04 0.4 —04 04
asu!ay CYS 0 0 0 0
Transverse 3 g
. —0. —14 . —14 . . —0.
accelerations Goi—y | Cyr 1.4f,—0.7 14f,+0.7 1.4f,+0.7 14f,—0.7
gsinf | Cyg —04f,+0.1 04f,—0.1 0.4f,—0.1 —04f,+0.1
A eqve CZH —0.15 0.15 —0.15 0.15
Vertical
C 1.4f,—0.7 —14f,+0.7 —14f,+0.7 1.4f,—0.7
accelerations | “rol—= ZR fr fr fr fr
Air—» | Cozp 0.6 —0.6 0.6 —0.6
Load component LCF OSA-1P OSA-2P OSA-1S OSA-2S
Myy | Cyy 0.75—0.3f —0.75+0.3f 0.75—0.3f —0.75+0.3f,
Quwv | Cow | (075-03f7)f, | (=075+037.)f, | (0.75-03f.)f, | (=0.75+0.3f.)f,
Hulll g(,iirder Myy | Cun 1.1—-04f, —1.1+04f —1.14+04f, 1.1-04f7
oads
Qur | Com (—1.1+0.4fT)f,p (1.1—0.4fT)f,p (1.1—0.4fT)flp (—1.1+0.4fT)f,p
Myr | Cyrp —fp-osa Jip—osa Jip—osa —fp-osa
Asrge Cyg —045+0.2f, 045—0.2f, —0.45+0.2f, 045—0.2f
Longitudinal _ _
accelerations Giten—s | Cxr ! 1 1 1
gsing | Cyg —0.6 0.6 —0.6 0.6
Ay Cyg —0.2fp 0.2fp 0-2f, —0.2fp
Transverse
accelerations | oIy Cyn 0.2 —02 -0.2 0.2
gsind | Cyg 0.1 —0.1 —0.1 0.1
- Chry 0.1—-04f, —0.1+04f, 0.1-04f, —0.1+04f,
Vertical
accelerations | 7ol Con 0.2 —0.2 —-0.2 0.2
H’pit(hfz CZP 1 —1 1 —1
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Section 3 - Ship motions and accelerations

Symbols

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

)

S T

: Acceleration parameter, to be taken as:
24 100 _ 600
v L 1?

: Roll period, in s, as defined in [2.1.1].

ay = (1.58—0.47C})

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

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

1
R= 5(0.353 +1.47;,)

Cxo Cxo Cxp Cyer Cye Cymy Cypn Cp and  Cp @ Load combination factors, as defined in Ch 4, Sec 2.

Qpol— y
a’pitdl —x
Apoll—

a’])l',t(‘h, -z

Ir

T, Y,z

s

: Transverse acceleration due to roll, in m/s?, as defined in [3.3.2].

: Longitudinal acceleration due to pitch, in m/s?, as defined in [3.3.1].
: Vertical acceleration due to roll, in m/s? as defined in [3.3.3].

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

: Ratio between draught at a loading condition and scantling draught, to be taken as:

T
fT=% but is not to be taken less than 0.5.
SC

: Draught, in m, amidships for the considered load case.

: X, Y and Z coordinates, in m, of the considered point with respect to the coordinate system,
as defined in Ch 4, Sec 1, [1.2.1].

: Coefficient for strength assessments which is dependant on the applicable design load scenario
specified in Ch 4, Sec 7, and to be taken as:

/s =1.0 for extreme sea loads design load scenario.
f,s =0.8 for the ballast water exchange design load scenario.
f,s =0.8 for the accidental design load scenario at sea.

f,s =04 for the harbour/sheltered water design load scenario.
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1. General
1.1 Definition

1.1.1

The ship motions and accelerations are assumed to be sinusoidal. The motion values defined by the
formulae in this section are single amplitudes, i.e. half of the “'crest to trough™ height.

2. Ship motions and accelerations
2.1 Ship motions

2.1.1 Roll motion
The roll period 7,, in s, to be taken as:
T 2.3mk,
0 W
The roll angle ¢, in deg, to be taken as:
~9000(1.25=0.0257) f,f 5xc

(B+75)m
where:
/, : Coefficient to be taken as:
Jp =1 for strength assessment.
f,=09(0.23—4f,B x 107) for fatigue assessment.
o : To be taken as:
fer =12 for ships without bilge keel.
fpr=1.0 for ships with bilge keel.
k, : Roll radius of gyration, in m, in the considered loading condition. The values in Table 1 is
to be adopted unless provided in the loading manual.
GM : Metacentric height, in m, in the considered loading condition. The values in Table 1 is to be

adopted unless provided in the loading manual.

Table 1: k, and GM values

Loading condition" Tre k, GM
Full load condition Teo 0.358B 0.06 B
Ballast condition Trar 0.45B 0.258

M For flooded loading conditions, the values of k, and GM, unless provided in the loading manual, are to be taken as

those for the full load condition.

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

27 L
Td):”T
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where:

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

_ 15 \'0
=1350/,L 0'94{1.0+ —) }
P10, VoL
where:
/) : Coefficient to be taken as:
Ly =1 for strength assessment.

f,=09[(0.27-0.02f;) —(13—57,) L x 107  for fatigue assessment.

2.2 Ship accelerations at the centre of gravity

2.2.1 Surge acceleration

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

Agrge = 0-18 f,009
where:
/ : Coefficient to be taken as:
S = Fps for strength assessment.

f,=09[027—(15+4f,)L x10°]  for fatigue assessment.

2.2.2 Sway acceleration
The transverse acceleration due to sway, in m/s% is to be taken as:
Aspay = 0291, 009
where:
/, : Coefficient to be taken as:
S =1 for strength assessment.

f,=09[024—(6—2f,)B <10 ] for fatigue assessment.

2.2.3 Heave acceleration
The vertical acceleration due to heave, in m/s? is to be taken as:
e = 05,009
where:
f : Coefficient to be taken as:
So="1ps for strength assessment.

[, =09[(0.27+0.02f7) —17L x 107°] for fatigue assessment.

2.2.4 Roll acceleration

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

roll>

7 (2r)?
aTO :f)e_ _)
L7180 | 7,
where:
/) : Coefficient to be taken as:
S0 =10 for strength assessment.
[, =09[023—4fB x 1071] for fatigue assessment.
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2.2.5 Pitch acceleration

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

'pitch >

3.1 m [2m\?

Qv :f:z)(ﬁ+1'4 ¢M(?

where:

f, : Coefficient to be taken as:
Jo =10 for strength assessment.
f,=09[0.28—(5+6/7)L x 1077] for fatigue assessment.

3. Accelerations at any position

3.1 General

3.1.1

The accelerations used to derive the inertial loads at any position are defined with respect to the ship
fixed coordinate system. Hence the acceleration values defined in [3.2] and [3.3] include the gravitational
acceleration components due to the instantaneous roll and pitch angles.

3.1.2
The accelerations to be applied for the dynamic load cases defined in Ch 4, Sec 2 are given in [3.2].

3.1.3

The envelope accelerations as defined in [3.3] are provided for advisory purposes and may be used for
other design purpose when the maximum design acceleration values are required, for example, crane
foundations, machinery foundations, etc.

3.2 Accelerations for dynamic load cases

3.2.1 General

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

3.2.2 Longitudinal acceleration

The longitudinal acceleration at any position for each dynamic load case, in m/s?, is to be taken as:
ay=—Cxggsing+ Cyga,,.,. T Cxpa, (z— R)

3.2.3 Transverse acceleration

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

ay= Cyggsind+ Cyga, Cyp @,z —R)

sway -
3.2.4 Vertical acceleration
The vertical acceleration at any position for each dynamic load case, in m/s?, is to be taken as:

= — _ 3
Az = CZH A eave + CZR Aoy CZP a’pit(’h (LE 04‘)L)
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3.3 Envelope accelerations

3.3.1 Longitudinal acceleration

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

; L . 2
Ay —env = 0.7 \/a’jurge + [ 325 (g Sln¢+apit(‘h—m)

where:

e, © Longitudinal acceleration due to pitch, in m/s*
Qpiteh—z = pita (z—R)

3.3.2 Transverse acceleration

The envelope longitudinal acceleration, « in m/s% at any position, is to be taken as:

y—envd

Uy oy = \/ai,mﬁ(gsin0+a7‘oll,y)2

where:

.-, : Transverse acceleration due to roll, in m/s”.
Qroll—y = a5 (2= R)

3.3.3 Vertical acceleration

The envelope longitudinal acceleration, « in m/s% at any position, is to be taken as:

z—env?

L 2
Ay —eny = \/a]Zmec + (03+ 325 a’[h’,t(‘h—z) +(1'2aroll—z)2
where:
. © Vertical acceleration due to pitch, in m/s”.
a’piu‘h* P apitch (J’l - O45L)
a,q—. : Vertical acceleration due to roll, in m/s”.

Qpoll—z = oy
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Section 4 - Hull girder loads

Symbols

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

x : X coordinate, in m, of the calculation point with respect to the reference coordinate system
defined in Ch 4, Sec 1, [1.2.1].
/s : Heading correction factor, to be taken as:

a) For strength assessment:
/3 =08 for BSR and BSP load cases for the extreme sea loads design load scenario.

f3=10 for HSM, HSA, FSM, OST and OSA load cases for the extreme sea loads design
load scenario.

f3 =10 for ballast water exchange at sea, harbour/sheltered water and accidental flooded design
load scenarios.

b) For fatigue assessment:

f3=10
C, : Wave coefficient, in m, to be taken as:
_ r\L5
Cw:10.75—(300 L) for 90 < L < 300
100
C,=10.75 for 300 < L < 350
_ 15
C.:10.75*(L 350) for 350 < L < 500
w 150
Cyp : Waterplane coefficient at scantling draught to be taken as:
c A
w (LB)
A, : Waterplane area at scantling draught, in m?.

BSR, BSP, HSM, HSA, FSM, OST, OSA : Dynamic load cases, as defined in Ch 4, Sec 2.

1. Application
1.1 General

1.11

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

1.1.2

The total hull girder loads for the static plus dynamic (S+D) design load scenarios are to be derived for
each dynamic load case and are to be taken as the sum of the still water loads defined in [2] and the
dynamic loads defined in [3.7].
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2. Vertical still water hull girder loads
2.1 Application

2.1.1 General

a) The designer is to provide the permissible still water bending moment and shear force for seagoing
and harbour/sheltered water operations.

b) The permissible still water hull girder loads are to be given at each transverse bulkhead in the
cargo hold region, at the middle of cargo compartments, at the collision bulkhead, at the engine
room forward bulkhead and at the midpoint between the forward and aft engine room bulkheads.
The permissible hull girder bending moments and shear forces at any other position may be
obtained by linear interpolation.

c) Still water bending moments, A/, in kNm, and still water shear forces, F, in kN, are to be
calculated at each section along the ship length for design loading conditions as specified in [2.1.2]

2.1.2 Design loading conditions

In general, the design cargo and ballast loading conditions, based on amount of bunker, fresh water and
stores at departure and arrival, are to be considered for the A7, and Fy calculations. Where the amount
and disposition of consumables at any intermediate stage of the voyage are considered more severe,
calculations for such intermediate conditions are to be submitted in addition to those for departure and
arrival conditions. Also, where any ballasting and/or de-ballasting is intended during voyage, calculations
of the intermediate condition just before and just after ballasting and/or de-ballasting any ballast tank are
to be submitted and where approved included in the loading manual for guidance.

The permissible vertical still water bending moments A/, . and M, . and the permissible vertical still
water shear forces Fy,, and Fy,. in seagoing conditions at any longitudinal position are to envelop:

a) The maximum and minimum still water bending moments and shear forces for the seagoing
loading conditions defined in the loading manual.
b) The maximum and minimum still water bending moments and shear forces specified by the
designer
The loading manual should include the relevant loading conditions, which envelop the still water hull
girder loads for seagoing conditions.

2.2 Vertical still water bending moment

2.2.1 Still water bending moment
When the still water bending moments are not defined in the loading manual, the permissible still water

bending moment, A,

sw—h>

in kNm, in hogging condition, is to be taken as:
Hogging conditions:

L sw—h fsu' (190 C;UL ZB( Cb’ + 07) 1073 - ]L[um*h *nm'd)

where:
M, ) _.a - Vertical wave bending moment for strength assessment in hogging condition, as defined in
[3.2] using f, and f, equal to 1.0.
Sow : Distribution factor along the ship length. To be taken as, see Figure 1:
JSsw =00 for <0
Sow =0.15 for z=0.1L
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Sow =10 for 0.3 <2 <0.7L
Sfow =0-15 for x=09L
fsu;zo'o fOI‘ rx =1L

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

fs-\\ J\
1.0 g
I I
| |
I I
| |
1 |
[} [}
I I
I 1
| |
I I
1 1
I I
| |
I I
1 1
! ]
015 == =—===mi e Hm—m———
| | I ]
] 4 ] ! o
0.0 0.4L 0.3L o 0.7L 0.9L 1.0L
AE FP

Figure 1: Distribution factor f_

2.2.2 Permissible vertical still water bending moment in seagoing condition
The permissible vertical still water bending moments, A7, , and M, . in seagoing condition at any
longitudinal position are to envelop:
a) The most severe still water bending moments calculated, in hogging and sagging conditions,
respectively, for the seagoing loading conditions defined in Ch 4, Sec 8.
b) The most severe still water bending moments for the seagoing loading conditions defined in the
loading manual.
2.2.3 Permissible vertical still water bending moment in harbour/sheltered water and
tank testing condition
The permissible vertical still water bending moments in the harbour/sheltered water and tank testing
condition A7, _, , and M, , . at any longitudinal position are to envelop:

a) The most severe still water bending moments, in hogging and sagging conditions, respectively, for
the harbour/sheltered water loading conditions defined in Ch 4, Sec 8.

b) The most severe still water bending moments for the harbour/sheltered water loading conditions
defined in the loading manual.

¢) The permissible still water bending moment defined in [2.2.2].

2.2.4 Permissible vertical still water bending moment in flooded condition at sea
The permissible vertical still water bending moments in flooded condition A7, , at any longitudinal
position are to envelop:
a) The most severe still water bending moments, in hogging and sagging conditions, respectively, for
the intact and flooded seagoing loading conditions defined in Ch 4, Sec 8.

b) The most severe still water bending moments for the intact and flooded seagoing loading
conditions defined in the loading manual.

¢) The permissible still water bending moment defined in [2.2.2].
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2.3 Vertical still water shear force

2.3.1 Permissible still water shear force in seagoing condition
The permissible vertical still water shear forces, ¢, in seagoing condition at any longitudinal position
are to envelop:
a) The most severe still water shear forces, positive or negative, for the seagoing loading conditions
defined in Ch 4, Sec 8.
b) The most severe still water shear forces for the seagoing loading conditions defined in the loading

manual.

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

The permissible vertical still water shear forces, Q in the harbour/sheltered water and tank testing

sw—p?

condition at any longitudinal position are to envelop:
a) The most severe still water shear forces, positive or negative, for the harbour/sheltered water
loading conditions defined in Ch 4, Sec 8.
b) The most severe still water shear forces for the harbour/sheltered water loading conditions defined
in the loading manual.
2.3.3 Permissible still water shear force in flooded condition at sea
The permissible vertical still water shear forces, @, in flooded condition at any longitudinal position
are to envelop:
a) The most severe still water shear forces, positive or negative, for the flooded seagoing loading
conditions defined in Ch 4, Sec 8.

b) The most severe still water shear forces for the flooded seagoing loading conditions defined in the
loading manual.

¢) The permissible still water shear force defined in [2.3.1].

2.4 Torsional still water moment

2.4.1 Permissible torsional still water moment in seagoing condition

The permissible torsional still water moment, 7,

sw—t2

in seagoing condition at any longitudinal position
are to envelop:
a) The most severe torsional still water moment, positive or negative, for the seagoing loading
conditions defined in Ch 4, Sec 8.
b) The most severe torsional still water moment for the seagoing loading conditions defined in the
loading manual.
2.4.2 Permissible torsional still water moment in harbour/sheltered water and tank
testing condition

The permissible torsional still water moment, A7, _,,
condition at any longitudinal position are to envelop:

in the harbour/sheltered water and tank testing

a) The most severe torsional still water moment, positive or negative, for the harbour/sheltered water
loading conditions defined in Ch 4, Sec 8.

b) The most severe torsional still water moment for the harbour/sheltered water loading conditions
defined in the loading manual.
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3. Dynamic hull girder loads

3.1 Wave parameter

The wave parameter is defined as follows:

7 \22
O=1—1.50(1—H ) for L <L,
L»,yef re,

1.7
c=1 —0.45( - 1) for L>1L,,,
ref
where:
L,.s : Reference length, in m, to be taken as:

L.,=315C, " for the determination of vertical wave bending moments according to [3.2].

L.,=330C,” for the determination of vertical wave shear forces according to [3.3].

3.2 Vertical wave bending moment

The distribution of the vertical wave induced bending moments, A7, in kNm, along the ship length is

wv

given in Figure 2, where:

3 B 0.8
M wo—Hog 15f1?pr CCup(f) f]\'L*Hag

i B 0.8

]Wwv—szg = 1'5fﬁpr$CQLﬁp(f) fNL—&zg

where:

e : Factor related to the operational profile, to be taken as:
fr=085

/, : Coefficient to be taken as:
Sy =1 for strength assessment.
[, = 0.900.27—(64+4f,)L x107°] for fatigue assessment.

far-m, - Non-linear correction for hogging, to be taken as:

C,
INe— g =03 C’B VT, for strength assessment, not to be taken greater than 1.1.
wp

Ity =10, for fatigue assessment

far-s, - Non-linear correction for sagging, to be taken as:

INi—s1g —4.56%, for strength assessment, not to be taken less than 1.0.
Sar—sag =10, for fatigue assessment
T Bow : Bow flare shape coefficient, to be taken as:
Apx—Awg

fBOlU T nNor.
0.2Lz/

Apg : Projected area in horizontal plane of uppermost deck, in m? including the forecastle deck, if
any, extending from 0.8Z forward (see Figure 3). Any other structures, e.g. plated bulwark,
are to be excluded.

Ay, : Waterplane area, in m?®, at draught T, extending from 0.8Z forward.
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: Vertical distance, in m, from the waterline at draught T to the uppermost deck (or forecastle
deck), measured at FE (see Figure 3). Any other structures, e.g. plated bulwark, are to be
excluded.

zf

{7y R ——

0.25 Miy—piog |~ emefloeee e eee .
0.15 Mw—sog |---- = ; ‘

AE 0.35L 0/6L FE

My —sag |-woeoeo

Figure 2 : Distribution of vertical wave bending moment M, along the ship length

Forecastle deck Forecastle de
Deck 2 Deck | / Deck ;

Z Z Z
A 4 \ § A 4

Waterline Waterline
Ti >

0,8 e o8 | fle = FIE

Waterline

[
ﬂ||
‘l||

N
N

Figure 3: Projected area A, and vertical distance 2

3.3 Vertical wave shear force

The distribution of the vertical wave induced shear forces, ¢),, in kN, along the ship length is given in
Figure 4, where:

~| &

0.8
Qwv 25; = 52fprL20 pr( ) (03 +0'7f]\'LfHog)
0

Fore _ 2
Qu - 57fopL CQ{)I)

v Hog

—_—

B .8
f) f]\'LfHag

B 0.8
Quudl :—5.2fﬂpr2Cpr(f) (03+0.7f 57 gy)
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. B 0.8
Qo bt =57 f pf [L*C cwp(f> (0.25+0.75f py— 540)

@, = 4.0 fof LCC (E)OAS
wo P wp\ [

Intermediate values are obtained by linear interpolation.

where:

7, : Coefficient to be taken as:

Iy =T ps for strength assessment.

[, =0.900.27—(17—87 ;)L x 107°]  for fatigue assessment.

Qw

Fore

L :

At e
Q“" Hog

Mid
QH’

0.2L 0.3L 0.4L 0.55L0.65L

0.2L 0.3L 0.4L 0.5L 0,6L 0.75L

- A
020,

Figure 4 : Distribution of vertical wave shear force @, , along the ship length

3.4 Horizontal wave bending moment

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

B , 12L
Mvh - 0'25fnlthpr TLC Cw ( 1000 +1 fm*H

where:
ot : Coefficient considering nonlinear effect to be taken as:
S =10
fa—g : Distribution factor along the ship length, to be taken as(see Figure 5):
Fom—g=0.0 for /,,=0.0, f,,=1.0
Fo—g=10 for 04L < f,, <065L, f,, =10
Intermediate values are obtained by linear interpolation.
/ . Coefficient to be taken as:
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S = Fps for strength assessment.

[, =09[(02+0.04f,) +(11—8f,) L x1077] for fatigue assessment.

fm—H A

1.0 1 )
1 1
1 1
1 1
1 I
1 I
I |
1 I
1 |
1 I
1 1
1 1
1 1
I 1
I I
1 I
1 1
1 1
1 1
1 1 -

0.0 0.4L 0.65L 1.0L
AE FP

Figure 5: Distribution of horizontal wave bending moment f__ . along the ship
length

3.5 Horizontal wave shear force

The horizontal wave shear force at any longitudinal position with respect to the ship baseline, in kNm,
is to be taken as:

17L
Qi = fnlhf]?pr TrcCpC, ( 10000 + 1'27)fq—H

where:
Foih . Coefficient considering nonlinear effect to be taken as:
S =10
foou : Distribution factor along the ship length, to be taken as (see Figure 6):
feen=00 for f,, =00, f,,=10
L u=10 for 0.2L < f,, < 0.35L
fo-n=08 for 0.5L < f,;, < 0.55L
L y=10 for 0.7L < f,, < 0.85L
Intermediate values are obtained by linear interpolation.
f, : Coefficient to be taken as:

S = Fps for strength assessment.

£, =0.9[(0.2+0.04f,) + (11 —8f,) L < 10"°] for fatigue assessment.
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fo-n 4
1
/ 1 1
0.8 : :L\I_l/l:
1 1 : : 1
1 1 L 1
1 1 L 1
. . 1 !
! ! 1 .
- ' ' !
1 1
1 1 : : 1 | >
oL 0.2L  035L 05L 0.55L 0.7L 0.85L 1L
AE FP

Figure 6 : Distribution of horizontal shear force foem along the ship length
3.6 Wave torsional moment

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

5B
]L{wt = fnlh fprLB Cw TLC( 1000 + 0'44)fmf Tfsc’

where:
£y . Coefficient to be taken as:
fy="rps for strength assessment.
f,=09[02+(5f,—4.25)B x<10"*]  for fatigue assessment.
o : Distribution factor along the ship length, to be taken as (see Figure 7):
o7 =00 for f,, =00, f,, =10
Fnor=10 for 0.2 < f,; <0.35L
S =06 for 0.45L < f,, < 0.55L
fore 7 =0.03C, +0.5 for 0.65L < f,, < 0.8L
Intermediate values are obtained by linear interpolation.

S : Shear center factor along the ship length, to be taken as:
_ Zse
fs(: =1- ?
2o : Z coordinates of shear center, in m, at the middle of the mid-hold.

f;?l—T A

1

)

0.03C,,+ 0.5

\_/"

1
1
1
1
1
I
1
I
1
1

0.6

1 1
0L 0.2L 0.35L 0.45L 0.55L 0.65L 0.8L 1L
AE FP

Figure 7: Distribution of wave torsional moment 7 _ ., along the ship length
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3.7 Hull girder loads for dynamic load cases

3.7.1 General

The dynamic hull girder loads to be applied for the dynamic load cases defined in Ch 4, Sec 2, are
given in [3.7.2] to [3.7.5].

3.7.2 Vertical wave bending moment

The vertical wave bending moment, A7, _,., in kNm, to be used for each dynamic load case in Ch 4,
Sec 2, is defined in Table 1.

Table 1: Vertical wave bending moment for dynamic load cases

Load combination factor VL —
CE'VV =0 -f .ﬂ CI"["T’]I/ ‘/[um—Hag
CI’VV <0 fd CW’[/"‘A 114!1!—&15]'
where:
Cyv : Load combination factor for vertical wave bending moment, to be taken as specified in Ch 4,
Sec 2.
My, 1y M,,—, - Hogging and sagging vertical wave bending moment taking account of the considered

design load scenario, as defined in [3.2].

3.7.3 Vertical wave shear force

The vertical wave shear force, @,, ;- in kN, to be used for each dynamic load case in Ch 4, Sec 2,
is defined in Table 2.

Table 2: Vertical wave shear force for dynamic load cases

Load combination factor Quo— 10

Aft

- ff} CQI’V Qurv H{:g

CQI’V =0 Fore

fﬁ CQI’I*" Qwﬂ Sag

Fore

C <0 f I CQI’V| Qu;v H(z)):/

QW c Aft

f 153 QI’V| Qw'v Sag

where:

Cow : Load combination factor for vertical wave shear force, to be taken as specified in Ch 4, Sec

2,

: Vertical wave shear force taking account of the considered design load scenario, as
defined in [3.3].

Qw'u —pos? wv—neg
3.7.4 Horizontal wave bending moment

The horizontal wave bending moment, A7, ,., in kNm, to be used for each dynamic load case defined
in Ch 4, Sec 2, is to be taken as:
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My, —ro=F3 CnuMy,

where:

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

M, : Horizontal wave bending moment taking account of the appropriate design load scenario, as

defined in [3.4].

3.7.5 Horizontal wave shear force

The horizontal wave shear force, @,,, in kN, to be used for each dynamic load case in Ch 4, Sec 2, is
defined in Table 3.

Table 3: Horizontal wave shear force for dynamic load cases

Load combination factor Qun—1c
Con =0 I3 Conr Qun
Cor <0 I3 Cou| Qun|
where:
Con : Load combination factor for horizontal wave shear force, to be taken as specified in Ch 4,
Sec 2.
Qo : Horizontal wave shear force taking account of the considered design load scenario, as defined
in [3.5]

3.7.6 Wave torsional moment

The wave torsional moment, A/, ;. in kNm, to be used for each dynamic load case defined in Ch 4,
Sec 2, is to be taken as:

My 0= f3 CurMy,

where:
Cur : Load combination factor for wave torsional moment, to be taken as specified in Ch 4, Sec 2.
M, : Wave torsional moment taking account of the appropriate design load scenario, as defined in

[3.6].
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Section 5 - External loads

Symbols

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

A : Wave length, in m.

B, : Moulded breadth at the waterline, in m, at the considered cross section.

T

z, y, = : X, Y and Z coordinates, in m, of the load point with respect to the reference coordinate
system defined in Ch 4, Sec 1, [1.2.1].

for : Ratio as defined in Ch 4, Sec 2.
Iys : Ratio between Y-coordinate of the load point and B,, to be taken as:
_ 12yl

fs="% > but not greater than 1.0.

f,5=0 when B, =0.

fym : Ratio between Y-coordinate of the load point and B, to be taken as:
fum = |2—g| , but not greater than 1.0.
fr : Ratio as defined in Ch 4, Sec 3.
Py + Wave pressure at the waterline, kN/m?®, for the considered dynamic load case.

Py oy =Py for y=B,/2 and 2= T,

by : Water head equivalent to the pressure at waterline, in m, to be taken as:

p, = Dwn

Py

Lo : Coefficient for strength assessment, as defined in Ch 4, Sec 3.
6 : Roll angle, in deg, as defined in Ch 4, Sec 3, [2.1.1].
7, : Roll period, in s, as defined in Ch 4, Sec 3, [2.1.1].
fs : Coefficient defined in Ch 4, Sec 4.
Zgp : Z coordinate, in m, of the midpoint of stiffener span, or of the middle of the plate field.

1. Sea pressure
1.1 Total pressure

1.11

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

P, =P, but not less than 0.

The total pressure 2, at any load point of the hull for the static plus dynamic (S+D) design load
scenarios, is to be derived from each dynamic load case and is to be taken as:

P = P+ Py, but not less than 0.

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

#Z»Rules for the Classification of Steel Ships 2019 155



Pt 14 Structural Rules for Container Ships
Ch 4 Loads

Pt14, Ch4,Sec5

1.2 Hydrostatic pressure

1.2.1
The hydrostatic pressure, Py at any load point, in kN/m?, is obtained from Table 1. See also Figure 1.

Table 1: Hydrostatic pressure, P,

Location Hydrostatic pressure, Pg, in kN/ m?®
2= The pg (Tpe—2)
2> 1o 0

kv

é%
A%

Figure 1: Hydrostatic pressure, P,

1.3 External dynamic pressures

1.3.1 General

The hydrodynamic pressures for each dynamic load case defined in Ch 4, Sec 2, [2] are defined in

[1.3.2] to [1.3.8].

1.3.2 Hydrodynamic pressures for HSM load cases

The hydrodynamic pressures, P, for HSM-1 and HSM-2 load cases, at any load point, in kN/m?, are
to be obtained from Table 2.

Table 2 : Hydrodynamic pressures for HSM load cases

Wave pressure, in kN/m?

Load case Z<Tre T:0< Z < h,+Ti0 Z>hy+Tre
HSM-1 Py, = max (— Prays pg(z - Tm))
Py= Py —pg (2= Tpc) Py =00
HSM-2 Py=max (Pygy p9(z—T,0)
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where:
Pysy= frf, ,f n,lf 3 fyz P.f. fp — HSM
/f . Coefficient to be taken as:

fo="Fps for strength assessment.
£, =0.9[(0:21+0.02f ;) + (6 —4f,) L < 10"°] for fatigue assessment.
S : Coefficient considering non-linear effects, to be taken as:

a) For extreme sea loads design load scenario for strength assessment :
fu=07 at f,, =0
f,=09 at 0.3 < f£,, <0.7
fu=06 at f,=1

b) For ballast water exchange design load scenario for strength assessment :
[, =085 at f,, =0
£, =095 at 0.3 < f,, <0.7
£, =080 at £, =1

Intermediate values are obtained by linear interpolation.

fu=10 for fatigue assessment.
1y : Girth distribution coefficient, to be taken as:

fo= 057 54142111

yz 3 ) yB R TL(V .
P, : Pressure amplitude coefficient in mid-ship position, to be taken as:

a) For full load condition and B> 35m:

B L
=90t 50

b) For ballast load condition or B < 35m:

L 200
LBt T
£ : Wave amplitude coefficient to be taken as:
A+25
f a 085Cu' I
A : Wave length of the dynamic load case, in m, to be taken as:

A=05(1+f,)L
sy - Pressure distribution coefficient in the longitudinal direction of the ship, to be taken as:

a) For full load condition:

fp_HSMZ(UBsin g—g(f,m—o.%))wz) for f,, <04
f :(58 in(z—”(f -2 4))—47)f +|7 in(Q—”(f —24))—5 9)(1—f ) for 0.5 < f
p— HSM 08 2.65 xL . : yB S 2.65 xL : . yB = JaxL
b) For ballast load condition:
p,HSM:(o.ssin %(fw—o.%))w.g) for £, <04

2 2
fp_HSM:(Qsin 1—.7;(f,,L—0.2))—1 [t GSin(Tﬁf,L)—E))(l—fw) for 05<7,,

Intermediate values are obtained by linear interpolation.
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1.3.3 Hydrodynamic pressure for HSA load cases

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

Table 3 : Hydrodynamic pressures for HSA load cases

Wave pressure, in kN/ m>
Load case z < TL(? TLC <z <h wt TLC z>h wt TLO
HSA-1 Py=max (Pygy » pg (2= T;c))
Py = Py — pg(z—T}) Py,=00

HSA-2 PW: max (7PH5A y PY (zf TLC))
where:
P]]SA = fopfnlfﬂfyz Pu,fr),fp—llgA
fy : Coefficient to be taken as:

Jy=1r0 for strength assessment.

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

a) For extreme sea loads design load scenario for strength assessment :
Su=07at f,,=0
Su=09 at 03 < f ;<07
Jfu=06 at f ;=1

b) For ballast water exchange design load scenario for strength assessment :
JSu=085 at f,=0
JSu=095 at 03 < f,; <0.7
fu=080 at f ,=1

Intermediate values are obtained by linear interpolation.

fu=10 for fatigue assessment.

Iy : Girth distribution coefficient, to be taken as:
Fo=losf 142411
v 3 v TLC

P : Pressure amplitude coefficient in mid-ship position, to be taken as:

a) For full load condition and B> 35m:

L 200
L= T
7 : Wave amplitude coefficient to be taken as:
L+X—125
fa=08C, 7
A : Wave length of the dynamic load case, in m, to be taken as:
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A=05(1+f,)L
fo-msa - Pressure distribution coefficient in the longitudinal direction of the ship, to be taken as:

a) For full load condition:

Sln(ggf ) 0.9)(1— ) for f,, <04

2
fotist = (o.ssm(o—g(fu+0.05))—o.5)fy3 f
fosa = (5 851n(§5(f 3.6))+5.1)fy3+(GSin(%(fo*3))+5~1)(1*fyB) for 05<7,,
b) For ballast load condition:

£y i = (0 SSln( s, 0.1))—0.5) fot(3sin (2 f,) —25)(1—F,)  for £, <03

So—msa = (o SSm( ;3 (f,.—3. 4))+o 1)f/3+(851n( ;2 (for— 1.1))+7)(17f1/3) for 04<f,
Intermediate values are obtained by linear interpolation.

1.3.4 Hydrodynamic pressure for FSM load cases

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

Table 4 : Hydrodynamic pressures for FSM load cases

Wave pressure, in kN/m?
Load case z < Tpn Tio<z < hy+T z >hy+ T
FSM-1 Py=max (= Pug,, pg (z— T;0))
Py = Py = pg(z = Tye) Py=00

FSM-2 Py=max (Ppguv P9 (2 — TL(,*))
where:
Proy= fl?fpfnlfdfyz PafafpfFS]l[
7, : Coefficient to be taken as:

S0 =10 for strength assessment.

f,=09[(021+0.02f,) +(6—4f,) L x107°] for fatigue assessment.
o : Coefficient considering non-linear effects, to be taken as:
a) For extreme sea loads design load scenario for strength assessment :

f/zl =09

b) For ballast water exchange design load scenario for strength assessment :

S =0.95
fu=10 for fatigue assessment.
Iy : Girth distribution coefficient, to be taken as:
[ = Hosf 4122413
f 3 v Tro
P, : Pressure amplitude coefficient in mid-ship position, to be taken as:
P,=0. 5%+ 5—L0+2 3
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£ : Wave amplitude coefficient to be taken as:

B A+25
o =085C,[ =

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

A=05(1+15f,)L

fo—mar - Pressure distribution coefficient in the longitudinal direction of the ship, to be taken as:

a) For full load condition:
fp*FSA/: (5~5fu* 1)fyB+ (7f.1‘L7 1.5)(1 *fyB)

.| 27
Jo-rsu= (1~351n(ﬁ

b) For ballast load condition:

Jo—rsu= (6/,,— 1'5)fyB+ (7f,,—2)(1 _fyB)

2w
1

Jo—ron= (1'3Sin(f (for— 0'2))_ 0-3)fy3 +

1.2 7%

(fofO.13))70.3)f1,B+ (1.ssin(ﬁ(f,ﬁ— 2.55))*0.8)(1 )

27
1

1.6sin(—(fu—0.2))—0,6)(1 )

1.

Intermediate values are obtained by linear interpolation.

1.3.5 Hydrodynamic pressure for BSR load cases

for f

xT

;<03

for 0.4 < f,,

for f,, <03

for 04<f,,

The wave pressures, P, for BSR-1 and BSR-2 load cases, at any load point, in kN/m? are to be

obtained from Table 5.

Table 5: Hydrodynamic pressures for BSR load cases

Wave pressure, in kN/m?
Load case z < Tro Tio<z < hy+ T z >hy+Tra
BSR-1P Py=max (Pgg, pg (2= T;0))
BSR-2P Py=max (— Py, pg (2= T;())
Py= Py —pg(z— Tre) Py, =0.0
BSR-1S Py=max (Pgep, pg (2= Tre))
BSR-2S PW: max (7PBSR y P9 (Z* TLC))

Table 6 : Factor application for BSR load cases

Transverse position

BSR-1P, BSR-2P

BSR-1S, BSR-2S

y=>0

()

(P)

y <0

(P)

(S)

where:

Prop = fo:ufnlfﬁfyz szafprSR

f : Coefficient to be taken as:
Iy =1r0s for strength assessment.
f,=09((021+0.04f,) — (12f,—2)B < 10"!]  for fatigue assessment.
fo : Coefficient considering non-linear effects, to be taken as:
Su=10
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Iy : Girth distribution coefficient, to be taken as:
a) For full load condition:
[, (P)= 16 |4y 05 +0.1)
T Lc

f,.(9) —%(4 5f,5+02)

b) For ballast load condition:

1
£ (P) =7 ((05 +fw (2fw+2))
1
£:08) =5 ((0 A= F+fﬂ (2fy3+2))
P, . Pressure amplitude coefficient in mid-ship position, to be taken as:

a) For full load condition:

35GM
B

P,=13—0.03L+

b) For ballast condition:
P (P)=7(GM—02B)+10(— C,+10.75)

a

P,(S)=10(GM—0.2B— C,+10.75)

7 : Wave amplitude coefficient to be taken as:
— =4
 —oasc [EFA1B
A : Wave length of the dynamic load case, in m, to be taken as:
9Ty
o
f,—psz - Pressure distribution coefficient in the longitudinal direction of the ship, to be taken as:

a) For full load condition:

fopsp(P) =—(sin (27 (£, +0.05))) f,5 for f,, <02
fops(P) =—f,p for 02 < f,, <06
[ psp(P) = (0 osm( 58 (fxfo.45))+0.5)fy3 for 0.7 < f,,
fopse(9) = (sin (27 (f,,+0.05))) £, for f,, <0.2
fp—BsR(S) :fg/3+0~8(1_fyg) for 0.2 < Sfor <06
fo-pse(8) = (0 551n(§8 (foz 0.45))+0.5)fy3 for 0.7< 7,

b) For ballast load condition:

fp,BSH(P) (sm( f5 I ) fun for 7., <04
[ psp(P) = (0 osm( f4 (for 0.1))+0.5)le3 for 05 < f,,
' per(S) = (sm( 127;f ))fyB for f,, <04

fonsi(8) = (0 5sin f4(wa—o.1))+0.5)f,/B for 05 < f,,

Intermediate values are obtained by linear interpolation.
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1.3.6 Hydrodynamic pressure for BSP load cases

The wave pressure, Py, for BSP-1 and BSP-2 load cases, at any load point, in kN/m? are to be
obtained from Table 7.

Table 7 : Hydrodynamic pressures for BSP load cases

Wave pressure, in kN/ m>
Load case z < TL(? TLC <z <h wt TLC z>h wt TLO
BSP-1P PI"V: max (_PBSPa Pg (Z_ TL(,'))
BSP-2P PW: max (PBSP7 rg (zf TLC))
Py = Py —pg (2= Ty Py,=00
BSP-1S PW:maX (_P35p7 Py (Z— TLC))
BSP-2S Py=max (Pggp, pg (2— T0))

Table 8: Factor application for BSP load cases

Transverse position BSP-1P, BSP-2P BSP-1S, BSP-2S
y=0 ) ®)
y<0 P) ®)
where:
PBSP:fopfnlfﬁfszafa p—BSP
/f : Coefficient to be taken as:
S =Fos for strength assessment.
f,=09[02+(8+16f,) X 107%] for fatigue assessment.
fo : Coefficient considering non-linear effects, to be taken as:
a) For extreme sea loads design load scenario for strength assessment :
fu=06 at f,, =0
f,=08 at 03 < f,, <0.7
Su=06 at f,,=1
b) For ballast water exchange design load scenario for strength assessment :
f,=06 at £, =0
f,=08 at 03 < f,, <07
fu=06 at f, =1
Intermediate values are obtained by linear interpolation.
fu=10 for fatigue assessment.
Ly : Girth distribution coefficient, to be taken as:

/,.(P) = (j;/3+0.55i+0.2 (f,5—0.6)+0.3
Lc

% T,

z
f,.(8) = (0.4fy3+0.5ﬁ fpt01
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: Pressure amplitude coefficient in mid-ship position, to be taken as:

P(P) =11

a

P(8)=25

: Wave amplitude coefficient to be taken as:

L
600(2—f,)

fo=

[ L+A—125
0'8011! L )

)+50,,

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

A=90+0.38

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

Iy psp(P) = (0 5sin 028 (for 0.2))+0 5)fl,3 +(2sin (27 (f,,+0.25)) +3) (1~ £,5) for f,, <04
fo-psp(P) =(—0-5fTL+1-2>ﬁ,B+(3sm( oo or 0-75))+4)(1—fy3) for 0.5 < f,, <08
fopsp(P) = (=2f, +24) f 5+ 3sm( 0.9 (j;,.L—0.75))+4)(1—fw) for 08 < £,
fopsp(S) = (0 3sin o S L (f,,—02) +0.7)fy5,+ (2sin (27 (f,,+0.25)) +3)(1—f,5) for f,, <04
fo-nsr(9) = f1/3+(351n( 5 (fa,fo.75))+4)(1—ﬁ,5) for 0.5 < f,, <0.6
fo-pse(8) =(=125f,,+1.75) f,5+|3sin 39 (f., 0.75))+4)(1—fw) for 0.6 < f,, <08

3S1n(§9(f 0.75))-1-4)(1—]”!/3)} for 08 < f,,

fo-pse(S) = (0 6sin 121 (ﬁ,L—o.s))) +0. 16)jw+

Intermediate values are obtained by linear interpolation.

1.3.7 Hydrodynamic pressure for OST load cases

The wave pressures, Py, for OST-1 and OST-2 load cases, at any load point are to be obtained, in

kN/m?, from Table 9.

Table 9 : Hydrodynamic pressures for OST load cases

Wave pressure, in kN/m?
Load case 2 = Tpn Tio<z < hy+T,. z >hyt T
OST-1P Py=max (Posr»> pg (2= Tr0))
OST-2P Py=max (= Pygr, pg (z— Ty o))
Py= Py —pg(z— Tpe) Py,=0.0
OST-1S Py=max (Pogp: pg (z2— Tr0))
OST-2S Py=max (= Pygp, pg (z— T,0))

where:

Table 10 : Factor application for OST load cases

Transverse position OST-1P, OST-2P OST-1S, OST-2S
y=0 (S ®)
y<0 ®) S
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P osT

o

f nl

Iy

fpf

164

osT

= fopfnlfﬁfszafa p—OST

: Coefficient to be taken as:

L= Fs for strength assessment.

fp:0.9[(0.25—0.02f7)+(12fT—9)B><10’4] for fatigue assessment.

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

Su=038 for strength assessment.

Su=10 for fatigue assessment.

. Girth distribution coefficient, to be taken as:

1 z
f.(P)= g((5fyB+3E (L/B*0-5)+4)

1 z
fyz(S)fg(nyB+5fC+1

: Pressure amplitude coefficient in mid-ship position, to be taken as:

L
P(P)=10(3 )

_L
P (S)=10(3 *0)+17

a

: Wave amplitude coefficient to be taken as:

B L+A—125
fo=06C\—

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

A=045L

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

a) For full load condition:

Frosp(P) = ( Sm(sgm)ms)f, ( 15sm(f7; (sz—O.Z))-i-OA)(l—fyB) for f,, <0.2

Frost(P) = (0551n(§6(f 0.15))70.5)@3 ( 15sm(123(fo*0-2))+0.4)(1*@3)

for 03 < f,, <0.6

fo—osr(P) == f,p+(15sin(2n(f,,—0.5)) —2)(1— £, ) for 0.7 < f,, <0.8
fo-osr(P)=(=10f,,+7) f,p+(L5sin (27 (f,,—0.5)) —2)(1—f,) for 0.8 < f,,
Jo—o0sr(8) =05f,5+ ( 1. osm( fg ) 4) 1= f,5) for f,, <02

7T

1.3

foosr(S) = (07051n(§7f 025) ( 15S1n( for 02)+04)(1 fyB)

for 03 < f,;, <06

' osr(S) = (0 681n( 2 (f., 0.1)—0.25)fw+(1.5sin(27r(er—o.5))—2)(1—fy3) for 0.7 < f,,

0.6
b) For ballast load condition:

+2.1)fy3+( 4s1n(2 (me—O.l))+3)(1—fyB) for f,,<0.2

2m
fp*()ST(P) ( QSln(06f1L 1.9

fo—osr(P) =(—12sin (27 (f,;+0.35))) f, 5+ 4sm( 129 (frfo.1))+3)(1ffy3) for 0.2 < f,, <06
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o osr(P) :(_11f.1:L+9)fyb’+(351n(06 (for 0-1))—1-5)(1—f,,B) for 0.8 < f,,

129 (for 0-1))+3)(1—fy3) for f,, <02

,)—057(5):0'6fy3 ( 4sin

' osr(S) = (0 851n(02g5 (f.1 0.05))—0.2)fy3 ( 4s1n( 127; (fl,L—O.l))+3)(1—fyB)
for 0.2 <f,, <06

foo0sr(S) = (0 8sin ( 0.65 (for 0.05))70.2)fy3+(10f1f7)(1ffyB) for 0.6 < f,, <08

foos(S) = (0851n 0.65 ——(for 005)) 0.2 )fy,; (351n(§6(f 0.1)71.5)(174,;)

for 08 < £,
Intermediate values are obtained by linear interpolation.

1.3.8 Hydrodynamic pressure for OSA load cases

The wave pressures, Py, for OSA-1 and OSA-2 load cases, at any load point, in kN/m?® are to be
obtained from Table 11.

Table 11: Hydrodynamic pressures for OSA load cases

Wave pressure, in kN/m?
Load case z < Tpo Tio<z < hy+ T 2 >hy+ T
OSA-1P Py=max (Pygs pg (2= Tr0))
OSA-2P Py=max (= Pygy s pg (2= Typ))
Py= Py —p9(z— Tyo) Py,=0.0
OSA-1S Py=max (Pyg, pg (z2— T;))
OSA-28 Py=max (= Pogy - pg (2= Tyc))

Table 12 : Factor application for OSA load cases

Transverse position OSA-1P, OSA-2P OSA-1S, OSA-2S
y=0 () P)
y<0 19 (S
where:
PObA jl?jpfnl-fdfuz a.f fp OSA
/) : Coefficient to be taken as:
fo =1y for strength assessment.
F : Coefficient considering non-linear effects, to be taken as:

a) For extreme sea loads design load scenario for strength assessment :
f,=05 at f,, =0
f,=08 at 0.3 < f,, <0.7

f‘!ll =0.6 at flLZl

b) For ballast water exchange design load scenario for strength assessment :
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[, =075 at f,, =0
£, =090 at 0.3 < f,, <0.7
fn,=080 at f,, =1

Intermediate values are obtained by linear interpolation.

S =10 for fatigue assessment.
Ly : @Girth distribution coefficient, to be taken as:
1 z
f,-(9) =15 f,,,ﬁ3§+0~5

a) For full load condition:

- (P) = (1~1fy3+0~8TL (f,5—0.6) +0.24
Lc

b) For ballast load condition:

f,.(P) = (0.5fy3+2.5 7;;)(0.95@370.7) +0.25

P : Pressure amplitude coefficient in mid-ship position, to be taken as:

a) For full load condition:

1500 | L**

F(P) = I 10
~ 3000 , L
P8 ==+

b) For ballast load condition:

P(P)=T
P,(S) =15
fa : Wave amplitude coefficient to be taken as:
- [L+X—125
fo=06C\—F—
A : Wave length of the dynamic load case, in m, to be taken as:

A=03(f,+1)L
"—osa - Pressure distribution coefficient in the longitudinal direction of the ship, to be taken as:
a) For full load condition:

fo—051(P) :fy3+(0~5Siﬂ(%(fo_O'g))+1'5)(l_fyB) for f,, <0.2

fo-0s1(P) :L,B+(85in %([FL+O.3))*6.6)(1*J”7/E) for 02 < f,, <0.3

2 2w

st (P) = (1.5sin (O—Z(f,;L—O.l))—OB)j}/B—i- (SSin (ﬁ(fm-f—o.?)))—ﬁﬁ)(l ~f,)

for 0.3 < f,, <07

foosa(P) = (1.5sin (%(fIL*O.G))*3)fyB+ (SSin ( ;7: (f,L+0.3))+6-6)(1 /)

for 08 < f,;
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054 (S) = (0551n Os(ﬁ,L—o.Q))+o.5)fyB+ OSSm(05(wa—O.S))-l-l.E))(l—fyU) for f,, <02

%(mfo?))* 0'5)@“

fo—054(8) = (0.5sin 8sin (;—2(wa+0~3))—6~6)(1—@3>

for 0.2 <f,, <04

fo—0sa(8) = ( sm( 08 (f_,tL—0.6)))fyB+(85in( 27: (fo+0.3))—6.6)(1—fyB) for 0.4 < f,, <0.8
fo—0sa(8) = (51n(08(f 0.6))7 ) fupt 85m(2i Jor 03 ) 6.6 )(kfw) for 08 < f,,
b) For ballast load condition:
fo-osa(P) = (—2.5sz+0~5>fyB+(2sin (%(M—OA))Jr?)(l—fyB) for £, <04
fp—(JSA(P) :(_2~5fo+0-5)fyB+(7sin(%(er+U~15))—6)(1—fyg) for 0.4 <7, <06
fp*OSAl(P) =—f,pT|7sin %(ﬁrL+0-15))*6)(1*,ﬁ,,3) for 0.6 < f,, <038

v osa(P) ==3f,5—=6(1—f,5) for f,, =

251n(§7; (for 0-4))+2)(17fy3) for f,, <03

foosa(8) = (055m 06(f 0.25))+0.5)fy,;+

27

foo0sa(S) = (05s1n(§6(fTL—O.QB))+0.5)fyB+ 7sin( (f,L+015)) )(1—f],3)

for 03<f,;,<04
054 (8) = (—sin(2n(f,,— 065)))f'iul,+(75in(%(ﬁd+0.15))—6)(1—fw)

for 04 < f,;, <08
—osa(S) =—1.5f,,—6(1—f,) for f,,=1.0

Intermediate values are obtained by linear interpolation.

1.3.9 Envelope of dynamic pressure

The envelope of dynamic pressure at any point, 2, ..., iS to be taken as the greatest pressure obtained

from any of the load cases determined by [1.3.2] to [1.3.8].

1.4 External dynamic pressures for fatigue assessments

1.4.1 General

1.4.2 Hydrodynamic pressures for HSM load cases
1.4.3 Hydrodynamic pressures for FSM load cases
1.4.4 Hydrodynamic pressures for BSR load cases
1.4.5 Hydrodynamic pressures for BSP load cases

1.4.6 Hydrodynamic pressures for OST load cases
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2. External pressures on exposed decks
2.1 Application

2.1.1
The external pressures and forces on exposed decks are only to be applied for strength assessment.

2.1.2

The green sea pressures defined in [2.2] for exposed decks are to be considered independently of the
pressures due to distributed cargo or other equipment loads and any concentrated forces due to cargo or
other unit equipment loads, defined in [2.3.1] and [2.3.2] respectively.

2.2 Green sea loads

2.2.1 Pressure on exposed deck

The external dynamic pressure due to green sea loading, P,, at any point of an exposed deck, in

kN/m?, for the static plus dynamic (S+D) design load scenarios is to be derived for each dynamic load
case and is to be taken as defined in [2.2.3] to [2.2.4].

The external dynamic pressure due to green sea loading, P,, at any point of an exposed deck for the
static (S) design load scenarios is zero.

2.2.2

If a breakwater is fitted on the exposed deck, no reduction in the green sea pressure is allowed for the
area of the exposed deck located aft of the breakwater.

2.2.3 HSM, HSA and FSM load cases

The external pressure, 7, for HSM, HSA and FSM load cases, at any load point of an exposed deck is
to be obtained, in kN/m?, from the following formula.

Py, =Py, but not to be taken less than P, ..

Pyp . Pressure, in kN/m®, obtained at side of the exposed deck for HSM, HSA and FSM load
cases as defined in [1.3].

: Minimum exposed deck pressure, in kN/m?, to be taken as:

D—min
a) For cargo hold analysis according to Ch 7: P,_ . =0.
b) For other cases: P, . as defined in Table 13.
X . Coefficient defined in Table 14.
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Table 13 : Minimum pressures on exposed decks for HSM, HSA, FSM load cases

Minimum pressure on exposed deck, Pp_ ., in kN/m?
Location
L;, =100m L;, <100m
2, /L, <0.75 34.3 14.94+0.195L,,
. = Trr Lip, %o Trr
xy /Ly >0.75 34.34(14.8+a(L;;—100))(4—=—3) 122+ ——=(5—"--2)+3.6—=
Ly 9 Ly Ly
a :0.0726
x;; : X-coordinate of the load point measured from the aft end of the freeboard length L,;.

Table 14 : Coefficient for pressure on exposed decks

Exposed deck location X
Freeboard deck 1.00
Superstructure deck including forecastle deck 0.75
Ist tier of deckhouse 0.56
2nd tier of deckhouse 0.42
3rd tier of deckhouse 0.32
4th tier of deckhouse 0.25
Sth tier of deckhouse 0.20
6th tier of deckhouse 0.15
7th tier of deckhouse and above 0.10

2.2.4 BSR, BSP, OST and OSA load cases

The external pressure, P, for BSR, BSP, OST and OSA load cases at any load point of an exposed
deck is to be obtained, in kN/m?, by linear interpolation between the pressures at the port and starboard
deck edges :

Py =X P

Py pt — X P W, D—pt

where:

Py p_o o Pressure obtained at starboard deck edge for BSR, BSP, OST or OSA load cases as defined
in [1.3], as appropriate.

Py p_,, - Pressure obtained at port deck edge for BSR, BSP, OST and OSA load cases as defined in
[1.3], as appropriate.

% : Coefficient defined in Table 14.

2.2.5 Envelope of dynamic pressures on exposed deck

The envelope of dynamic pressure at any point of an exposed deck, P,_,., iS to be taken as the
greatest pressure obtained from any of the load cases determined by [2.2.3] and [2.2.4].
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2.3 Load carried on exposed deck

2.3.1 Pressure due to distributed load

If a distributed load is carried on an exposed deck, for example deck cargo or other equipment, the
static and dynamic pressures due to this distributed load are to be considered.

The total pressure, P, in kN/m? due to this distributed load for the static (S) design load scenario is

to be taken as:
Py=Py_

d

The pressure P,, in kN/m? due to this distributed load for the static plus dynamic (S+D) design load
scenario is to be derived for each dynamic load case and is to be taken as:

Py=Fy +Fy 4

where:

Py, : Static pressure, in kN/m?, due to the distributed load, to be defined by the Designer and, in
general, but not less than 10kN/m?.

Py, : Dynamic pressure, in kN/m?®, due to the distributed load, to be taken as:
Py-g= f&%P{ﬂ—s

ay . Vertical acceleration, in m/s?, at the centre of gravity of the distributed load, for the

considered load case, to be obtained according to Ch 4, Sec 3, [3.2.4].

2.3.2 Concentrated force due to unit load

If a unit load, for example deck cargo, is carried on an exposed deck, the static and dynamic forces due
to the unit load carried are to be considered.

The force F,, in kN, due to this concentrated load for the static (S) design load scenarios, is to be
taken as:

Fy=Fyg

The force F,, in kN, due to this concentrated load for the static plus dynamic (S+D) design load
scenarios is to be derived for each dynamic load case and is to be taken as:

Fy=Fy +Fy_y

where:
Fy_, : Static force, in kN, due to the unit load to be taken equal to:
Fyg=myg
Fuy : Dynamic force, in kN, due to unit load to be taken equal to:
Fy_g=myfsay
my : Mass of the unit load carried, in ¢.
ay . Vertical acceleration, in m/s®, at the centre of gravity of the unit load carried for the

considered load case, to be obtained according to Ch 4, Sec 3, [3.2.4].
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3. External impact pressures for the bow area
3.1 Application

3.1.1

The impact pressures for the bow area are only to be applied for strength assessment.

3.2 Bottom slamming pressure

3.2.1

The bottom slamming pressure Pg, in kN/m?, for the bottom slamming design load scenario is to be
evaluated for the following two cases:

Case 1 : An empty ballast tank or a void space in way of the bottom shell.

Py =109 VL fycg . for L <170m
Py =130gfgcog_ e for Z > 170m
Case 2 : A full ballast tank in way of the bottom shell.
Py =10g \/ffSLcSL,ﬂfl.%pg(zmp*z) for L <170m
Py, =130gfgcq-pe —1.25pg (2, —2) for L > 170m
where:
¢ : Coefficient to be taken as:
¢ =0 for L < 180m
¢, =—0.0125(L—180)%™ for Z>180m
cqg_o - Slamming coefficient for case with an empty ballast tank or void space:
TF—, 0.2
Cop et =595~ 10.5( 7
co-p - Slamming coefficient for case with a full ballast tank:
cyp=595— 10.5(% -
fo : Longitudinal slamming distribution factor, to be taken as:
fa =0 for /L < 05
fqg =10 for /L =05+c¢,
fg=10 for z/L =0.65+c,
fg =05 for z/L > 1

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

Cy : Coefficient to be taken as:

L
¢y =0.33 CB+% but not to be taken greater than 0.35.

: Design slamming draught at the FP to be provided by the Designer. 7., is not to be greater
than the minimum draught at the FP indicated in the loading manual for all seagoing
conditions where any of the ballast tanks within the bottom slamming region are empty. This
includes all loading conditions with tanks inside the bottom slamming region that use the
“sequential” ballast water exchange method, if relevent.
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Ty, : Design slamming draught at the FP to be provided by the Designer. 7)., is not to be greater
than the minimum draught at the FP indicated in the loading manual for all seagoing
conditions where all ballast tanks within the bottom slamming region are full. This includes
all loading conditions with tanks inside the bottom slamming region that use the
“flow-through’" ballast water exchange method, if relevent.

Ztop : Z-coordinate of the highest point of the tank, excluding small hatchways, in m.
For strength assessment of double bottom floors and girders, z,, is not to be taken greater
than the double bottom height.

3.2.2 Loading manual information

The loading guidance information is to clearly state the design slamming draughts and the ballast water
exchange method used for each ballast tank, if any.

3.3 Bow impact pressure

3.3.1 Design pressures

The bow impact pressure P, in kN/m?, to be considered for the bow impact design load scenario is to
be taken as:

Ppp =1.025 fppcpg V?m SinYyy

where:

frp : Longitudinal bow flare impact pressure distribution factor. To be taken as:
frp =055 for /L <09
frp=4(x/L—09)+055 for 0.9 <z/L < 0.9875
frp=8(x/L—0.9875) +0.9 for 0.9875 <z/L < 1.0
frp=10 for /L > 1.0

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

Vi =0514 V, rsina,, + VL

Vs : Forward speed, in knots, to be taken as:
V,.;=0.75V but not less than 10.

Qyyy : Local waterline angle, in deg, at the considered position, but not less than 35 deg. See
Figure 2.

o : Local bow impact angle, in deg, measured in a vertical plane containing the normal to the
shell, from the horizontal to the tangent line at the considered position but not less than 50
deg, as shown in Figure 2. Where this value is not available, it may be taken as:

Vot = tanl(zz—fi

By : Local body plan angle, in deg, at the considered position from the horizontal to the tangent
line, but not less than 35 deg.

Crp : Coefficient to be taken as:
=10 for positions between draughts 77;,, and 7.

) (hﬂ,—QhO) L
Crp = \/ 1.0+ cos [QOT} for positions above draughts 7.
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hg, : Vertical distance, in m, from the waterline at the draught 7, to the highest deck at side. See
Figure 2.
hy : Vertical distance, in m, from the waterline at the draught 7. to the considered position. See
Figure 2.
c
WL
Oy
Waterline angle Tangent line
c
............. I _-_._?_
4 A
: Section C-C
1/ Hignest |
"""""""""""""""""""""" deck + T oTTTTTATTTTTTTTTTYTT

Tangent line

|
!
! Bow impact
h, ! ;Nangle
WL, |
!
|
|
|

Waterline at
draught T,

Figure 2 : Definition of bow geometry

4. External pressures on superstructure and deckhouses
4.1 Application

4.1.1
The external pressures on superstructure and deckhouses are only to be applied for strength assessment.

These pressures are to be considered as dynamic pressures and are to be applied to the appropriate
structure without any static pressure load component.

4.1.2

The dynamic load case concept is not to be applied for external pressures on superstructures and
deckhouses.

4.2 Exposed wheel house tops

4.2.1
The lateral pressure for exposed wheel house tops, P, in kN/m?, is to be taken as:
P,=125

#Z»Rules for the Classification of Steel Ships 2019 173



Pt 14 Structural Rules for Container Ships
Ch 4 Loads Pt14, Ch4,Sec5

4.3 Sides of superstructures

4.3.1
The design pressure for the external sides of superstructures, P, in kN/m? is to be taken as:
where:
Py =21Cycp(C, +07)$
SI : W-F B : 10+ Zep— TSC
where:
cp : Distribution factor according to Table 15.
Table 15 : Distribution factor ¢,
Location cp
x/L<0.2 1.0-&-%(0.2—%) without taking z/L less than 0.1
B
z/L=0.2 1.0

4.4 End bulkheads of superstructures and deckhouse walls

4.41

The external pressure for the aft and forward external bulkheads of superstructures and deckhouse walls,
in kN/m?, is to be taken as:

Py=foflffa— o= Teo)l

but is not to be less than P, ...

where:
fa : Coefficient defined in Table 16.
f. : Coefficient, to be taken as:
b
fC:0-3+0.7F1 but not less than 0.475.
1
For exposed parts of machinery casings, f. is not to be taken less than 1.0.
fa : Coefficient, to be taken as:
7£ —(L/;mo)_( _( L )2) =
Ji= 106 1 150 for L <150m
_ L —upw
Ji= 0°¢ for 150m < L < 300m
J;=11.03 for L = 300m
b, : Breadth of deckhouse at the position considered.
B, : Actual breadth of ship on the exposed weather deck at the position considered.
5 : Coefficient defined in Table 17.
P, ,.n : Minimum lateral pressure, in kN/m?, as defined in Table 18.
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Table 16 : Coefficient 7,

Type of bulkhead Location I
Lowest tier® 20-|—é
12
L
Unprotected front bulkhead® Second tier 10+1—;
Third tier and above 5+%
Protected front bulkhead® All tiers 5+%
Side bulkheads All tiers 5+1—L;
. L, z
Abaft amidships 7+W 8Z
Aft end bulkheads L
. . e 2 l
Forward of amidships 5+ 100 4 A

) The front bulkhead of a superstructure or deckhouse may be considered as protected when it is located less than
B, behind another superstructure or deckhouse, and the width of the front bulkhead being considered is less than
the width of the aft bulkhead of the superstructure or deckhouse forward of it. B, is the local breadth of the ship
at the front bulkhead.

@ The lowest tier is normally that tier which is directly situated above the uppermost continuous deck to which the
moulded depth D is measured. However, when (D— TSC) exceeds the minimum non-corrected tabular freeboard
(according to ICLL as amended) by at least one standard superstructure height (as defined in Ch 1, Sec 4, [3.3]),
then this tier may be defined as the 2nd tier and the tier above as the 3rd tier.

Table 17 : Coefficient f,

Location of bulkhead® £y
z ) x/L—0.45
Zoo Lo+ | 2—=
7045 017G, +o2
z x/L—0.45\?
Z <045 10415 ==
=04 0 5( Cyy +0.2 )

Cy @ Block coefficient, but not less than 0.60 nor greater than 0.80. For aft deckhouse bulkheads located forward of
amidships, C;, may be taken as 0.80.

M For deckhouse sides, the deckhouse is to be subdivided into parts of approximately equal length, not exceeding
0.15L each, and z is to be taken as the X-coordinate of the centre of each part considered.

Table 18 : Minimum lateral pressure, P, _

min
PA* min? in kN/mZ
L
Lowest tier of unprotected fronts Elsewhere!”
L L
<25 25+ — 125+ —
90 <L <250 5+ 0 5+ 20
L>250 50 25
) For the 4th tier and above, P, ., is to be taken equal to 12.5kN/m?.
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Section 6 - Internal loads

Symbols

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

ayayay, : Longitudinal, transverse and vertical accelerations, in m/s’, at x4y 24 as defined in Ch 4,
Sec 3, [3.2].

fo : Factor for joint probability of occurrence of liquid cargo density and maximum sea state in
25 years design life, to be taken as:
a) For strength assessment with FE analysis of cargo tanks filled with liquid cargo:
fu=10 for p, >1.025t/m>.
£y =088 for p, =1.025¢/m®.
b) For other cases:
f.a=10.
/s : Coefficient defined in Ch 4, Sec 4.
i : Height of air pipe or overflow pipe above the top of the tank, in m.
s : Maximum permissible filling level, in m, taken as:

a) For ballast tanks: maximum tank height

Py, . Overpressure, in kN/m?, due to sustained liquid flow through air pipe or overflow pipe in
case of overfilling or filling during flow through ballast water exchange. It is to be defined
by the designer, but not to be less than 25kN/m?.

Py : Design vapour pressure, in kN/m? but not less than 25kN/m”.

r.,y,z . X, Y and Z coordinates, in m, of the load point with respect to the reference coordinate
system defined in Ch 4, Sec 1, [1.2.1].

ToYezc: X, Y and Z coordinates, in m, of the volumetric centre of gravity of the tank or fully filled
cargo hold, i.e. 1V, considered with respect to the reference coordinate system defined in Ch
4, Sec 1, [1.2].

Ziop : Z coordinate of the highest point of tank, excluding small hatchways, in m.

or : Density of liquid in the tank, in t/m®, but not less than:
a) For strength assessment

pr,=1.025 for all liquids including oil cargoes. If a tank filled at 98% is intended to carry
heavier liquid cargoes than 1.025 (i.e. p,.,_ 2> 1.025), then p, =p,.. e

b) For fatigue assessment
p;, =09 for liquid cargoes.
pr =1.025 for all other liquids.

Ponas—rar - Maximum liquid cargo density in t/m®, associated with a full tank at 98%, from any loading
condition in the ship's loading manual or value specified by the designer.

Psin : Liquid density, in t/m®, to be used for sloshing assessment, taken as:
Psin = PL

Per : Density of steel, in t/m®, to be taken as 7.85.

0 : Roll angle, in deg, defined in Ch 4, Sec 3, [2.1.1].
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1. Pressure due to liquids

1.1 Application

1.1.1 Pressures for the strength assessments of intact conditions

The internal pressure due to liquid acting on any load point of a tank, in kN/m?® for the static (S)
design load scenarios, given in Ch 4, Sec 7, is to be taken as:

P

in

=P, but not less than 0.

The internal pressure due to liquid acting on any load point of a tank, in kN/m? for the static plus
dynamic (S+D) design load scenarios is to be derived for each dynamic load case and is to be taken as:

P, =P, +P, but not less than 0.

where:

P, . Static pressure due to liquid in tanks, in kN/m?, as defined in [1.2].

Py : Dynamic inertial pressure due to liquid in tanks, in kN/m?®, as defined in [1.3].

1.1.2 Pressures for the strength assessment of flooded conditions

The internal pressure in flooded condition, in kN/m?, acting on any load point of the watertight
boundary of a hold, tank or other space for the flooded static (S) design load scenarios, given in Ch 4,
Sec 7, is to be taken as:

P, =P, but not less than pgd,.

where:

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

d, : Distance, in m, to be taken as:
dy =0.02L for L <120m.
dy =24 for L >120m.

1.2 Static liquid pressure

1.2.1 Normal operations at sea

The static pressure due to liquid in tanks, P, during normal operations at sea, in kN/m? is to be taken
as:

Pls = p[,g(ztnp _Z)

1.2.2 Harbour/sheltered water operations

The static pressure, P, due to liquid in tanks for harbour/sheltered water operations, in kN/m?, is to be
taken as:

Pls = pLg(Ztop _Z)

1.2.3 Sequential ballast water exchange

The static pressure, 7, due to liquid in ballast tanks associated with sequential ballast water exchange
operations, in kN/m?, is to be taken as:

Pls = pLg(Zt()p —z+0.5 h/air)

#Z»Rules for the Classification of Steel Ships 2019 177



Pt 14 Structural Rules for Container Ships
Ch 4 Loads Pt 14, Ch 4, Sec 6

1.2.4 Flow through ballast water exchange

The static pressure, P, due to liquid in ballast tanks associated with flow through ballast water exchange
operations, in kN/m?, is to be taken as:

+ Pdrop

Pls = pLg(Ztop —z+ hm'r)
1.2.5 Ballasting using ballast water treatment system

The static pressure, P, due to liquid in tanks associated with ballasting operations using a ballast water
treatment system is to be taken as defined for sequential ballast exchange in [1.2.3]. The ship designer
has to inform the Society if the ballast water treatment system implies additional pressure to be
considered as P, etc in addition to the pressure defined in [1.2.3].

1.2.6 Static liquid pressure for the fatigue assessment

The static pressure due to liquid in tanks, P, to be used for the fatigue assessment, in kN/m?, is to be
taken as:

Py =p9(2,,—2) for all tanks.

1.3 Dynamic liquid pressure

1.3.1

The dynamic pressure, P, due to liquid in tanks, in kN/m?, is to be taken as:

Pqy= fgfaiPL[aZ(Zo —z) +fuzz—lax(% —x) +fuzz—tay(@/0 —y)]

where:

SFuti—1 : Longitudinal acceleration correction factor for the ullage space above the liquid in tanks, taken
as:
Jur—1 =10

SFuti—t : Transverse acceleration correction factor to account for the ullage space above the liquid in
tanks, taken as:
Jun-¢ =10

, : X coordinate, in m, of the reference point.

Yo : Y coordinate, in m, of the reference point.

2y : Z coordinate, in m, of the reference point.

The reference point is to be taken as the point with the highest value of V.

7, calculated for all points

that define the upper boundary of the tank as follows:

Vi=ayle;—xg) +ayly;—ye) +ayztg)(z;—20)

where:

x, : X coordinate, in m, of the point j on the upper boundary of the tank.
Y : Y coordinate, in m, of the point j on the upper boundary of the tank.
z; : Z coordinate, in m, of the point j on the upper boundary of the tank.
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1.4 Static pressure in flooded conditions

1.4.1 Static pressure in flooded compartments
The static pressure, P, in kN/m?®, for watertight boundaries of flooded compartments is to be taken as:

Py, =pgh,, but not less than 0.

where:
hg, : Pressure height, in m, in flooded condition, to be taken as:
hy =max(zm— 2 1yl sinb g, + (24, —2)c0s04,,)  for hull local scantling according to Ch 6
By = ysinb g, + (Zgam — 2) 080 g, for direct strength analysis according to Ch 7
2 : Z coordinate, in m, of the freeboard deck at side in way of the transverse section considered.
2 gam : Z coordinate, in m, of the deepest equilibrium waterline at centre line in the damaged
condition.(or in intermediate stages of flooding)
0 s : Angle, in deg, between the deepest equilibrium waterline in the damaged condition (or in

intermediate stages of flooding) and the base line.

2. Pressures and forces due to container
2.1 Container design load

2.1.1 Design weight of a container

The design weight of a container, A7, _., in hold and design stack weight on deck, A, in ton, is to
be used based on the trim and stability booklet. The design weight of a container is not to be less than
the minimum as follow:

M, _.>25 for 20ft container

M, _, =35 for 40ft container

M, . >4.0 for 45/t container

where:

M,._, : Design weight of a container at tier 'i', in ton, and to be defined for each 20ft and 40ft

container.

2.1.2 Static force of a container

The static force of a container, F in kN, and the static force of stack, 7, ,, in kN, are to be

con—s—1i9

taken as:

F,

on—s—i

=gM

Fstackfs = gjystuck
2.1.3 Dynamic force of a container

The dynamic container force components of a container at the container center of gravity, in kN, is to
be taken as:

F(Dn*d*x*i = ]WmnfiaX
anfdfyfi = ‘]M;’onf'iay
an*dfzfi = Afam*ia’Z
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2.1.4 Center of gravity of a container

The wvertical center of gravity of each container is assumed at 45% of container height. And, the
longitudinal and transverse center of gravity of each container is assumed at the mid of corresponding
length.

2.1.5 Total container forces

The total container force acting on the bottom of each container stack is to be taken as:

mn —total—x j 3 (J()‘!I —d—z—i

con total—y Z oon d—y—1i

oon total—z E con—s— L Z con—d—z—1i or Fwn*toml*z: stack— 5+Z con—d—z—1

i=1 i=1 i=1
where:

N : Number of containers per stack in hold or on deck.

2.2 Container loads in hold

2.2.1 Longitudinal load component

The longitudinal load component, 7,, in kN, is to be applied to the transverse bulkhead depending on
the direction of acceleration at the position of container corner in way of cell guide. See also Figure 1.

El; = EY}TJ,—(]—:):—’I'/4

2.2.2 Transverse load component

The transverse load component, 7, in kN, is to be applied to the transverse bulkhead depending on the
direction of acceleration at the position of container corner in way of cell guide. See also Figure 2.

F,;/ = an*d*yﬂ'/4

2.2.3 Vertical load component

in kN, is to be applied to the inner bottom at the position of 4
container corners. See also Figure 3.

The vertical load component, Z,

29

F Fwn total — z/4

2.2.4 Load application

a) For 20ft container in 40ft container bay, 35% of the total transverse load component is to be
applied to the inner bottom at the free end of the 20ft stack. At the other end, the remaining
65% of the total transverse load component is to be applied to the transverse bulkhead in way of
the cell guide in the transverse force direction.

F,=065F,, ,, /2 for the end 2 corners of 20ft container near transverse bulkhead.
F,=035F,, ua-,/2 for the bottom corners of free end of 20ft stack in 40ft container bay.

b) For 20ft container in 40ft container bay, the longitudinal load component combined with
longitudinally nearest 20ft container, is also to be applied to the transverse bulkhead depending on
the direction of combined acceleration at the position of container corner in way of cell guide.
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A stack of 40ft 2 stacks of 20ft

Fe = Feon-a—x-i/4

Figure 1: Longitudinal container load component in hold

A stack of 40ft 2 stacks of 20t

I stack] (227 stack f——

By = Feon-a-y-i/4 — F, =0.65Fon_q—y-i/2 > B, = 0.65 Feon—g-y-i/2
== Fy =035 Fcan~totalfy/2 — Fy =035 Fcon—tutalfy/z

Figure 2: Transverse container load component in hold

A stack of 40ft 2 stacks of 20ft

i/ N3o

F, = Feon—totai-z/4 = (Z Fcan—tatal—z) /ni
i=1

Figure 3: Vertical container load component in hold

2.3 Container loads on deck or hatch cover

2.3.1 Load application

The effect of the hatch cover self-weight is to be ignored in the loads applied to the ship structures.
See also Figure 4, Figure 5 and Figure 6.

a) Each container load component at the bottom comners of each stack on deck or hatch cover is to
be taken as:
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Et = F:x)n,—t()f,rl,l—.r/4
Fy = F‘ﬂonftotalfy/4
sz = Fvoonftotalfz/4

b) In case of 20ft container stack on hatch cover in way of 40ft bay, each container load component
acting on hatch cover is to be distributed along the top of the corresponding hatch coaming. The
total force acting on the hatch cover is determined by integrating all stacks on hatch cover. Then

the total force is to be distributed to the total length of the hatch coamings using the average line
load.

‘\27(1
ZFwnftotalfx /ni
i=1

£,

i=1

Ny
Fy = (EFw/Ltotuly)/ni

‘\/rzﬂ
Fz = (ZFwn—total—z)/ni

where:
Ny : Number of 20ft stacks on hatch cover.
n; : Number of nodal points of top of hatch coaming.

A stack of 40ft 2 stacks of 20ft

NTop of hatch coaming |

I X |l el Nao
y E = ZFcon—total—x /n;

Fx = conftotalfx/4‘ i=1

Figure 4: Longitudinal container load component on deck

A stack of 40ft 2 stacks of 20ft

Fcnn—total—y/4'

Figure 5: Transverse container load component on deck
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A stack of 40ft 2 stacks of 20ft

Nag
= Z Feon-totai-z | /Mi
F; = Feon—total-z/4 =t

Figure 6 : Vertical container load component on deck

3. Sloshing pressure in tanks
3.1 General

3.1.1 Application
This article applies to all liquid cargo, ballast tanks and other tanks with volume exceeding 100m®.

3.1.2

The sloshing pressures defined in this article do not include the effect of impact pressures due to high
velocity impacts with tank boundaries or internal structures. For tanks with a breadth of cargo tank,
by, greater than 0.56 B or a length of cargo tank, ¢,_,, greater than 0.13L at any filling level from
0.05h,,, to 0.95h

mass @ SEparate impact assessment is to be carried out in accordance with the Society
procedures.

3.1.3 Sloshing pressure on tank boundaries and internal divisions

The sloshing pressure due to liquid motions in a tank 2, acting on any load point of a tank boundary
or internal divisions, in kN/m? for the sloshing design load scenario, given in Ch 4, Sec 7, is to be

taken as follows, without being less than P, as given in [3.2]:

th—min>
a) P, =P,,_,, for transverse bulkheads, as defined in [3.3.2].
b) P, =P, _, for longitudinal bulkheads, as defined in [3.4.2].

¢) P, =Py_,, for longitudinal girders and stringers, see [3.4.3].

S S

3.2 Minimum sloshing pressure

3.2.1

The minimum sloshing pressure, 7,

slh—min>

for tanks of cellular construction, i.e. double hull construction
with internal structures restricting the fluid motion, is to be taken as 12kN/m?.

The minimum sloshing pressure, 2, for cargo and all other tanks is to be taken as 20kN/m”.

slh—min>

3.3 Sloshing pressure due to longitudinal liquid motion

3.3.1 Application

The sloshing pressure due to longitudinal liquid motion, 2, _,, ., is to be taken as a constant value over

Ing>

the full tank depth and is to be taken as the greater of the sloshing pressures calculated for filling
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levels from 0.05%,,,, to 0.95h,,,, in 0.05h,,, increments.

3.3.2 Sloshing pressure in way of transverse bulkheads

The sloshing pressure in way of transverse bulkheads including wash bulkheads due to longitudinal liquid
motion, P,,_,,, in kN/m?, for a particular filling level, is to be taken as:

L7l n) L

‘Pslh,flng:pslhgftkfhfslh 04— 039_T %
where:
L_, : Length of cargo tank, in m, at considered filling height.
Ffan : Coefficient taken as:

B \?

S =1-2[0.7— 1

s : Filling height, measured from tank bottom, in m.

3.3.3 Sloshing pressure on internal web frames or transverse stringers adjacent to a
transverse bulkhead

For tanks with internal web frames the sloshing pressure acting on a web frame or transverse stringer
adjacent to transverse bulkheads or transverse wash bulkheads due to longitudinal liquid motion, P,
in kN/m?, provided it is located within 0.25¢,, from the bulkhead, is to be taken as:

2
Su,vf
Plh*u.'f = Pslhlng(l - )

° Ztk*h
where:
Ly, : Length of cargo tank, in m, at considered filling height.
Py, 1, - Sloshing pressure due to longitudinal liquid motion acting on transverse bulkhead, as defined
in [3.3.2].
Sus : Distance from transverse bulkhead to web frame under consideration, in m.

The distribution of pressure across web frames and transverse stringers is given in Figure 7.

0.25¢,,
Deck

Transverse
bulkhead

(As for stringer 1)
(As for stringer 1)

————

( Inner bottom (
)] )

( (
) Bottom )

Figure 7 : Sloshing pressure distribution on transverse stringers and web frames
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3.4 Sloshing pressure due to transverse liquid motion

3.4.1 Application

The sloshing pressure due to transverse liquid motion, P,,_,, is to be taken constant as a constant value

s

over the full tank depth and is to be taken as the greater of the sloshing pressures calculated for filling

levels from 0.05h to 0.95h in 0.05h increments.

max mazx > max

3.4.2 Sloshing pressure in way of longitudinal bulkheads

The sloshing pressure in way of longitudinal bulkheads including wash bulkheads due to transverse liquid
motion, P, _,, in kN/m?, for a particular filling level, is to be taken as:

by
Py :7/),91/19-}(.,91/1(%70'3 GM*"
where:
bie— : Breadth of cargo tank, in m, at considered filling height.
GM : Metacentric height, given in Ch 4, Sec 3, [2.1.1].

3.4.3 Sloshing pressure on internal girders or longitudinal stringers adjacent to
longitudinal bulkheads

For tanks with internal girders or stringers, the sloshing pressure acting on the girder/web frame adjacent
to longitudinal bulkheads and longitudinal wash bulkhead, P,

h—gra» 10 kN/m?, provided it is located
within 0.25b,, from the bulkhead, is to be taken as:

2
S,
_ - grd
Pslhfgrd - Pslht(l )

btk*h,
where:
by—n : Breadth of cargo tank, in m, at considered filling height.
P, _, : Sloshing pressure due to transverse liquid motion acting on longitudinal bulkhead, as defined
in [3.4.2].
8 grd : Distance from longitudinal bulkhead to girder under consideration, in m.

The distribution of pressure across stringers is given in Figure 8. The distribution of pressure across
longitudinal girders is similar to the deck web frame shown in Figure 7.

(__Deck
]

< > -«
0.25b,, 0.25b,,,

1 (Asfor stringer 2)

Longitudinal
bulkhead

— (As for stringer 2)

(
] /
(

)

Figure 8: Sloshing pressure distribution on longitudinal stringers and girders
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4. Design pressure for tank testing
4.1 Definition

4.1.1

In order to assess the structure, static design pressures are to be applied. The design pressure for tank
testing, Py, in kN/m?, is to be taken as:

Py =10(247—2)

where:
Zgr : Design testing load height, in m, as defined in Table 3.
Table 3 : Design testing load height -,
Compartment Zgr
The greater of the following:
Double bottom tanks"” 2T = Zt()])+h(1i7'
28T ™ Zbd
The greater of the following:
. Zsr = Ztop + huir
Tank bulkheads, deep tanks, fuel oil bunkers _
Zop = Zpop T 244
257 = Z1op T0-1Ppy,
Chain locker (if aft of collision bulkhead) Zogp =2,
The greater of the following:
Independent tanks 267 = Ziop t Pir
Zsr = Zt()p +0.9
Ballast ducts Test}ng load height corresponding to ballast pump
maximum pressure
where:
Z : z coordinate, in m, of the bulkhead deck.
2, : z coordinate, in m, of the top of hatch coaming.
z, 1 z coordinate, in m, of the top of the chain pipe.

5. Loads on non-exposed decks and platforms
5.1 Application

5.1.1 General

The loads defined in [5.2] and [5.3] are applicable to non-exposed decks, accommodation decks and
platforms.

5.2 Pressure due to distributed load

5.2.1

If a distributed load is carried on a deck, the static and dynamic pressures due to this distributed load
are to be considered.
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The static distributed load is to be defined by the designer without being less than 3kN/m?* for
accommodation decks and 10kN/m? for other decks and platforms.

The pressure P, in kN/m?, due to this distributed load for the static (S) design load scenarios, given in
Ch 4, Sec 7, is to be taken as:

Py=PFy_,
The pressure P,, in kN/m®, due to this distributed load for the static plus dynamic (S+D) design load
scenarios, is to be derived for the envelope of dynamic load cases and is to be taken as:

P,=P, ., +P,_, but not less than 0.

a a

where:
Py, . Static pressure, in kN/m?, due to the distributed load.
Py, : Dynamic pressure, in kN/m?, due to the distributed load, in kN/m?®, to be taken as:
P L ey
i—d *faTPdH
a,_... . Envelope of vertical acceleration, in m/s®, at the load position being considered, for the

dynamic load cases, given in Ch 4, Sec 3, [3.3.3].

5.3 Concentrated force due to unit load

5.3.1

If a unit load is carried on an internal deck, the static and dynamic forces due to the unit load carried
are to be considered when a direct analysis is applied for stiffeners or primary supporting members such
as in Ch 6, Sec 5 [1.2] or Ch 6, Sec 6 [3.3] respectively.

The force F,, in kN, due to this concentrated load for the static (S) design load scenarios, given in Ch
4, Sec 7, is to be taken as:

Fy=Fy_,

The force #F,, in kN, due to this concentrated load for the static plus dynamic (S+D) design load
scenarios, is to be derived for the envelope of dynamic load cases and is to be taken as:

Fy=F,_,+F,_, but not less than 0.

where:
Fp, : Static force, in kN, due to the unit load to be taken as:
Fyg=myg
Fry : Dynamic force, in kN, due to unit load to be taken as:
Fyg=myfsa._cn,
my : Mass of the unit load carried, in t.
a, ... . Envelope of vertical acceleration, in m/s®, at the centre of gravity of the unit load carried for

the dynamic load cases, given in Ch 4, Sec 3, [3.3.3].
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Section 7 - Design load scenarios

Symbols

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

VBM
M,

sw

M,

sw—p

HBM

]l[wh —LC

M
]L‘Zm‘ —LC

VSEF
QS w

st*p

st -f

Q’uﬂ: —LC
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: Permissible hull girder hogging or sagging still water bending moment M

: Design vertical bending moment, in kNm.

Permissible hull girder hogging and sagging still water bending moment for seagoing
operation, in kNm, as defined in Ch 4, Sec 4, [2.2.2].

: Permissible hull girder hogging and sagging still water bending moment for harbour/sheltered

water operation, in kNm, as defined in Ch 4, Sec 4, [2.2.3].

for seagoing

sw—f

operation in the flooded condition, in kNm, as defined in Ch 4, Sec 4, [2.2.4].

: Vertical wave bending moment for a considered dynamic load case, in kNm, as defined in

Ch 4, Sec 4, [3.2].

: Design horizontal bending moment, in kNm.

: Horizontal wave bending moment for a considered dynamic load case, in kNm, as defined in

Ch 4, Sec 4, [3.4].

: Design torsional moment, in kNm.

: Wave torsional moment for a considered dynamic load case, in kNm, as defined in Ch 4,

Sec 4, [3.6].

: Design vertical shear force, in kN.

Permissible hull girder positive and negative still water shear force limits for seagoing
operation, in kN, as defined in Ch 4, Sec 4, [2.3.1].

: Permissible hull girder positive and negative still water shear force limits for harbour/sheltered

water operation, in kN, as defined in Ch 4, Sec 4, [2.3.2].

: Permissible hull girder positive and negative still water shear force for seagoing operation in

the flooded condition, in kN, as defined in Ch 4, Sec 4, [2.3.3].

: Vertical wave shear force for a considered dynamic load case, in kN, as defined in Ch 4,

Sec 4, [3.3].

: Design external pressure, in kN/m?>.
: Static sea pressure at considered draught, in kN/m?, as defined in Ch 4, Sec 5, [1.2.1].

: Dynamic pressure for a considered dynamic load case, in kN/m? as defined in Ch 4, Sec 5,

[1.3.2] to Ch 4, Sec 5, [1.3.8].

: Green sea load for a considered dynamic load case, in kN/m?, as defined in Ch 4, Sec 5,

[2.2.3] and Ch 4, Sec 5, [2.2.4].

: Design internal pressure, in kN/m?.
: Tank testing pressure, in kN/m?, see Ch 4, Sec 6, [4.1.1].
: Static liquid pressure in tank, in kN/m?, as defined in Ch 4, Sec 6, [1.2].

: Dynamic liquid pressure in tank for a considered dynamic load case, in kN/m?, as defined in

Ch 4, Sec 6, [1.3].

. Static pressure in compartments and tanks in flooded condition, in kN/m? as defined in Ch

4, Sec 6, [1.4.1].
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Fy, : Static load acting on supporting structures and securing systems for heavy units or cargo,
equipment or structural components, in kN, as defined in Ch 4, Sec 5, [2.3.2].

Fy : Dynamic load acting on supporting structures and securing systems for heavy units of cargo,
equipment or structural components, in kN, as defined in Ch 4, Sec 5, [2.3.2].

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

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

P, . Sloshing pressure, in kN/m?, as defined in Ch 4, Sec 6, [3].

1. General

1.1 Application

1.1.1

This section gives the design load scenarios that are to be used for:

a) Strength assessment by prescriptive and direct analysis (Finite Element Method, FEM) methods, as
given in [2].

b) Fatigue assessment by prescriptive and direct analysis (FEM) methods, as given in [3].

1.1.2

For the strength assessment, the principal design load scenarios consist of either S (Static) loads or S+D
(Static + Dynamic) loads. In some cases, the letter “'A” prefixes the S or S+D to denote that this is an
accidental design load scenario. There are some additional design load scenarios to be considered which

relate to impact (I) loads and sloshing (SL) loads.

2. Design load scenarios for strength assessment
2.1 Principal design load scenarios

21.1

The principal design load scenarios are given in Table 1.

2.2 Additional design load scenarios

2.2.1
The design load scenarios to be considered for sloshing, bottom slamming and bow impact are given in
Table 2.
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Table 1: Principal design load scenarios for strength assessment

14, Ch4,Sec?7

Harbour and Seagoing Ballast water Accidental
Design load scenario sheltered conditions with @ flooded |Tank testing®
exchange .0
water extreme sea loads conditions
Load components Static Static + Dynamic | Static + Dynamic| Accidental Accidental
S) (S+D) (S+D) (A) (&)
VBM ‘L[sm —-p ‘A/[su* + ‘yjumf Lc Al@ w + ]l[u v—LC ﬂ/];m -/ o Ajsu* —-p
Hull HBM - M wh— LC M wh — LC - -
Girder VSF Qoo QT Qo1 Qo T Quo_ e - Qo
™ - My, o+ My po | My My - -
P External deck for green sea - P - - -
. Hull envelope P, P +P, P +P, - P,
Ballast tanks P.+P, -
P Liquid cargo tanks P, P, +P, - - Max (P, Pyy)
" | Other tanks - -
Local ; )
Loads Watertight boundaries - - - Py -
;E?g::’l deCks for dry Pll]*\ Pdl*s +Pl”*l] - - Pl”*#
External deck for
Py .. P,_. P, +P,_ - - P,_.
| distributed loads di=s dims - Sdimd d=s
1]:ZI>1<ittesrnal deck for heavy P Fy +F, ) ) P,
W, ; used for hull local scantling of watertight bulkhead.
@ Applicable to prescriptive assessment only.
Table 2 : Design load scenarios for impact and sloshing conditions
Design load scenario Bow impact Bottom slamming Sloshing
Load components Impact (I) Impact (I) Sloshing (SL)
VBM - - M,
HBM - - -
Hull Girder
VSF - - -
™ - . -
P External deck for green sea - - -
“ 1 Hul envelope Pry Py -
Ballast tanks
Liquid cargo tanks - - P,
P, | Other tanks
Local Loads
Watertight boundaries - -
Cargo holds - - -
Internal decks for dry spaces - - -
P, | External deck for distributed loads - - -

External deck for heavy units
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3. Design load scenarios for fatigue assessment

3.1 Design load scenarios

3.1.1

The design load scenarios are given in Table 3.

Table 3: Design load scenarios for fatigue

assessment

Design load scenario

Fatigue: Static + Dynamic

Load components (F: S+D)
VBM M+ My 10
HBM M- 1c
Hull Girder
VSF Qo T Qoo 10
M My, + My e
External deck for green sea -
foe Hull envelope P, +P,
Ballast tanks
I Liquid cargo tanks P+ Py
Local Loads " Other tanks
Watertight boundaries -
Internal decks for dry spaces -
Py External deck for distributed loads -

External deck for heavy units
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Section 8 - Loading Conditions

Symbols

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

1. Application
1.1 Design loading conditions for strength assessment

111

Design loading conditions for strength assessment are given in [2]. Unless otherwise specified, each of
the design seagoing and harbour conditions are to be investigated for all dynamic load case.

1.1.2

These requirements are not intended to prevent conditions to be included in the loading manual for
which calculations are to be submitted. It is not intended to replace in any way the required loading
manual/instrument.

1.1.3

Loading conditions from the loading manual, which are not covered in [2], if any, are to be considered.

1.2 Design load conditions for fatigue assessment

1.2.1

The design loading conditions for fatigue assessment are given in [3].

2. Design loading conditions
2.1 Definitions

2.1.1

In general, the design cargo and ballast loading conditions, based on the amount of bunker, fresh water
and stores at departure and arrival, are to be considered for the still water bending moment and shear
force calculations. Where the amount and disposition of consumables at any intermediate stage of the
voyage are considered more severe, calculations for such intermediate conditions are to be submitted in
addition to those for departure and arrival conditions. Also, where any ballasting and/or deballasting is
intended during voyage, calculations of the intermediate condition just before and just after ballasting
and/or deballasting are to be submitted and included in the loading manual.

2.1.2 Departure conditions

The departure conditions are to be based on bunker tanks not taken less than 95% full and other
consumables taken at 100% capacity.

2.1.3 Arrival conditions

The arrival conditions are to be based on 10% of the maximum capacity of bunker, fresh water and
stores.
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2.2 Seagoing conditions

2.2.1
The following seagoing loading conditions are to be included, as a minimum, in the loading manual:

a) Homogeneous cargo loading condition including a condition at the scantling draught.

b) Ballast condition where the ballast tanks may be full or empty. All cargo holds are to be empty.
The propeller is to be fully immersed.

¢) Conditions covering ballast water exchange procedures, if any, with the calculations of intermediate
conditions just before and just after ballasting and/or deballasting any ballast tank.

2.3 Harbour and sheltered water conditions

2.3.1
The following harbour and sheltered water conditions are to be included in the loading manual:

a) Conditions representing typical complete loading and unloading operations.
b) Docking condition afloat.

c) Propellers inspection afloat condition, in which 75% of the propeller height at least is emerged.
Ships with podded propulsion system arrangements are to be individually considered by the
Society.

2.4 Loading conditions

2.4.1 Alternative design

For structural arrangement not covered by this section, the loading conditions, including loading pattern,
corresponding draught, still water bending moment and shear forces are to be agreed by the Society.

2.4.2 Standard loading conditions for cargo holds strength check

The loading conditions to be considered for cargo hold strength check are given in Table 1.

2.4.3 Standard loading conditions for fuel oil tanks strength check
The loading conditions to be considered for fuel oil tank strength check are given in Table 2.

2.4.4 Standard loading conditions for cargo holds fatigue check
The loading conditions to be considered for cargo hold fatigue check are given in Table 3.
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Table 1 : Standard loading conditions for cargo holds strength check to cargo hold region

Still water loads Dynamic
load cases

No Loading Pattern Container load % of % of Midship

Draught perm. perm. cargo
In hold On deck SWBM | SWSF region
Seagoing conditions
HSM-2
SWBM HSA-2
. FSM-2
BIY — Tpu” | all ballast tanks full - lgofcfll&f; <100% | BSR-1P
‘—E —F E> » BSR-2P
BSP-1P
BSP-2P
HSM-2
30.5 tFEU not Esi\i;
. 0 =

I E) T exceedlng max 40 ft max 40 ft stack 100% <100% BSR-1P
stack weight weight (hog.) BSR.2P
all tanks empty BSP-1P

BSP-2P
HSM-2
55% of max 40 ft 90% of max 40 ft ?gﬁ;
3 stack weight not stack weight not 100%

F2 Tsc . . <100% BSR-1P
exceeding 16.5 t/FEU exceeding (hog.) BSR-2P
all tanks empty 17 t/FEU BSP-1P

BSP-2P

max 20 ft stack II—_IISSIZI_II

24 t/FEU not weight, if mixed ]
exceeding max 20 ft stowage is 100% FSM-1

F3® 0.9Tsc & a8 (sag. or | <100% | BSR-1P
stack weight applicable, min. hog.) BSR-2P
all tanks empty max 20 ft +40 ft 108 BSP-1P

stack weight BSP-2P
max 20 ft stack I;IISSI\:__II
.!lll! 55% of max 40 ft weight, if mixed 100% FSM-1
) | stack weight not stowage is ’ <1000 )

F4 0.9Tsc exceeding 16.5 t/FEU applicable, max nEiSITgl'loor) =100% g:iég

all tanks empty 20 ft + 40 ft - 108 BSP-1P

stack weight BSP-2P

30.5 t/FEU not HSM-2
1 0,

Fs Te exceedmg max 40 ft ma?g 40 ft stack 100% <100% HSA-2
stack weight weight (hog.) FSM.2
all tanks empty
30.5 t/FEU not HSM-2

. 0 =

F6 T exceedlng max 40 ft max 40 ft stack 100% <100% HSA-2
stack weight weight (hog.) FSM-2
all tanks empty
30.5 t/FEU not max 20 ft stack HSM-1
exceeding max 40 ft weight, if mixed 100% HSA-1

F7? Tsc | stack weight stowage is (sag. or | <100% FSM-1
all fuel oil tanks full applicable, max | min. hog.) BSR-1P
all ballast tanks full 20 ft + 40 ft BSR-2P
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Still water loads Dynamic
load cases

No Loading Pattern Container load % of % of Midship

Draught perm. perm. cargo
In hold On deck SWBM SWSF region

. BSP-1P

stack weight BSP-2P

Flooded conditions

centre: flooded o
ALY T adjacent: 40t/FEU max 40 ft (51;)0/; ) Static”
Fo | all ballast tanks full stack weight mingﬁo )
at inclined side - 108

I heavy cargo light cargo ballast tank I fucl oil tank

Note :

1) Minimum ballast draught corresponding to the ballast departure loading condition from loading manual.

2) Still water bending moment corresponding to the ballast departure loading condition from loading manual.

3) For asymmetrical structures BSR-1S, BSR-2S, BSP-1S and BSP-2S shall be investigated additionally.

4) With deepest equilibrium waterline 77, in a heeled damage condition where the considered hold is one of the
flooded compartments. Although this is a typical scenario with two or three flooded holds, in the FE-analysis
only the center cargo hold is flooded.

5) Heel condition shall be considered at least for inner pressure in the flooding cargo hold, for outer pressure on the
shell and for container forces, base on design z,,, and 6, as designed in Ch 4, Sec 6, [1.4.1]
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Table 2 : Standard loading conditions for fuel oil tanks strength check in cargo hold region

Still water loads Dynamic
load cases
No Loading Pattern Container load % of % of Midship
Draught perm. perm. cargo
In hold On deck SWBM SWSF region
Seagoing conditions
max 40 ft stack 100% IEISSI\I?Ij
weight max 40 ft ? <1000 )
OF1 Tsc all ballast tanks stack weight (§ag. or =100% BSR-1P
min. hog.) BSR-2P
empty BSP-1P
all fuel oil tanks
all BSP-2P
30.5 t/FEU not
exceeding HSM-1
max 40 ft stack HSA-1
weight max 40 ft 100% FSM-1
OF2 Tsc | all ballast tanks stack weicht (sag. or | =100% BSR-1P
empty 1 min. hog) BSR-2P
relevant fuel oil BSP-1P
tanks are full and BSP-2P
empty
30.5 t/FEU not HSM-1
exceeding max 40
. HSA-1
ft stack weight
all ballast tanks max 40 ft 100% FSM-1
OF3 Tsc K weigh (sag. or <100% BSR-1P
empty stack weight . )
. min. hog.) BSR-2P
relevant fuel oil
tank: full and BSP-1p
e are A BSP-2P
empty
55% of max 40 ft
stack weight not o
exceeding 16.5 90% of max
rrrrrrrrrrr YFEU 40.ﬂ stack 100% HSM-2
OF4 | d Tsc all ballast tanks weight not (hog.) <100% HSA-2
H empty exceeding & FSM-2
: all fuel oil tanks | |/ VFEU
empty
max 20 ft stack g::kz‘gefit ht
weight, if R ents
unavailable 24t/FEU stowage is 100% HSM-1
OF5 0.9Tsc |all ballast tanks a lic%lble (sag. or | =<100% HSA-1
empty PP > min. hog.) FSM-1
max 20 ft +
1l fuel oil tanks
Zm i 40 ft stack
Pty weight
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Still water loads Dynaic
load cases
No Loading Pattern Container load % of % of Midship
Draught perm. perm. cargo
In hold On deck SWBM | SWSF region
Ballast conditions
all fuel oil tanks
zlllnballast tanks all container | SWBM in HSM-1
OBl Ty bays are Ballast <100% HSA-1
full em| condition” FSM-1
all container bays Pty
empty
H relevant fuel oil
tanks are full and
empty all container | SWBM in HSM-1
OB2 Tz | all ballast tanks bays are Ballast <100% HSA-1
full empty condition® FSM-1
all container bays
empty
relevant fuel oil
tanks are full and
empty all container | SWBM in HSM-1
OB3 Tsa” | all ballast tanks bays are Ballast <100% HSA-1
full empty condition” FSM-1
all container bays
empty
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Still water loads Dynamic
load cases
No Loading Pattern Container load % of % of Midship
Draught perm. perm. cargo
In hold On deck SWBM | SWSF region
Testing conditions
fuel oil tanks
H filling is for tank
H test
i all fuel oil tanks all container | SWBM in
OT1 Tea” | full bays are Ballast <100% Static
all ballast tanks empty condition”
empty
all container bays
empty
fuel oil tanks
f : filling is for tank
s s test
H § I;Li\;ar:reﬁ}eluo;ln d all container | SWBM in
OoT2 Tya” empty v bays are Ballast <100% Static
s )
all ballast tanks empty condition
empty
all container bays
empty
fuel oil tanks
I filling is for tank
test
Izrllfl::;aitrefufilllo:n d all container | SWBM in
OT3 T empty bays are Ballast =100% Static
s D)
all ballast tanks empty condition
empty
all container bays
empty
heavy cargo light cargo ballast tank H fucl oil tank
Note :
1) Minimum ballast draught corresponding to the ballast departure loading condition from loading manual.
2) Still water bending moment corresponding to the ballast departure loading condition from loading manual.

198 & »Rules for the Classification of Steel Ships 2019



Pt 14 Structural Rules for Container Ships

Ch 4 Loads Pt14, Ch4,Sec8

3. Standard loading conditions for fatigue assessment
3.1 General

3.1.1

The standard loading conditions to be applied for fatigue assessment as required in Ch 9, Sec 1, [6.2],
are defined in Table 3.

The lowest fatigue life from the two loading conditions is representative of the calculated fatigue life,

7.

Table 3 : Standard loading conditions for fatigue assessment in cargo hold region

Still water loads Dynamic
No Description Loading Pattern load cases
' ) Draught % of perm. | % of perm. Midship
& SWBM SWSF cargo region
HSM-1
Full load HSM-2.
(all ballast ML
tanks full)
FSM-2
BSR-1P
Tesn 0 BSR-2P
FL-1 (but not less (i(())A)) -
than 0.87c) & BSR-1S
BSR-2S
BSP-1P
Full load
(all ballast BSP-2P
tanks empty) BSP-1S
BSP-2S
HSM-1
Full load HSM.2
(all ballast FSMLI
tanks full)
FSM-2
BSR-1P
TDesign 100% B SR— 2P
FL-2 (but not less (sag. or -
than 0.875) | min. hog.)" BSR-1S
BSR-2S
BSP-1P
Full load
(all ballast BSP-2P
tanks empty) BSP-1S
BSP-2S
Note :
1) M, ... is a minimum design hogging moment taken from the loading manual. If A7, . 1is larger (hogging
positive) than 0.1A7, ,, then A7, . shall replace 0.1, ,
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Chapter 5

Hull Girder Strength

Section 1 Hull Girder Yield Strength
Section 2 Hull Girder Ultimate Strength
Appendix 1 Direct Calculation of Shear Flow

Appendix 2 Hull Girder Ultimate Bending Capacity

Appendix 3 Definition of Hull Girder Torsional Properties
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Section 1 - Hull Girder Yield Strength

Symbols

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

M,

Sw

M [wh,

Qeu;*p

QHW

Qw/z

~

y—nb0

[Z* nb0

ZA —n50

: Permissible hogging and sagging vertical still water bending moment in seagoing operation, in

kNm, at the hull transverse section considered, defined in Ch 4, Sec 4, [2.2.2].

: Permissible hogging and sagging vertical still water bending moment for harbour/sheltered

water operation, in kNm, at the hull transverse section considered, as defined in Ch 4, Sec 4,
[2.2.3].

: Permissible hogging and sagging vertical still water bending moment in flooded condition at

sea, in kNm, at the hull transverse section considered, as defined in Ch 4, Sec 4, [2.2.4].

: Vertical wave bending moment in seagoing condition, in kNm, in seagoing operation at the

hull transverse section considered, defined in Ch 4, Sec 4, [3.2.1].

: Horizontal wave bending moment, in kNm, at the hull transverse section considered, defined

in Ch 4, Sec 4, [3.3.1].

: Permissible positive or negative still water shear force for seagoing operation, in kN, at the

hull transverse section considered, as defined in Ch 4, Sec 4, [2.3.1].

: Permissible positive or negative still water shear force for harbour/sheltered operation, in kN,

at the hull transverse section considered, as defined in Ch 4, Sec 4, [2.3.2].

: Vertical wave shear force in seagoing condition, in kN, at the hull transverse section

considered, defined in Ch 4, Sec 4, [3.3].

: Horizontal wave shear force in seagoing condition, in kN, at the hull transverse section

considered, defined in Ch 4, Sec 4, [3.3].

: X coordinate, in m, of the calculation point with respect to the reference coordinate system

defined in Ch 1, Sec 4, [3.5].

: Vertical distance to the equivalent deck line, in m, as defined in [1.4.3].

: Z coordinate, in m, of the calculation point with respect to the reference coordinate system

defined in Ch 1, Sec 4, [3.5].

: Z coordinate, in m, of horizontal neutral axis of the hull transverse section with net scantling

defined in [1.2], with respect to the reference coordinate system defined in Ch 1, Sec 4, [3.5].

: Net moment of inertia, in m®, of the hull transverse section about its horizontal neutral axis,

to be calculated according to [1.5].

: Net moment of inertia, in m*, of the hull transverse section about its vertical neutral axis, to

be calculated according to [1.5].

: Net section modulus, in m’, at any point of the hull transverse section, to be calculated

according [1.4.1].

: Wave coefficient defined in Ch 4, Sec 4.
: Seawater density, taken equal to 1.025 t/m’.
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1. Strength characteristics of hull girder transverse sections
1.1 General

1.1.1

This section specifies the criteria for calculating the hull girder strength characteristics to be used for the
checks in [2] to [3], in association with the hull girder loads specified in Ch 4, Sec 4.

1.2 Hull girder transverse sections

1.2.1 General

Hull girder transverse sections are to be considered as being constituted by the members contributing to
the hull girder longitudinal strength, taking into account the requirements in [1.2.2] to [1.2.12].

1.2.2 Net scantling

The members contributing to the hull girder longitudinal strength are to be considered using the net
offered scantlings based on gross offered thickness reduced by 0.5¢, as defined in Ch 3, Sec 3, when
the hull girder strength characteristics are used for the hull girder yielding check according to [2] to [3].

1.2.3 Structural members not contributing to hull girder sectional area
The following members are not to be considered in the calculation as they are considered not
contributing to the hull girder sectional area:

a) Superstructures which do not form a strength deck.

b) Deckhouses.

c) Bulwarks.

d) Gutter plates.

e) Bilge keels.

f) Sniped or non-continuous longitudinal stiffeners.

g) Non-continuous hatch coamings.

1.2.4 Continuous trunks and longitudinal continuous hatch coamings

Continuous trunks and longitudinal continuous hatch coamings may be included in the hull girder
transverse sections, provided that they are effectively supported by longitudinal bulkheads or primary
supporting members.

1.2.5 Longitudinal stiffeners or girders welded above the strength deck

Longitudinal stiffeners or girders welded above the strength deck, including the deck of any trunk fitted
as specified in [1.2.4], are to be included in the hull girder transverse sections.

1.2.6 Longitudinal girders between hatchways

Where longitudinal girders are between hatch ways, the sectional area that can be included in the hull
girder transverse sections is obtained, in m?, from the following formula:

Aeff:Ach

where:

A : Sectional area, in m’ of longitudinal girders

¢ : Ratio of inclusion of members effective for longitudinal strength
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Table 1: Ratio in inclusion of sectional area

No of holds 2 3
£ /L 0.10 0.20 0.30 0.10 0.15 0.20
0.0 0.96 0.85 0.70 0.96 0.91 0.85
0.5 0.65 0.57 0.48 0.89 0.80 0.69
1.0 0.48 043 0.36 0.83 0.73 0.62
2.0 0.32 0.29 0.25 0.73 0.63 0.53
3.0 0.24 0.22 0.17 0.65 0.57 0.47
4.0 0.19 0.17 0.14 0.59 0.51 0.43
5.0 0.16 0.14 0.12 0.53 0.47 0.39
Note:
1. £ is to be in accordance with followings
ab® | 1+2p " ¢
=—S—F—X .
13 TAFICEM) 10 -5—26(1/(})2
Where
A Moment of inertia, in cm®, of deck hatches, including hatch coaming
a, Effective shear area, in cm? of deck between hatches
a Sectional area, in cm? of continuous deck between hatches (one side)
l length, in m, of hatch
n coefficient as specified in Figure 1
b . breadth, in m, of hatch opening as specified in Figure 1.
2. & or I/L may obtained from the interpolation.
3. When the value of & is over 5.0, it may be obtained extrapolation.

Section of A-A

2 raw hatches 3 raw hatches

= b (c (e
3 3 o 2 AV AV
@ 2 = ! = 1) LJ 7/
= ! = 2 ‘ ‘5
g K S ; BHD.PL
\ ‘ T \ ::l D . a.(Area of hatched part)
B b ,4*—‘5—‘—_'/1 : Lt
==t 3 ¢
B = v =
] | 1 | b
— — 2 wrsrse,
#=0 ‘ : : 1) 7}
=1 N
BHD.PL
I. (Moment of inertia of
hatched part)
. T T T
\. : ! I i Section of B-B
1 f
i | . h
i g e e
L1 =
L \ — 1= ¢ (¢
| - gz

H=1>bYb

ool

a (Area of hatched part)

Figure 1: Coefficient (;), length (;) and breadth () of hatch
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1.2.7 Members in materials other than steel

Where a member contributing to the longitudinal strength is made in material other than steel with a
Young’s modulus, £ equal to 2.06x10° N/mm?’, the steel equivalent sectional area that may be included
in hull girder transverse section is obtained, in m?, from the following formula:

E

Ay 5 (M?)
2.06 % 10° M—n50

ASE* ns0 —

where:

Ay 0 Sectional area, in m’, of the member under consideration.

1.2.8 Definitions of openings
The following definitions of opening are to be applied:
a) Large openings are:
* Elliptical openings exceeding 2.5 m in length or 1.2 m in breadth.
* Circular openings exceeding 0.9 m in diameter.
b) Small openings (i.e. drain holes, etc) are openings that are not large ones.
¢) Manholes.

d) Isolated openings are openings spaced not less than 1 m apart in the ship’s transverse/vertical
direction.

1.2.9 Large openings, manholes and nearby small openings

Large openings and manholes are to be deducted from the sectional area used in hull girder moment of
inertia and section modulus. When small openings are spaced less than 1 m apart in the ship’s
transverse/vertical direction to large openings or manholes, the total breadth of them is to be deducted
from the sectional area. Additionally, isolated small openings which do not comply with the arrangement
requirements given in Ch 3, Sec 6, [6.3.2] are to be deducted from the sectional areas included in the
hull girder transverse sections.

1.2.10 Isolated small openings

Isolated small openings in one transverse section in the strength deck or bottom area need not be
deducted from the sectional areas included in the hull girder transverse sections, provided that:

b, < 0.06(B— Xb)

where:

b, : Total breadth of isolated small openings, in m, in the strength deck or bottom area at the
transverse section considered, determined as indicated in Figure 2, not deducted from the
section area as per [1.2.9].

b : Total breadth of large openings, in m, at the transverse section considered, determined as

indicated in Figure 2, deducted from the section area as defined in [1.2.9].
Where the total breadth of isolated small openings Xb, does not fulfil the above criteria, only the excess
of breadth is to be deducted from the sectional areas included in the hull girder transverse sections.
1.2.11 Lightening holes, draining holes and single scallops

Lightening holes, draining holes and single scallops in longitudinals need not be deducted if their height
is less than 0.25h,, where h, is the web height of the longitudinals, in mm. Otherwise, the excess is to
be deducted from the sectional area or compensated.
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Hull transverse section

I under consideration

b, and b, included in b and Zb,

Figure 2: Calculation of Xp and b,

1.2.12 Non-continuous decks and longitudinal bulkheads

When calculating the effective area in way of non-continuous decks and longitudinal bulkheads, the
effective areca is to be taken as shown in Figure 3. The shadow area, which indicates the ineffective
area, is obtained by drawing two tangent lines with an angle of 15 deg to the longitudinal axis of the

ship.

—~—]

Effective area

N

Non-effective area

Figure 3: Effective area in way of non-continuous decks and bulkheads
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1.3 Strength deck

1.3.1

The strength deck is, in general, the uppermost continuous deck. In the case of a superstructure or
deckhouses contributing to the longitudinal strength, the strength deck is the deck of the superstructure or
the deck of the uppermost deckhouse.

1.4 Section modulus

1.4.1 Section modulus at any point located below z,

The section modulus at any point of a hull transverse section is obtained, in m’, from the following
formula:

Zy 5o =

1.4.2 Section modulus at deck

The section modulus at any point of deck and effective longitudinal members is obtained, in m’, from
the following formula:

VA _ [yfnSU
'D—nb0 1% ‘
D

When no effective longitudinal members specified in [1.2.4] and [1.2.5] are positioned above a line
extending from strength deck at side to a position (z,—z,)/0.9 from the neutral axis at the centreline.

VD:ZD_ZH,

When effective longitudinal members as specified in [1.2.4] and [1.2.5] are positioned above a line
extending from strength deck at side to a position (z5—2,)/0.9 from the neutral axis at the centreline

y
Vy=(2,—2, )(0.9+0.2§T) > 2p—2,

2p : Z coordinate, in m, of strength deck at side, defined in [1.3].

yr, 2p¢ - Y and Z coordinates, in m, of the top of continuous trunk, hatch coaming, longitudinal
stiffeners or girders, to be measured for the point which maximises the value of V7,

1.5 Moments of inertia

1.5.1

The net moment of inertia, 7, and Z_,, in m®*, are those, calculated about the horizontal and

vertical neutral axes, respectively, of the hull transverse sections defined in [1.2].
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2. Hull girder stress
2.1 Normal stress

2.1.1 Normal stress induced by vertical still water bending moment

The normal stress induced, at any point, by vertical still water bending moments is to be obtained, in
N/mm?’, from the following formula:

Table 2: Normal stress induced by vertical still water bending moment

At any point located below 2z, At any point located above z,
. ors ‘/L{sur -3 Sw -3
Seagoing condition Oy =———(2—2,)x10 O = VpX10
[yfnS() y—nb0
M, _ ) M, _ .
Harbour/sheltered condition Ogu—p = 2L (2 —2,) x107° O = Py, 1078
Iy—n50 ‘[,1/—71,50

2.1.2 Normal stress induced by vertical wave bending moment

The normal stress induced, at any point, by vertical wave bending moments is to be obtained, in
N/mm?, from the following formula:

M, )
o= s (z—zn)><1075

wv

y—n50

2.1.3 Normal stress induced by horizontal wave bending moment

The normal stress induced, at any point, by horizontal wave bending moments is to be obtained, in
N/mm?, from the following formula:

2.1.4 Normal stress induced by wave torsional moment (Conventional type)

When a direct calculation using finite element analysis is not available, the normal stress induced by
wave torsional moment may be determined as specified below. The normal stress induced, at any
point, by wave torsional moments is to be obtained, in N/mm’, from the following formula:

o ]%'tmax —w

0w = 0670, CyCp CroipsCniCroaCrorCrrCon CorCaaCar I, ﬁUAby,LLIIZLz

Where,

c, : Coefficient taken equal to:

L —0.008(L—100)

Cr= 77000 p— (z—z4)+0.008(L—100)+10

Ty : Distance between the aft end of the length and the aft edge of the hatch forward of the
engine room front bulkhead on ships with cargo hatches, in m, see Figure 4.

Ty : Distance between the aft end of the length and the forward edge of foremost cargo hold, in m,
see Figure 4.

Ly : Sectorial moment of inertia amidships, in m°.

I, : Sectorial moment of inertia at z,, in m°.

I : Sectorial moment of inertia at z,, in m°.
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wp

Wiominal

a

M,

wt max

O Nominal

Note 1:

210

: St. Venant's moment of inertia amidships, in m".

: Sectorial moment of inertia at 0.7L, in m®.

: Nominal sectorial moment of inertia as defined in Table 5.

4

: St. Venant's moment of inertia at z,, in m".
: St. Venant's moment of inertia at z,, in m".
: Nominal St. Venant's moment of inertia as defined in Table 5.

: Warping function of the point being considered, in m’ Where 2 of considered point is

between 0.85L and z,, absolute vale of warping function is not to be taken greater than

Wiomianl © w]ll/ 200.

: Warping function amidships at the inboard edge (port side) of the strength deck plating, clear

of the hatch corner, in m’, see Figure 4.

: Warping function at the inboard edge (port side) of the strength deck plating, clear of the

hatch corner z,, in m’, see Figure 4.

: Warping function at the inboard edge (port side) of the strength deck plating, clear of the

hatch corner z,, in m’, see Figure 4.

: Nominal warping function as defined in Table 15.

: Ratio between sectorial moment of inertia at 0.7L and sectorial moment of inertia amidship,

to be taken as:

oz

'[Lu M

: Cross section area amidships, in m®.

: Cross section area at z,, in m’.

: Cross section area at z,, in m’.

: Correction factor for z, as defined in Table 3.
: Correction factor for z, as defined in Table 4.

: Correction factor for /,, as defined in Table 6.
: Correction factor for J,, as defined in Table 7.

: Correction factor for 7 , as defined in Table 8.
: Correction factor for 7, as defined in Table 9.
: Correction factor for J, as defined in Table 10.
: Correction factor for w, as defined in Table 11.
: Correction factor for w, as defined in Table 12.
: Correction factor for A, as defined in Table 13.
: Correction factor for A, as defined in Table 14.
: Wave torsional moment at 0.25Z as defined in Ch 4, Sec 4 3.6.

: Nominal stress as defined in Table 16.

For intermediate value of x, correction factors, nominal stress and section property are to be obtained by linear
interpolation.
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AR
i i | | \ ‘4 :
i i i i i H i
0.5L 0.7L
\ Oy "1
Tars Japs Ay ‘ Lors Jrs Ar )

Ty 4,44

Iy 0z

Figure 4 : Section Property - Conventional Type

Table 3: Correction factor for z,- C,

Ty 0.5L 0.7L 0.85L Tp

xXr xr X
c A . —da| =2 0. ) - (—A— . ) 1.0 1.0
A 1+3( 7 025) 1 4a( 7 0.25 1—4a 7 0.25

Table 4: Correction factor for z;~ Cp
Ty 0.5L 0.7L 0.85L Tp
s xT xT x

o | evweal o] | el | aofion] | oo |
Ja 1+ (10a 8)(L 0.95) 1+4(L 0.95 1+5 7 0.95 1-3 7 0.95

Table 5: Nominal sectorial moment of inertia (7, ) and St. Venant's moment of inertia (.7,)

#Z»Rules for the Classification of Steel Ships 2019

L =100 m L =150 m L =200 m L =250 m L =300 m L =350 m
Iy 7,500 10,000 50,000 100,000 200,000 300,000
J 4 5 7 10 15 20
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Table 6: Correction factor for sectorial moment of inertia amidships - C, ,,
IwAI/IwAVS 1 ]4:;/1[/];)]\'>1
[w Iw\[ [uﬂl[ ( ) ijlf
[3( 5\}1)(70 25|+1— 024( [le)] [2( [wyil T*O 25|+1—-0.16 ]val
Ta
Loar )(mr ) J (]ul[ )(xr ) }
X |[=3.6| ——1||——0.95]+1 X |=3|——1||——0.95|+1
( Ly L 1,y L
Loar ( Ty ) Lon Lour ( Ty ) Lo
[( [w]\'_l) 7—0.25 +1+0.3 [m —1 0.64 Tx -1 7—0.25 +1+0.24 ]wv_l
0.5L ) )
Loy Lo Tp
X |3 —1 —7090 +1 X 1.6 —1||——0.95]+1
Ly Ly L
1, 1, x 1, I ;
0.7L 14028 1] | x [3] 21 (1—0.95)“ 1402221 16| 22— (1—0.95)“
Ly Lin L Ly L L
Lon wM ( a L.) Lovr W ( )
T [1+0.48( Tx 111X 16 Tx 1 T 0.95]+1 1+0.32 Tx 1 3 T 1| ——095|+1
Table 7: Correction factor for St. Venant's moment of inertia amidships - (¢,
Iyl Ty <1 Il Iy >1
Jur (1” ) M Jur (5”‘4 ) Jur
[24(3 1) 0.25|+1+0.2 T 1 2 7\ 1 A 0.25|+1+0.16 7\/ 1
X
' o |af L 1(’” 095)+1 P 1( 095)+1
Ty L Ty L
—OSJ—M—I(—A—OQS)-H—OM el —OGJ—’W—I(——O%)-H 0.2 el
05l \Jdy L Iy \Jdy L Uy
. Y Ty Jur
X [—2.4 7*1 770.95 +1 —1.4|— J —1 L*O95 +1
N N
—0.6 ol 1 ( 0. 25)+ 1—-0.2 il 1
TA T T Iy Ty
0.7L 1—0.16{ — X |—1.6|——1|]|——095|+1
Jur Tp JA Iy L
—24| — J 7—0.95 +1
N
D s M s Tr r)
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Table 8: Correction factor for sectorial moment of inertia at -, - C, ,
T, 0.35L 0.7L Tp
I x I
[—3( “d 0.6 (—A—0.25)+1— vA —0.6)]
j;y L Iw]\[ 1, ]wA
I,/1, <06 1-0.1 —06| |1—0.1 —0.6 1.0
w |=3( L1 o6 (IF 095)+1 o foar
[wJI ' L '
1 x I,
[—2.2( 2 —0.6)(—A—0.25)+1—0.7( oA —0.6”
];;M L [wM 1 wA
I,/L,>06 1-0.1 —06/| {1—0.1 —06 1.0
o I T (lF 09r)+1 fo fo
]le . T -JIJ
Table 9: Correction factor for sectorial moment of inertia at =, - C,,
x,4~0.9L Tp
Lr
I,/L, <0.007 1.0 —16{ ——0.007|+1
wM
Lr
Lp/1,,>0.007 1.0 —5.38| 7——0.007|+1
wM
Table 10: Correction factor for St. Venant's moment of inertia at z, - O
Ty 0.5L 0.85L Tr
JF ']F X JF
Cyp | 0044 ——1.1]+1 | —0.058 ——1.1]+1 1.0 —29(—-0.95]+1||-0.19] ———1.1]+1
JJ[ JM L ']M
Table 11: Correction factor for warping function at z,- C,,
T, 0.35L Tp
Wy
C,, —0.63] ——0.8]+1 1.0 1.0
War
Table 12: Correction factor for warping function at z, - C
Ty 0.5L 0.7L T,
2
w w w w w
wp/wy, < 0.15 —0.7(—F—0.15)+1 o.s(—F—0.15)+1 0.8 —F—o.15)+1 50(0.15——F) +2.5(o.15——F)+1
War Wiy Wy Wiy Wy
w w w w
wp/wy > 0.15 —0.7(—F—0.15 +1 0.8(—F—0.1 )+1 0.8 —F—o.15)+1 —2(—F—0.15)+1
Wy Wy Wy Wy
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Table 13: Correction factor for cross section area at , - C,,

Pt14, Ch5, Sec 1

Ty 0.35L Ty
Ay
Cus —0.5( A‘”—0‘95)+1 1.0 1.0
Table 14 : Correction factor for cross section area at z, - C,,
Ty 0.65L 0.85L Ty
Cyp 1.0 1.0 0.1(ﬁ0.5)+1 —04 ﬁ0.5)+1
AM AJI
Table 15: Nominal warping function - W Nominal
Ty 0.35L 0.6L T,
Cur 160 200 200 30
Table 16 : Nominal warping stress - Conventional Type
x/L a=02 a=0.3 a=0.4 a=0.5 a=0.6
0.20 2.58 3.09 3.51 3.85 4.12
0.25 1.33 1.84 2.26 2.60 2.87
0.30 0.26 0.77 1.18 1.52 1.78
0.35 -0.86 -0.35 0.07 0.41 0.67
0.40 -1.76 -1.24 -0.81 -0.46 -0.19
0.45 -2.60 -2.05 -1.61 -1.25 -0.97
0.5 -3.15 -2.58 -2.12 -1.75 -1.46
0.55 -3.56 -2.96 -2.48 -2.09 -1.78
0.60 -3.76 -3.12 -2.61 -2.19 -1.87
0.65 -3.65 -2.99 -2.45 -2.02 -1.68
0.70 -3.25 -2.66 -2.14 -1.72 -1.39
0.75 -1.55 -1.51 -1.27 -1.01 -0.79
0.80 2.04 0.85 0.34 0.15 0.08
0.85 6.82 4.79 3.16 2.07 1.38
0.90 5.51 4.46 3.37 2.36 1.56
0.95 6.27 5.45 4.52 3.45 2.38
0.97 6.27 5.45 4.52 3.45 2.38
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2.1.5 Normal stress induced by wave torsional moment (2-Island type : Aft Part)

When a direct calculation using finite element analysis is not available, the normal stress induced by
wave torsional moment may be determined as specified below. The normal stress induced, at any
point, by wave torsional moments is to be obtained, in N/mm’ from the following formula:

My —w

Ot = 0.67C10CrsCrom Con1 Com Cam Can Lo Oromi O Nominal

Where,

T 4 : Distance between the aft end of the length and the aft edge of the hatch forward of the
engine room front bulkhead on ships with cargo hatches, in m, see Figure 5.

Tp . Distance between the aft end of the length and the forward edge of cargo hold adjacent to
after wall of deck house, in m, sece Figure 5.

Iy : Sectorial moment of inertia amidships, in m°.

I : Sectorial moment of inertia at z,,, in m’.

In : Sectorial moment of inertia at z,,, in m’.

Iy : Nominal sectorial moment of inertia as defined in Table 17.

Jus : St. Venant's moment of inertia amidships, in m®*.

In : St. Venant's moment of inertia at z,,, in m®.

Jn : St. Venant's moment of inertia at z,,, in m’.

Ty : Nominal St. Venant's moment of inertia as defined in Table 17.

w : Warping function of the point being considered, in m?.

Wy : Warping function amidships at the inboard edge (port side) of the strength deck plating, clear
of the hatch corner, in m% see Figure 5.

wa : Warping function at the inboard edge (port side) of the strength deck plating, clear of the
hatch corer z,,, in m’, see Figure 5.

Wpy : Warping function at the inboard edge (port side) of the strength deck plating, clear of the

hatch comer z,, in m’, see Figure 5.

Wromina - Nominal warping function as defined in Table 25.

Ay, : Cross section area amidships, in m’.
Ay : Cross section area at x,,, in mr.
Ap : Cross section area at z,, in m’.
Cronr : Correction factor for 7 ,, as defined in Table 18.
Cuy : Correction factor for J,, as defined in Table 19.
Crom : Correction factor for [ ,, as defined in Table 20.
Con : Correction factor for w,, as defined in Table 21.
Con : Correction factor for w, as defined in Table 22.
Cin . Correction factor for 4, as defined in Table 23.
Cum : Correction factor for A4, as defined in Table 24.
M.  Wave torsional moment at 0.25Z as defined in Ch 4, Sec 4 3.6.
O nomina - Nominal stress, to be taken as:

 Nominat = Tapt T Con %_ 0'63)

Con : Correction factor for z, as defined in Table 26.
O s : Nominal stress coefficient as defined in Table 27.
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Note 1:

For intermediate value of x, correction factors, nominal stress and section property are to be obtained by linear
interpolation.

0.5L Xr | )

AE XAl
i
~~aw,, | Ty T~
Il').ﬂ" J,‘I' “1;\! [ I«JFI » JFI ] AFI |

o Aoars S A
Figure 5: Section Property - 2-Island (Aft Part)

Table 17 : Nominal sectorial moment of inertia (] ,) and St. Venant's moment of inertia (., )

340m < L < 350m

370m < L < 380m

Loy

350,000

700,000

Iy

22

30

Table 18 : Correction factor for sectorial moment of inertia amidships - C; ,,
T, 0.45L Ty
T I, I, I,
340 < L < 350 2(i—0.63)—0 35]>< M g1+ 0.5 Y —1]+1 0.5 =2 _1]+1
L L Ly L
T I, I, I,
370 < L < 380 3(i—o.63)—0 55]>< M1 l+1 0.6 -2 —1]+1 05~ —1]+1
L L L L
Table 19 : Correction factor for St. Venant's moment of inertia amidships - Cu
Ty 0.45L T
Jy, ) y
340 < L < 350 —0.15(—”—1)+1 —oor(—”—l)ﬂ —0.1(—‘”—1)+1
JN N J[\'
Ji, Jy, Jy,
370 < L < 380 —0.15 2 —1]+1 —0.05| 2 —1]+1 —0.05| 2 —1]+1
Iy Iy Iy
Table 20 : Correction factor for sectorial moment of inertia at 1, - C, ,
a0 0.45L Tm
L wAL L Lm
340 < L < 350 2| ——0.63]—0.9| % —0.5|+1 —0.2 —0.5|+1 —0.1 —0.5]+1
L [w[l[ '[uJM ]aul{
Ly wAL L Lm
370 < L < 380 2l ——0.63]—1| X —0.5|+1 —0.2 —0.5|+1 —0.1 —0.5]+1
L ]w]lf [wJJ ]w/\w]
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Table 21: Correction factor for warping function at »,, - C ,,
T 045L TR
Way
Ty < 0.63L —1.2 —0.8)+1
“u Wy Wy
340 < L < 350 0.7 ——0.8]+1 0.5 —0.8|+1
W Wyy Wyr
T >0.63L —|——-038+1
Wyr
Wy
T < 0.63L —14 —0.8)+1
“ar A1 Wy
370 < L < 380 0.8 ——0.8]+1 0.6 ——0.8]+1
W Wy Wy
T > 0.63L —1.1|——0.8|+1
Wyr
Table 22: Correction factor for warping function at », - C
T g1 0.55L T
W 41
Con 1.0 1.0 —[——=0.93]+1
Wyr
Table 23 : Correction factor for cross section area at z,, - C,
a1 0.35L Tp
AA]
Can —04 —0.9|+1 1.0 1.0
AJI
Table 24: Correction factor for cross section area at z, - C
T 0.55L T
AF
Cyp 1.0 1.0 0.8 ———0.975|+1
Ay
Table 25: Nominal warping function, v, . .
T4 0.35L 0.55L 0.7L
Whominal 240 300 300 255

Table 26 : Correction factor for z, - C,

T Fl
Tp < 0.63L 2 > 0.63L
340 < L < 350 37.6 27.1
370 < L < 380 45.1 33.4
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2.1.6 Normal stress induced by wave torsional moment (2-Island type :

Table 27 : Nominal stress coefficient (2-Island type : Aft Part) -

O, ft

Pt14, Ch5, Sec 1

z/L oun (340 < L < 350) o4 (370 < L < 380)
0.20 15.1 14.5
0.25 8.8 7.5
0.30 2.6 13
035 22 42
0.40 -6.9 -8.9
0.45 -10.5 -12.7
0.50 -12.8 -15.6
0.55 -14.2 -17.0
0.58 -14.5 -17.4
0.60 -14.5 -17.4
0.63 -13.9 -16.8
0.65 13.5 -16.3
0.68 124 152

FWD Part)

When a direct calculation using finite element analysis is not available, the normal stress induced by
wave torsional moment may be determined as specified below. The normal stress induced, at any
point, by wave torsional moments is to be obtained, in N/mm? from the following formula:

/]
['wtmax —w

0wt = 0-67C0ClossCromCranCim Com Cap

O nr
Nominal
lel Whominal

Where,

T 49 : Distance between the aft end of the length and the aft edge of cargo hold adjacent to front
wall of deck house, in m, see Figure 6.

Ty : Distance between the aft end of the length and the forward edge of foremost cargo hold, in m,
see Figure 6.

L : Sectorial moment of inertia amidships, in m°.

L4 : Sectorial moment of inertia at z ,,, in m’.

I : Sectorial moment of inertia at z,, in m®.

Ly : Nominal sectorial moment of inertia as defined in Table 28.

Jus : St. Venant's moment of inertia amidships, in m®*.

T i : St. Venant's moment of inertia at x,,, in m®.

I : St. Venant's moment of inertia at z,,, in m".

Iy : Nominal St. Venant's moment of inertia as defined in Table 28.

w Warping function of the point being considered, in m’, Where = of considered point is
between 0.85Z and z,, absolute vale of warping function is not greater than wyy,,;... * @s,/300.

wyy : Warping function amidships at the inboard edge (port side) of the strength deck plating, clear
of the hatch corner, in m% see Figure 6.

Wyo : Warping function at the inboard edge (port side) of the strength deck plating, clear of the
hatch comer z 4, in m’, see Figure 6.

W : Warping function at the inboard edge (port side) of the strength deck plating, clear of the
hatch corner z,,, in m” see Figure 6.
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Wominal

A M

M,

wt max

O Nominal

Co

x

9 FrwD
Note 1:

Table 28 : Nominal sectorial moment of inertia (7 ,) and St. Venant's moment of inertia (.7,)

: Nominal warping function as defined in Table 36.

: Cross section area amidships, in m’.

: Cross section area at z,, in m’.

: Cross section area at x,,, in m’.

. Correction factor for
. Correction factor for
: Correction factor for
: Correction factor for

. Correction factor for

. Correction factor for

. Correction factor for

I ,, as defined in Table 29.
J, as defined in Table 30.
I, as defined in Table 31.
Jm as defined in Table 32.
I, as defined in Table 33.
wm as defined in Table 34.
A, as defined in Table 35.

: Nominal stress, to be taken as:

= o+ Cop| 22— 0.67
O Nominal — O FWD A2 L .

. Correction factor for

x4, as defined in Table 37.

: Nominal stress coefficient as defined in Table 38.

. Wave torsional moment at 0.25Z as defined in Ch 4, Sec 4 3.6.

Pt14, Ch5, Sec 1

™ wy,

Tores Japs Ay

0.5L

Im,-ﬂ‘ ’ "AJ y A_,“ [

X2

~~auw

A2

Figure 6 : Section Property - 2-Island (FWD Part)

IraFl » "F.’r AF;

For intermediate value of x, correction factors, nominal stress and section property are to be obtained by linear
interpolation.

340m < L < 350m

370m < L < 380m

350,000

700,000

22

30

Table 29 : Correction factor for sectorial moment of inertia amidships - Cru

T »9 0.75L )
I, I, L,
Cronr 0.2 2 —1]+1 0.25| =2 —1]+1 0.35| =2 —1]+1
Ly Ly Lx
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Table 30 : Correction factor for St. Venant's moment of inertia at z,, - C,,,

T 42 0.75L Z
J J, J,
340 < L < 350 —02( 22 —1)+1 —0.25 22 —1]+1 o 22 1)
I Iy I
J, J J
370 < L < 380 —0.15| “2—1]+1 —02[ =2 —1]+1 —03 2 —1]+1
Iy Iy I
Table 31: Correction factor for sectorial moment of inertia at =, = C, 4,
C[wAQ
x [—6 Taz g 67)—0 9]x [““'A2+5( RECR 67)—07 +1
4o 7 . . I 7 . .
T A T
0.75L [77 ﬂ—om)fo.s)}x ““A2+5(/120.67)0.7}+1
L wM L
Lo ( L 42 )
T —0.2 [M+5 ——067]-07|+1
Table 32: Correction factor for St. Venant's moment of inertia at z,, - Cm
T 42 0.75L Lo
Iy I I
C —0.1{——09]|+1 —02|——09]|+1 —03|——09|+1
o ( s ) ( T Ty
Table 33 : Correction factor for sectorial moment of inertia at z,, - C, 5,
L 42 0.9L Z
L
Crom 1.0 1.0 —15 —0.007|+1
]wJI
Table 34 : Correction factor for warping function at z,, - Cor
& 45 ~ 0.75L 0.9L T
2
w w w w
z, =0.62L (“—0.05)“ —18 H—0.05)+1 48(F2—0.05) —98(”—0‘05)4—1
Wy War Wy Wy
w w w 2 w
C.m 2, =067L (—”—0.05)+1 —4(—“—0.05)+1 60(—”—0.05) —12.2(—”—0.05)“
Wyr War Wy Wyr
Wy Wy ? W
x4 =0.72L ——0.05)+1 1.0 68 ——0.05| —13.8|——0.05|+1
Wy Wy Wyy
Table 35: Correction factor for cross section area at 3, - C,,,
T g2 0.75L )
A A A
c, —0.1(—FZ—0.5 +1 —0.2(—”—0.5)“ —0.3(—”—0.5)+1
2 AJI AJ/ AJII

220 & »Rules for the Classification of Steel Ships 2019



Pt 14 Structural Rules for Container Ships
Ch 5 Hull Girder Strength Pt14, Ch5, Sec 1

Table 36 : Nominal warping function = , . .

z W Nominal

0.35L ~ 0.55L 300

X 15

Table 37 : Correction factor for cross section area at z, = C, 4,

z4y < 0.67L x4y > 0.67L
2 40/ L < 0.75 3.2 —4.8
340 < L < 350
2 /L >0.75 3.2—12.8(2/L—0.75) —4.8+19.2(z/L—0.75)
T 4o/ L < 0.75 2.7 —4
370 < L < 380
T4/ L>0.75 2.7—10.8(z/L—0.75) —4+16(2/L—0.75)

Table 38 : Nominal stress coefficient (2-Island type : FWD Part) - 5.,

x/L o op (340 < L < 350) oo (370 < L < 380)
0.62 -17.8 -15.4
0.65 -17.1 -14.8
0.67 -16.6 -14.4
0.70 -15.6 -13.7
0.72 -14.8 -12.9
0.75 -13.0 -11.4
0.80 -8.6 7.6
0.85 0.8 -0.4
0.90 9.2 8.0
0.93 12.5 114
0.96 13.5 123

2.2 Shear stress

2.2.1 Shear stress induced by vertical still water shear force

The hull girder shear stress, in N/mm? induced by vertical still water shear forces is to be
determined, at the load calculation point under consideration, as follows:

a) for seagoing condition:
QS‘U' R
Tsw — t : Qy; X 105

b) for harbour / sheltered condition

Tsw = %qm x 103
where:
Qi : Contribution ratio for hull girder shear force per mm, in mm™, for the plate i based on net

scantlings with deduction of 0.5¢, which is equal to the unit shear flow per mm, in
N/mm, for a unit vertical shear force, from a numerical calculation based on thin-walled
beam theory according to Ch 5 App 1.
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2.2.2 Shear stress induced by vertical wave shear force

The hull girder shear stress, in N/mm?, induced by vertical wave shear forces is to be determined, at
the load calculation point under consideration, as follows:

QLL‘U
Tow = t Qi x ]‘03

2.2.3 Shear stress induced by horizontal wave shear force

The hull girder shear stress, in N/mm? induced by horizontal wave shear forces is to be determined,
at the load calculation point under consideration, as follows:

Qw h
T

Sw = t

i X 102

where:

q,; : Contribution ratio for hull girder shear force per mm, in mm”, for the plate i based on net
scantlings with deduction of 0.5¢, which is equal to the unit shear flow per mm, in
N/mm, for a unit horizontal shear force, from a numerical calculation based on thin-walled
beam theory according to App 1.

3. Hull girder strength assessment
3.1 General

3.1.1

Continuity of structure is to be maintained throughout the length of the ship. Where significant changes
in structural arrangement occur adequate transitional structure is to be provided.

3.2 Longitudinal extent of strength assessment

3.2.1

The stiffness, yield strength and buckling strength assessment are to be carried out in way of 0.2L to
0.75 L with due consideration given to locations where there are significant changes in hull cross-section,
e.g. changes of framing system and the fore and aft ends of the forward superstructure in case of
2-island design.

3.2.2

In addition, yield strength and buckling strength assessments are to be carried out outside this area. As a
minimum, these assessments are to be carried out at forward end of the foremost cargo hold and at aft
end of the aftermost cargo hold.

3.3 Hull girder stiffness

3.3.1 Stiffness criterion

For both hogging and sagging conditions, the net moment of inertia 7,5, in m*, of the hull transverse
section is to be not less than:

I_ 50 = LB5L| M, +M, | <107

y—nd0 — sw wu
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3.4 Hull girder bending strength assessment

3.4.1 General acceptance criteria

The normal stress, o, is to be assessed for all conditions, along the full length of the hull girder, from
AE to FE. The normal stress at any point of the hull transverse section is to comply with the following
formula:

or = 0per17z

+COws T CotOuwi T Cion0,

0L =0suw wo wu tor™ wt

c,,, C, : Load combination factors, as given in Ch 4, Sec 2, [2.2.1]

Ci,» : Warping stress combination factors, to be taken as:
* G, =0 for HSM, HSA, FSM, BSR, BSP load cases

* (¢, =10 for OST-1P, OST-2S load cases

tor

* (C, =—10 for OST-2P, OST-1S load cases

* (C, = —06 for OSA-1P, OSA-2S load cases

* (C, =06 for OSA-2P, OSA-1S load cases
O perm : Permissible hull girder bending stress, in N/mm’, as given in Table 39.
T : Normal stress, in N/mm? induced by vertical still water bending moment, as defined in [2.1.1].
T : Normal stress, in N/mm? induced by vertical wave bending moment, as defined in [2.1.2].
Tt : Normal stress, in N/mm’, induced by horizontal wave bending moment, as defined in [2.1.3].
Tt : Normal stress, in N/mm’, induced by wave torsional bending moment, as defined in [2.1.4] to

[2.1.6], however, to be taken as 0, where considered position (z) is less than z, or greater
than z,, as see Figure 7 and Figure 8.

Table 39 : Permissible hull girder bending stress

Operation Design load Permissible hull girder bending stress, o,.,,,
. 235
+
Seagoing (S+D) 124k
Harbour/sheltered water (S) 143/ k

TITTTT T .
mmmm -]
-]

S ——— ]

ot [2.1.4] —{ 6, =0

wi

Figure 7 : Normal stress induced by wave torsional bending moment - Conventional type
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[ 0 Gy * [2 1. 5] Gy * [2 1. 6] = Gy = 0
I | 1
G, =0

Figure 8: Normal stress induced by wave torsional bending moment - 2-Island type

3.4.2 Bending strength assessment
The bending strength is to be assessed at the following locations of the cross-section:
a) at bottom
b) at deck
c) at top of hatch coaming
d) at any point where there is a change of steel yield strength.

3.4.3 Material other than steel

In a member made in material other than steel with a Young’s modulus E equal to 2.06x10° N/mm?
and included in the hull girder transverse sections as specified in [1.2.7], the normal stress is obtained
from the following formula:

_E
7L 206 10° 4
where:
O : Normal stress, in N/mm’ in the member under consideration, calculated according to
[3.4.1] considering this member as having the steel equivalent sectional area Ag ., defined
in [1.2.7].

3.5 Extent of high tensile steel

3.5.1 Vertical extent

The vertical extent of higher strength steel, z;,,,, in m, used in the deck zone or bottom zone and

measured respectively from the moulded deck line at side or baseline is not to be taken less the
value obtained from the following formula, see Figure 9:

perm,i

g,
Zhgs.i =21(1 for structural members located below strength deck

or

(0p67’7n,i - Udk)

Zhisi = (20— Za1) for effective longitudinal members
(ovp—oum) -
where:
2% : Distance from horizontal neutral axis to moulded deck line or baseline respectively, in m.
Opermi - Permissible hull girder bending stress of the considered steel, in N/mm?’, as given in Table 39
and Figure 8.
o : Hull girder bending stress, o, at moulded deck line or o, at baseline respectively, in

N/mm’ given in Table 40.

T : Hull girder bending stress at equivalent deck line, in N/mm’ given in Table 40.
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Table 40 : Hull girder stresses at baseline and moulded deck line
Operation Seagoing Harbour/sheltered water
. | M, + M, —3 |, |
At baseline oy=—"F7—"2,X10"" oy =—t s X103
],1/*7150 y—nb0
M, +M,, _ M, _ .
At moulded deck line O = | i i (Zgpey —2,) X 1077 adk=%(2{ﬂ.,s—zn) x107°
y—n50 y—nb0
M, +M, ) M, ‘
At equivalent deck line ovp= M V,x 1073 oyp= Mz” x107?
1;1/*71,50 [yfnsﬂ
Zdb—s : Distance from baseline to moulded deck line at side, in m.
Vy : Vertical distance of the equivalent deck line, in m, defined in [1.4.3]

| L/BHD & Hatch coaming |

I<l

Vertical limit Sins4
of steel "4"

"‘pn n.d

Side shell | Sl

Tpeck

Vertical
limit of
=l steef "3"

Vertical
limit of

steel "2" (zp-2)/09

Vertical
imit of S
steal "1"

D™

Neutral axis

Figure 9 : Vertical extent of higher strength steel

3.5.2 Longitudinal extent

Where used, the application of higher strength steel is to be continuous over the length of the ship to
the location where the longitudinal stress levels are within the allowable range for mild steel structure,
as shown in Figure 10.

Equivalent mild steel

H.S. steel line ~

Extent of H.S. steel S<
ey e

Required hull girder section modules
/
/
/

JV

Figure 10 : Longitudinal extent of higher strength steel

0.2L
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3.6 Hull girder shear strength assessment

3.6.1

The shear stress, 7,, is to be assessed for all conditions, along the full length of the hull girder, from
AE to FE. The shear stress, 7,,, at any point of the hull transverse section is to comply with the
following formula:

T/Lg = Tpe rm

= Tsw + O T T OA'h,Twh,

wv ' wu i

Thg
C., C,.» C,, : Load combination factors, as given in Ch 4, Sec 2, [2.2.1]

T : Permissible hull girder shear stress, in N/mm’, as given in Table 41.

perm

Table 41 : Permissible hull girder shear stress

Operation Design load Permissible hull girder shear, 7,_,.,
S i (S+D) 235
eagoin —
gome 1133k
Harbour/sheltered water (S) 105/k
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Section 2 - Hull girder ultimate strength

1. Application
1.1 General

1.1.1
The requirements of this Section apply to ships with length L equal to or greater than 150 m.

1.1.2
The hull girder ultimate strength is to be assessed in way of 0.2 L to 0.75 L.

1.1.3

The hull girder ultimate bending capacity is to be checked to ensure that it satisfies the checking
criteria given in [2]. Such criteria are applicable to intact ship structures for both hogging and
sagging conditions, in seagoing and harbour/sheltered water conditions.

2. Checking criteria

2.1 General

The vertical hull girder ultimate bending capacity at any hull transverse section is to satisfy the
following criterion:

M,
M< ——
VaYDB
where:
M : Vertical bending moment, in kKNm, to be obtained as specified in [2.2.1].
My, : Hull girder ultimate bending moment capacity, in kNm, to be obtained as specified in [2.3].
Yar : Partial safety factor covering material, geometric and strength prediction uncertainties, in
general to be taken equal to:
v = 1.05
YpB : Partial safety factor covering the effect of double bottom bending under lateral loads, to be

taken equal to:
* vpp = 1.15 for hogging condition
* vop = 1.0 for sagging condition

For cross-sections where the breadth of the inner bottom is less than the one amidships, or where the
double bottom structure differs from the one amidships (e.g. engine room sections), the factor v, for
hogging condition may be reduced, based upon agreement with the Society.

2.2 Hull girder ultimate bending loads

2.2.1

The wvertical hull girder bending moment M, in kNm, in hogging and sagging conditions, to be
considered in the ultimate strength check, is to be taken as:
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M= Vs ]W;'u:— U+’Y’U']l/[

wv

where:

M, : Permissible hogging and sagging vertical still water bending moment, in kNm, at the hull
transverse section considered as defined in Ch 4, Sec 4, [2.2.2]

M, : Vertical wave bending moment in seagoing operation, in kNm, at the hull transverse
section considered as defined in Ch 4, Sec 4, [3.2.1]

o : Partial safety factor for the still water bending moment, to be taken as: ~+,=1.0

o : Partial safety factor for the vertical wave bending moment, to be taken as: ~,=1.2.

2.3 Hull girder ultimate bending moment capacity

2.3.1 General

The hull girder ultimate bending moment capacity M, is defined as the maximum bending moment
capacity of the hull girder beyond which the hull structure collapses.

2.3.2 Determination of hull girder ultimate bending moment capacity

The ultimate bending moment capacities of a hull girder transverse section, in hogging and sagging
conditions, are defined as the maximum values of the curve of bending moment My versus the
curvature y of the transverse section considered (A/,; for hogging condition and A/, for sagging
condition, see Figure 1). The curvature x is positive for hogging condition and negative for sagging
condition.

The hull girder ultimate bending moment capacity 3/, is to be calculated according to App 2.

M Hogging condition

UH

Xr ¥
XF

% gh MUS
Sagging condition

Figure 1: Bending moment capacity versus curvature y

233

The effective area to be considered for the hull girder ultimate strength capacity assessment is specified
in App 2.

2.4 Whipping

241

Ultimate strength check of the hull considering the whipping effect is to be performed according to
the requirements of the Guidance on Strength Assessment of Container ships Considering the
Whipping Effect.
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Appendix 1 - Direct Calculation of Shear Flow

Symbols

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

1. Calculation formula

1.1 General

1141

This Appendix describes the procedures of direct calculation of shear flow around a ship cross-section
due to hull girder vertical shear force. The shear flow ¢,, at each location in the cross-section, is
calculated considering the cross-section subjected to a unit vertical shear force of 1 N.

The unit shear flow per mm ¢, in N/mm, is to be taken as:

qv=dptq;

where:

4 : Determinate shear flow, as defined in [1.2].

q . Indeterminate shear flow which circulates around the closed cells, as defined in [1.3].

In the calculation of the unit shear flow ¢, the longitudinal stiffeners are to be taken into account.

1.2 Determinate shear flow, g,

1.2.1

The determinate shear flow ¢,, in N/mm, at each location in the cross-section is to be obtained from
the following line integration:

qp(s) ——ﬁ\/(:(z—zn)tnsods

where:

s : Coordinate value of the running coordinate along the cross-section, in m
I_.5 : Net moment of inertia of the cross-section, in m*

toso : Net thickness of plating, in mm.

z, : Z coordinate of horizontla neutral axis from baseline, in m

1.2.2

It is assumed that the cross-section is composed of line segments as shown in Figure 1, where each line
segment has a constant plate net thickness. The determinate shear flow is obtained by the following
equation:

174

ap = ap() :—m(szrzi —2z,)+qy (N/mm)

where:

am qp - Determinate shear flow, at node £ and node i respectively, in N/mm

14 : Length of line segments, in m
v;» Yy - Y coordinates, in m, of the end points i and k& of a line segment, as defined in Figure 1.
z;, 2, . Z coordinates, in m, of the end points i/ and k of a line segment, as defined in Figure 1.
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1.2.3

Where the cross-section includes closed cells, the closed cells are to be cut with virtual slits, as shown
in Figure 2 in order to obtain the determinate shear flow.

These virtual slits are not to be located in walls which form part of another closed cell.

1.24

Determinate shear flow at bifurcation points is to be calculated by water flow calculations or similar, as
shown in Figure 2.

0 Yi Y y
Figure 1 : Definition of line segment
Irlza_ﬂl _2 ___________ (jdfeid ® Qysstar = aten + Qend
o ----—-- P mm—m—————
: Disena : E
: ! 1
1 ! 1
1 ! 1
1 ! 1
1 A 1
I 1
1 : :
U= o(i) o Path 1 ! Path3 |
__________________________ < —m e
Qy150= O Qysena = O
O Start point
” Virtual slit

@ End point

Figure 2: Calculation of determinate shear flow at bifurcation

1.3 Indeterminate shear flow, g;

1.3.1

The indeterminate shear flow gl around the closed cells of a cross-section is considered as a constant
value within the same closed cell. The following system of equation for determination of indeterminate
shear flows can be developed. In the equations, contour integrations of several parameters around all the
closed cells are performed.

1 i 1 an
afias- Sl $ Lo f

e tnso m=1 am tnso e tuso
where:

Ny, : Number of common walls shared by cell ¢ and all the other cells
c,m : Common wall shared by cells ¢ and m

47> qp, - Indeterminate shear flows around the closed cells ¢ and m respectively, in N/mm.
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1.3.2

Under the assumption of the assembly of line segments shown in Figure 1 and constant plate thickness
of each line segment, the equation in [1.3.1] is expressed as follows:

qfi(j(tg - i{fm[i( ! }—;VZ%

j=1\ “n50 m=1 j=1 tnSO

J

¢; = [—#(zszi&n) +tLqDL-
ly—n50 n50
where:
Ne : Number of line segments in cell ¢
Nm : Number of line segments on the common wall shared by cells ¢ and m
an : Determinate shear flow, in N/mm, calculated according to [1.2.2].

The difference in the directions of running coordinates specified in [1.2] and the present [1.3] is to be
considered.

A
7 |
7

4
7 |
/ |
Common wall All
4 I

7/

J
=== Cell k /,
| 1 7,
| 11 /
I———?—————l I——?—— 7

Cell i

Figure 3: Closed cells and common wall

1.4 Computation of sectional properties

1.4.1

Properties of the cross-section are to be obtained by the following formulae, where the cross-section is
assumed to be made of the assembly of line segments:

l= \/(l/k_l/i,)?"'(Zk_zi)2

—10-3 -

s =107, 5 A0 = Eanf}l)
Ans0

Sy—ns0 — 2 (Zk+Zi) Sy—ns0 = Esy—nso
. o Q50 2 2 _ E .
Lyo—n50 = 3 ( k+zkzi+zi) ]yo—nr)o = 24%0-n50
where:
Yis 2 : Y and Z coordinates of start point i of a line segment, in m, as defined in Figure 1
Yps Zp : Y and Z coordinates of end point k of a line segment, in m, as defined in Figure 1
a,50, A5, : Areas of the line segment and the cross-section respectively, in m’
8,—ns0> Sy—nso - First moments of the line segment and the cross-section about the baseline, in m’
iyo-ns0s Lo-nso - Moments of inertia of the line segment and the cross-section about the baseline, in m’,
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1.4.2
The height of the horizontal neutral axis z
S

in m, is to be obtained as follows:

nd

_ My—nb0

n50

1.4.3
The moment of inertia about the horizontal neutral axis, in m®, is to be obtained as follows:

I

y—nb0

I —224

y0—nb0 n* nb0
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Appendix 2 - Hull Girder Ultimate Bending Capacity

Symbols

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

I_ .5 : Moment of inertia, in m*, of the hull transverse section around its horizontal neutral axis, to
be calculated according to Ch 5, Sec 1

Zy s Section modulus at bottom, in m’, to be taken as:

Zp_s0 - Section modulus at deck, in m’, to be taken as:

R, : Minimum yield stress, in N/mm?, of the material of the considered stiffener

Ry, : Minimum yield stress, in N/mm’, of the material of the considered plate

A, .., : Net sectional area, in cm’, of stiffener, without attached plating

A, .5 : Net sectional area, in cm’, of attached plating.

1. General

1.1 Application

1.1.1

This Appendix provides the criteria to obtain the ultimate longitudinal bending moment capacity My to
be used in the hull girder ultimate capacity check according to Ch 5, Sec 2.

1.1.2

My is defined as the maximum bending moment capacity of the hull girder beyond which the hull
structure collapses. Hull girder failure is controlled by buckling, ultimate strength and yielding of
longitudinal structural elements.

1.2 Methods

1.2.1 Incremental-iterative method

The hull girder ultimate bending moment capacity is to be assessed by the incremental-iterative method
defined in [2].

1.2.2 Alternative methods

Principles for alternative methods for the calculation of the hull girder ultimate bending moment capacity,
e.g. the nonlinear finite element analysis, are given in Article [3]. Application of alternative methods is
to be agreed by the Society prior to commencement. Documentation of the analysis methodology and
detailed comparison of its results are to be submitted for review and acceptance. The use of such
methods may require the partial safety factors to be recalibrated.

1.3 General assumptions

1.3.1

The method for calculating the ultimate hull girder bending capacity is to identify the critical failure
modes of all the main longitudinal structural elements.
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1.3.2

Structures compressed beyond their buckling limit have reduced load carrying capacity. All relevant
failure modes for individual structural elements, such as plate buckling, torsional stiffener buckling,
stiffener web buckling, lateral or global stiffener buckling and their interactions, are to be considered in
order to identify the weakest inter-frame failure mode.

2. Incremental-iterative method

2.1 Assumptions

211
In applying the procedure described in [2.2], the following assumptions are generally to be made:
» The ultimate strength is calculated at hull transverse sections between two adjacent transverse webs.
* The hull girder transverse section remains plane during each curvature increment.
* The hull material has an elasto-plastic behaviour.
* The hull girder transverse section is divided into a set of elements, see [2.2.2], which are considered
to act independently.

These elements are:
* Transversely framed plating panels and/or stiffeners with attached plating, whose structural behaviour
is described in [2.3.1].

* Hard corners, constituted by plating crossing, whose structural behaviour is described in [2.3.2].

According to the iterative procedure, the bending moment A/ acting on the transverse section at each
curvature value x, is obtained by summing the contribution given by the stress 0 acting on each
element. The stress o corresponding to the element strain ¢ is to be obtained, for each curvature
increment, from the non-linear load-end shortening curves o—e¢ of the element.

These curves are to be calculated, for the failure mechanisms of the element, from the formulae
specified in [2.3]. The stress o is selected as the lowest value among those obtained from each of the

considered load-end shortening curves o—e.

The procedure is to be repeated until the value of the imposed curvature reaches the value y,, in m’,

in hogging and sagging conditions, obtained from the following formula:

where:
+0.003 M
Xp=%0.
g EIy*nSO
M, : The lesser of the following values A7y, and M, in kNm:

My, = 1OSRFHZB— n50
A[YZ = 1OSRGHZDf n50

If the value x, is not sufficient to evaluate the peaks of the curve M —y, the procedure is to be
repeated until the value of the imposed curvature permits the calculation of the maximum bending
moments of the curve.

2.2 Procedure

2.2.1 General

The curve M —x is to be obtained by means of an incremental-iterative approach, summarised in the
flow chart of Figure 1.
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In this procedure, the hull girder ultimate bending moment capacity 3/, is defined as the peak value of
the curve with vertical bending moment M versus the curvature y of the ship cross-section as shown in
Figure 1. The curve is to be obtained through an incremental-iterative approach.

Each step of the incremental procedure is represented by the calculation of the bending moment 3
which acts on the hull transverse section as the effect of an imposed curvature y;,.

For each step, the value y, is to be obtained by summing an increment of curvature Ay to the value
relevant to the previous step x,;_,. This increment of curvature corresponds to an increment of the
rotation angle of the hull girder transverse section around its horizontal neutral axis.

This rotation increment induces axial strains ¢ in each hull structural element, whose value depends on
the position of the element. In hogging condition, the structural elements above the neutral axis are
lengthened, while the elements below the neutral axis are shortened, and vice-versa in sagging condition.

The stress o induced in each structural element by the strain ¢ is to be obtained from the load-end
shortening curve o—e¢ of the element, which takes into account the behaviour of the element in the
non-linear elasto-plastic domain.

The distribution of the stresses induced in all the elements composing the hull transverse section
determines, for each step, a variation of the neutral axis position, due to the nonlinear o—e relationship.
The new position of the neutral axis relevant to the step considered is to be obtained by means of an
iterative process, imposing the equilibrium among the stresses acting in all the hull elements on the
transverse section.

Once the position of the neutral axis is known and the relevant element stress distribution in the section
is obtained, the bending moment of the section A4 around the new position of the neutral axis, which
corresponds to the curvature yx, imposed in the step considered, is to be obtained by summing the
contribution given by each element stress.
The main steps of the incremental-iterative approach described above are summarised as follows (see also
Figure 1):

a) Step 1 : Divide the transverse section of hull into stiffened plate elements

b) Step 2 : Define stress-strain relationships for all the elements, as shown in Table 1

c) Step 3 : Initialise curvature y, and neutral axis for the first incremental step with the value of
incremental curvature (i.e. curvature that induces a stress equal to 1% of yield strength
in strength deck) as:

ReH 1
E zp—z

X1 =Ax=0.01

where:

zp . Z coordinate, in m, of the strength deck at side, with respect to the reference
coordinate system defined in Ch 1, Sec 4, [3.5]

z, . Z coordinate, in m, of the horizontal neutral axis of the hull transverse section, with
respect to the reference coordinate system defined in Ch 1, Sec 4, [3.5]

d) Step 4 : Calculate, for each element, the corresponding strain e = x(z,—2,) and the corresponding

stress o,
e) Step 5 : Determine the neutral axis =z,,_,, at each incremental step by establishing force
equilibrium over the whole transverse section as:
YA 500 = EAj—nso 0,
the i-th element being under compression and the j-th element under tension

f) Step 6 : Calculate the corresponding moment by summing the contributions of all the elements:
]liu = EUUI',Ai*m')U'(Zi - ZNA*C!H‘)|
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g) Step 7 : Compare the moment in the current incremental step with the moment in the previous
incremental step. If the slope in A7 —x relationship is less than a negative fixed value,
terminate the process and define the peak value A7, Otherwise, increase the curvature by

the amount of Ay and go to Step 4.

Start

v

First step
X1 =0

Y

Calculation of the position of the neutral axis N, = 0

¥

Y

Increment of the curvature
Xi= A T AY

Y

Calculation of the strain € induced on
> each structural element by the curvature y;
for the neutral axis position N,

Y

For each structural element; calculation of | o
the stress o relevant to the strain €

>/ Curve o-¢

Y

Calculation of the new position of the neutral
> axis N, imposing the equilibrium
on the stress resultant F

No

Yes

Check on the position
of the neutral axis
|Nf' Ni—ll < 52

0,, 0, = specified tolerance on zero value

Calculation of the bending moment
M; relevant to the curvature y; summing the
contribution of each structural element stress

No

Yes

End

Figure 1: Flow chart of the procedure for the evaluation of the curve A/— y

236

#Z»Rules for the Classification of Steel Ships 2019



Pt 14 Structural Rules for Container Ships
Ch5 Hull Girder Strength Pt 14, Ch 5, Appendix 2

2.2.2 Modelling of the hull girder cross—section

Hull girder transverse sections are to be considered as being constituted by the members contributing to
the hull girder ultimate strength.

Sniped stiffeners are also to be modelled, taking account of the fact that they do not contribute to the
hull girder strength.

The structural members are categorised into a stiffener element, a stiffened plate element or a hard
corner element.

The plate panel including web plate of girder or side stringer is idealised into either a stiffened plate
element, an attached plate of a stiffener element, or a hard corner element.

The plate panel is categorised into the following two kinds:
* Longitudinally stiffened panel, the longer side of which is in the ship longitudinal direction, and

» Transversely stiffened panel, the longer side of which is in the direction perpendicular to the
ship longitudinal direction.

a) Hard corner element
Hard corner elements are sturdier elements composing the hull girder transverse section, which
collapse mainly according to an elasto-plastic mode of failure (material yielding); they are generally
constituted by two plates not lying in the same plane.

The extent of a hard comer element from the point of intersection of the plates is taken equal to
20¢,_5, on a transversely stiffened panel and to 0.5s5 on a longitudinally stiffened panel, see

Figure 2.

where:

t,_s - Net offered thickness of the plate, in mm

s : Spacing of the adjacent longitudinal stiffener, in m.

Bilge, sheer strake-deck stringer elements, girder-deck connections and face plate-web connections
on large girders are typical hard corners.

b) Stiffener element
The stiffener constitutes a stiffener element together with the attached plate.

The attached plate width is, in principle, equal to:

* The mean spacing of the stiffener, when the panels on both sides of the stiffener are
longitudinally stiffened, or

* The width of the longitudinally stiffened panel, when the panel on one side of the stiffener is
longitudinally stiffened and the other panel is transversely stiffened, see Figure 2.

c) Stiffened plate element
The plate between stiffener elements, between a stiffener element and a hard corner element or

between hard comer elements is to be treated as a stiffened plate element, see Figure 2.

The typical examples of modelling of hull girder section are illustrated in Figure 3.
Notwithstanding the foregoing principle, these figures are to be applied to the modelling in the
vicinity of upper deck, sheer strake and hatch coaming.
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s, =Min(20 ¢, S,/2)

S, - (S,+s5)/2 e ‘ S,-S;—-S3/2 R e s,/2
‘ﬁ' ‘ _________________.L" ‘ﬁ' ﬁ’ | ------------------------ l # '-|-_|-' .,
(Long. Stiff.) (Transv. Stiff.) (Long. Stiff.) (Transv. Stiff.) (Long. Stiff.)

™y Stiffener element

mxxm Stiffened plate element

== Hard corner element

Figure 2: Extension of the breadth of the attached plating and hard corner element

T Stiffener element
o Stiffened plate element
= Hard corner element

rg
@
3

e fo
s si2 s

Figure 3: Examples of the configuration of stiffened plate elements, stiffener elements and
hard corner elements on a hull section

In case of knuckle points as shown in Figure 4, the plating area adjacent to the knuckles in a
plating having an angle greater than 30° is defined as a hard corner. The extent, from the
knuckle point, of one side of the corner is taken equal to 20¢,_ 5, on transversely framed
panels and to 0.5s on longitudinally framed panels.

Where plate elements are stiffened by non-continuous longitudinal stiffeners, the non-continuous
stiffeners are considered only as dividing a plate into various elementary plate panels.

Where openings are provided in stiffened plate elements, the openings are to be considered in
accordance with Ch 5, Sec 1, [1.2.8].

Where an attached plating is made of steels having different thicknesses and/or yield stresses, an
average thickness and/or average yield stress, obtained from the following formulae, are to be
used for the calculation:
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oSt Tl 5052 - B, gty —ns051 T Be ppata—nsoSa
t=—m— Ry =
S t7150S
where,

Ropns Rompos ti—ns0s ta—nsos S1» So and s are shown in Figure 5.

Knuckle point

Figure 4: Plating with knuckle point
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Reri REH;JZ

L |

Figure 5: Element with different thickness and yield strength

2.3 Load-end shortening curves

2.3.1 Stiffened plate element and stiffener element

Stiffened plate element and stiffener element composing the hull girder transverse sections may collapse,
following one of the modes of failure specified in Table 1.

a) Where the plate elements are stiffened by non-continuous longitudinal stiffeners, the stress of the
element is to be obtained in accordance with [2.3.3] to [2.3.8], taking account of the non-continuous
longitudinal stiffener. In the calculation of the total forces for checking the hull girder ultimate
strength, the area of the non-continuous longitudinal stiffener is to be assumed as zero.

b) Where an opening is provided in the stiffened plate element, the considered area of the stiffened
plate element is to be obtained by deducting the opening area from the plating in the calculation
of the total forces for checking the hull girder ultimate strength. The consideration of the opening
is in accordance with the requirement in Ch 5, Sec 1, [1.2.8] to [1.2.12].

c) For the stiffened plate element, the effective width of plate for the load shortening portion of the
stress-strain curve is to be taken as the full plate width, i.e. to the intersection of the other plate
or longitudinal stiffener — neither from the end of the hard corner element nor from the attached
plating of the stiffener element, if any. In the calculation of the total forces for checking the hull
girder ultimate strength, the area of the stiffened plate element is to be taken between the hard
corner element and the stiffener element or between the hard corner elements, as applicable.
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Table 1: Modes of failure of stiffened plate element and stiffener element

Element Mode of failure Curve o—e¢ defined in

Length iffe 1 1 .

engthened .St] ened plate element Elasto-plastic collapse [2.3.3]
or stiffener element
Beam column buckling [2.3.4]
. Torsional buckling [2.3.5]
hort tiff 1 t .

Shortened stiffener elemen Web local buckling of flanged profiles [2.3.6]
Web local buckling of flat bars [2.3.7]
Shortened stiffened plate element Plate buckling [2.3.8]

2.3.2 Hard corner element

The relevant load-end shortening curve o—e is to be obtained for lengthened and shortened hard corners

according to [2.3.3].

2.3.3 Elasto-plastic collapse of structural elements

The equation describing the load-end shortening curve o—e¢ for the elasto-plastic collapse of structural
elements composing the hull girder transverse section is to be obtained from the following formula, valid

for both positive (shortening) and negative (lengthening) strains (see Figure 6):

c=DR

where:

R, : Equivalent minimum vyield stress, in N/mm’, of the considered element, obtained by the

following formula:

Re[[PAp— n50 + Re[ls‘As —nb0
A »—n50 + As* 50

’ nb

RF,HA =

¢ : Edge function, equal to:
¢=-1 for e < -1
b =c for -1 < ¢ <1

o=1 for ¢ < 1

e : Relative strain, equal to:
ep
e =L
€y
e : Element strain
ey : Strain at yield stress in the element, equal to:
e = ReHA
rrB

-R

eHA

Figure 6 : Load-end curve g — ¢ for elasto plastic collapse
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2.3.4 Beam column buckling

The equation describing the load-end shortening curve o—e for the beam column buckling of stiffeners
composing the hull girder transverse section is to be obtained from the following formula, see Figure 7:

As*u')[] +4, E—n50
O p =Po - Ll
oA @ A3f715[]+‘4pfn50
where:
o : Edge function, as defined in [2.3.3]
Ta : Critical stress, in N/mm’, equal to:
on Ry
= = <
o) - for o < 5 €
R, ype Ry
o :ReHB(l_ do,, ) for o > 5 €
R, up . Equivalent minimum yield stress, in N/mm’, of the considered element, obtained by the
following formula:
R _ RerApE[*HSOE[)E—FReHsAs*nEif)ZsE
i ApE[* VL50£[)E+ As *n»ﬁ(]gsE
Ayp-,50 - Effective area, in cnt’, equal to:
ApEl—nan =10bpt,50
Cop : Distance, in mm, measured from the neutral axis of the stiffener with attached plate of width

by to the bottom of the attached plate

Lop : Distance, in mm, measured from the neutral axis of the stiffener with attached plating of
width b, to the top of the stiffener

e : Relative strain, as defined in [2.3.3]
o : Euler column buckling stress, in N/mm’ equal to:
1 —n. 4
op =m?B——"% 107"
E—nSUe
I . : Net moment of inertia of stiffeners, in cm®, with attached plating of width b,

Ay s © Net area, in cm’ of stiffeners with attached plating of width b,

ba . Effective width corrected for relative strain, in m, of the attached plating, equal to:
by = — for B, > 1.0
Be
by = s for 3, < 1.0
_ 3 S SReHP
fr =107 ; E

n50
A,z 50 - Net sectional area, in cnt’, of attached plating of width b,, equal to:

ApE* n50 — 10bEt

nb50

by : Effective width, in m, of the attached plating, equal to:
225 1.25
bp=|—————|s for 3, > 1.25
E ( ﬁE ﬁ2E E
bp=s for g, < 1.25
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OCRl

C1 [rmmmmmmmmemmene

Figure 7: Load-end shortening curve ¢, — ¢ for beam column buckling

2.3.5 Torsional buckling

The load-end shortening curve o, —e for the flexural-torsional buckling of stiffeners composing the hull
girder transverse section is to be obtained according to the following formula, see Figure 8:

As —n509 2 + Ap —n509 CP

Tom = As*rzBU +Ap*715[]
where:
@ : Edge function, as defined in [2.3.3]
Oy : Critical stress, in N/mm’, equal to:
Tp Ry,
U(Z_T for (TEZS 2 &
REHSS Rs’Ho
JmRﬁHq(l_E for O > 9
T : Euler column buckling stress, in N/mm’, taken equal to o, , as defined in Ch 8, Sec 1
e : Relative strain, as defined in [2.3.3]
Tep : Buckling stress of the attached plating, in N/mm’ equal to:
225 1.25
p = R for g, > 1.25
Ocop ﬁE ﬂQE) eHp ﬂL
oop = Ry, for g, < 1.25
B : Coefficient, as defined in [2.3.4].
OCRQ
(o) I

Figure 8 : Load-end shortening curve Ocm— & for flexural-torsional buckling
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2.3.6 Web local buckling of stiffeners made of flanged profiles

The equation describing the load-end shortening curve o, —¢ for the web local buckling of flanged
stiffeners composing the hull girder transverse section is to be obtained from the following formula:

103bEtn5U Rer + (hu'e tui —nb0 + b/'t/'fn‘é() ) RcHs
Ocrs — 3
10°st,50 + Ryt — s T bftf—n50

where:
o : Edge function, as defined in [2.3.3]
by . Effective width, in m, of the attached shell plating, as defined in [2.3.4]
by . Effective height of the web, in mm, equal to:

we = 225 1‘225 hy, for 3, > 1.25

hy. = hy, for 3, < 1.25

ﬁ“, _ ; hzu 8}21%

w—n50

e : Relative strain, as defined in [2.3.3].

2.3.7 Web local buckling of stiffeners made of flat bars

The load-end shortening curve o, —e for the web local buckling of flat bar stiffeners composing the
hull girder transverse section is to be obtained from the following formula, see Figure 9:

Ap_ 500 cpt Ay 500 cu

Tem = AT A s
where:
o : Edge function, as defined in [2.3.3]
Oop : Buckling stress of the attached plating, in N/mm’, as defined in [2.3.5]
Oy : Critical stress, in N/mm’ equal to:
Opy = % for op < %

R e R, g,
Ooy = R)Hg(l— L= for o, > —"¢

¢ 40 2
O : Local Euler buckling stress, in N/mm’, equal to:
tw*nﬁ(} ?
T
e : Relative strain, as defined in [2.3.3].

Ocra

Figure 9: Load-end shortening curve Oors— € for web local buckling
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2.3.8 Plate buckling

The load-end shortening curve o, —e for the buckling of transversely stiffened panels composing the
hull girder transverse section is to be obtained from the following formula:

DR,y
. 2
Oors =mimgp 3(2.25_ 1~25)+0.1(1_i)(1+i }
eHp ‘

t\ By By £ e
where:
é : Edge function, as defined in [2.3.3]
Br : value of following formula
B = 10— \/?
s : Plate breadth, in m, taken as the spacing between the stiffeners
1 : Longer side of the plate, in m.

3. Alternative methods
3.1 General

3.1.1

Application of alternative methods is to be agreed by the Society prior to commencement. Documentation
of the analysis methodology and detailed comparison of its results are to be submitted for review and
acceptance. The use of such methods may require the partial safety factors to be recalibrated.

3.1.2

The bending moment-curvature relationship M-y may be established by alternative methods. Such models
are to consider all the relevant effects important to the non-linear response, with due consideration to:

a) Non-linear geometrical behaviour
b) Inelastic material behaviour
¢) Geometrical imperfections and residual stresses (geometrical out-of-flatness of plate and stiffeners)
d) Simultaneously acting loads:
* Bi-axial compression
* Bi-axial tension
* Shear and lateral pressure
e) Boundary conditions
f) Interactions between buckling modes
g) Interactions between structural elements such as plates, stiffeners, girders, etc
h) Post-buckling capacity

1) Overstressed elements on the compression side of hull girder cross-section possibly leading to local
permanent sets/buckle damages in plating, stiffeners etc (double bottom effects or similar).
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3.2 Non-linear finite element analysis

3.2.1

Advanced non-linear finite element analysis models may be used for the assessment of the hull girder
ultimate capacity. Such models are to consider the relevant effects important to the non-linear responses,
with due consideration to the items listed in [3.1.1].

3.2.2

Particular attention is to be given to modelling the shape and size of geometrical imperfections. It is to
be ensured that the shape and size of geometrical imperfections trigger the most critical failure modes.
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Appendix 3 - Definition of Hull Girder Torsional Properties

1. General

The hull girder torsional properties may be calculated based on the thin walled beam theory. The
torsional properties for each design will be calculated with SeaTrust-HullScan.

2. Warping Function

The warping fuction for node “N”, w(s), may be obtained from the following equation.

N| q

(s)= [ |F—h(s)|d
wls / i s)|ds
where
s : length along girth
gs : Specific stress flow of cell to which each segment belongs
t : Plate thickness of each segment with the area of longitudinal stiffeners smeared
h(s) : Distance from the center of twist to the tangent to the point in question. This distance shall

be considered positive when, in conjunction with the positive direction of the arc length
coordinate s, it would correspond to a positive twist.

The specific stress flow, ¢, of each cell may be obtained from the following set of equations; the
number of the equation is equal to the number of cells in hull girder section.

q,ygi%—qj_l j_l%—qmygmifzmi (i=1,2,---,k)

where

qi : Specific flow for cell “/”

gi1 : Specific flow for adjacent cell “i-1”

qi+1 : Specific flow for adjacent cell “+1”

k : Number of the cells in hull girder section

A; : Enclosed area of cell ‘7

t : Plate thickness of segment with the area of longitudinal stiffeners smeared

3. Sectorial Moment of Inertia

The sectorial moment of inertia, 7, for the hull girder section may be obtained from the following

w?

equation:
[ = itn/‘[”u)Q(s)dS
n—1 0
where
p : number of segments in hull girder section
1, : length of segment “n”
t, : Plate thickness of segment “#n” with the area of longitudinal stiffeners smeared
w(s) : Warping function

246 #Z»Rules for the Classification of Steel Ships 2019



Pt 14 Structural Rules for Container Ships
Ch5 Hull Girder Strength Pt 14, Ch 5, Appendix 3

4. St. Venant Moment of Inertia

The St. Vemenat moment of inertia, J, may be obtained from the following equation:

Ar Skt b))

k

J= 42}1 55 &t 3
t

where
A; : Enclosed area of cell ‘4
t : Plate thickness of segment in cell “7” without smearing longitudinal stiffeners
k : Number of the cells in hull girder section
by, : Web height of longitudinal stiffener
tw : Web thickness of longitudinal stiffener
by : Face plate width of longitudinal stiffener
t . Face plate thickness of longitudinal stiffener
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Chapter 6

Hull Local Scantling

Section 1 General

Section 2 Load Application

Section 3 Minimum Thicknesses

Section 4 Plating

Section 5 Stiffeners

Section 6 Primary Supporting Members and Pillars
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Section 1 - General

1. Application
1.1 Application

1.1.1

This chapter applies to hull structure over the full length of the ship including fore end, cargo hold
region, machinery space and aft end, the side shell above the freeboard deck, engine casing, exposed
decks of superstructure and internal decks except those inside superstructure and deckhouse.

1.1.2

This chapter provides requirements for evaluation of plating, stiffeners and Primary Supporting Members
(PSM) subject to lateral pressure, local loads and to hull girder loads, as applicable. Requirements are
specified for:

a) Load application in Ch 6, Sec 2.
b) Minimum thickness of plates, stiffeners and PSM in Ch 6, Sec 3.
¢) Plating in Ch 6, Sec 4.
d) Stiffeners in Ch 6, Sec 5.
e) PSM and pillars in Ch 6, Sec 6.
In addition, other requirements not related to defined design load sets, are provided.

1.1.3

The offered net scantling is to be greater than or equal to the required scantlings based on requirements
provided in this chapter.

114

Additional local strength requirements are provided in Ch 10 considering bow impact loads, bottom
slamming loads and sloshing loads, and for fore end, machinery space and aft end.

1.2 Acceptance criteria

1.2.1
Acceptance criteria set to be selected based on design load as follows:
a) AC-S for design load S; static loads

b) AC-SD for design load S+D; combination of static and dynamic loads
¢) AC-A for design load A; accidental loads
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Section 2 - Load Application

Symbols

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

1. Load combination
1.1 Hull girder bending

1.1.1 Normal stresses

The normal stress o,,, in N/mm?® induced by acting vertical and horizontal bending moments at the
position being considered is given as follow. This stress is to be calculated for each design load set, as
defined in [2] covering all dynamic load cases defined in Ch 4 in combination with A7, both in
hogging and in sagging.

]Li;li'+]l/1;1'1:7 ) ‘/L[w:* C ¢
U/lg: : I ’ L(V(Zizn)i [/f’ L(Vy 10 d<|>C’to7'o-l/l"’7”
y—n50 7 —nb50
where:
M, . Still water bending moment, in kNm, as defined in Ch 4, Sec 4, [2.2] in accordance with the

considered design load scenario in Ch 4, Sec 7, Table 1.

M, .- - Vertical wave bending moment, in kNm, of the considered dynamic load case, as defined in
Ch 4, Sec 4, [3.2] in accordance with the considered design load scenario in Ch 4, Sec 7,
Table 1, at the considered longitudinal position.

M,, ;o : Horizontal wave bending moment, in kNm, of the considered dynamic load case, as defined
in Ch 4, Sec 4, [3.4] in accordance with the considered design load scenario in Ch 4, Sec
7, Table 1, at the considered longitudinal position.

I_.5 : Net vertical hull girder moment of inertia, at the longitudinal position being considered, in m*
I_. : Net horizontal hull girder moment of inertia, at the longitudinal position being considered, in m*
Yy : Transverse coordinate of load calculation point, in m.

z : Vertical coordinate of the load calculation point under consideration, in m.

2, : Distance from the baseline to the horizontal neutral axis, in m.

G, : Warping stress coefficient, as defined in Ch 5, Sec 1, [3.4.1].

oy : Warping stress, in N/mm?, as defined in Ch 5, Sec 1, [2.1.5] to [2.1.7].

1.2 Lateral pressures

1.2.1 Static and dynamic pressures in intact conditions

The static and dynamic lateral pressures in intact condition induced by the sea and the various types of
cargoes, ballast and other liquids are to be considered. Applied loads will depend on the location of the
elements under consideration, and the adjacent type of compartments.

1.2.2 Lateral pressure in flooded conditions

Watertight boundaries of compartments not intended to carry liquids, excluding shell envelope, are to be
subjected to lateral pressure in flooded conditions.
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1.3 Pressure combination

1.3.1 Elements of the outer shell

If the compartment adjacent to the outer shell is intended to carry liquids, the static and dynamic lateral
pressures to be considered are the differences between the internal pressures and the external sea
pressures at the corresponding draught.

If the compartment adjacent to the outer shell is not intended to carry liquids, the internal pressures and

external sea pressures are to be considered independently.

1.3.2 Elements other than those of the outer shell

Except as specified in [1.3.1], the static and dynamic lateral pressures on an element separating two
adjacent compartments are those obtained considering the two compartments individually loaded.

2. Design load sets
2.1 Application of load components

2.1.1 Application

These requirements apply to:
a) Plating and stiffeners along the full length of the ship.
b) PSM outside the cargo hold region.

2.1.2 Load components

The static and dynamic load components are to be determined in accordance with Ch 4, Sec 7, Table 1.
Radius of gyration, k,, and metacentric height, GA/, are to be in accordance with Ch 4, Sec 3, Table 1
for the considered loading conditions specified in the design load sets given in Table 1.

2.1.3 Design load sets for plating, stiffeners and PSM

Design load sets for plating, stiffeners and primary supporting members are given in Table 1.

Table 1: Design load sets

Structural member Design Load Draught Design Loading condition
load set component load
SEA-1 P, Pp T S+D Full load condition
External shell and Exposed deck
SEA-2 P, Te S Harbour condition
WB-1 p,—p," Tpar S+D Normal ballast condition
E pP.—p O T " Normal ballast condition
Water ballast tank WB-2 meoser BAL $+D Water ballast exchange
WB-3 pP,—P," | 0257 S Harbour condition
WB-4 P,—P. " | 0257 A Test condition
TK-1 p,—p," Tpar S+D Normal ballast condition
Tanks other than water ballast tank TK-2 pP,—P, " | 025Tg S Harbour condition
TK-3 P,—P. M| 0257, A Test condition
Watertight boundaries FD-1? P, - A Flooded condition
Notes:
(1) P,, is to be considered for external shell only.
(2) FD-1 is not applicable to external shell.
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Symbols

Section 3 -

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

1. Plating

1.1 Minimum thickness requirements

1.11

Minimum Thickness

Pt14, Ch6, Sec 3

The net thickness of plating in mm, is to comply with the appropriate minimum thickness requirements

given in Table 1.

Table 1: Minimum net thickness for plating

Element Location Area Net thickness
Keel - 7.5+0.03Ly vk
Fore Part 5.5+0.03L, Vk
Shell Bottom Machinery space
Side shell Aft part 7.0+0.02L, vk
Bilge
Elsewhere 4.5+0.03L, vk
Breasthook Fore part 6.5
Weather deck, strength deck, internal tank boundary - 3.7+0.019L2\/E
Deck Machinery space 4.5+0.02L, vk
Platform deck
Elsewhere 6.5

Inner bottom™"

Machinery space

6.1+0.024L, vk

Elsewhere 4.0+0.028 L, N
Internal tank boundary - 4.54+0.016L, \/E
Transverse/longitudinal watertight bulkhead - 4.5+0.01L2\/E
Bulkheads

Bulkhle\;(g;_tli)i}tl\;ebelrlllkg:; d;paces. ) 45+0.01L,Vk

Pillar bulkheads in fore and aft peaks - 7.5

Engine casing (in the cargo hold region) Cargo hold region 5.5

Other members Engine casing (in way of accommodation) Accommodation 4.0
Other plates in general - 4‘5+0.01L2\/E

(1) Applicable for both tight and non tight members
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2. Stiffeners and tripping brackets
2.1 Minimum thickness requirements

2.1.1

The net thickness of the web and face plate, if any, of stiffeners and tripping brackets in mm, is to
comply with the minimum net thickness given in Table 2.

In addition, the net thickness of the web of stiffeners and tripping brackets, in mm, is to be:

a) Not less than 40% of the net required thickness of the attached plating, to be determined
according to Ch 6, Sec 4.

b) Less than twice the net offered thickness of the attached plating.

Table 2 : Minimum net thickness for stiffeners

Element Location Net thickness
Stiffeners and attached end Watertight boundary 4.5 +0.007Z,
brackets Other structure 4.0 +0.007L,

Tripping brackets 4.5 +0.01L,

3. Primary supporting members
3.1 Minimum thickness requirements

3.1.1

The net thickness of web plating and flange of primary supporting members in mm, is to comply with
the minimum net thickness given in Table 3.

Table 3: Minimum net thickness for primary supporting members

Element Location Net thickness
Machinery space 1.55L21/3 +3.5
Double bottom centreline girder

Elsewhere 5.5+ 0.025L,
Machinery space 1.7L21/ 34+1.0
Other bottom girder Fore part of ships with Z > 150m O.6L21/ =05
Elsewhere and fore part of ships with Z < 150m 4.5+ 0.017L,
Girders bounding a duct keel Machinery space 0.8L21/ 2425
Machinery space 1.7L21/ 34+1.0

Bottom floor Fore part 0.7L21/ 2

Elsewhere 0‘55L21/ :

Aft peak floor - 0.55L21/2

Other primary supporting member - 0.43L21/ 2
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Section 4 - Plating

Symbols

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

@, : Correction factor for the panel aspect ratio to be taken as follow but not to be taken greater
than 1.0.
o =127 Q.Iia

a : Length of plate panel, in mm, as defined in Ch 3, Sec 7, [2.2.2].

b : Breath of plate panel, in mm, as defined in Ch 3, Sec 7, [2.2.2].

P : Design pressure for the considered design load set, see Ch 6, Sec 2, [2], calculated at the

load calculation point defined in Ch 3, Sec 7, [2.2], in kN/m?.

Thy : Hull girder bending stress, in N/mm?, as defined in Ch 6, Sec 2, [1.1], calculated at the
load calculation point as defined in Ch 3, Sec 7, [2.2].

X : Coefficient taken equal to:
a) In intact condition
* x=1.00
b) In flooded condition
* x=0.95 for collision bulkheads for acceptance criteria set AC-A

* y=1.15 for other watertight boundaries of compartments
1. Plating subjected to lateral pressure

1.1 Yielding check

1.1.1 Plating

The net thickness, ¢ in mm, is not to be taken less than the greatest value for all applicable design
load sets, as defined in Ch 6, Sec 2, [2.1.3], given by:

_ | 1Pl
£= 001580, by~

where:

C, : Permissible bending stress coefficient for plate taken equal to:
C,=0—« |;l‘;| , not to be taken greater than C, , ..

I} . Coefficient as defined in Table 1.

@ : Coefficient as defined in Table 1.

o mae - Maximum permissible bending stress coefficient as defined in Table 1.
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Table 1: Definition 3, o and C

a—mazr

lz‘r(;s:g;m;: Structural member B o a—max

Longitudinal Longitudinally stiffened plating 0.9 0.5 0.8

AC-S strength members Transversely stiffened plating 0.9 1.0 0.8
Other members 0.8 0 0.8

Longitudinal Longitudinally stiffened plating 1.05 0.5 0.95

AC-SD strength members Transversely stiffened plating 1.05 1.0 0.95
Other members 1.0 0 1.0

Longitudinal Longitudinally stiffened plating 1.10 0.5 1.0

AC-A strength members Transversely stiffened plating 1.10 1.0 1.0
Other members 1.0 0 1.0

2. Special requirements
2.1 Minimum thickness of keel plating

2.1.1

The net thickness of the keel plating is not to be taken less than the offered net thickness of the
adjacent 2 m width bottom plating, measured from the edge of the keel strake.

The width of the keel is defined in Ch 3, Sec 6, [7.2.1].

2.2 Bilge plating

2.2.1 Definition of bilge area
The definition of bilge area is given in Ch 1, Sec 4, [3.8.1].

2.2.2 Bilge plate thickness

a) The net thickness of bilge plating is not to be taken less than the offered net thickness for the
adjacent bottom shell or adjacent side shell plating, whichever is greater.

b) The net thickness of rounded bilge plating, ¢, in mm, is not to be taken less than:
t=6.45x10"*(P,s,)"R"S

where:

P, : Design sea pressure for the design load set SEA-1 as defined in Ch 6, Sec 2, [2.1.3]
calculated at the lower turn of the bilge, in kN/m?.

R Effective bilge radius in mm.
R=R,+05(As, + As,)
R, : Radius of curvature, in mm. See Figure 1.

As; @ Distance between the lower turn of bilge and the outermost bottom longitudinal, in mm, see
Figure 1. Where the outermost bottom longitudinal is within the curvature, this distance is
to be taken as zero.
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As, : Distance between the upper turn of bilge and the lowest side longitudinal, in mm, see
Figure 1. Where the lowest side longitudinal is within the curvature, this distance is to be

taken as zero.
s, : Distance between transverse stiffeners, webs or bilge brackets, in mm.

¢) Longitudinally stiffened bilge plating is to be assessed as regular stiffened plating. The bilge
thickness is not to be less than the lesser of the value obtained by [1.1.1] and [2.2.2] b). A bilge
keel is not considered as an effective ‘longitudinal stiffening’ member.

2.2.3 Transverse extension of bilge minimum plate thickness

Where a plate seam is located in the straight plate just below the lowest stiffener on the side shell, any
increased thickness required for the bilge plating does not have to be extended to the adjacent plate
above the bilge provided the plate seam is not more than s,/4 below the lowest side longitudinal.
Similarly, for the flat part of adjacent bottom plating, any increased thickness for the bilge plating does
not have to be extended to the adjacent plate provided that the plate seam is not more than s,/4
beyond the outboard bottom longitudinal. For definition of s, and s,, see Figure 1.

S;

Figure 1: Transverse stiffened bilge plating

2.2.4 Hull envelope framing in bilge area

For transversely stiffened bilge plating, a longitudinal is to be fitted at the bottom and at the side close
to the position where the curvature of the bilge plate starts. The scantling of those longitudinals are to
be not less than the one of the closer adjacent stiffener. The distance between the lower turn of bilge
and the outermost bottom longitudinal, A s, is generally not to be greater than one-third of the spacing
between the two outermost bottom longitudinals, s;. Similarly, the distance between the upper turn of the
bilge and the lowest side longitudinal, As,, is generally not to be greater than one-third of the spacing
between the two lowest side longitudinals, s,, See Figure 1.
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2.3 Side shell plating

2.3.1 Fender contact zone

The net thickness, ¢ in mm, of the side shell plating within the fender contact zone as specified in
[2.3.2] is not to be taken less than:

b
t= 26(m+0.7)

BT 0.25
ReQH )

2.3.2 Application of fender contact zone requirement

The application extends within the cargo hold region as defined in Ch 1, Sec 1, [2.4.3], from the
ballast draught 77;,, to 0.257, (minimum 2.2m) above 7,

sc*

2.4 Sheer strake

2.4.1 General
The minimum width of the sheer strake is defined in Ch 3, Sec 6, [8.2.4].

2.4.2 Welded sheer strake

The net thickness of a welded sheer strake is not to be less than the offered net thickness of the
adjacent 2 m width side plating, provided this plating is located entirely within the top wing tank or
double side tank as the case may be.

2.4.3 Rounded sheer strake
The net thickness of a rounded sheer strake is not to be less than:

a) The offered net thickness of the adjacent 2 m width deck plating, or
b) The offered net thickness of the adjacent 2 m width side plating, whichever is greater.

2.5 Deck stringer plating

2.5.1
The minimum width of deck stringer plating is defined in Ch 3, Sec 6, [9.1.2].

2.5.2

Within 0.6Z of amidships, the net thickness of the deck stringer plate is not to be less than the offered
net thickness of the adjacent deck plating.

2.6 Aft peak bulkhead

2.6.1

The net thickness of the aft peak bulkhead plating in way of the stern tube penetration is to be at least
1.6 times the required thickness for the bulkhead plating.
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Section 5 - Stiffeners

Symbols

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

dg, . Effective shear depth, in mm, as defined in Ch 3, Sec 7, [1.4.3].

gy . Effective bending span, in m, as defined in Ch 3, Sec 7, [1.1.2].

o . Effective shear span, in m, as defined in Ch 3, Sec 7, [1.1.3].

P : Design pressure for the design load set being defined in Ch 6, Sec 2 and calculated at the
load calculation point defined in Ch 3, Sec 7, [3.2], in kN/m?

X : Coefficient taken equal to:

a) In intact condition
* x=1.00
b) In flooded condition
* x=0.95 for collision bulkheads for acceptance criteria set AC-A

* x=1.15 for other watertight boundaries of compartments

1. Stiffeners subject to lateral pressure
1.1 Yielding check

1.1.1 Web plating

The minimum net web thickness, ¢, in mm, is not to be taken less than the greatest value calculated
for all applicable design load sets as defined in Ch 6, Sec 2, [2], given by:

t :M with xC, not to be taken greater than 1.0
Y dshrx CytTeH X gr o
where:

e : Shear force distribution factor taken as:

a) For continuous stiffeners with fixed ends, f,,, is not to be taken less than:

shr
far =0.5 for horizontal stiffeners and upper end of vertical stiffeners.
Ffar =0.7 for lower end of vertical stiffeners

b) For stiffeners with reduced end fixity, variable load or being part of grillage, the
requirement in [1.2] applies.
C, : Permissible shear stress coefficient for the design load set being considered, taken as:

a) C, =0.75 for acceptance criteria set AC-S.
b) C,=0.90 for acceptance criteria set AC-SD.
¢) C, =1.00 for acceptance criteria set AC-A.

1.1.2 Section modulus
The minimum net section modulus, Z in cm®, is not to be taken less than the greatest value calculated
for all applicable design load sets as defined in Ch 6, Sec 2, [2.1.3], given by:

| Pl s,

=———  with yC, not to be taken greater than 1.0
fb(]gX Cs‘ ReH X5 g
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where:
Jrdg : Bending moment factor taken as:
a) For continuous stiffeners with fixed ends, f,, is not to be taken higher than:
Juy =12 for horizontal stiffeners and upper end of vertical stiffeners.
Juy, =10 for lower end of vertical stiffeners.
b) For stiffeners with reduced end fixity, variable load or being part of grillage, the
requirement in [1.2] applies.
C, : Permissible bending stress coefficient as defined in Table 1 for the design load set being
considered.
Thg : Hull girder bending stress, in N/mm?®, as defined in Ch 6, Sec 2, [1.1], calculated at the
load calculation point as defined in Ch 3, Sec 7, [3.2].
B, : Coefficient as defined in Table 2.
a, : Coefficient as defined in Table 2.
C,_ .. - Coefficient as defined in Table 2.

Table 1: Definition of C

Sign of hull girder bending Lateral pressure Coefficient C'
stress, oy, acting on :
Tension (positive) Stiffener side C =B —a |‘7h,g|
] ] ] ’ ’ * Ry
Compression (negative) Plate side but not to be taken greater than C,_, .
Tension (positive) Plate side
CS = C‘;*’!na.’ﬂ
Compression (negative) Stiffener side

Table 2: Definition of 3, o, and C,_

Acceptance criteria set Structural member B, o, (O —
Longitudinal strength member 0.85 1.0 0.75
AC-S
Transverse or vertical member 0.75 0 0.75
Longitudinal strength member 1.0 1.0 0.9
AC-SD
Transverse or vertical member 0.9 0 0.9
Longitudinal strength member 1.1 1.0 1.0
AC-A
Transverse or vertical member 1.0 0 1.0

1.1.3 Group of stiffeners
Scantlings of stiffeners based on requirements in [1.1.1] and [1.1.2] may be decided based on the
concept of grouping designated sequentially placed stiffeners of equal scantlings on a single stiffened
panel between primary supporting members. The scantling of the group is to be taken as the greater of
the following:

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.
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1.1.4 Plate and stiffener of different materials

When the minimum specified yield stress of a stiffener exceeds the minimum specified yield stress of
the attached plate by more than 35%, the following criterion is to be satisfied:

RéTH*S < (Réin (&% |U}Lg| )é M

B, Z B,
where:
R,y s : Minimum specified yield stress of the material of the stiffener, in N/mm”.
R,y p : Minimum specified yield stress of the material of the attached plate, in N/mm”
Thy : Hull girder bending stress, in N/mm?®, as defined in Ch 6, Sec 2, [1.1] with |s,,| not to be
taken less than 0.4 R, ,.
zZ : Net section modulus, in way of face plate/free edge of the stiffener, in cm?.
Zp : Net section modulus, in way of the attached plate of stiffener, in cm®.

a,, B, : Coefficients defined in Table 2.

1.2 Beam analysis

1.2.1 Direct analysis

The maximum normal bending stress, o and shear stress, 7 in a stiffener using net properties with
reduced end fixity, variable load or being part of grillage are to be determined by direct calculations
taking into account:

a) The distribution of static and dynamic pressures and forces, if any.

b) The number and position of intermediate supports (e.g. decks, girders, etc).

¢) The condition of fixity at the ends of the stiffener and at intermediate supports.

d) The geometrical characteristics of the stiffener on the intermediate spans.

1.2.2 Stress criteria

The stress is to comply with the following criteria where the coefficients C, and C,, are defined in
[1.1.1] and [1.1.2].

a) T= XC;‘,TFH
b) o= X CSRCH
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Section 6 - Primary Support members and Pillars

Symbols

For symbols n

ot defined in this section, refer to Ch 1, Sec 4

Loy . Effective bending span, as defined in Ch 3, Sec 7, [1.1.6], in m.

: Effective shear span, as defined in Ch 3, Sec 7, [1.1.7], in m.

l, : Length of the double bottom within hold under consideration, in m. Where support bulkhead

are provided adjacent to the transverse bulkhead, ¢, may be taken as the distance between
support bulkhead and transverse bulkhead, as shown in Figure 1.

By : Breadth of the double bottom within hold under consideration, in m, as shown in Figure 2.
hps : Height of the double side structure between the lower end and the upper end of double side
structure, as shown in Figure 2.

x, y, z . X, Y and Z coordinates, in m, of the evaluation point with respect to the reference
coordinate system, as defined in Ch 1, Sec 4, [3.5].

to the reference coordinate system, as shown in Figure 1.

: Maj
e : The

or diameter of the openings, in m.

greater of a or S, in m.

H/C

B/L

40/t bay 40/t bay 40/t bay 40/t bay

Trans. BHD ——

Trans. BHD ——
Support BHD ——

Trans. BHD
Support BHD T——

Support BHD ——

[l 1
oo f=Y=)
T T
@ @ @
e e~
55 5o
aQ aQ
aq aqQ
S5 S5
737 [7X7]

Support BHD
Support BHD

Figure 1: z_, X coordinate of the centre of double bottom structure

x, : X coordinate, in m, of the centre of double bottom structure under consideration with respect

| = |

] n ]
hps| 1, Pm — hps| 1 P
Tec / Load calculation Point Tsc / Load Calculation Point
B Side stringer) - Side stringer)
A ( ger) A ( ger)
Pgy
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Figure 2: Load calculation point for design pressure
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1. General
1.1 Application

1.1.1

The requirements of this section apply to primary supporting members subjected to lateral pressure and
concentrated loads and pillars subjected to compressive axial loads. The yielding check is to be carried
out for such members subjected to specific loads.

2. Primary support members within cargo hold region

2.1 Midship cargo hold region of container ship having a length L of 150m and
above

The scantlings of primary supporting members within the midship cargo hold region are to be verified
by FE structural analysis as defined in Ch 7.

2.2 Cargo hold region of container ship having a length L less than 150 m and
outside midship cargo hold region of container ship having a length L of 150
m and above

2.21

The requirements of this sub-article section apply to the strength check of primary supporting members
in cargo hold structures, subjected to lateral pressure.

2.2.2

As an alternative to [2.2.1], the strength check may be verified by direct strength assessment deemed as
appropriate by the Society.

2.2.3

Thickness of a primary support member may be reduced to 85 % of the prescriptive requirements
provided that the reduced scantlings comply with the direct strength analysis and with Ch 6, Sec 3,
[3.1.1].

2.2.4 Design load sets

The severest loading conditions from the loading manual or otherwise specified by the designer are to be
considered for the calculation of P, in design load sets SEA-1. If primary supporting members support
deck structure or tank/watertight boundaries, applicable design load sets in Ch 6, Sec 2, Table 1 are
also to be considered.

Table 1: Design load sets for primary supporting members in cargo hold region

Item Design load set| Load component| Draught | Design load | Loading condition Dynamic load cases
Bottom
. . HSM, HSA, FSM,
girders & SEA-1 P, T S+D Full load condition OST. OSA
Floors
Stringers &
Transverse SEA-1 P, T S+D Full load condition| BSR, BSP, OST, OSA
webs
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2.2.5 Centre girders and side girders

The net thickness of girders in double bottom structure, in mm, is not to be less than the greater of the

value

= 0'70171 0172 0173

t, and t, specified in the followings according to each location:
| PlS,;.1,

gir

(dU _dl) c\;*pTlT{’H

| Hd*C_ T
t2=1.75i/”’””{ .t

t—prl

c/
: Design pressure in kN/m’ for the design load set being considered according to Table 1,
calculated at reference point as shown in Figure 2.

. Distance between the centres of the two spaces adjacent to the centre or side girder under
consideration, in m.

: Depth of the centre or side girder under consideration, in m.

: Depth of the opening, if any, at the point under consideration, in m.

. Coefficient given in Table 2 depending on B,,/¢,. For intermediate values of B,,/¢,, C, , is
to be obtained by linear interpolation. 7

: Coefficient given depending on y/B. Value obtained from the following formulae:
G ,=14 for |2y|/Bpz <03

4/ 2
« 0 L,=14—— Y o3 for [2y|/Bp =03
- 3\ Bpp

: Coefficient given depending on (x—z.)/¢,. Value obtained from the following formulae:
* C ;=025 for |z—=z,|/¢, <025

I EREA

*C,= 7 for 0.25 < |z—=z,|/¢, <05

: Permissible shear stress coefficient for centre girders and side girders taken equal to:

G,

t—prl

=0.92

: Depth of girders at the point under consideration, in m. However, where horizontal stiffeners
are fitted on the girder, a is the distance from the horizontal stiffener under consideration to
the bottom shell plating or inner bottom plating, or the distance between the horizontal
stiffeners under consideration.

: Spacing, in m, of vertical stiffeners or floors.

. Coefficient given in Table 3 depending on s,/a. For intermediate values of s,/a, C," is to be
determined by linear interpolation.
: Value obtained from the following formulae:

* Where the girder is provided with an unreinforced opening:

H:1+0.5£
o

e In other cases:

H=1.0
Table 2: Coefficient ¢, | ¢, ¢,
Bpylt, 0.85 1.03 1.12 1.32 1.87
Gy 0.41 0.50 0.55 0.61 0.69
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Table 3: Coefficient ¢/’

Sfa | 03 and i 4y 0.5 0.6 0.7 0.8 0.9 1.0 1o | 14and
under over
o 64 38 25 19 15 12 10 9 8 7
2.2.6 Floors

The net thickness of floors in the double bottom structure, in mm, is not to be less than the greatest of
values ¢, and ¢, specified in the following according to each location:

| Pl Sflnm‘BDB
(d() - dl ) C;*pTQTeH

| Hd*C,_ T,
t2=1.755\/#[ .t

t, =07 02710272 0273

)
P : Design pressure in kN/m’ for the design load set being considered according to Table 1,
calculated at reference point as shown in Figure 2.
S toor : Spacing of solid floors, in m.
d, : Depth of the solid floor at the point of under consideration, in m.
d, : Depth of the opening, if any, at the point under consideration, in m.
Gy, : Coefficient given in Table 4 depending on B),/¢,. For intermediate values of B,,/(,, C,, is
to be obtained by linear interpolation.
Cy o : Coefficient given in Table 5 depending on position and number of floors, in m.
Gy 3 : Coefficient given depending on y/B. Value obtained from the following formulae:
* Cy3=025 for |2y|/Bpg <05
Gy = ly| for 0.5 < |2yl/Bp <1
- B DB
C,_,o : Permissible shear stress coefficient for floors taken equal to:
Gy py =0.97
a : Depth of the solid floor at the point under consideration, in m. However, where horizontal

stiffeners are fitted on the floor, a is the distance from the horizontal stiffener under
consideration to the bottom shell plating or the inner bottom plating or the distance between
the horizontal stiffeners under consideration.

S : Spacing, in m, of vertical stiffeners or girders.

c, : Coefficient given in Table 6 depending on s,/d,. For intermediate values of s,/d,, G, is to
be determined by linear interpolation.

H : Value obtained from the following formulae:
* Where openings with reinforcement or no opening are provided on solid floors:

- Where slots without reinforcement are provided:

d.
H= 1/4.()?2—1.0 without being taken less than 1.0.
1

- Where slots with reinforcement are provided:
H=1.0
* Where openings without reinforcement are provided on solid floors:

- Where slots without reinforcement are provided:

d,
H=(1+0.5d£) 4.0?271.0 without being taken less than 1+0'5§
0 1 0
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- Where slots with reinforcement are provided:

¢

H=1+0.5—

dy

m, whichever is greater.

Table 4: Coefficient C, ,

Pt14, Ch 6, Sec 6

: Depth of slots without reinforcement provided at the upper and lower parts of solid floors, in

Bpp/ly 0.85 1.03 1.12 1.32 1.87
G 0.59 0.50 0.45 0.39 0.31
Table 5: Coefficient C, ,
Floors Floor 1 Floor 2 Floor 3 Floor 4 Floor 5 Floor 6 Floor 7 Floor 8
Gy 0.85 1.1 1.18 1.05 1.05 1.18 1.1 0.85
Floors Floor 1’ Floor 2’ - Floor 4 Floor 5 Floor 6 Floor 7' -
G 5 0.95 1.15 - 1.05 1.05 1.15 0.95 -
Table 6: Coefficient ()’
Sy/d, | 03 and| gy 0.5 0.6 0.7 0.8 0.9 1.0 12 | 14 and
under over
Cy 64 38 25 19 15 12 10 9 8 7
Jicie=] T I I - i Giirader I 1—
sy 1 — |l - - — Crasal § +—
P 1 Flunrd Fumes Fk:rli- l‘:l‘n 2 Fluor € T T Pl A | | F'lclclr L) Flor & Fann 4 Jlrl:l'l Floex § Pl T

Sopper o

remwi Bl -
[0 [h fi ]

e @ T wl

Figure 3: Position of floors

2.2.7 Stringer of double side structure

The net thickness of stringers in double side structure, in mm, is not to be less than the greater of the
value ¢, and ¢, specified in the followings according to each location:

=09 C:U C:;J 0373

3| P,
(dU _dl ) C(t*pr'BTeH

t, =1.75¢i/
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: Design pressure in kN/m’ for the design load

2 2
Ha Cvt*prTeH

o h
set being considered according to Table 1,
calculated at reference point as shown in Figure 2.

: Depth of stringers, in m.

: Depth of the opening, if any, at the point under consideration, in m.
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G 4 . Coefficient given in Table 7 depending on #,/¢,. For intermediate values of h,g/¢,, C;, is
to be obtained by linear interpolation.

Gy o : Coefficient given in Table 8 depending on (z—zpy)/hpye. For intermediate values of
(z—2p)/hps, Gy, is to be obtained by linear interpolation.

Gy 4 : Coefficient given depending on (z—=z,)/¢,. Value obtained from the following formulae:

* Gy ,3=025 for |z—x|/¢, <0.25

|z—a,|
*Gy=y for 0.25 < |z—=z,|/¢, <05
- “h

C,_,3 - Permissible shear stress coefficient for primary supporting members taken equal to:

Cft* pr3 =0.92
a : Depth of stringers at the point under consideration, in m. However, where longitudinal

stiffeners are fitted on the stringer, a is the distance from the horizontal stiffener under
consideration to the side shell plating or the longitudinal bulkhead of double side structure or
the distance between the horizontal stiffeners under consideration.

S : Spacing, in m, of transverse stiffeners or web frames.

' : Coefficient given in Table 9 depending on S,/a. For intermediate values of S,/a, C,' is to be
obtained by linear interpolation.

H : Value obtained from the following formulae:

* Where the stringer is provided with an unreinforced opening:
H=1+ 0.5£
«

* In other cases:

H=10
Table 7: Coefficient C; ;
hpslt, 0.72 and under 0.84 1.02
Gy, 0.7 1.0 125
Table 8: Coefficient C, ,
(z—231)/hpg 0.2 0.3 0.4 0.6 0.8
Cs o 0.4 0.6 0.7 0.9 12
Table 9 : Coefficient ¢’
Sfa | 03and |, 05 0.6 0.7 0.8 0.9 1.0 12 | 14and
under over
o 64 38 25 19 15 12 10 9 8 7

2.2.8 Transverse web in double side structure

The net thickness of transverse webs in double side structure, in mm, is not to be less than the greater
of the value t,and ¢, specified in the followings according to each location:
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6, =09C, €, ,C, 4

| PLS, . (Tse—2pp)
(dO - dl) qf[/rTeH

| H?d*C,_ T,
t2—1475'i/#[ .

P

q/

: Design pressure in kN/m’ for the design load set being considered according to Table 1,

value obtained from the following formulae:
P, BH +P WL
2

: Design pressure in kN/m’, for the design load set being considered according to Table 1, as

measured at the lower end of double side structure.(see Figure 2)

: Design pressure in kN/m’, for the design load set being considered according to Table 1, as

measured at waterline.(see Figure 2)

: Breadth of part supported by transverses, in m.
: Depth of transverses, in m.
: Depth of opening at the point under consideration, in m.

: Coefficient given in Table 10 depending on h,4/¢,. For intermediate values of h,s/¢,, C,, is

to be obtained by linear interpolation. Where Transverse webs are not extended up to the
uppermost continuous deck, C, , is not less than 0.8.

: Coefficient given in Table 11 depending on position of transverse web.

: Coefficient given depending on (z—zpy)/hpy. Value obtained from the following formulae:

* G 3=10 for (z—zpy)/hpg < 0.05
1 Z—2z
e 0= Vos— 28405 for 0.05 < (z—2pp)/hpg < 0.5
= hpg
* C3=05 for (z—zz5)/hps>05

: Z coordinate, in m, of the lower end of double side structure as shown in Figure 2.

: Permissible shear stress coefficient for transverse web in double side structure taken equal to:

C,_,.,=097

—prd

: Depth of transverses at the point under consideration, in m. However, where vertical stiffeners

are fitted on the transverse, a is the distance from the vertical stiffener under consideration to
the side shell or the longitudinal bulkhead of double side hull or the distance between the
vertical stiffeners under consideration.

: Spacing, in m, of horizontal stiffeners or stringers.

. Coefficient given in Table 12 depending on S /a. For intermediate values of S/a, C, is to

be obtained by linear interpolation.

: Value obtained from the following formulae:

* Where the transverse web is provided with an unreinforced opening:

¢

«

H=140.5

¢ In other cases:

H=10

Table 10 : Coefficient C,
Rl 0.55 0.72 0.84 1.02
Ciy 0.8 0.66 0.60 0.57
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Table 11 : Coefficient C, ,

Transverse Trans. 1 Trans. 2 Trans. 3 Trans. 4 Trans. 5 Trans. 6 Trans. 7 Trans. 8
Cy s 1.0 1.15 1.15 0.9 0.9 1.15 1.15 1.0

Transverse Trans. 1’ Trans. 2’ Trans. 4 Trans. 5 Trans. 6 Trans. 7'
Ci s 1.0 1.15 0.9 0.9 115 1.15

Table 12: Coefficient ¢,/

Sfa | 03 and i oy 0.5 0.6 0.7 0.8 0.9 1.0 1o | 14and
under over
c/ 64 38 25 19 15 12 10 9 8 7

3. Primary supporting members outside cargo hold region

3.1 Application

The requirements of this article apply to primary supporting members, subjected to lateral pressure within
the fore part, aft part and machinery space.

3.2 Scantling requirements

3.2.1 Net section modulus

The net section modulus, 7, in cm’, of primary supporting members subjected to lateral pressure is not

to be taken less than the greatest value for all applicable design load sets defined in Ch 6, Sec 2, [2],
given by:

| Pl St
B A0 R
where:
Sy : Bending moment distribution factor, as given in Table 14.
C, : Permissible bending stress coefficient for the acceptance criteria set, as given in Table 13.

3.2.2 Net shear area

The net shear area, A, ., in cm’, of primary supporting members subjected to lateral pressure is not
to be taken less than the greatest value for all applicable design load sets defined in Ch 6, Sec 2, [2],
given by:

4 _ S| PI S,
shr—nb50 chH
where:
Fonr : Shear force distribution factor, as given in Table 14.
G, : Permissible shear stress coefficient for the acceptance criteria set being considered, as given in
Table 13.
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Table 13 : Permissible bending and shear stress coefficients for primary supporting members

Acceptance criteria set Structure attached to primary supporting member C, and C;
AC-S All boundaries, including decks and flats 0.70
AC-SD All boundaries, including decks and flats 0.85

Table 14: Bending moment and shear force factors, s, and 7,

Load and boundary condition Bending moment and shear force distribution factors
undaty (based on load at mid span, where load varies)
Position 1 2 3
f bdg1 f bdg2 f bdg3
Load model ! 2 3 f - f
Support Field Support shrl shr3
12.0 24.0 12.0
A
0.50 - 0.50
- 14.2 8.0
B
0.38 - 0.63
- 8.0 -
C
0.50 - 0.50
b 15.0 233 10.0
0.30 - 0.70
- 16.8 7.5
E
0.20 - 0.80
- - 2.0
F |
NENRRRRNNAN _ _
4
Note 1: The bending moment distribution factor, f, for the support positions is applicable for a distance of 0.2/,
from the end of the effective bending span of the primary supporting member.
Note 2: The shear force distribution factor, f,,, for the support positions is applicable for a distance of 0.2/ ,,
from the end of the effective shear span of the primary supporting member.
Note 3: Application of f,,, and f,,.:
The section modulus requirement within 0.2, from the end of the effective span is to be determined
using the applicable f,,, and f, ., however fy, is not to be taken greater than 12.
The section modulus of mid-span area is to be determined using f,,, =24, or f,,,, from the table if lesser.
The shear area requirement of end connections within 0.2, from the end of the effective span is to be
determined using f,,, =0.5 or the applicable f,,,, or f,,.;, whichever is greater.
For models A through F, the value of fshr may be gradually reduced outside of 0.2[,,. towards 0.5f,,, at
mid-span, where f,,. is the greater value of f,,,, and f,, ;.
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3.3 Advanced calculation methods

3.3.1 Direct analysis

Where complex grillage structures are employed or cross ties are fitted in side shell primary supporting
members, the scantlings are to be determined by direct calculation taking into account:

* The distribution of still water and wave pressure and forces, if any.

* The number and position of intermediate supports (e.g. decks, girders, etc).

* The condition of fixity at the ends of the primary supporting members and at intermediate supports.
* The geometrical characteristics of the primary supporting members on the intermediate spans.

3.3.2 Analysis criteria

The calculated stresses are to comply with the following criteria where the coefficients C, and C,, are
defined in [3.2]:

¢ o= C;RE:H
¢ T = q Ter
where:

7 : Shear stress in member, in N/mm?, based on ¢, .

o : Normal stress in member, in N/mm’ based on ¢,

4. Pillars
4.1 Pillars subjected to compressive axial load

4.1.1 Criteria

The maximum applied compressive axial load on a pillar, #,,, in kN, is to be taken as the greatest
value calculated for all applicable design load sets defined in Ch 6, Sec 2, [2], and is given by the

following formula:

Fou=P 1 . +F

V4 a—sup a—sup pill—upr

where:

b,—wp - Mean breadth of area supported, in m.

l,—wp, - Mean length of area supported, in m.

Fy_u, - Axial load from pillar including axial load from pillars above, in kN, if any.

. . . 2
Ay .50 - Net cross section area of the pillar, in cm".

The buckling check of the pillar is to be performed according to Ch 8, Sec 3, [3.1], with o, in
N/mm?, as defined in Ch 8, Sec 4, [3.1] given by:

F

o pill
0 =10 i

pill —n50

4.2 Pillars subject to tensile axial load

4.2.1 Criteria

Pillars and PSM members subjected to tensile axial load are to satisfy the criteria given in [3.3.2].
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Chapter 7

Direct Strength Analysis

Section 1 Strength Assessment
Section 2 Cargo Hold Structural Strength Analysis
Section 3 Local Structural Strength Analysis
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Section 1 - Strength Assessment

1. General

1.1 Application

1141

This chapter provides requirements applicable to ships having rule length L of 150 m or above to assess
the scantlings of the hull structure using finite element analysis.

1.1.2
The finite element analysis consists of three parts:

a) Cargo hold analysis to assess the strength of longitudinal hull girder structural members, primary
supporting structural members and bulkheads.

b) Fine mesh analysis to assess detailed stress levels in local structural details.
¢) Very fine mesh analysis to assess the fatigue capacity of the structural details according to Ch 9.

113

Strength assessment based on finite element analysis is applicable for the cargo hold region.
114

The analysis is to verify the following:

a) Stress levels are within the acceptance criteria for yielding.

b) Buckling capability of plates and stiffened panels are within the acceptance criteria for bucking
defined in Ch 8.

c) Fatigue capacity of structural details is within the acceptance criteria defined in Ch 9.

1.1.5

A flow diagram showing the minimum requirement of finite element analysis is shown in Figure 1.

2. Net scantling
2.1 Net scantling application

2.1.1

FE models for cargo hold FE analyses, local fine mesh FE analysis and very fine mesh FE analyses, are
to be based on the net scantling approach, applying a corrosion addition as defined in Ch 3, Sec 2,
Table 1.

All buckling capacity assessment are to be based on corrosion addition, as defined in Ch 3, Sec 2,
Table 1.
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Cargo Hold FE
Analysis

Y
Cargo Region

Y

Stress
assessment

Y

Buckling
assessment

Y

Local Fine Mesh FE Analysis

Y Y
Screening (fail) FE fine mesh
criteria > stress
(Yield) assessment
A4
< Very Fine Mesh FE > (fail) Screening Criteria
Fatigue Analysis N (Fatigue)

3. Finite element types
3.1 Used finite element types

3.1.1

The structural assessment is to be based on linear finite element analysis of three dimensional structural
models. The general types of finite elements to be used in the finite element analysis are given in Table 1.

Table 1 : Types of finite element

Type of finite element Description

Line element with axial stiffness only and constant cross sectional area along

Rod (or truss) element
the length of the element.

Line element with axial, torsional and bi-directional shear and bending stiffness
Beam element . )
and with constant properties along the length of the element.

Shell element with in-plane stiffness and out-of-plane bending stiffness with
Shell (or plate) element

constant thickness.
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3.1.2

Two node line elements and four node shell elements are, in general, considered sufficient for the
representation of the hull structure. The mesh requirements given in this chapter are based on the
assumption that these elements are used in the finite element models. However, higher order elements
may also be used.

4. Submission of results
4.1 Detailed report

4.1.1

A detailed report of the structural analysis is to be submitted by the designer/builder to demonstrate
compliance with the specified structural design criteria. This report is to include the following
information:

a) List of plans used including dates and versions.

b) Detailed description of structural modelling including all modelling assumptions and any deviations
in geometry and arrangement of structure compared with plans.

¢) Plots to demonstrate correct structural modelling and assigned properties.
d) Details of material properties, plate thickness, beam properties used in the model.
e) Details of boundary conditions.

f) Details of all loading conditions reviewed with calculated hull girder shear force, bending moment
and torsional moment distributions.

g) Details of applied loads and confirmation that individual and total applied loads are correct.

h) Plots and results that demonstrate the correct behaviour of the structural model under the applied
loads.

1) Summaries and plots of global and local deflections.

j) Summaries and sufficient plots of stresses to demonstrate that the design criteria are not exceeded
in any member.

k) Plate and stiffened panel buckling analysis and results.
1) Tabulated results showing compliance, or otherwise, with the design criteria.

m) Proposed amendments to structure where necessary, including revised assessment of stresses,
buckling and fatigue properties showing compliance with design criteria.

n) Reference of the finite element computer program, including its version and date.

5. Computer programs
5.1 Use of computer programs

5.1.1

Any finite element computation program complying with Ch 1, Sec 3 may be employed to determine
the stress and deflection of the hull structure, provided that the combined effects of bending, shear, axial
and torsional deformations are considered.
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Section 2 - Cargo Hold Structural Strength Analysis

Symbols

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

M, : Permissible vertical still water bending moment, in kNm, as defined in Ch 4, Sec 4.

M, : Vertical wave bending moment, in kNm, in hogging or sagging condition, as defined in Ch 4,
Sec 4.

M, : Horizontal wave bending moment, in kNm, as defined in Ch 4, Sec 4.

M, : Wave torsional moment in seagoing condition, in kNm, as defined in Ch 4, Sec 4.

Qe : Permissible still water shear force, in kN, at the considered bulkhead position, as provided in
Ch 4, Sec 4.

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

Ty upis Ty jeq - X-coordinate, in m, of respectively the aft and forward bulkhead of the mid-hold.

T : X-coordinate, in m, of the aft end support of the FE model.

Tiore : X-coordinate, in m, of the fore end support of the FE model.

T; : X-coordinate, in m, of web frame station .

Quse : Vertical shear force, in kN, at aft bulkhead of mid-hold as defined in [4.4.6].

Qfua : Vertical shear force, in kN, at fore bulkhead of mid-hold as defined in [4.4.6].

Qurg—ape - Target shear force, in kN, at the aft bulkhead of mid-hold as defined in [4.3.3].
@org—swq - Target shear force, in kN, at the forward bulkhead of mid-hold as defined in [4.3.3].

1. Objective and scope
1.1 General

1.1.1

The cargo hold structural strength analysis is used for the assessment of scantlings of longitudinal hull
girder structural members, primary supporting members and bulkheads within the cargo hold region. This
section gives the requirements for cargo hold structural strength analysis.

1.1.2

Holds in the midship cargo hold region are defined as holds with their longitudinal centre of gravity
position at or forward of 0.3 L from AE and at or aft of 0.7 L from AE, as defined in Figure 1:

L Engine ) o &) ) o 16} o [S)
1 room

AE 0.3L 09} 0.7L FE

0.65L

Midship cargo hold region
Figure 1 : Definition of cargo hold regions for FE structural assessment
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1.2 Cargo hold structural strength analysis procedure

1.2.1 Procedure description

The structural FE analysis is to be performed in accordance with the following:

a) Model: Three cargo hold model with:
« Extent as given in [2.2]
* Finite element types as given in [2.3]
» Structural modelling as defined in [2.4]
b) Boundary conditions as defined in [2.5]
¢) FE load combinations as defined in [3]
d) Load application as defined in [4]
e) Evaluation area as defined in [5.1]
f) Strength assessment as defined in [5.2] and [5.3]

1.2.2 Mid-hold definition

For the purpose of the FE analysis, the mid-hold is defined as the middle hold(s) of the three cargo
hold length FE model.

1.2.3 Scantling assessment
The scantling assessment is carried out according to Ch 7, Sec 1 for each individual cargo hold using

the FE load combinations defined in Ch 4, Sec 8 applicable to the considered cargo hold. The FE
analysis results are applicable to the evaluation area as defined in [5.1.1], of the considered cargo hold.

2. Structural model
2.1 Members to be modelled

211
All main longitudinal and transverse structural elements are to be modelled. These include:

* Inner and outer shell,

*  Upper deck,

* Double bottom floors and girders,

* Transverse and vertical web frames,

* Hatch coamings,

» Stringers and lower decks,

* Transverse and longitudinal bulkhead structures,

* Other primary supporting members,

* Other structural members which contribute to hull girder strength.

All plates and stiffeners on the structure, including web stiffeners, are to be modelled. Brackets which
contribute to primary supporting member strength and the size of which is not less than the typical
mesh size (s-by-s) described in [2.4.2], are to be modelled.
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2.2 Extent of model

2.2.1 Longitudinal extent

Except the foremost and aftermost cargo hold models, the longitudinal extent of the cargo hold FE
model is to cover three cargo hold lengths. The transverse bulkheads at the ends of the model are to be
modelled. Typical finite element models representing the midship cargo hold region is shown in Figure 2.
2.2.2 Hull form modelling

In general, the finite element model is to represent the geometry of the hull form. In the midship cargo
hold region, the finite element model may be prismatic provided the mid-hold has a prismatic shape.
2.2.3 Transverse extent

Both port and starboard sides of the ship are to be modelled.

2.2.4 Vertical extent

The full depth of the ship is to be modelled including primary supporting members above the upper
deck, trunks and cargo hatch coaming, if any. In case of twin-island design the deckhouse or
superstructure above the fuel oil tanks are required to be included in the model.

2.3 Finite element types

2.3.1

Shell elements are to be used to represent plates.

2.3.2

All stiffeners are to be modelled with beam elements having axial, torsional, bi-directional shear and
bending stiffness. The eccentricity of the neutral axis is to be modelled.

2.3.3
Face plates of primary supporting members and brackets are to be modelled using rod or beam elements.
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Example of cargo hold model
a of a container ship (shows only
} H port side of the full breadth
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Figure 2 : Example of 3 cargo hold model within midship region
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Figure 3 : Typical finite element mesh on web frame

Figure 4 : Typical finite element mesh on transverse bulkhead
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2.4 Structural modelling

2.4.1 Aspect ratio

The aspect ratio of the shell elements is in general not to exceed 3. The use of triangular shell elements
is to be kept to a minimum. Where possible, the aspect ratio of shell elements in areas where there are
likely to be high stresses or a high stress gradient is to be kept close to 1 and the use of triangular
elements is to be avoided.

2.4.2 Mesh

The shell element mesh is to follow the stiffening system as far as practicable, hence representing the
actual plate panels between stiffeners. In general, the shell element mesh is to satisfy the following
requirements:

a) One element between every longitudinal stiffener, see Figure 3. Longitudinally, the element length
is not to be greater than 2 longitudinal spaces with a minimum of three elements between primary
supporting members.

b) One element between every stiffener on transverse bulkheads, see Figure 4.

¢) One element between every web stiffener on transverse and vertical web frames and stringers, see
Figure 3 and Figure 5.

d) At least 3 elements over the depth of double bottom girders, floors, transverse web frames, vertical
web frames and horizontal stringers on transverse bulkheads. For deck transverse and horizontal
stringers on transverse wash bulkheads and longitudinal bulkheads with a smaller web depth,
modelling using 2 elements over the depth is acceptable provided that there is at least 1 element
between every web stiffener. The mesh size of adjacent structure is to be adjusted accordingly.

e) The curvature of the free edge on large brackets of primary supporting members is to be modelled
to avoid unrealistic high stress due to geometry discontinuities. In general, a mesh size equal to
the stiffener spacing is acceptable. The bracket toe may be terminated at the nearest nodal point
provided that the modelled length of the bracket arm does not exceed the actual bracket arm
length. The bracket flange is not to be connected to the plating, as shown in Figure 6. The
modelling of the tapering part of the flange is to be in accordance with [2.4.7]. An example of
acceptable mesh is shown in Figure 6. A finer mesh is to be used for the determination of
detailed stress at the bracket toe, as given in Ch 7, Sec 3.
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Figure 5 : Typical finite element mesh on horizontal transverse stringer on transverse bulkhead
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Figure 6 : Typical finite element mesh on transverse web frame main bracket

2.4.3 Finer mesh

Where the geometry cannot be adequately represented in the cargo hold model and the stress exceeds
the cargo hold mesh acceptance criteria, a finer mesh may be used for such geometry to demonstrate
satisfactory scantlings. The mesh size required for such analysis can be governed by the geometry. In
such cases, the average stress within an area equivalent to that specified in [2.4] is to comply with the

requirements given in [5.2].

2.4.4

Example of mesh arrangements of the cargo hold structure are shown in Figure 7.

rf!ll%!!lj%lfr”%ff}@b&‘

Figure 7 : Example of FE mesh arrangements of cargo hold structure for a container ship

2.4.5 Sniped stiffener

Non continuous stiffeners are to be modelled as continuous stiffeners, i.e. the height web reduction in

way of the snip ends are not to be modelled.
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2.4.6 Web stiffeners of primary supporting members

Web stiffeners of primary supporting members are to be modelled. Where these stiffeners are not in line
with the primary FE mesh, it is sufficient to place the line element along the nearby nodal points
provided that the adjusted distance does not exceed 0.2 times the stiffener spacing under consideration.
The stresses and buckling utilisation factors obtained need not be corrected for the adjustment. Buckling
stiffeners on large brackets, deck transverses and stringers parallel to the flange are to be modelled.
These stiffeners may be modelled using rod elements.

2.4.7 Face plate of primary supporting member

The effective cross sectional area at the curved part of the face plate of primary supporting members
and brackets is to be calculated in accordance with Ch 3, Sec 7. The cross sectional area of a rod or
beam element representing the tapering part of the face plate is to be based on the average cross
sectional area of the face plate in way of the element length.

2.4.8 Openings

Methods of representing openings and manholes in webs of primary supporting members are to be in
accordance with Table 1. Regardless of size, manholes are to be modelled by removing the appropriate
elements.

Table 1 : Representation of openings in primary supporting member webs

Criteria Modelling decision Analysis

h,/h <05 and g, <2.0 | Openings do not need to be modelled

The geometry of the opening is to be To be evaluated by fine mesh as given in

Manhol
anflofes modelled by removing the adequate elements | Ch 7, Sec 3, [1.2]

hh =05 or g, =20 The geometry of the opening is to be

modelled
where:
2
9= 1++)
2.6(h—h,)?

l, : Length of opening parallel to primary supporting member web direction, in m, see Figure 8.

For sequential openings where the distance, d, between openings is less than 0.25h, the length ¢, is to

be taken as the length across openings as shown in Figure 9.
h, : Height of opening parallel to depth of web, in m, see Figure 8 and Figure 9.
h : Height of web of primary supporting member in way of opening, in m, see Figure 8 and Figure 9.

h

/_\_/

E/\
N he A h
\ \

tyoso

Figure 8 : Openings in web
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Figure 9 : Length £, for sequential openings with 4 < h/4

2.5 Boundary conditions

2.5.1 General

All boundary conditions described in this section are in accordance with the global coordinate system
defined in Ch 4, Sec 1.

2.5.2 Application

The boundary conditions given [2.5.3] are applicable to cargo hold finite element model analyses in
cargo hold region.

2.5.3 Boundary Conditions

The boundary conditions consist of the rigid links at model ends, point constraints and end-beams. The
rigid links connect the nodes on the longitudinal members at the model ends to an independent point at
neutral axis in centreline. The boundary conditions to be applied at the ends of the cargo hold FE
model are given in Table 2.

Table 2 : Boundary constraints at model ends

Translation Rotation
Location
d, (57/ d, 0, g, 0,
Aft End
Independent point - Fix Fix My opa - -
Rigid Rigid Rigid
Cross Section link link link

End beam, see [2.5.4]

Fore End
Independent point - Fix Fix Fix - -
Intersection of centreline and inner bottom Fix - - - - -
Rigid Rigid Rigid
Cross Section link link link

End beam, see [2.5.4]

Note 1: [-] means no constraint applied (free).

Note 2: See Figure 10.
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Figure 10 : Boundary conditions applied at the model end sections

2.5.4 End constraint beams

End constraint beams are to be modelled at the both end sections of the model along all longitudinally
continuous structural members. An example of end beams at one end for a container ship is shown in
Figure 11.

00 D0 O O TN 6 0 00 e /

e

Figure 11 : End constraint beams for a container ship

The properties of beams are calculated at fore and after sections separately and all beams at each end
section have identical properties as follows:

= I

zz—nb0

=1

rx —nb0

* Net moment of inertia: 7, (J) = 1/10 of the vertical hull girder moment of

inertia of fore/aft end cross sections based on the net FE model.
* Net cross sectional area: 4, ,;, and 4._,;, = 1/80 of the fore/aft end cross sectional areas based on
the net FE model.

where:
I, .5 : Moment of inertia about local beam Y axial, in m*,
I. ., : Moment of inertia about local beam Z axial, in m®.

I, ,s(J): Torsional inertia, in m*.
: Shear area in local beam Y direction, in m*

: Shear area in local beam Z direction, in m’.
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3. FE load combinations
3.1 Design load combinations

3.1.1 FE load combination definition

A FE load combination is defined as a loading pattern, a draught, a value of still water bending and
shear force, associated with a given dynamic load case.

3.1.2 Mandatory load combinations

For cargo hold structural strength analysis, the design load combinations specified in Ch 4, Sec 8 are to
be used.

Each design load combination given in Ch 4, Sec 8 consists of a loading pattern and dynamic load
cases as given in Ch 4, Sec 2. Each load combination requires the application of the structural weight,
internal and external loads and hull girder loads. For seagoing condition, both static and dynamic load
components (S+D) are applied. For tank testing and flooding condition, only static load components (S)
are applied.

3.1.3 Additional loading conditions

Where the loading conditions specified by the designer are not covered by the load combinations given
in Ch 4, Sec 8, these additional loading conditions are to be examined according to the procedure in [4].

4. Load application
4.1 General

4.1.1 Structural weight

Effect of the weight of hull structure is to be included in static loads, but is not to be included in
dynamic loads. Density of steel is to be taken as given in Ch 4, Sec 6.

4.1.2 Sign convention

Unless otherwise mentioned in this Section, the sign of moments and shear force is to be in accordance
with the sign convention defined in Ch 4, Sec 1.

4.2 External and internal loads

4.2.1 External loads

External pressure is to be calculated for each load case in accordance with Ch 4, Sec 5. External
pressures include static sea pressure, wave pressure and green sea pressure.

The effect of the hatch cover self weight is to be ignored in the loads applied to the ship structure.

4.2.2 Internal loads

Internal loads are to be calculated for each load case in accordance with Ch 4, Sec 6 for design load
scenarios given in Ch 4, Sec 7, Table 1. They include static dry cargo (including containers on deck),
ballast and other liquid pressure, setting pressure on relief valve and dynamic load of dry cargo
(including containers on deck), ballast and other liquid pressure due to acceleration.

4.2.3 Pressure application on FE element

Constant pressure, calculated at the element’s centroid, is applied to the shell element of the loaded
surfaces, e.g. outer shell and deck for external pressure and tank/hold boundaries for internal pressure.
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Alternately, pressure can be calculated at element nodes applying linear pressure distribution within
elements.

4.3 Hull girder loads

4.3.1 General

Each loading condition is to be associated with its corresponding hull girder loads which is to be
applied to the model according to the procedure described in [4.4] for shear force and bending moment
and in [4.5] for torsional moment. The hull girder loads are the combinations of still water hull girder
loads and wave induced hull girder loads as specified in Ch 4, Sec 8. For each required FE load
combination, the wave induced hull girder loads are to be calculated with the Load Combination Factors
(LCFs), specified in Ch 4, Sec 2.

4.3.2 Target hull girder vertical bending moment

The target hull girder vertical bending moment, A7
FE load combination is taken as:

_targ» 10 KNm, at a longitudinal position for a given

]L[U*tm'g = ]‘/[sw + ‘]L[umfl,cv
where:
M, : Permissible still water bending moments in kNm, at the considered longitudinal position for

seagoing as defined in Ch 4, Sec 4, [2.2.2] and Ch 4, Sec 4, [2.2.3] respectively.

M, .- - Vertical wave bending moment in kNm, for the dynamic load case under consideration,
calculated in accordance with Ch 4, Sec 4, [3.7.2].

The values of A, are taken as the maximum hull girder bending moment within the mid-hold(s) for
each individual cargo hold for each given FE load combination as defined in Ch 4, Sec 8.
4.3.3 Target hull girder shear force

The target hull girder vertical shear force at the aft and forward transverse bulkheads of the mid-hold,
Quarg—app A Q.. 7,0, In kN, for a given FE load combination is taken as:

* wad = Qn,ﬁ :
Qtn,rg—aff, = qu' —neg +fﬂ | CQIVl Qun'—neg
Qtarg—fwd = st—pos +fd | CQI’V| Qum—pos
* Qf’w(] < szt :
Qtarg*aﬂ = qur*pos +f3 | OQW'l Qu'v*pos
Qtarg*fwzl = st*n eg +f3| CQ[’V| Qw'u*n eg
where:

Qpui» Qupe - Vertical shear forces, in kN, due to the local loads respectively at the forward and aft
bulkhead position of the mid-hold, as defined in [4.4.6].

Qo pos Quw—ney - Positive and negative permissible still water shear forces, in kN, at any longitudinal
position for seagoing as defined in Ch 4, Sec4, [2.3.1] and Ch 4, Sec 4, [2.3.2]
respectively.

/s : Wave heading factor, as given in Ch 4, Sec 4.

Cow : Load combination factor for vertical wave shear force, as given in Ch 4, Sec 2.

Quo—poss @uo—ne, - Positive and negative vertical wave shear force, in kN, as defined in Ch 4, Sec 4,
[3.2.11.

The values of @, .. and @, . are to be taken at after and forward transverse bulkheads of the
mid-hold under consideration.
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4.3.4 Target hull girder horizontal bending moment

The target hull girder horizontal bending moment, A4, in kNm, for a given FE load combination is

—targ?®

taken as:

Ajh —targ = AILU}L*LC

where:

M, .- - Horizontal wave bending moment, in kNm, for the dynamic load case under consideration,
calculated in accordance with Ch 4, Sec 4, [3.7.4].

The values of A7, ,. are taken as the value calculated for the middle of the individual cargo hold
under consideration.

4.3.5 Target hull girder torsional moment

For dynamic load cases, hull girder torsional moment A/, at the middle of the mid-hold is to be

wt —targ>

adjusted to zero.

4.4 Procedure to adjust hull girder shear forces and bending moments

4.4.1 General

The procedure given in this sub-article [4.4] describes how to adjust the hull girder horizontal bending
moment, vertical force and vertical bending moment distribution on the three cargo hold FE model to
achieve the required target values at required locations. The hull girder load target values are specified
in [4.3].

The target locations for hull girder shear force are at the transverse bulkheads of the mid-hold. The final
adjusted hull girder shear force at the target location should not exceed the target hull girder shear force.

The target location for hull girder bending moment is, in general, located at the centre of the mid-hold.
If the maximum value of bending moment is not located at the centre of the mid-hold, the final
adjusted maximum bending moment within the mid-hold is not to exceed the target hull girder bending
moment.

4.4.2 Local load distribution

The following local loads are to be applied for the calculation of hull girder shear and bending
moments:

a) Ship structural steel weight distribution over the length of the cargo hold model (static loads). The
structural steel weight is to be calculated based on the FE model with a net thickness of 0.5 ¢,
deduction, as used in the cargo hold FE model.

b) Weight of cargo/containers and ballast and fuel oil (static loads).

c) Static sea pressure, dynamic wave pressure and, where applicable, green sea load. For the tank
testing and flooding load cases, only static sea pressure needs to be applied.

d) Dynamic cargo/containers, ballast and fuel oil loads for seagoing load cases.

With the above local loads applied to the FE model, the FE nodal forces are obtained through FE
loading procedure. The 3D nodal forces will then be lumped to each longitudinal station to generate the
one dimension local load distribution. The longitudinal stations are located at transverse bulkheads/frames
and typical longitudinal FE model nodal locations in between the frames according to the cargo hold
model mesh size requirement. Any intermediate nodes created for modelling structural details are not
treated as the longitudinal stations for the purpose of local load distribution. The nodal forces within half
of forward and half of afterward of longitudinal station spacing are lumped to that station. The lumping
process will be done for vertical and horizontal nodal forces separately to obtain the lumped vertical and
horizontal local loads, f,, and f,;, at the longitudinal station i.
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4.4.3 Hull girder forces and bending moment due to local loads

With the local load distribution, the hull girder load longitudinal distributions are obtained by assuming
the model is simply supported at model ends. The reaction forces at both ends of the model and
longitudinal distributions of hull girder shear forces and bending moments induced by local loads at any
longitudinal station are determined by the following formulae:

Z (Iz T Lap )fm'
i .
RV,for(z = _ RV,aﬁ = Efm', + RV,for(i
zfnr(' z!},ff i
Z (‘TL - ‘Z‘{I,ff)fll,i
i
RH,/‘OT(’ = _ RH aft = th,i +RH fore
‘Z,fr) re a:(lft i
F=3f
i
Qv FEl[(xj) =Ry .~ me’ when z; < z;
i
QH,FEJ[(:C]') =Ryt me‘ when z; < x;
i

My ) = (2;=2,4) Ry o\ — by (z;—x;)f; when z; <z

K3

My ) = (2;=2,4) Ry oy +Z(%‘_%)fm when z; < z;

where:

Ry oo By forer B e By f0re - Vertical and horizontal reaction forces at the aft and fore ends, in kN.

Ty : X-coordinate of the aft end support, in m.

Tfore : X-coordinate of the fore end support, in m.

Soi : Lumped vertical local load at longitudinal station i as defined in [4.4.2], in kN.
i : Lumped horizontal local load at longitudinal station i as defined in [4.4.2], in kN.
F, : Total net longitudinal force of the model, in kN.

S : Lumped longitudinal local load at longitudinal station i as defined in [4.4.2], in kN.
T : X-coordinate, in m, of considered longitudinal station j.

x; : X-coordinate, in m, of longitudinal station i.

Qv el @)y Qu pinf@;)s My g (), My ;) @ Vertical and horizontal shear forces, in kN, and bending
moments, in kNm, at longitudinal station z; created by the local loads applied on the FE
model. The sign convention for reaction forces is that a positive creates a positive shear

force.

4.4.4 Longitudinal unbalanced force

In case total net longitudinal force of the model, 7, is not equal to zero, the counter longitudinal force,
(F.)j, is to be applied at one end of the model, where the translation on X-direction, ¢,, is fixed, by

distributing longitudinal axial nodal forces to all hull girder bending effective longitudinal elements, as
follows:

F A
( Ft) _ 1 j—n50
“ A:r,fn,SO TL7
where:
(F,) : Axial force applied to a node of the j-th element, in kN.
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F : Total net longitudinal force of the model, as defined in [4.4.3], in kN.
Aj_.5 - Net cross sectional area of the j-th element, in m’,
A, ., : Net cross sectional area of fore end section, in m’
Aymnso = ZAj—nfso
J
n; : Number of nodal points of j-th element on the cross section, n; = 1 for beam element, n; =

2 for 4-node shell element.

4.4.5 Hull girder shear force adjustment procedure

The hull girder shear force adjustment procedure defined in this requirement applies to all FE load
combinations given in Ch 4, Sec 8. The FE load combinations not directly covered by the load
combination tables of Ch 4, Sec 8 are to be considered on a case by case basis.

The two following methods are to be used for the shear force adjustment:
* Method 1 (M1): for shear force adjustment at one bulkhead of the mid-hold as given in [4.4.6],
*  Method 2 (M2): for shear force adjustment at both bulkheads of the mid-hold as given in [4.4.7].
For the considered FE load combination, the method to be applied is to be selected as follows:

e The shear force adjustment is not requested when the shear forces at both bulkheads are lower or
equal to the target values.

e The method 1 applies when the shear force exceeds the target at one bulkhead and the shear force
at the other bulkhead after the adjustment with method 1 does not exceed the target value.
Otherwise the method 2 applies,

* The method 2 applies when the shear forces at both bulkheads exceed the target values,

4.4.6 Method 1 for shear force adjustment at one bulkhead
The required adjustments in shear force at following transverse bulkheads of the mid-hold are given by:
* Aft bulkhead:
(l ‘ore  Lq )
AIY,H/T, = ]u){fore = % (ergfnft - Qa/'f)
* Forward bulkhead:
(zf01'c - l‘aff)

A[Y, aft = ]L‘/[Y,f()r(' = # (erg—fwd - Qaft)

where:

My, My (.: Vertical bending moment, in kNm, to be applied at the aft and fore ends in accordance
with [4.4.9], to enforce the hull girder vertical shear force adjustment as shown in Table
3. The sign convention is that of the FE model axis.
Qupe : Vertical shear force, in kN, due to local loads at aft bulkhead location of mid-hold, z, ,,
resulting from the local loads calculated according to [4.4.3].
Since the vertical shear force is discontinued at the transverse bulkhead location, @, is the

maximum absolute shear force between the stations located right after and right forward of
the aft bulkhead of mid-hold.

Qua : Vertical shear force, in kN, due to local loads at the forward bulkhead location of mid-hold,
Ty pua> Tesulting from the local loads calculated according to [4.4.3].

Since the vertical shear force is discontinued at the transverse bulkhead location, @, is the
maximum absolute shear force between the stations located right after and right forward of
the forward bulkhead of mid-hold.
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Table 3 : Vertical shear force adjustment by application of vertical bending moments My o and
My ¢ for method 1

Vertical shear force diagram Target position in mid-hold

Bkhd Bkhd Bkhd

Forward bulkhead

T Bkhd

i Q .’-’
LU Fr N

{ -

Bkhd Bkhd Bkhd
T, s Aft bulkhead
) / - e
M, =— Qoinia
w0 « y
A M

Vertical shear force after adjustment

———————— Vertical shear due to local loads

4.4.7 Method 2 for vertical shear force adjustment at both bulkheads
The required adjustments in shear force at both transverse bulkheads of the mid-hold are to be made by
applying:
* Vertical bending moments, A, ,,, My ;. at model ends and,
* Vertical loads at the transverse frame positions as shown in Table 5 in order to generate vertical
shear forces, AQ,; and AQ,,,, at the transverse bulkhead positions.

Table 4 shows examples of the shear adjustment application due to the vertical bending moments and to
vertical loads.

M. _ ‘rfore _zaft C\r)targffwd - qurd + Qtargfaft - Qaf,
LY aft — 2 . 2
]L[Y fore = A/[Y aft

_ Cth'gffwd - qu'd - ( Ci?ta'rgfaft - Qaft)
A wad - 2

AQu = —AQy
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where:

My i My (.. Vertical bending moment, in kNm, to be applied at the aft and fore ends in accordance
with [4.4.9], to enforce the hull girder vertical shear force adjustment. The sign
convention is that of the FE model axis.

AQ,;  Adjustment of shear force, in kN, at aft bulkhead of mid-hold.

AQy, - Adjustment of shear force, in kN, at fore bulkhead of mid-hold.

The above adjustments in shear forces, AQ,, and AQ,,, at the transverse bulkhead positions are to be
generated by applying vertical loads at the transverse frame positions as shown in Table 5. Vertical
correction loads are not to be applied to any transverse tight bulkheads, any frames forward of the
forward cargo hold and any frames aft of the aft cargo hold of the FE model.

The vertical loads to be applied to each transverse frame to generate the increase/decrease in shear force
at the bulkheads may be calculated as shown in Table 5. In case of uniform frame spacing, the amount
of vertical force to be distributed at each transverse frame may be calculated in accordance with Table 6.

Table 4 : Target and required shear force adjustment by applying vertical forces

Aft BHD Fore BHD
Vertical shear force diagram
SF Target SF target
Bkhd Bkhd Q Bkl Bkhd
Qfarg*aff (_ 1)6) Qtarg*fu!d (+7}€)
Bkhd o T Bkhd Bkhd
Qtarg/*aft (+ Ufi) Qtar_(/*fu.'d (7 ’U(’)
Bkhd
Vertical shear force after both adjustments
———————— Vertical shear force after adjustment by use of A, and M, .,
—-————-em——-—-— Vertical shear due to local loads
Note 1: -ve means negative.
Note 2: +ve means positive.
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Table 5 : Target and required shear force adjustment by applying vertical forces

Bkhd

Bkhd Bkhd

Bkhd

At

ond

A

dw, = W1/(n,-1)
W1 = total load applied
n, = number of frame spaces
in aft tank of FE model

dw,=W2/(n,-1)
W2 = total load applied
n, = number of frame spaces
in middle tank of FE
model

dw,=W3/(n,-1)
W3 = total load applied
n, = number of frame spaces
in forward tank of FE
model

At

fore

q

Simply
support
end

YYYYYYY

ow, ow, Ow, Ow, ow, dw Ow,

Sw, dw, dw, dw, Ow, Ow, dw,

Note: Transverse bulkhead frames not loaded
Frames beyond aft transverse bulkhead of aft most tank and forward bulkhead of forward most tank not loaded
F = Reaction load generated by supported ends

YYYYYYY

ow, aw, ow, Ow, ow, dw, dw,

Simply
support
end

Bkhd AQ, +F

Bkhd Bkhd

SF distribution generated
(end reactions nol included)

Bkhd

|

|

Simply aw, ow., ow. ow., & Simply
support T TR support
end end
Shear Force distribution due to adjusting vertical force at frames
Bkhd Bkhd Bkhd Bkhd
Shear force generated

by reaction force
F T ¢F
Simply Simply
support support
end end

Note: F=0if ¢ =¢ andAf, =Al

end'

and loads are symmetrical about mid-length of model

Note 1:

For definition of symbols, see Table 6.
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Table 6 : Formulae for calculation of vertical loads for adjusting vertical shear forces

_AQ, 2=t~ 1)+ AQ, (b + ;) [ L +4) = DB, + )

ow

1 (n, —1)(20— ¢, —20,— 1) -0 ¢
5 = (L TI3) (AQ,p — AQy,4)
W, (n,—1) (n,—1)
Sw. = 7Awad(2€7€17[2)7AQaft<£l+€2)
s = (n, —1)(20— 0, — 20, — 1)
where:
4 : Length of aft cargo hold of model, in m.
L, : Length of mid-hold of model, in m.
Ly : Length of forward cargo hold of model, in m.

AQaﬂ : Required adjustment in shear force, in kN, at aft bulkhead of middle hold, see [4.4.7].
A,y  Required adjustment in shear force, in kN, at fore bulkhead of middle hold, see [4.4.7].

F : End reactions, in kN, due to application of vertical loads to frames.
m : Total evenly distributed vertical load, in kN, applied to aft hold of FE model, (n, - 1) dw,.
n2 : Total evenly distributed vertical load, in kN, applied to mid-hold of FE model, (n, - 1) dw,.
w3 : Total evenly distributed vertical load, in kN, applied to forward hold of FE model, (n; - 1) dw,.
n, : Number of frame spaces in aft cargo hold of FE model.
Ny : Number of frame spaces in mid-hold of FE model.
ng : Number of frame spaces in forward cargo hold of FE model.
ow, : Distributed load, in kN, at frame in aft cargo hold of FE model.
ow, . Distributed load, in kN, at frame in mid-hold of FE model.
ow, : Distributed load, in kN, at frame in forward cargo hold of FE model.
Lona : Distance, in m, between end bulkhead of aft cargo hold to aft end of FE model.
Ciore : Distance, in m, between fore bulkhead of forward cargo hold to forward end of FE model.
L : Total length, in m, of FE model including portions beyond end bulkheads:

=l b+l + A +A;€fo,_,,,

Note 1: Positive direction of loads, shear forces and adjusting vertical forces in the formulae is in accordance with
Table 4 and Table 5.

Note 2: W1+ W3= N2

Note 3: The above formulae are only applicable if uniform frame spacing is used within each hold. The length and

frame spacing of individual cargo holds may be different.

If non-uniform frame spacing is used within each cargo hold, the average frame spacing 7, _, is used to

av—1

calculate the average distributed frame loads éw,,_;, according to Table 6, where i = 1, 2, 3 for each
hold.
Then 6w,,_; is redistributed to the non-uniform frame as follows:
.
owt =ow,, ; l‘"’ t k=1,2, .., n—1, for each frame in cargo hold i, i = 1, 2, 3
where:
Lowi : Average frame spacing, in m, calculated as ¢,/n;, in cargo hold i with i = 1, 2, 3.
¢ : Length, in m, of the cargo hold ¢ with <« = 1, 2, 3 as defined in Table 6.
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n : Number of frame spacing in cargo hold i with i = 1, 2, 3 as defined in Table 6.
dw,,_; . Average uniform frame spacing, in m, distributed force calculated according to Table 6 with
the average frame spacing ¢,,_, in cargo hold i with ¢ = 1, 2, 3.
Swk : Distributed load, in kN, for non-uniform frame % in cargo hold .
A : Equivalent frame spacing, in m, for each frame k¥ with k¥ = 1, 2,..., n, - 1, in cargo hold 1,
taken as:
k 1 gm;*igi 612 .
logi=li———+— for k¥ = 1 (first frame), in cargo hold i
e 2
eF it
Zfi,,,-:éjL ’2 for k =2, 3, =, m; - 2, in cargo i
k n, Kavfi E?/ Z;l’ o .
Lo =0 — —+ for k = n, - 1 (last frame), in cargo
o+ 2
o) : Frame spacing, in m, between the frame %k - 1 and % in the cargo hold i.

The required vertical load &w, for a uniform frame spacing or 6w’ for non-uniform frame spacing, are to
be applied by following the shear flow distribution at the considered cross section, as described in Ch 5,
App 1. For a frame section under vertical load éw,;, the shear flow, ¢, at the middle point of the
element is calculated as:

ow;
qf*k‘ = l Qk*nSO
'y —nb0

where:

q— : Shear flow calculated at the middle of the k-th element of the transverse frame, in N/mm.

dw, : Distributed load at each transverse frame location for i-th cargo hold, i = 1, 2, 3, as defined
in Table 6, in N.

I_,5 : Moment of inertia of the hull girder cross section, in mm”*,

Q.5 - First moment about neutral axis of the accumulative section area starting from the open end
(shear stress free end) of the cross section to the point s, for shear flow ¢, ,, in mm’, taken
as;

S
Qk*nf)() = / Zneu tnSOdS
0
Zpeu : Vertical distance from the integral point, s, to the vertical neutral axis.
ts0 : Net thickness, in mm, of the plate at the integral point of the cross section.

The distributed shear force at j-th FE grid of the transverse frame, 7, is obtained from the shear

J—grid>

flow of the connected elements as following:

n lk
Fj—gmﬁd = qu—k )

k=1
where:
0 : Length of the k-th element of the transverse frame connected to the grid j, in mm.
n : Total number of elements connect to the grid ;.
The shear flow has direction along the cross section and therefore the distributed force, £, is a

vector force. For vertical hull girder shear correction, the vertical and horizontal force components
calculated with above mentioned shear flow method need to be applied to the cross section.
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4.4.8 Procedure to adjust vertical and horizontal bending moments for midship cargo
hold region

In case the target vertical bending moment needs to be reached, an additional vertical bending moment

is to be applied at both ends of the cargo hold FE model to generate this target value in the mid-hold

of the model. This end vertical bending moment is given as follows:

My cna =My 1009 = My pear

where:

M,_,., - Additional vertical bending moment, in kNm, to be applied to both ends of FE model in
accordance with [4.4.9].

M,_,,, : Hogging(positive) or sagging(negative) vertical bending moment, in kNm, as specified in [4.3.2].

M,_ . : Maximum or minimum bending moment, in kNm, within the length of the mid-hold due to the

local loads described in [4.4.3] and due to the shear force adjustment as defined in [4.4.5].
M,_,.,. is to be taken as the maximum bending moment if A7_,, . is hogging (positive) and
as the minimum bending moment if A7,_,,, is sagging (negative). M, ., is to be calculated
as follows based on a simply supported beam model:

T —X, p
M, pear = Eﬂv‘emum{Mv rrr (@) + My ctou +ﬂ/[scaft(2ﬁ* 1)
ore aft
My g, (x): Vertical bending moment, in kNm, at position z, due to the local loads as described in
[4.4.3].
My, : End bending moment, in kNm, to be taken as:

*  When method 1 is applied: the value as defined in [4.4.6].
*  When method 2 is applied: the value as defined in [4.4.7].
* Otherwise: M, ., = 0

Moo - Vertical bending moment, in kNm, at position x, due to application of vertical line loads at
frames according to method 2, to be taken as:
My ctoaa :_(m_zaﬂ,) F_E(x_wi) dw, when z;, <z

F : Reaction force, in kN, at model ends due to application of vertical loads to frames as defined
in Table 5.

x : X-coordinate, in m, of frame in way of the mid-hold.

dw; : vertical load, in kN, at web frame station  applied to generate required shear force.

In case the target horizontal bending moment needs to be reached, an additional horizontal bending
moment is to be applied at the ends of the cargo tank FE model to generate this target value within the
mid-hold. The additional horizontal bending moment is to be taken as:

My, cna = My —targ = My pear

where:

M, _,.. : Additional horizontal bending moment, in kNm, to be applied to both ends of the FE model
according to [4.4.9].

M,_,,, : Horizontal bending moment, as defined in [4.3.4].

M, _ ., : Maximum or minimum horizontal bending moment, in kNm, within the length of the mid-hold

due to the local loads described in [4.4.3].

M,_ ... is to be taken as the maximum horizontal bending moment if 24,_,,,

(starboard side in tension) and as the minimum horizontal bending moment if A4,_,,.,

is positive
is
negative (port side in tension).
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M, _ ... 1s to be calculated as follows based on a simply supported beam model:

M,

h —peak

:Eztremum{MH FEM(x)}

My pgs(x): Horizontal bending moment, in kNm, at position z, due to the local loads as described in
[4.4.3].

The vertical and horizontal bending moments are to be calculated over the length of the mid-hold to

identify the position and value of each maximum/minimum bending moment.

4.4.9 Application of bending moment adjustments on the FE model

The required vertical and horizontal bending moment adjustments are to be applied to the considered
cross section of the cargo hold model by distributing longitudinal axial nodal forces to all hull girder
bending effective longitudinal elements of the considered cross section according to Ch 5, Sec 1, [1.2]
as follows:

* For vertical bending moment:

M, A
(Fx)l _ v i —nb0 z;
]y—nso n;
* For horizontal bending moment:
( ) _ ]wh A'z' —nb50
UL o
where:
M, : Vertical bending moment adjustment, in kNm, to be applied to the considered cross section of
the model.
M, : Horizontal bending moment adjustment, in kNm, to be applied to the considered cross section
the ends of the model.
(£,), : Axial force, in kN, applied to a node of the i-th element.
50 Hull girder vertical moment of inertia, in m*, of the considered cross section about its
horizontal neutral axis.
I_,., : Hull girder horizontal moment of inertia, in m* of the considered cross section about its
vertical neutral axis.
Z : Vertical distance, in m, from the neutral axis to the centre of the cross sectional area of the
i-th element.
Y, : Horizontal distance, in m, from the neutral axis to the centre of the cross sectional area of
the i-th element.
A;_,, : Cross sectional area, in m’, of the i-th element.
n : Number of nodal points of i-th element on the cross section, n, = 1 for beam element, n, =

2 for 4-node shell element.

For cross sections other than cross sections at the model end, the average area of the corresponding i-th
elements forward and aft of the considered cross section is to be used.

4.5 Procedure to adjust hull girder torsional moments

4.5.1 General

The procedure in this sub-article describes how to adjust the hull girder torsional moment distribution on
the cargo hold FE model to achieve the target torsional moment at the target location. The hull girder
torsional moment target values are given in [4.3.5].
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4.5.2 Torsional moment due to local loads

Torsional moment, in kNm, at longitudinal station : due to local loads, A7, ., in kNm, is determined
by the following formula (see Figure 12):

My g = ; Vhik(zik - er)} - Xk] (fuikyik)

where:

My gy - Lumped torsional moment, in kNm, due to local load at longitudinal station i.

2, : Vertical coordinate of torsional reference point, in m:

z, =z, shear centre at the middle of the mid-hold.
Fin : Horizontal nodal force, in kN, of node & at longitudinal station :.
Foir : Vertical nodal force, in kN, of node % at longitudinal station :.
Yik : Y-coordinate, in m, of node % at longitudinal station .
2 : Z-coordinate, in m, of node & at longitudinal station i.

My o - Lumped torsional moment, in kNm, due to local load at aft end of the FE model, taken as:

Mr_ pgvio = ; thok(z()k - zr)] - Z (fl'okyﬂk) +RH,aﬂ (Zmd - Zr)

Ry 4, Horizontal reaction forces, in kN, at the forward end, as defined in [4.4.3].
Ry ., : Horizontal reaction forces, in kN, at the aft end, as defined in [4.4.3].
Zind : Vertical coordinate, in m, of independent point as defined in [2.5.3].

|

|

|
node k :
Wead)
|

|

|

/"
T:...

/

A o
Z

T I
i i i
——t? Referance point

Figure 12 : Station forces and acting location of torsional moment at section

4.5.3 Hull girder torsional moment

The hull girder torsional moment, M.y, (x;) in kNm, is obtained by accumulating the station torsional
moment from the aft end section as follows:

AJT, FEM (.I‘J) = E A/[Tf FEMi when z; < Zj

where:
My gy (x;): Hull girder torsional moment, in kNm, at longitudinal station z;.
x. : X-coordinate, in m, of considered longitudinal station j.

J

The torsional moment distribution given in [4.5.2], has a step at each longitudinal station.
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4.5.4 Procedure to adjust hull girder torsional moment to target value
The torsional moment is to be adjusted by applying a hull girder torsional moment A/,_,,, in kNm, at
the independent point of the aft end section of the model, given as follows:

MT* end — A/[wt —targ MT* FEJJ(I'I‘,(H‘g)
where:
Tiarg : X-coordinate, in m, of the target location for hull girder torsional moment, as defined in [4.3.5].

M, _ ., Target hull girder torsional moment, in kNm, specified in [4.3.5], to be achieved at the target
location.

My ppy(@y,,,): Hull girder torsional moment, in kNm, at target location due to local loads.

Due to the step of hull girder torsional moment at each longitudinal station, the hull girder torsional
moment is to be selected from the values aft and forward of the target location as follows: Maximum
value for positive torsional moment and minimum value for negative torsional moment.

4.6 Summary of hull girder load adjustments

4.6.1

The required methods of hull girder load adjustments for cargo hold regions are given in Table 7.

Table 7 : Overview of hull girder load adjustments in FE analyses

Midship cargo hold region
Adjustment of Vertical Shear Forces See [4.4.5]
Adjustment of Bending Moments See [4.4.8]
Adjustment of Torsional Moment See [4.5.4]

5. Analysis criteria
5.1 General

5.1.1 Evaluation areas

Verification of results against the acceptance criteria is to be carried out within the longitudinal extent of
the mid-hold, as shown in Figure 13.

5.1.2 Structural members

The following structural elements within the evaluation area are to be verified with the criteria given in
[5.2] and [5.3]:

e All hull girder longitudinal structural members.
* All primary supporting structural members and bulkheads within the mid-hold.
* All structural members being part of the transverse bulkheads.

5.2 Yield strength assessment
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5.2.1 Von Mises stress
For all plates of the structural members defined in [5.1.2], the von Mises stress, o, , in N/mm?’ is to
be calculated based on the membrane normal and shear stresses of the shell element. The stresses are to

be evaluated at the element centroid of the mid-plane (layer), as follows:

md

o =\/(72 UIJZ/+U§+3T§“J

vm T

where:
0,.0, . Element normal membrane stresses, in N/mn’.
T : Element shear stress, in N/mm’.

zy

5.2.2 Axial stress in beams and rod elements

For beams and rod elements, the axial stress, o,,.,, in N/mm’ is to be calculated based on axial force
alone. The axial stress is to be evaluated at the middle of element length.

5.2.3 Coarse mesh permissible yield utilisation factors

The coarse mesh permissible yield utilisation factors, A, given in Table 8, are based on the mesh
sizes and element types described in [2.3] to [2.4].

The yield utilisation factor resulting from element stresses of each structural component are not to
exceed the permissible values as given in Table 8.

Table 8 : Coarse mesh permissible yield utilisation factor

Structural component Coarse mesh permissible yield utilisation factor, A ,,,

Plating of all longitudinal hull girder structural members, 1.0 (load combination S+D)
primary supporting structural members and bulkheads.

0.8 (load combination S)

Face plate of primary supporting members modelled using
shell or rod elements. 1.0 (load combination A)

5.2.4 Yield criteria
The structural elements given in [5.1.2] are to comply with the following criteria:
>\y = )\ypm'm

where:

Ay : Yield utilisation factor.

#Z»Rules for the Classification of Steel Ships 2019 301



Pt 14 Structural Rules for Container Ships

Ch 07 Direct Strength Analysis Pt14, Ch 07, Sec 2
Oom A
A, = }% for shell elements in general.
Y
O azia :
A, = | ;; 1 for rod or beam elements in general.
' Y
Tom : Von Mises stress, in N/mm’.
O il : Axial stress in rod or beam element, in N/mm”.
Ayperm - Coarse mesh permissible yield utilisation factors defined in Table 8.

The yield check criteria is to be based on axial stress for the flange of primary supporting members.

Where the von Mises stress of the elements in the cargo hold FE model in way of the area under
investigation by fine mesh exceeds the yield criteria, average von Mises stress, obtained from the fine
mesh analysis, calculated over an area equivalent to the mesh size of the cargo hold finite element
model is to satisfy the yield criteria above.

In way of cut-outs, yield utilisation factor is to be obtained with shear stress correction, as given in
[5.2.5].
5.2.5 Shear stress correction for cut-out

Except as indicated in [5.2.6], the element shear stress in way of cut-outs in webs is to be corrected for
loss in shear area in accordance with the following formula. The corrected element shear stress is to be
used to calculate the von Mises stress of the element for verification against the yield criteria.

Teor = W%zm
shr —n50
where:
Teor : Corrected element shear stress, in N/mm’.
h : Height of web of girder, in mm, in way of opening, see Table 1. Where the geometry of the

opening is modelled, h is to be taken as the height of web of the girder deducting the
height of the modelled opening.

tmod—nso: Modelled web thickness, in mm, in way of opening.

Ay nso o Effective net shear area of web, in mm’ taken as the web area deducting the area lost of
all openings, including slots for stiffeners, calculated in accordance with Ch 3, Sec 7, [1.4.8].

: Element shear stress, in N/mm’, before correction.

Telem

5.2.6 Exceptions for shear stress correction for openings

Correction of element shear stress due to presence of cut-outs is not required for cases given in Table 9
provided )\y/ C. complies with the criteria given in [5.2.4].
5.3 Buckling strength assessment

5.3.1

All structural elements in FE analysis carried out in accordance with this Section are to be assessed
individually against the buckling requirements as defined in Ch 8, Sec 4.
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Table 9 : Exceptions for shear stress correction

Pt 14, Ch 07, Sec 2

Identification

Figure

Difference between modelled shear
area and the net effective shear area

in % of the modelled shear area
A

—A
FEM—n50 shr —nb0
* 100%

A

Reduction factor for yield
criteria, C.

support stiffeners fitted with
collar plates

FEM—n50

Upper and lower slots for
local support stiffeners fitted T e < 15% 0.85
with lugs or collar plates

S )
Upper or lower slots for
local support stiffeners fitted T T < 20% 0.80
with lugs or collar plates

[CSINCS
In way of opening; upper
and lower slots for local < <

< 40% 0.60

A

shr —nb0

. Effective net shear area of web, in mm? taken as the web area deducting the area lost of all openings,

including slots for stiffeners, calculated in accordance with Ch 3, Sec 7, [1.4.8].
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Section 3 - Local Structural Strength Analysis

1. Objective and scope
1.1 General

111

The local strength analysis of structural details is to be in accordance with the requirements given in
this section.

1.1.2 Fine mesh analysis procedure

The details to be assessed by fine mesh analysis are to be modelled according to the requirements given
in [2], under the FE load combinations defined in [3] and to comply with the criteria given in [4].

1.2 Modelling of standard structural details

The fine mesh analysis may be carried out the area of high stress concentration identified during coarse
mesh analysis.

2. Structural modelling
2.1 General

2.1.1

Evaluation of detailed stresses requires the use of refined finite element mesh in way of areas of high
stress. This fine mesh analysis can be carried out by fine mesh zones incorporated into the cargo hold
model. Alternatively, separate local FE model with fine mesh zones in conjunction with the boundary
conditions obtained from the cargo hold model may be used.

2.2 Extent of model

2.2.1

If a separate local fine mesh model is used, its extent is to be such that the calculated stresses at the
areas of interest are not significantly affected by the imposed boundary conditions. The boundary of the
fine mesh model is to coincide with primary supporting members in the cargo hold model, such as web
frame, girders, stringers and floors.

2.3 Mesh size

2.3.1

The mesh size in the fine mesh zones is not to be greater than 50 x 50 mm.

2.3.2

The extent of the fine mesh zone is not to be less than 10 elements in all directions from the area
under investigation. A smooth transition of mesh density from fine mesh zone to the boundary of the
fine mesh model is to be maintained.
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2.4 Elements

2.4.1

All plating within the fine mesh zone is to be represented by shell elements. The aspect ratio of
elements within the fine mesh zone is to be kept as close to 1 as possible. Variation of mesh density
within the fine mesh zone and the use of triangular elements are to be avoided. In all cases, the
elements within the fine mesh model are to have an aspect ratio not exceeding 3. Distorted elements,
with element corner angles of less than 45° or greater than 135°, are to be avoided. Stiffeners inside the
fine mesh zone are to be modelled using shell elements. Stiffeners outside the fine mesh zones may be
modelled using beam elements.

24.2

Where fine mesh analysis is required for main bracket end connections and hatch opening, the fine mesh
zone is to be extended at least 10 elements in all directions from the area subject to assessment, see
Figure 2.

2.4.3

Where fine mesh analysis is required for an opening, the first two layers of elements around the opening
are to be modelled with mesh size not greater than 50 x 50 mm. A smooth transition from the fine
mesh to the coarser mesh is to be maintained. Edge stiffeners which are welded directly to the edge of
an opening are to be modelled with shell elements. Web stiffeners close to an opening may be modelled
using rod or beam elements located at a distance of at least 50 mm from the edge of the opening.
Example of fine mesh zone around an opening is shown in Figure 3.

24.4

Face plates of openings, primary supporting members and associated brackets are to be modelled with at
least two elements across their width on either side.

e N
L |
Fine mesh zone
D Element size <50 mm x 50 mm a

Extent - at least 10 elements in all directions
Face plate modelled by plate elements

Figure 1 : Fine mesh zone around bracket toes
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Figure 2 : Fine mesh zone around hatch opening structures

Fine mesh zone:
Element size = 50mm x 50mm

Figure 3 : Fine mesh zone around an opening

2.5 Transverse web frames

2.5.1

In addition to the requirements of [2.2] to [2.4], the modelling requirements in this sub-section are
applicable to the analysis of a typical transverse web frame.
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2.5.2

Where a FE sub model is used, the model is to have an extent of at least 1+1 web frame spaces, i.e.
one web frame space extending either side of the transverse web frame under investigation.

253
The full depth and full breadth of the ship are to be modelled, see Figure 4.

Model extent

3. FE load combinations

3.1 General

3.1.1

The fine mesh detailed stress analysis is to be carried out for all FE load combinations applied to the
corresponding cargo hold analysis.

3.2 Application of loads and boundary conditions

3.2.1 General

Where a separate local model is used for the fine mesh detailed stress analysis, the nodal displacements
from the cargo tank model are to be applied to the corresponding boundary nodes on the local model as
prescribed displacements. Alternatively, equivalent nodal forces from the cargo tank model may be
applied to the boundary nodes.

Where there are nodes on the local model boundaries which are not coincident with the nodal points on
the cargo tank model, it is acceptable to impose prescribed displacements on these nodes using
multi-point constraints. The use of linear multi-point constraint equations connecting two neighbouring
coincident nodes is considered sufficient.

All local loads, including any loads applied for hull girder bending moment and/or shear force
adjustments, in way of the structure represented by the separate local finite element model are to be
applied to the model.
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4. Analysis criteria
4.1 Stress assessment

4.1.1 General

4.2 Stress assessment of the fine mesh analysis is to be carried out for the FE
load combinations specified in Ch 4, Sec 8.

4.2.1 Reference stress

Reference stress is von Mises stress, o, , which is to be calculated based on the membrane normal and

vmd

shear stresses of the shell element evaluated at the element centroid. The stresses are to be evaluated at
the mid plane of the element.

4.2.2 Permissible stress

The maximum permissible stresses are based on the mesh size of 50 x 50 mm as specified in [2.1] to
[2.4]. Where a smaller mesh size is used, an area weighted von Mises stress calculated over an area
equal to the specified mesh size may be used to compare with the permissible stresses. The averaging is
to be based only on elements with their entire boundary located within the desired area. The average
stress is to be calculated based on stresses at element centroid; stress values obtained by interpolation
and/or extrapolation are not to be used. Stress averaging is not to be carried across structural
discontinuities and abutting structure.

4.3 Acceptance criteria

4.3.1
Verification of stress results against the acceptance criteria is to be carried out in accordance with [4.1].

The structural assessment is to demonstrate that the stress complies with the following criteria:

/\f = )\fpetrm
where:
As : Fine mesh yield utilisation factor.
0-7.7777, .
A= R, for shell elements in general
O azia .
A= % for rod or beam elements in general
Y
Tom : Von Mises stress, in N/mm’.
T vial : Axial stress in rod element, in N/mm®
Aperm - Permissible fine mesh utilisation factor, taken as:

* Element not adjacent to weld:

* Aperm = L70f; for S+D
* Apperm = 1.36; for S
* Apperm = 170, for A

* Element adjacent to weld:
* Nperm = 1.50f; for S+D
* Aporm = 120f; for S
° )‘fperm = 1.50ff for A
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fr : Fatigue factor, taken as:

Note 1:

Note 2:

Note 3:

f;=10 in general,
fr=12 for details assessed by very fine mesh analysis complying with the fatigue assessment
criteria given in Ch 9, Sec 2.

The maximum permissible stresses are based on the mesh size of 50 x 50 mm. Where a smaller mesh size is used,
an average von Mises stress calculated in accordance with [4.1] over an area equal to the specified mesh size may
be used to compare with the permissible stresses.
Average von Mises stress is to be calculated based on weighted average against element areas:
o ElnAio-Um*i
Oom—av — Zln A,l'
where:
Oum-—a 15 the average von Mises stress.
Stress averaging is not to be carried across structural discontinuities and abutting structure.
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Chapter 8
Buckling

Section 1 General

Section 2 Prescriptive Buckling Requirements

Section 3 Buckling Requirements for DSA

Section 4 Buckling Capacity

Section 5 Stress Based Reference Stresses
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Section 1 - General

1. Introduction
1.1 Assumption

1.1.1

This chapter contains the strength criteria for buckling and ultimate strength of local supporting members
and primary supporting members. These criteria are to be applied as specified in Ch 6 for hull local
scantlings and in Ch 7 for direct strength analysis.

1.1.2

For each structural member, the characteristic buckling strength is to be taken as the most unfavourable /
critical buckling failure mode.

1.1.3
Unless otherwise specified, the scantling requirements of structural members in this chapter are based on
net scantling obtained by removing ¢, from the gross offered thickness, where ¢, is defined in Ch 3, Sec 3.
114

In this chapter, compressive and shear stresses are to be taken as positive, tension stresses are to be
taken as negative.

2. Application
2.1 Scope

2.1.1
The buckling checks are to be performed according to:
a) Ch 8, Sec 2 for the prescriptive buckling requirements of plates, longitudinal and transverse
stiffeners and primary supporting members.

b) Ch 8, Sec 3 for the buckling requirements of the FE analysis for the plates, longitudinal and
transverse stiffeners and primary supporting members.

c) Ch 8, Sec 4 for the buckling capacity of prescriptive and FE buckling requirements.
2.1.2 Stiffener

The buckling check of the stiffeners referred to in this Chapter is applicable to the stiffener fitted along
the long edge of the buckling panel.

2.1.3 Enlarged stiffener
Enlarged stiffeners, with or without web stiffening, used for Permanent Means of Access (PMA) are to
comply with the following requirements:
a) Buckling strength of prescriptive requirements as follows:
* For enlarged stiffener web, see Ch 8, Sec 2, [3.2].
* For stiffeners fitted on enlarged stiffener web, see Ch 8, Sec 2, [3.1] and Ch 8, Sec 2, [3.3].

b) All structural elements used for PMA are to be complied with for the buckling requirements of the
FE analysis in Ch 8, Sec 3 when applicable.
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c) Buckling strength of longitudinal PMA platforms without stiffeners fitted on enlarged stiffener web
is to be checked using the criteria for local supporting members in Ch 8, Sec 2, [3.1] and Ch 8,
Sec 2, [3.3]

3. Definitions
3.1 General

3.1.1 Buckling definition

‘Buckling’ is used as a generic term to describe the strength of structures, generally under in-plane
compressions and/or shear and lateral load. The buckling strength or capacity can take into account the
internal redistribution of loads depending on the load situation, slenderness and type of structure.

3.1.2 Buckling capacity
Buckling capacity based on this principle gives a lower bound estimate of ultimate capacity, or the
maximum load the panel can carry without suffering major permanent set.

Buckling capacity assessment utilises the positive elastic post-buckling effect for plates and accounts for
load redistribution between the structural components, such as between plating and stiffeners. For slender
structures, the capacity calculated using this method is typically higher than the ideal elastic buckling
stress (minimum FEigen value). Accepting elastic buckling of structural components in slender stiffened
panels implies that large elastic deflections and reduced in-plane stiffness will occur at higher buckling
utilisation levels.

3.1.3 Assessment methods
The buckling assessment is carried out according to one of the two methods taking into account different
boundary condition types:

a) Method A: All the edges of the elementary plate panel are forced to remain straight (but free to
move in the in-plane directions) due to the surrounding structure/neighbouring plates.

b) Method B: The edges of the elementary plate panel are not forced to remain straight due to low
in-plane stiffness at the edges and/or no surrounding structure/neighbouring plates.

3.2 Buckling utilisation factor

3.2.1
The utilisation factor, 7, is defined as the ratio between the applied loads and the corresponding ultimate
capacity or buckling strength.
3.2.2
For combined loads, the utilisation factor, 7,,, is to be defined as the ratio of the applied equivalent
stress and the corresponding buckling capacity, as shown in Figure 1, and is to be taken as:

I/I/{L(Z‘, _ 1

77(“1: w _7

where:

w,

act

: Applied equivalent stress, in N/mm?:

W = \/W for plate

w,,=o,+o,+0o, for stiffener
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w, : Equivalent buckling capacity, in N/mm?®, to be taken as:

W, = /o2, +o,+7 for plate

R
W = eH—S

s g for stiffener

: Stress multiplier factor at failure.

For each typical failure mode, the corresponding capacity of the panel is calculated by applying the
actual stress combination and then increasing or decreasing the stresses proportionally until collapse.

Figure 1 illustrates the buckling capacity and the buckling utilisation factor of a structural member

subject to o, and o, stresses.

Buckling strength interaction curve

Y

act

5
>
g,

X

Figure 1: Example of buckling capacity and buckling utilisation factor

3.3 Allowable buckling utilisation factor

3.3.1 General structural elements
The allowable buckling utilisation factor is defined in Table 1.

Table 1: Allowable buckling utilisation factor

Structural component 1> Allowable buckling utilisation factor
Plates and stiffeners 1.00 for load combination: S+D
Stiffened and unstiffened panels 0.80 for load combination: S
Web plate in ways of openings 1.00 for load combination: A

0.75 for load combination: S+D
Pillars 0.65 for load combination: S
0.75 for load combination: A

3.4 Buckling acceptance criteria

3.4.1

A structural member is considered to have an acceptable buckling strength if it satisfies the following

criterion:

Nact = Natt
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where:

Vet : Buckling utilisation factor based on the applied stress, defined in [3.2.2].

N : Allowable buckling utilisation factor as defined in [3.3].
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Section 2 - Prescriptive buckling requirements

Symbols

o : Allowable buckling utilisation factor, as defined in Ch 8, Sec 1, [3.3].

EPP : Elementary Plate Panel as defined in Ch 3, Sec 7, [2.1].

LCP : Load calculation point as defined in Ch 3, Sec 7, [2.2.2] and Ch 3, Sec 7, [3.2].
1. General

1.1 Scope

1.1.1

This section applies to plate panels including curved plate panels and stiffeners subject to hull girder
compression and shear stresses. In addition the pillar subject to compressive stresses is to be checked.
1.1.2

The hull girder buckling strength requirements apply along the full length of the ship.

1.1.3 Design load sets
The buckling checks are to be performed for all design load sets defined in Ch 6, Sec 2, [2], both in
intact and in flooded conditions with pressure combination defined in Ch 6, Sec 2, [1.3].

For each design load set, for all dynamic load cases, the lateral pressure is to be determined according
to Ch 4 at the load calculation point defined in Ch 3, Sec 7, and is to be applied together with the
hull girder stress combinations given in [2.2].

1.2 Equivalent plate panel

1.2.1

In longitudinal stiffening arrangement, when the plate thickness varies over the width b, of a plate panel,
the buckling check is to be performed for an equivalent plate panel width, combined with the smaller
plate thickness, ¢,. The width of this equivalent plate panel, b, in mm, is defined by the following
formula:

eq?

1.5
t'l
be, =4 +£2(1€2)

where:

A : Width of the part of the plate panel with the smaller net plate thickness, ¢, in mm, as
defined in Figure 1.

£, : Width of the part of the plate panel with the smaller net plate thickness, t,, in mm, as
defined in Figure 1.

1.2.2

In transverse stiffening arrangement, when an EPP is made with different thicknesses, the buckling check
of the plate and stiffeners is to be made for each thickness considered constant on the EPP, the stresses
and pressures being estimated for the EPP at the LCP.
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Figure 1: Plate thickness change over the width

1.2.3

When the plate panel is made of different materials, the minimum yield strength is to be used for the
buckling assessment.

2. Hull girder stress
2.1 General

2.1.1

The hull girder bending stresses, o,, in N/mm?, are determined according to Ch 6, Sec 2.

2.1.2
The hull girder shear stresses, 7,,, in N/ mm?, in the plate i are determined as follows:

_ QTot (.ZL') Qv 10‘;

T =
hg
ti*nSO

where:
Q@ (x) : Total vertical shear force, in kN, at the ship longitudinal location z, taken as follows:
a) For the design load combination S+D
* For seagoing operations:
Qr (2) = | Quy + Qu— 1|
b) For the design load combination S

* For harbour/sheltered water operations:

QTot ($) = | stfp |

Qi : Contribution ratio in way of the plate i, as defined in Ch 5, Sec 1, [3.2.1].

t,_.s0 - Net thickness of the plate /, in mm as defined in Ch 5, Sec 1, [3.2.1], used for shear stress
calculation.

Qe : Permissible positive or negative still water shear force for seagoing operation, in kN, at the

hull transverse section considered, as defined in Ch 4, Sec 4, [2.3.1].

Q.,—, : Permissible positive or negative still water shear force for harbour/sheltered operation, in kN,
at the hull transverse section considered, as defined in Ch 4, Sec 4, [2.3.2].

Q..o - Vertical wave shear force in seagoing condition, in kN, in intact or flooded conditions at the
hull transverse section considered for the considered dynamic load case, defined in Ch 4, Sec
4, [3.3].
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2.2 Stress combinations

2.2.1

Each elementary plate panel and stiffeners are to satisfy the criteria defined in [3] with the following
stress combinations:

a) Longitudinal stiffening arrangement:
e Stress combination 1 with:

Oy :U/Lg
o,=0
T =0.77,

* Stress combination 2 with:

o, =070, g
o,=0
T =Ty
b) Transverse stiffening arrangement:

* Stress combination 1 with:

o, =0
Oy = Ohg
T = 0.7T,w

e Stress combination 2 with:
o, =0

o,=0.70y,

T =Ty

where:

Thy : Hull girder bending stress in the elementary plate panel or stiffener, as defined in [2.1.1], in
N/mm”.

Thg : Hull girder shear stress, in N/mm?, in the elementary plate panel or stiffener attached plate as

defined in [2.1.2].

3. Buckling criteria
3.1 Overall stiffened panel

3.1.1

The buckling strength of overall stiffened panels is to satisfy the following criterion:

Noverall = Naut

where:

Nowrar - Maximum utilisation factor as defined in Ch 8, Sec 4, [2.1].
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3.2 Plates

3.2.1

The buckling strength of elementary plate panels is to satisfy the following criterion:

M Aate = Natt

where:

N Aate : Maximum plate utilisation factor calculated according to SP-A, as defined in Ch 8, Sec 4,
[2.2].

3.3 Stiffeners

3.3.1

The buckling strength of stiffeners is to satisfy the following criterion:

Nsiffener = Tall
where:
Nsiffener - Maximum stiffener utilisation factor, as defined in Ch 8, Sec 4, [2.3].

Note 1: This capacity check can only be fulfilled when the overall stiffened panel capacity, as defined in [3.1.1], is satisfied.

3.4 Pillars

3.4.1

The compressive buckling strength of pillars is to satisfy the following criterion:

Nptttar = Nall

where:

Mo Maximum buckling utilisation factor of pillars defined in Ch 8, Sec 4, [3.1].
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Section 3 - Buckling requirements for DSA

Symbols

i : Allowable buckling utilisation factor, as defined in Ch 8, Sec 1, [3.3].
a : Aspect ratio of the plate panel, defined in Ch 8, Sec 4.

1. General
1.1 Scope

1.1.1

The requirements of this Section apply for the buckling assessment of direct strength analysis subjected
to compressive stress, shear stress and lateral pressure.

1.1.2

All structural elements in the FE analysis carried out according to Ch 7 are to be assessed individually.
The buckling checks have to be performed for the following structural elements:

a) Stiffened and unstiffened panels, inclusive curved panels.
b) Web plate in way of openings.
c) Pillars

2. Stiffened and unstiffened panels
2.1 General

2.1.1

The plate panel of hull structure is to be modelled as stiffened or unstiffened panel. Method A and
Method B as defined in Ch 8, Sec 1, [3] are to be used according to Figure 1 to Figure 9.

2.1.2 Average thickness of plate panel

Where the plate thickness along a plate panel is not constant, the panel used for the buckling assessment
is to be modelled according to Ch 7 with a weighted average thickness taken as:

n
DAL
_ 1
avr n

D4

1

t

where:

A, : Area of the i-th plate element.

t; : Net thickness of the i-th plate element.

n : Number of finite elements defining the buckling plate panel.

2.1.3 Yield stress of the plate panel

The panel yield stress R, , is taken as the minimum value of the specified yield stresses of the
elements within the plate panel.
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2.2 Stiffened panels

2.2.1

If the stiffener properties or stiffener spacing varies within the stiffened panel, the calculations are to be
performed separately for all configurations of the panels, i.e. for each stiffener and plate between the
stiffeners. Plate thickness, stiffener properties and stiffener spacing at the considered location are to be
assumed for the whole panel.
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Figure 4 : Support bulkhead for container ship

2.3 Unstiffened panels

2.3.1 Irregular plate panel

In way of web frames, stringers and brackets, the geometry of the panel (i.e. plate bounded by web
stiffeners/face plate) may not have a rectangular shape. In this case, an equivalent rectangular panel is to
be defined according to [2.3.2] for irregular geometry and [2.3.3] for triangular geometry and to comply
with buckling assessment.

2.3.2 Modelling of an unstiffened panel with irregular geometry

Unstiffened panels with irregular geometry are to be idealised to equivalent panels for plate buckling
assessment according to the following procedure:

a) The four corners closest to a right angle, 90 deg, in the bounding polygon for the plate are
identified.

b) The distances along the plate bounding polygon between the corners are calculated, i.e. the sum of
all the straight line segments between the end points.

d,
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¢) The pair of opposite edges with the smallest total length is identified, i.e. minimum of d, +d, and
d,+d,.

d) A line joins the middle points of the chosen opposite edges (i.e. a mid point is defined as the
point at half the distance from one end). This line defines the longitudinal direction for the
capacity model. The length of the line defines the length of the capacity model, « measured from
one end point.

e) The length of shorter side, b in mm, is to be taken as:
b=A/a
where:

A : Area of the plate, in mm?.
a : length defined in (d), in mm.

f) The stresses from the direct strength analysis are to be transformed into the local coordinate
system of the equivalent rectangular panel. These stresses are to be used for the buckling
assessment.

2.3.3 Modelling of an unstiffened plate panel with triangular geometry

Unstiffened panels with triangular geometry are to be idealised to equivalent panels for plate buckling
assessment according to the following procedure:

a) Medians are constructed as shown below.

b) The longest median is identified. This median the length of which is ¢, in mm, defines the
longitudinal direction for the capacity model.

¢) The width of the model, /,, in mm, is to be taken as:
0, = A/t
where:

A : Area of the plate, in mm?®.
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d) The lengths of shorter side, b, and of the longer side, a, in mm, of the equivalent rectangular
plate panel are to be taken as:

a=4,G,;

where:

K?
G, =04—>40.6

e) The stresses from the direct strength analysis are to be transformed into the local coordinate
system of the equivalent rectangular panel and are to be used for the buckling assessment of the
equivalent rectangular panel.

2.4 Reference stress

2.41

The stress distribution is to be taken from the direct strength analysis and applied to the buckling model.

2.4.2

The reference stresses are to be calculated using the Stress based reference stresses as defined in Ch 8,
Sec 5.

2.5 Lateral pressure

2.5.1

The lateral pressure applied to the direct strength analysis is also to be applied to the buckling
assessment.

2.5.2

Where the lateral pressure is not constant over a buckling panel defined by a number of finite plate
elements, an average lateral pressure, N/mm?, is calculated using the following formula:

n
DAL,
1
avr n

>4

1

where:

A, : Area of the i-th plate element, in mm®.

P, : Lateral pressure of the i-th plate element, in N/mm?.
n : Number of finite elements in the buckling panel.
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2.6 Buckling criteria

2.6.1 UP-A

The compressive buckling strength of UP-A is to satisfy the following criterion:

Nop—a = Nan

where:

ngr—ys - Maximum plate utilisation factor, calculated according to Method A as defined in Ch 8, Sec
4, [2.2].

2.6.2 UP-B

The compressive buckling strength of UP-B is to satisfy the following criterion:

Nor-5 = Nan

where:

nyp—p - Maximum plate utilisation factor, calculated according to Method B as defined in Ch 8, Sec
4, [2.2].

2.6.3 SP-A

The compressive buckling strength of SP-A is to satisfy the following criterion:

Nsp—a = Nau

where:

nep—4 - Maximum stiffened panel utilisation factor taken as the maximum of:

a) The overall stiffened panel capacity as defined in Ch 8, Sec 4, [2.1].
b) The plate capacity calculated according to Method A as defined in Ch 8, Sec 4, [2.2].

¢) The stiffener buckling strength as defined in Ch 8, Sec 4, [2.3] considering separately the
properties (thickness, dimensions), the pressures defined in [2.5.2] and the reference stresses
of each EPP at both sides of the stiffener.

Note 1: The stiffener buckling capacity check can only be fulfilled when the overall stiffened panel capacity, as defined in
Ch 8, Sec 4, [2.1] is satisfied.

2.6.4 SP-B
The compressive buckling strength of SP-B is to satisfy the following criterion:
Nsp—p = Nan

where:
ne—p - Maximum stiffened panel utilisation factor taken as the maximum of:

a) The overall stiffened panel capacity as defined in Ch 8, Sec 4, [2.1].
b) The plate capacity calculated according to Method B as defined in Ch 8, Sec 4, [2.2].

¢) The stiffener buckling strength as defined in Ch 8, Sec 4, [2.3] considering separately the
properties (thickness, dimensions), the pressures defined in [2.5.2] and the reference stresses
of each EPP at both sides of the stiffener.

Note 1: The stiffener buckling capacity check can only be fulfilled when the overall stiffened panel capacity, as defined in
Ch 8, Sec 4, [2.1], is satisfied.

2.6.5 Web plate in way of openings
The web plate of primary supporting members with openings is to satisfy the following criterion:
T/Opem'ng = Nall

where:
Nopening - Maximum web plate utilisation factor in way of openings, as defined in Ch 8, Sec 4, [2.4].

#Z»Rules for the Classification of Steel Ships 2019 327



Pt 14 Structural Rules for Container Ships
Ch 8 Buckling Pt14, Ch 8, Sec 3

3. Pillars
3.1 Buckling criteria

3.1.1

The compressive buckling strength of pillars is to satisfy the following criterion:

Npittar = Mall

where:

N Billar : Maximum buckling utilisation factor of pillars defined in Ch 8, Sec 4, [3.1].
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Section 4 - Buckling capacity

Symbols

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

by, by
Gl'17 CLL‘Q

€r

F}on g
F,

tran

h’u'

l
R

Re H P

Re HS

: Net sectional area of the stiffener without attached plating, in mm®.

: Length of the longer side of the plate panel, in mm.

. Length of the shorter side of the plate panel, in mm.

. Effective width of the attached plating of a stiffener, in mm, as defined in [2.3.5].

. Effective width of the attached plating of a stiffener, in mm, without the shear lag effect

taken as:
* For 0, >0

* For prescriptive assessment:

Gy + Cuahy
bin =

* For FE analysis:
besn = Cpb
* For 0, <0

b =0

: Breadth of the stiffener flange, in mm.
: Width of plate panel on each side of the considered stiffener, in mm.

: Reduction factor defined in Table 3 calculated for the EPP1 and EPP2 on each side of the

considered stiffener according to case 1.

: Length of the side parallel to the axis of the cylinder corresponding to the curved plate panel

as shown in Table 4, in mm.

: Distance from upper edge of web to the top of the flange, in mm, as defined in Ch 3, Sec

2, Figure 3.

: Distance from attached plating to centre of flange, in mm, to be taken as:

e;=h,, for flat bar profile.
e;=h, —0.5t, for bulb profile.
e;=h,+05t, for angle, L2 and Tee profiles.

e;=h,—d,—0.5t, for L3 profile.

: Coefficient defined in [2.2.4].

: Coefficient defined in [2.2.5].

: Depth of Stiffener web, in mm, as shown in Figure 1.

: Span, in mm, of stiffener equal to the spacing between primary supporting members.
: Radius of curved plate panel, in mm.

: Specified minimum yield stress of the plate, in N/mm?.

: Specified minimum yield stress of the stiffener, in N/mm?.
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S : Partial safety factor to be taken as:

* §=1.1 for structures which are exposed to local concentrated loads (e.g. container loads on
hatch covers, foundations).

e §=1.0 for all other cases.

t, : Net thickness of plate panel, in mm.

t, : Net stiffener web thickness, in mm.

ty : Net flange thickness, in mm.

T s : Local axis of a rectangular buckling panel parallel to its long edge.

Yois : Local axis of a rectangular buckling panel perpendicular to its long edge.
a : Aspect ratio of the plate panel, defined in Table 3 to be taken as: a = a/b.
8 . Coefficient taken as: = %.

w . Coefficient taken as: w=min(3;a).

o, : Stress applied on the edge along x axis of the buckling panel, in N/mm?.
o, : Stress applied on the edge along y axis of the buckling panel, in N/mm?.
o, : Maximum stress, in N/mm?.

oy : Minimum stress, in N/mm?>.

g : Elastic buckling reference stress, in N/mm? to be taken as:

* For the application of plate limit state according to [2.2.1]:

— E (tp ’
7ET 21— | b
* For the application of curved plate panels according to [2.2.6]:
w°FE (tp :
Op= - o~ |7
12(1-2°) \ d
T : Applied shear stress, in N/mm2.
T, : Buckling strength in shear, in N/mm2, as defined in [2.2.3].
14 : Edge stress ratio to be taken as: U= %
1
ol . Stress multiplier factor acting on loads. When the factor is such that the loads reach the
interaction formulae, v=-+,
Ve : Stress multiplier factor at failure.
b
b b, b fe—
! 2 : broin s
] I A B
S —————— __(-(¢ _____ ];__T ______ e =
h,, ! >l M € t—*—)- = h, h, e Ay
c o C ¥ c Je oLC o€
b4t + t 1 t 1 t 1+ T+ T
L2 L3

Figure 1 : Stiffener cross sections
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1. General
1.1 Scope

1.1.1

This section contains the methods for determination of the buckling capacity of plate panels, stiffeners,
primary supporting members and pillars.

1.1.2

For the application of this section, the stresses o,, o, and 7 applied on the structural members are
defined in:

* Ch 8, Sec 2 for prescriptive requirements.
* Ch 8, Sec 3 for FE analysis requirements.

1.1.3 Ultimate buckling capacity

The ultimate buckling capacity is calculated by applying the actual stress combination and then
increasing or decreasing the stresses proportionally until the interaction formulae defined in [2.1.1],
[2.2.1], and [2.3.4] are equal to 1.0.

1.1.4 Buckling utilisation factor

The buckling utilisation factor of the structural member is equal to the highest utilisation factor obtained
for the different buckling modes.

1.1.5 Lateral pressure

The lateral pressure is to be considered as constant in the buckling strength assessment.

2. Buckling capacity of plates and stiffeners

2.1 Overall stiffened panel capacity

211
The elastic stiffened panel limit state is based on the following interaction formula:
P

z

=1
Cr

where ¢, and P, are defined in [2.3.4].

2.2 Plate panel

2.2.1 Plate limit state

The plate limit state is based on the following interaction formulae:

"’5(./2

e 0/2 e e
Ver (T:I'S 0 -B Ver U.IJS 0 Ve UyS + Ve UyS “ 4 Ve | T | S “
U,” o_’: r O_,v Y 0.,"’/ Tc
2/8? 2/8"%
Y20 S\ [l TS\
e +[—= =1 for o, >0
s T
o g 2/,310 2 " | . | g 2/{9},"25
3 3
= +| == =1 for ¢,=0
o T°
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¥, = min (Y, Ve Vo)
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where:

0,0, : Applied normal stress to the plate panel, in N/mm?®, to be taken as defined in [2.2.7].

T : Applied shear stress to the plate panel, in N/mm?.

e : Ultimate buckling stress, in N/mm? in direction parallel to the longer edge of the buckling
panel as defined in [2.2.3]

o : Ultimate buckling stress, in N/mm?” in direction parallel to the shorter edge of the buckling
panel as defined in [2.2.3]

e : Ultimate buckling shear stress, in N/mm?, as defined in [2.2.3]

Yoo Y Ve Yea - Stress multiplier factors at failure for each of the above different limit states. v, and ~,

are only to be considered when o, >0 and o, > 0 respectively.

B : Coefficient given in Table 1.
ey : Coefficient given in Table 1.
B, : Plate slenderness parameter taken as:
. ﬂ ReH,P
b= t, |\ E

Table 1: Definition of coefficients B and ¢

Applied Stress B €y
0,20 and 0,=0 0.7—0,35[)/@2 2/50.251,
o, <0 or g, <0 1.0 2.0

2.2.2 Reference degree of slenderness

The reference degree of slenderness is to be taken as:

A= ReHP
\ Koy,

where:

K : Buckling factor, as defined in Table 3 and Table 4.

2.2.3 Ultimate buckling stresses

The ultimate buckling stress of plate panels, in N/mm?, is to be taken as:

er
o= GTRCH,P

cy
o = CyReHip

The ultimate buckling stress of plate panels subject to shear, in N/mm?, is to be taken as:

. R(’,]LP
T =C

3
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where:

C,, G, C, : Reduction factors, as defined in Table 3.
* For the Ist Equation of [2.2.1], when o, <0 or 0, <0, the reduction factors are to taken as:
C,=C,=C=1
* For the other cases;
* For SP-A and UP-A, C, is calculated according to Table 3 by using

1

(:1:(173)20

* For SP-B and UP-B, (, is calculated according to Table 3 by using
c =1
The boundary conditions for plates are to be considered as simply supported, see cases 1, 2 and 15 of
Table 3. If the boundary conditions differ significantly from simple support, a more appropriate boundary

condition can be applied according to the different cases of Table 3 subject to the agreement of the
Society.

2.2.4 Correction Factor 7,

The correction factor, 7, depending on the edge stiffener types on the longer side of the buckling
panel is defined in Table 2. An average value of 7, is to be used for plate panels having different
edge stiffeners. For stiffener types other than those mentioned in Table 2, the value of ¢ is to be agreed
by the Society. In such a case, value of ¢ higher than those mentioned in Table 2 can be used,
provided it is verified by buckling strength check of panel using non-linear FE analysis and deemed
appropriate by the Society.

Table 2 : Correction Factor (F,, )

Structural element types Flong c
Unstiffened Panel 1.0 N/A
Stiffener not fixed at both ends 1.0 N/A
Flat bar"” ¢ 0.10
Bulb profile Figng =1 for §> ! 0.30
Angle L2 and L3 profile £, c( 1;1 )3 L for il _ 0.40
T profile 4 L 0.30
Stiffened Stiffener Girder of high rigidity 14 N/A
Panel fixed at (e.g. bottom transverse)
both ends * Plate on which the U type profile is fitted

* For b, <b,: Fp,, =1

U type profile fitted on * For by = by :

hatch cover

F}(my = I+c

b it 0.20
1.55—0.55— —
b2 tp

* Other plate of the U type profile: 7}, =1

® t, is the net web thickness,in mm, without the correction defined in [2.3.2].

2.2.5 Correction factor 7

tran

The correction factor £, is to be taken as:

tran

s F

tran

=1
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2.2.6 Curved plate panels

This requirement for curved plate limit state is applicable when R/t, < 2500. Otherwise, the requirement
for plate limit state given in [2.2.1] is applicable.

The curved plate limit state is based on the following interaction formula:

Ye GnmS 1 = Ye GnmS Ve ths Ye quS 1 +[’7{’T\/§SJQ 1.0
— —U.0 . - =1.
QI:F R@H,p C:LT R(zH,p C;‘,g R@H,p Qg erH,p C‘r R@H,p
where:
O : Applied axial stress to the cylinder corresponding to the curved plate panel, in N/mm? In
case of tensile axial stresses, o, =0.
Oiy : Applied tangential stress to the cylinder corresponding to the curved plate panel, in N/mm?. In
case of tensile tangential stresses, o,, =0.
Cow» Gy C; : Reduction factor of the curved plate panel, as defined in Table 4.

The stress multiplier factor, ~, of the curved plate panel needs not be taken less than the stress
multiplier factor, ~, for the expanded plane panel according to [2.2.1].

2.2.7 Applied normal stress to plate panel

The normal stress, o, and o,, in N/mm?, to be applied for the plate panel capacity calculation as given
in [2.2.1] are to be taken as follows:
e For FE analysis, the reference stresses as defined in Ch 8, Sec 3, [2.4]
e For prescriptive assessment, the axial or transverse compressive stresses calculated according to Ch
8, Sec 2, [2.2.1], at load calculation points of the considered elementary plate panel, as defined in
Ch 3, Sec 7, [2].
* For grillage analysis where the stresses are obtained based on beam theory, the stresses taken as:

. = o,,b-i-zxayb
N 1—17
_ o troy,
S B
where:

Ou 0y o Stress, in N/mm?, from grillage beam analysis respectively along x or y axis of the
attached buckling panel.
The shear stress 7, in N/mm?, to be applied for the plate panel capacity calculation as given in [2.2.1]
are to be taken as follows
e For FE analysis, the reference shear stresses as defined in Ch 8, Sec 3, [2.4].
e For prescriptive assessment, the shear stresses calculated according to Ch 8, Sec 2, [2.2.1], at load
calculation points of the considered elementary plate panel, as defined in Ch 3, Sec 7, [2].
* For grillage beam analysis, 7=0 in the attached buckling panel.
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Table 3: Buckling Factor and reduction factor for plane plate panels
Case Stress ratio As.pect Buckling factor A Reduction factor C
P ratio «
1.
o, o,
— 7 8.4
— t, —7 > ) > = -
(_— % 1 w 0 Kl F}ong w+11 )
. wo When o, <0 :
w-o, g
2 C, =1
When o, > 0:
C,=1 for A< A,
0>¢>—1| K = F,, [763— (626~ 104)] C = (%, 0222) for A> A
T >\ c
where :
c=(125—-0.12¢4) < 1.25
A = £(1+ J1- 258 )
g 2 c
P <—1 K, = F,,,[5:975(1—v)’]
2.
ol [ [TTTTwe |
1 2
L, Ib 2(1 + ?) When o, < 0:
K :F;‘rrm C =1
o, | | [ Jwo Y o (1—y) (24 v
JJ \ T = +6.9f,
L—> when o, >0
a Y
1 R+FYH-R)
e O Wy E—
A A
where:
c=(125-0.12¢) < 1.25
R=X1-)e¢) for A<,
1>9>0| a<6 |fi=0-v)(a—1) R =0.22 forA >\,
A, = 05c(1+v/1-088/c)
i 2
=|1- - >
F [1 (0.91 1)/>\p}cl >0
AN =XN—05 for 1<A <3
¢ = (1 - l) >0
[0}
2
61 14 H=\— >R
f1:0~6(1* )(OW*)’ v V1-4)
a>6 T = /\+£+ l
0.35 154 3
But not greater than 14.5 — —
«
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Table 3: Buckling Factor and reduction factor for plane plate panels

Case Stress ratio Stress ratio 1 and Buckling factor A Reduction factor C
2.
_ QOOEI‘ail(l+ﬁ2)2
Y (1= f,) (1004243 +6.9 f, +231,)
o, 1T ‘0,
{ } { { [ Stress ratio ¥ : a > 6(1—1)
) 1
= 0.6(— +14 )’),
of [ LI TL1ve S = 06| 14
" But not greater than 14.5 — 0.353>
a
fo=f3=0

Stress ratio ¢ : 3(1—%) < o < 6(1—4)

fl:%_l

fo=/3=0

Stress ratio ¢ : 1.5(1—¢) < a < 3(1—19)

fi= % - - wd) —9tws-1) |2 - 4)

So=/f3=0

Stress ratio 1 : 1—19 < a < 1.5(1—1))

0>7/;21—470‘
* For a > 1.5:

=il

fo=38-2
fs=
e For a < 1.5:
NI T
h=21=y 1)(5 1)
p(—16f)
2 1—«
f3=0

f,= (15— Min(1.50a))*

Stress ratio 1 @ 0.75(1—1) < a <1—1

f1=0
fo=1+231(8-1)—48(4/3—3)f2

fs :3.f4(ﬂ—1)( 1%1 T )

£, = (1.5 — Min (1.5;00) )

52
K =5972F, ———
Y ‘)97 tr(ml_fs
4a f5 143y
l/)<177 - .r( b
3 ls=h\ 181 5

fy ===+ Max (= 1))’
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Table 3: Buckling Factor and reduction factor for plane plate panels (continued)

Case Stresz} ratio Aspec;té ratio Buckling factor A Reduction factor C

3.

2
o, o, L=z | g — A0425+1/0%)

j 3+1
— —/ b
— t —/

\ P [/
wo TTTTTTT ¥ o,
a 0> >—1| K, =4(0.425+1/a*)(1+1)— 5 (1—3.42¢)

4. C =1
i, o, for A <07
f— — _

" — b 1>y >—1 &:(0.425+%)3 v

/ L \ « 2 1

Oy Oy =
a T AT4051
for A>0.7

5.
¥ i a>164 | K, =128
- t, — b
‘ < ] -

a 0<a<164 | K, = — +0.56 +0.13a°
[0
6.
2
12920 | K= 4(0.425—!—(12)
(3y+1)a
) 1 1
0>t >—1| K,=4(0425+0%)(1+¢)——5¢(1—342¢) —
’ (0% [0
7. G =1
4 for A < 0.7
weo [ ] [ ‘ g,
. i 12 g 21| K = 0425+02) B0
4; 2 C = 71
wo, LLLL|[] @ YA 40.51
L—Ja for A>0.7
8.
STTTTT1]
v |b . .
t j . Ky:1+0526+0143
oLl L[] 1] o o
|
a
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Table 3: Buckling Factor and reduction factor for plane plate panels (continued)

Case St.ress As.pect Buckling factor A Reduction factor C
ratio ratio «
9.
o, Oy
— t, ;,‘ W" - K, = 6.97
a C,=1 for A<0.83
10.
B 1 022
o, CL *1.13(X—7)
. b for A >0.83
3 i K =44 207, 067
’ et fe?
o [ [ 1 [1]
a
11.
OX OX

v
=~

K =4 C =1 for A<0.83

= “
= t, - Tb
C & ) C :1.13(l — 0'22)

% <—J A . « A A2
a a<4 1(2:4+2.74[ 3‘“} for A > 0.83
12.
C, = Cp for a <2
o [ TTTTTyws
1
tp :Ib Cy = (1-06 + 10706)0‘”2
g ‘ l J ‘{‘ g, - K, = K, determined as per case 2 | for o = 2
Lf» where:
C,, = C, determined as per
case 2
13.
> & a>4 | K =697 C. =1 for A <083
— t, B Wb
i c =113~ - 022
— il o
a a <4 K, :6.97-!-3.1[ 3 ] for A >0.83
14.
1 C,=1 for A <083
b . ) — 4
; I - K,,=69.27+3—$(4 ;/a) o 1022
gl LITTTT o a ) =Ll T
[P for A >0.83

a
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Table 3: Buckling Factor and reduction factor for plane plate panels (continued)

Case Stresz} ratio ASpech ratio Buckling factor A Reduction factor C
15.
T —_—
\
t r K =3 |53+ %
P b - T : 2
¥ o
~
a
16.
—_—
t r b - K = \/§{5.34+Max 4.1 }
p T 2 2.5
o«
I K
I a 1
17. I(r = [(7'(2185‘,157‘
d, . C.=1 for A<0.84
” - K_ .15 = K. according to case 15
r: opening reduction factor taken as 084
O | o
B d, d, G A
L, r=llmo T for A > 0.84
’ da db
a with — < 0.7and — < 0.7
a b
18.
- T
A .
l/ ‘n - K =3"%(0.6+4/0%
P
o alaaia it A
a
19.
g
3 EID - K =8
| ol
l« N
a
Edge boundary conditions :
---------- Plate edge free.
—— Plate edge simply supported.
Plate edge clamped.
Notes:
1) Cases listed are general cases. Each stress component(o,, o,) is to be understood in local coordinates.
2) Unsupported edge of plane plate panels in way of openings
If the length of a regular opening is longer than half the width of the plate panel (d, > 0.5, £, > 0.5()) the
length of the unsupported edge of a plane plate panel in way of a regular opening may be shortened for the
buckling assessment as follows:
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Table 3: Buckling Factor and reduction factor for plane plate panels (continued)

_ h,=za .
@ _o P .
hp:b ‘.-' .
a _ o)
Case 3 (4= a) and Case 6 (4= b) and
Case 18 (¢, = a) Case 19 (4= b)
d, : width, in mm, of the opening.
d, : height, in mm, of the opening.
¢, : length, in mm, of opening, as defined in Ch 7, Sec 2, [2.4.8].
¢, : width, in mm, of plate panel.
h, : height, in mm, of plate panel.
R : radius, in mm of opening.
R, : corrected radius, in mm, of opening to be taken as:

4 2
R{j =max (db - gR, ggp)

For case 3 and 6, normal stresses:

Corrected length of free edge, in mm, to be taken as:

|

Case 3 is to be applied with a=/,, b=h, and o, as normal stress.

¢, =min |, 7 P

a

R, [2h,
0,100, +1
P

If ¢, > h

P>

If £, <h,, Case 6 is to be applied with a=h,, b=/, and o, as normal stress.

P D>

For small openings, when the reduction factor for case 3, C,, or the reduction factor for case 6, Cy, exceeds the
reduction factor for the plate without opening, C, for case 2 is applicable.

For cases 18 and 19, shear stresses:

Corrected length of free edge, in mm, to be taken as:

{_=min

2h,
0y 21R [+ 1

a

If £, = h,, Case 18 is to be applied with a=/{,, b=h, and 7 as shear stress.
If £, <h, Case 19 is to be applied with a=h,, b=£_ and 7 as shear stress.

For small openings, the reduction factor C. for Case 17 is applicable.
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Table 4 : Buckling Factor and reduction factor for curved plate panel with R/tp < 2500

Case Aspect ratio Buckling factor A Reduction factor C'
1. For general application:
C,=1 for A <025
d R 2 &
L 05,/ K=1+2—"_ C,=1233—0.933\
r=07 t 3 Rt
! ! for 025 <A <1
C,=03/) for 1<A<15
C,.=02/\ for A\>15
) ) For curved single fields, e.g.
4 > 0.5 B K=0.267 d [3_i t_P] > 04 d bilge strake, which are bound-
R ty Rt, RY R Rt, | ed by plane panels:
PRI
For general application:
C,=1 for A<04
0175
d_ e [B o4 g (2t,) C,, =1.274—0.686 A
R t VAR, " for 0.4 < A <12
G, =0.65/)* for A > 1.2
For curved single fields, e.g.
bilge strake, which are bound-
ed by plane panels:
d R — ’ |4 R2 2 0.8
&~ 163 1, K=0.3—5+225( dtp) G, = Vg 1.0
p. = external pressure
in [N/mm?]
d R 0.6d , VI, R,
— =<4/ K= + —-0.3
R t, Rt, d d?
As in load case 2a.
d R d? Rr?.,
— > = =0.3— L
7 ,/tp K=03 2+0291(dtp)
4.
3 C. =1 for A<04
d da <3 R _ . 0.67d T
/| B 8T : K=+/3 /283 + 5T
| C. =1.274—0.686 A
for 04 <A <12
T
d R 0.28d* 0.65
— > 87 4/— K=+V3 —— =
R t R\/E C. v for A > 1.2
Explanations for boundary conditions:
---------- Plate edge free.
Plate edge simply supported.
— Plate edge clamped.
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2.3 Stiffeners

2.3.1 Buckling modes

The following buckling modes are to be checked:
a) Stiffener induced failure (SI)
b) Associated plate induced failure (PI)

2.3.2 Web thickness of flat bar

For accounting the decrease of the stiffness due to local lateral deformation, the effective web thickness
of flat bar stiffener, in mm, is to be used in [2.3.4] for the calculation of the net sectional area, A,
the net section modulus, Z, and the moment of inertia, 7, of the stiffener and is taken as:

2( h, 2(1_ bcm))
S

2.3.3 Idealisation of bulb profile

S

Bulb profiles may be considered as equivalent angle profiles, as defined in Ch 3, Sec 7, [1.4.1].

2.3.4 Ultimate buckling capacity

When o,+0,+0, >0 the ultimate buckling capacity for stiffeners is to be checked according to the
following interaction formula:

YeOa + ) + Oy _
R(?H B
where:
o, . Effective axial stress, in N/mm?, at mid-span of the stiffener, acing on the stiffener with its

attached plating.
st,+ A,

U(I. = 0’.’1 7 4 A
beffl tp+As
o : Nominal axial stress, in N/mm?, acting on the stiffener with its attached plating.

* For FE analysis, o, is the FE corrected stress as defined in [2.3.6] in the attached plating in
the direction of the stiffener axis.

* For prescriptive assessment, o, is the axial stress calculated according to Ch 8, Sec 2, [2.2.1]
at load calculation point of the stiffener, as defined in Ch 3, Sec 7, [3].

* For grillage beam analysis, o, is the stress acting along the x-axis of the attached buckling
panel.

R, : Specified minimum yield stress of the material, in N/mm?:
a)y R,=R, o for stiffener induced failure (SI)
b) R,,;,=R , , for plate induced failure (PI)

o, : Bending stress in the stiffener, in N/mm?:
M, + M,
Oy = Z 3
x 10
Z : Net section modulus of stiffener, in cm3, including effective width of plating according to

[2.3.5], to be taken as:
* The section modulus calculated at the top of stiffener flange for stiffener induced failure (SI).

* The section modulus calculated at the attached plating for plate induced failure (PI).
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Cyy : Plate induced failure pressure coefficient:
Cpr=1 if the lateral pressure is applied on the side opposite to the stiffener.
Cp=—1 if the lateral pressure is applied on the same side as the stiffener.
Cy . Stiffener induced failure pressure coefficient:
Cy=—1 if the lateral pressure is applied on the side opposite to the stiffener.

Cyg=1 if the lateral pressure is applied on the same side as the stiffener.

M, : Bending moment, in Nmm, due to the lateral load ~:
Plsl® : .
M, = C’LL‘S3 for continuous stiffener
24 %< 10
Plst? . .
M, = C, | ‘563 for sniped stiffener
8 X 10
|P|s ¢ . . '
M, = Qm for stiffeners sniped at one end and continuous at other end.
P : Lateral load, in kN/m?>.

* For FE analysis, P is the average pressure as defined in Ch 8, Sec 3, [2.5.2] in the attached
plating.

* For prescriptive assessment, P is the pressure calculated at load calculation point of the
stiffener, as defined in Ch 3, Sec 7, [3].

C, : Pressure coefficient:
C; = Cy,; for stiffener induced failure (SI).
C, = Cp; for plate induced failure (PI).
M, : Bending moment (Nmm) due to the lateral deformation, w of stiffener:

Pw .
]L[U :FE(ij) Wlth Cf*PZ>O

z

Fy : Ideal elastic buckling force (N) of the stiffener, in N.

Fp= (%)2 ENno*

7 : Moment of inertia, in cm®, of the stiffener including effective width of attached plating
according to [2.3.5]. 7 is to comply with the following requirement:
st,‘z
T 12x10°
t, : Net thickness of plate, in mm, to be taken as

* For prescriptive requirements: the mean thickness of the two attached plating panels,
e For FE analysis: the thickness of the considered EPP on one side of the stiffener.

P, : Nominal lateral load, in N/mm?, acting on the stiffener due to stresses o,, o, and 7, in the
attached plating in way of the stiffener mid span:

t 2
P = —p(a“(ﬁ) +2070y+ \/571)

s l
A9
O =0, 1+7 but not less than 0.
st,
m; My
=yl =t Ry , E 7+7 but not less than 0.
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a, : Stress applied on the edge along y axis of the buckling panel, in N/mm?, but not less than
0.

* For FE analysis, o, is the FE corrected stress as defined in [2.3.6] in the attached plating in
the direction perpendicular to the stiffener axis.

* For prescriptive assessment, o, is the maximum compressive stress calculated according to Ch

8, Sec 2, [2.2.1], at load calculation points of the stiffener attached plating, as defined in Ch
3, Sec 7, [2].

* For grillage beam analysis, o, is the stress acting along the y-axis of the attached buckling

Y
panel.

T : Applied shear stress, in N/mm?.

* For FE analysis, 7 is the reference shear stress as defined in Ch 8, Sec 3, [2.4.2] in the
attached plating.

* For prescriptive assessment, = is the shear stress at the attached plate calculated according to
Ch 8, Sec 2, [2.2.1] at the following load calculation point :

a) At the middle of the full span, ¢, of the considered stiffener
b) At the intersection point between the stiffener and its attached plate.
* For grillage beam analysis, + = 0 in the attached buckling panel.

m,, m, : Coefficients taken equal to:

m; =147, m,=0.49 for a =2
m; =196, m,=0.37 for a <2
c . Factor taking into account the stresses in the attached plating acting perpendicular to the

stiffener’s axis:

c=0.5(1+v) for o<y <1

c= m for P <0
¥ : Edge stress ratio for case 2 according to Table 3.
w : Deformation of stiffener, in mm, taken equal to:

w=w,+w,
W : Assumed imperfection, in mm, taken equal to:

a) w,=¢10"" in general

b) w,=—w,, for stiffeners sniped at both ends, considering stiffener induced failure (SI)

c) w,=w,, for stiffeners sniped at both ends, considering plate induced failure (PI)

: Distance from the mid-point of attached plating to the neutral axis of the stiffener calculated
with the effective width of the attached plating according to [2.3.5].

na

Wi : Deformation of stiffener at midpoint of stiffener span due to lateral load, 7, in mm. In case
of uniformly distributed load, w, is to be taken as:

Ip Is ¢*

w; =C;,————=— in general
Mg 10RO 8
_ 5[PlsT* . .
w; =C;———— for stiffener sniped at both ends
384.10'E1
. 2[pls1* f . . .
W, = or stiffeners sniped at one end and continuous at the other end.

1384.107E1
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¢ . Elastic support provided by the stiffener, in N/mm?®, to be taken equal to:
2
cf:FE(%) (1+cp)
1
@ 0.91 [ 12710*
1+ 3 —1)
Cra Stp
Cra : Coefficient to be taken as:
¢ 2s)\?
= —+—— > 92g
Cra (25 6) for (= 2s
ANE
c,m:(l—i—(—) for ¢<2s
’ 25
oy : The stress due to torsional deformation, o, in N/mm?, is to be taken equal to:
t 2 . . .
oy :Eyw(gf-i- hw) @, % Tlf? —1| for stiffener induced failure (SI)
. ‘e H S
Opr
o, =0 for plate induced failure (PI)
Yy : Distance, in mm, from centroid of stiffener cross-section to the free edge of stiffener flange,
to be taken as:
_ tw
Yo =5 for flat bar
hyto +t.b7
e Y for angle and bulb profiles

hyte, +t,(b7—2b,d,)

Yy =bp pu 0.5, — for L2 profile

24,
(hy,—t,) 82 +t,(b,+t,)?
Yy = by pug +0.58, — —— W2 Af L for L3 profile
by

Y=o for Tee profile

P, : Coefficient taken as:
_t s

%)= 510

T pr : Reference stress for torsional buckling, in N/mm®:
E e7r2]w 107

Opr - 71) T+0385IT
I : Net polar moment of inertia of the stiffener, in cm®, about point C as shown in Figure 1, as

defined in Table 5.
I : Net St. Venant’s moment of inertia of the stiffener, in cm®, as defined in Table 5.
1 : Net sectional moment of inertia of the stiffener, in cm®, about point C as shown in Figure 1,

as defined in Table 5.
€ : Degree of fixation.

2
LRI
e=1+ T

. e,—0.5t
M“?fﬂf . f)
tp tw
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A, : Net web area, in mm®.
A, : Net flange area,in mm?.

Table 5: Moments of inertia

Flat bars" Bulb, angle, L2, L3 and Tee profiles
3 2
I K3t (Aw(ef().5tf) o 92)104
! 3 %10 3 s
hit, t, (e,—0.5t,)t) ty bt} t;
Iy 710637~ o |10 e | 710635
310 310 e;—05t, ] 3x10 /
Asesb; (A/+2.6AW)
, X 12 x 10° Af+ A, : for bulb angle, L2 and L3 profiles.
‘ 36 > 10° bite?
= : for Tee profiles.
12 <10
W t,, is the net web thickness,in mm, ¢, .4 as defined in [2.3.2] is not to be used in this table.

2.3.5 Effective width of the attached plating, b,
The effective width of the attached plating of a stiffener, b,,,, in mm, is to be taken as:
e For o, >0:

* For FE analysis,

beff=min(q.b,xss)

* For prescriptive assessment,

b — . Q>1b1+012b2 s
e ff min 9 s X s
* For ¢, <0:
* by =X
where:
X . Effective width coefficient to be taken as:
. Losr
o= Min|— 312 0] for ~4 =
‘ 1.75
L+ 1.6
&
S
loer Ly
Y, = 0407 for L <1
S S
s : The effective length of the stiffener, in mm, taken as:
4 .
Loy =5 for stiffener fixed at both ends.

£,z =0.75¢ for stiffener simply supported at one end and fixed at the other
l,; =1 for stiffener simply supported at both ends.
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2.3.6 FE corrected stresses for stiffener capacity

When the reference stresses o, and o, obtained by FE analysis according to Ch 8, Sec 3, [2.4] are both
compressive, they are to be corrected according to the following formulae:

* If 0, <vo, :

Uy('nr = Uy

* If 0,<vo, :

Oyeor = 0
¢ In the other cases:
Oeor = 0y V0,

xcor

O-ymr = (T;I/ —Vvo,

2.4 Primary supporting members

2.4.1 Web plate in way of openings

The web plate of primary supporting members with openings is to be assessed for buckling based on the
combined axial compressive and shear stresses.

The web plate adjacent to the opening on both sides is to be considered as individual unstiffened plate
panels as shown in Table 6.

The interaction formulae of [2.2.1] are to be used with:

T, : Weighted average compressive stress, in N/mm2, in the area of web plate being considered,
ie. P1, P2 or P3 as shown in Table 6.

For the application of the Table 6, the weighted average shear stress is to be taken as:
* Opening modelled in primary supporting members:

T : Weighted average shear stress, in N/mm2, in the area of web plate being considered, i.e. P1,
P2 or P3 as shown in Table 6.

* Opening not modelled in primary supporting members:

T : Weighted average shear stress, in N/mm2, given in Table 6.

2.4.2 Reduction factors of web plate in way of openings

The reduction factors, C, or C, in combination with, C, of the plate panel(s) of the web adjacent to
the opening is to be taken as shown in Table 6.

243

The equivalent plate panel of web plate of primary supporting members crossed by perpendicular
stiffeners is to be idealised as shown in Figure 2.
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Figure 2: Web plate idealisation

The correction of panel breadth is applicable also for other slot configurations provided that the web or
collar plate is attached to at least one side of the passing stiffener.

Table 6 : Reduction factors

C,

T

Configuration c., C

Y Opening

modelled in PSM

Opening
not modelled in PSM

(a) Without edge reinforcements:

Separate reduction
factors are to be
applied to areas
P1 and P2 using
case 3 or case 6
in Table 3, with
edge stress ratio:
Y =10

Separate reduction
factors are to be
applied to areas
P1 and P2 using
case 18 or case
19 in Table 3.

When case 17 of Table 3 is applicable:
A common reduction factor is to be
applied to areas Pl and P2 using case
17 in Table 3 with: 7,, =7, (web)

When case 17 of Table 3 is not
applicable:

Separate reduction factors are to be
applied to areas P1 and P2 using case
18 or case 19 in Table 3 with:

h
=1 (web) -
v (h—hy)

Separate reduction
factors are to be
applied for areas
P1 and P2 using
C, for case 1 or
C, for case 2 in
Table 3 with
stress ratio:

v =10

Separate reduction
factors are to be
applied for areas
P1 and P2 using
case 15 in Table
3.

Separate reduction factors are to be
applied to areas P1 and P2 using case
15 in Table 3 with:

h

T =T (web)m

ay av

Panels P1 and P2 are to be evaluated in accordance with
(a). Panel P3 is to be evaluated in accordance with (b).

Where

h : Height, in m, of the web of the primary supporting member in way of the opening.

ho : Height, in m, of the opening measured in the depth of the web.

7., (web) : Weighted average shear stress, in N/mm?® over the web height h of the primary supporting member.

Note 1: Web panels to be considered for buckling in way of openings are shown shaded and numbered P1, P2, etc.
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3. Buckling capacity of other structures

3.1 Pillars

3.1.1 Buckling utilisation factor

The buckling utilisation factor, n, for axially compressed pillars is to be taken as:

O-(m

Npillar = U_m'
where:
T : Average axial compressive stress in the member, in N/mm?.
o, : Minimum critical buckling stress, in N/mm?, taken as:

O, =0p for o, < 0.5R 5

o, = 1—;71{;)}?(,}“ for o,> 0.5R 5
oy : Minimum elastic compressive buckling stress, in N/mm?, according to [3.1.2] to [3.1.4].
Ry, : Specified minimum yield stress of the considered member, in N/mm?. For built up members,

the lowest specified minimum yield stress is to be used.

3.1.2 Elastic column buckling stress

The elastic compressive column buckling stress, o, in N/mm

is to be taken as:

> of members subject to axial compression

Opc = WZEﬂmjzﬂ 10"

pil
where:
I : Net moment of inertia about the weakest axis of the cross section, in cm®.
A : Net cross sectional area of the member, in cm?.
Lo : Length of the member, in m, taken as:

a) For pillar : unsupported length of the member

Fond : End constraint factor, taken as:

a) For pillar
¢ f end —

L] =
end

¢ fcnd:

1.0 where both ends are simply supported.
2.0 where one end is simply supported and the other end is fixed.

4.0 where both ends are fixed.

A pillar end may be considered fixed when brackets of adequate size are fitted. Such brackets are to be
supported by structural members with greater bending stiffness than the pillar.

3.1.3 Elastic torsional buckling stress

The elastic torsional buckling stress, o, in N/mm?, with respect to axial compression of members is to

be taken as:

GI,

2
_ SV + ™ endECwm‘p 1074
Opr = I 2

pol ]polgpill

where:

sv

I : Net St. Venant’s moment of inertia, in ¢m®, see Table 7 for examples of cross sections.
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Ly : Net polar moment of inertia about the shear centre of cross section, in cm”.
Lo =1,+1 +A(y§ +Zé)

Coarp : Warping constant, in cm®, see Table 7 for examples of cross sections.

o : Length of the member, in m as defined in [3.1.2].

Yo : Transverse position of shear centre relative to the cross sectional centroid, in cm, see Table 7
for examples of cross sections.

2y : Vertical position of shear centre relative to the cross sectional centroid, in cm, see Table 7
for examples of cross sections.

A : Net cross sectional area, in cm?, as defined in [3.1.2].

I : Net moment of inertia about y axis, in cm*.

L : Net moment of inertia about z axis, in cm®.

3.1.4 Elastic torsional/column buckling stress

For cross sections where the centroid and the shear centre do not coincide, the interaction between the
torsional and column buckling mode is to be examined. The elastic torsional/column buckling stress,
oz With respect to axial compression is to be taken as:

1
Oprr = Q_C[(UEC"'UET) - \/(UEC+UET)2 _4<UECUET]

where:
¢ . Coefficient taken as:
(o +20)A
[p()l

Yo : Transverse position of shear centre relative to the cross sectional centroid, in cm, as defined
in [3.1.3].

PR : Vertical position of shear centre relative to the cross sectional centroid, in cm, as defined in
[3.1.3].

A : Net cross sectional area, in cm?, as defined in [3.1.2].

L, : Net polar moment of inertia about the shear centre of cross section, in cm® as defined in
[3.1.3].

O : Elastic column compressive buckling stress, as defined in [3.1.2].

opr . Elastic torsional buckling stress, as defined in [3.1.3].
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Table 7 : Cross sectional properties

Az
i _ 1 ( 3 3 )10~ 4 4
& I, = g 2bftf+ dyi )10 cm
dWY
y
’ 2, it
s _ wt —6 6
T cwu,rp - 24 10 cm
by
I 1
‘ ];v = g (bft; + dwt ti: )10_ ! em?
Yo =20 cm
0 . 5 dirt t’m -1
y ZO = -———— cm
| Ay t, +0st;
f WA+ add,
_Yrtr wt Yw -6 6
l«—»‘ Cwarp — 144 10 cm
bf
Az _ 1 3 3 —4 4
__ i [sv*nS(] - g(bfutf+2duttw)10 cm
t, : -0
< | Yo cm
dye |
| o 2 -1 2 -1
t: ------- _E ------- y y= — dwz‘, tu' 10 . 05 d'u;f, t'u; 10 cm
0 2dwt t'u' + bfu tf du;t tw + bfu tf/6
2 13
- | c _ bfu dwt tu/ (3 dwt tw +2 b/u tf) —6 Cmﬁ
'u warp 12(6dyy t, + byt )
1 : _
[sv = g(bfl tf‘l +2 bf? t?’? + be t§'3 + dwt ti )10 ! Cm4
Yo =0 cm
b (bf’s dwt tf3 +0.5 di;t t'u; ) 10 ! cm
13 20 = 25—
Az Jtm s dwtt'ul+bf1tfl+2bf2tf2+bf3tf3
; 2 2
A _ 2 If? bfl dut 6
Cwarp - ],-fl 20 + W—’— 1}'3 W 2 cm
(byy—tp)’ty  bptyb? )
1 f27 Of1 f2Uf27 1 —4 4
I = + 10 cm
/1 ( 12 2
byt ,
f2Y72 —4 4
Iy = 10 cm
/2 12
bt
S3Uf3 -4 4
I =—"7—1 cm
/3 12 0
I d
13 Ywt -1
=—710
Zg [ﬂ T ]f3 cm
Note 1: All dimensions are in mm
Note 2: Cross sectional properties are given for typical cross sections. Properties for other cross sections are to be
determined by direct calculation.
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Section 5 - Stress based reference stresses

Symbols

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

a : Length, in mm, of the longer side of the plate panel as defined in Sec 5.

b : Length, in mm, of the shorter side of the plate panel as defined in Sec 5.

A, : Area, in mm”®, of the i-th plate element of the buckling panel.

n : Number of plate elements in the buckling panel.

o . Actual stress, in N/mm?®, at the centroid of the i-th plate element in x direction, applied

along the shorter edge of the buckling panel.

o : Actual stress, in N/mm?®, at the centroid of the i-th plate element in y direction, applied
along the longer edge of the buckling panel.

1) : Edge stress ratio as defined in Sec 5.

T, : Actual membrane shear stress, in N/mm?, at the centroid of the i-th plate element of the
buckling panel.

1. Stress based method
1.1 Introduction

1.1.1

This section provides a method to determine stress distribution along edges of the considered buckling
panel by 2™ order polynomial curve, by linear distribution using least square method and by weighted
average approach. This method is called Stress based Method.

The reference stress is the stress components at centre of plate element transferred into the local system
of the considered buckling panel.

1.1.2 Definition

A regular panel is a plate panel of rectangular shape. An irregular panel is plate panel which is not
regular, as detailed in Ch 8, Sec 3, [2.3.1].

1.2 Stress application

1.2.1 Regular panel

The reference stresses are to be taken as defined in [2.1] for a regular panel when the following
conditions are satisfied:

a) At least, one plate element centre is located in each third part of the long edge a« of a regular
panel and

b) This element centre is located at a distance in the panel local x direction not less than a/4 to at
least one of the element centres in the adjacent third part of the panel.

Otherwise, the reference stresses are to be taken as defined in [2.2] for an irregular panel.

1.2.2 Irregular panel and curved panel

The reference stresses of an irregular panel or of a curved panel are to be taken as defined in [2.2].
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2. Reference stresses

2.1 Regular panel

2.1.1 Longitudinal stress

The longitudinal stress o,

follows:

Pt14, Ch8,Sec 5

applied on the shorter edge of the buckling panel is to be calculated as

a) For plate buckling assessment, the distribution of o, (z) is assumed as 2™ order polynominal curve

b)

#Z»Rules for the Classification of Steel Ships 2019

as:

o, (z)=Cz*+Dzx+E

The best fitting curve o, (z) is to be obtained by minimising the square error II considering the

area of each element as a weighting factor.

= EA (Ca?+ Dz, + B))?

The unknown coefficients C, D and £ must yield zero first derivatives, 8l with respect to C, D

and F respectively.

——QZA@Z 0., —(Cx2+ Dz, +E)] =0

72214.%‘

7—1

—= ZEA o, —

i=1

(Ca?+ Dz, +E)|=

C'mQ + Dz, +E)]=

The unknown coefﬁcients C, D and E can be obtained by solving the 3 above equations.

b
Ozl = b /
=3 o

(a? —ab+

d:r:——C’-l— D+E

)O+(

If —D/2C<b/2 or —D/2C>a—b/2, o,, is to be ignored. Otherwise, o,, is taken as:

rmaxr
7T /

rmin

where:
__ b D
L i 2 2 C
_t D
x/?la‘ll 2 2 C

The longitudinal stress is to be taken as:

g, :’TTL(/L.”I,'(O'J.1§(TT2;(J'I3)

The edge stress ratio is to be taken as:

/l/)fl' = 1

For stiffener buckling assessment, o, (z) applied on the shorter edge of the attached plate is to be

taken as:
iAio-iZ
1
Y4,
1

The edge stress ratio ¢, for the stress o,

is equal to 1.0.
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2.1.2 Transverse stress

The transverse stress o, applied along the longer edges of the buckling panel is to be calculated by
extrapolation of the transverse stresses of all elements up to the shorter edges of the considered buckling
panel.

y;

o,

ix

Figure 1: Buckling panel

The distribution of Jy(x) is assumed as straight line. Therefore:
oy(a:) = A+ Bz

The best fitting curve o (z) is to be obtained by the least square method minimising the square error I7
considering area of each element as a weighting factor.

=Y 4l0,,—(A+ Bz,
i=1

The unknown coefficients 4 and B must yield zero first partial derivatives, oI with respect to A and
B, respectively.

—_QEA 0, —(A+Bz,)]=0
772214;5 [a (A+Bz;)]=0

The unknown coefficients A and B are obtained by solving the 2 above equations and are given as
follow:

e (ZlA"y)( . ) (ZAx (2;41 o
ElE- (5

, el 0
S $Sa]-[$30)

o, =maz (4, A+ Ba)

min(A4, A+ Ba)
=M As e r >
¥y maz (A, A+ Ba) for o, =0

Y, =1 for o, <0
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2.1.3 Shear stress

The shear stress 7 is to be calculated using a weighted average approach, and is to be taken as:

T
E A,
o
- n

24

1

T

2.2 Irregular panel and curved panel

2.2.1 Reference stresses

The longitudinal, transverse and shear stresses are to be calculated using a weighted average approach.
They are to be taken as:

ZAiUiJT
S
224
1

Oy

n
EAiUiy
1
- T
24
1

UZ/

n
E A
!
- n

N Ai

1

T

The edge stress ratios are to be taken as:

v, =1
P, =1
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Section 2 Structural Details to be Assessed
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Section 4 Simplified Stress Analysis

Section 5 Finite Element Stress Analysis
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Section 1 - General Considerations

Symbols

For symbols not defined in this section, refer to Ch 1, Sec 4.
Trr : Design fatigue life, in year, specified by the designer, but not to be taken less than 25 years.

1. Rule Application for Fatigue Requirements
1.1 Scope

1.1.1 General

This chapter provides requirements applicable to ships having rule length L between 150 m and 500 m
to evaluate fatigue strength of the ship’s structural details considering an operation time in North Atlantic
environment equal to the design fatigue life, 7.

1.1.2 Assessed area

Fatigue assessment is performed for structural details located in the ship’s cargo hold region in order to
prevent the following types of fatigue failure:

* Fatigue cracks initiating from the toe of the weld and propagating into the plate.
» Fatigue cracks initiating from free edge of non-welded details.

1.1.3 Structural details to be assessed

The structural details required for fatigue assessment are given in Ch 9, Sec 2:

* Structural details to be checked are listed in:
* Ch 9, Sec 2, [1] for simplified stress analysis according to Ch 9, Sec 4, or
* Ch 9, Sec 2, [2] for finite element stress analysis according to Ch 9, Sec 5.
Additional specific details may be requested to be checked on a case-by-case basis by the Society.

1.1.4 Material

The fatigue assessment is applicable for steel material with specified minimum yield stress less than or
equal to 390 N/mm’. For steel with specified minimum yield stress value higher than 390 N/mm’ and
for steels with improved fatigue performance, the S-N curves to be used are considered by the Society
on a case-by-case basis.

1.1.5 Wave loads

Fatigue assessment is based on quasi-static wave loads.

1.1.6 Loads other than wave loads

Fatigue induced by low cycle loads such as cargo variations or impact loads such as sloshing in
partially filled tanks which may induce fatigue damage is disregarded in this chapter.

#Z»Rules for the Classification of Steel Ships 2019 359



Pt 14 Structural Rules for Container Ships
Ch 9 Fatigue Pt14, Ch9, Sec 1

2. Definition
2.1 Hot spots

2.1.1

Hot spots are locations in the structure where fatigue cracks may initiate due to the combined effect of
nominal structural stress fluctuation and stress raising effects due to the weld geometry or similar effects
due to notch in the base material.

Hot spots may be located at:

*  Weld toe.
*  Weld root of partial penetration or fillet weld.
* Base material at free edge of plate.

2.2 Nominal stress

2.2.1

Nominal stress is the stress in a structural component taking into account macro-geometric effect but
disregarding the stress concentration due to structural discontinuities and the presence of welds. Nominal
stress is to be obtained either using coarse or fine mesh FE analysis, as required in Ch 9, Sec 5 or
using analytical calculation based on beam theory, as required in Ch 9, Sec 4.

2.3 Hot spot stress

2.3.1

Hot spot stress is the stress at the weld toe taking into account the stress concentration due to structural
discontinuities and presence of welded attachments but disregarding the non-linear stress peak caused by
the notch at the weld toe. The hot spot stresses to be considered correspond to the two principal stresses
on the surface plating at the weld toe. The first principal stress acts within +45°, perpendicular to the
weld and the second principal stress acts outside +45°.

The hot spot stress is to be obtained by multiplying the nominal stress by a Stress Concentration Factor
(SCF), according to Ch 9, Sec 4, [5] or directly by a very fine mesh FE analysis, according to Ch 9,
Sec 5, [3] and Ch 9, Sec 5, [4].

2.4 Local stress at free edge

2.4.1

Local stress at free edge is the stress at the plate free edge derived using finite element analysis
according to Ch 9, Sec 5, [3.2].

2.5 Fatigue stress

2.5.1

Fatigue stress is the stress relevant for fatigue assessment purpose, i.e.:
*  Maximum of the two principal hot spot stress for weld toe with the mean stress effect and thickness
effect corrections.

* Local stress at free edge with corrections due to the base material surface finishing, mean stress
effect, thickness effect and material strength.
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3. Assumptions
3.1 General

3.1.1
The following assumptions are made in the fatigue assessment:
a) A linear cumulative damage model, i.e. Palmgren-Miner’s Rule, given in Ch 9, Sec 3, [5], has
been used in connection with the design S-N curves, given in Ch 9, Sec 3, [4].
b) Design fatigue life, 77, is taken not less than 25 years.

¢) Rule quasi-static wave induced loads are based on North Atlantic wave environment. They are
determined at 107 probability level of exceedance by the Equivalent Design Wave (EDW) concept.

d) Net thickness ¢, approach is used, according to [5].

e) Type of stress used for crack initiating at the weld toe is the hot spot stress. Type of stress used
for crack initiating at free edge of non-welded details is local stress at free edge.

f) Fatigue stress range Ao, may be calculated by simplified stress analysis or by finite element
stress analysis for details with more complex geometry.

g) Long term distribution of stress range of a structural detail is assumed to follow a two-parameter
Weibull distribution. Weibull shape parameter ¢ is equal to 1 and the fatigue stress range Ao is
given at the reference probability level of exceedance equal to 107

h) The acceptance criteria for fatigue checking are the total fatigue damage D to be less than 1 for
the design fatigue life, as required in Ch 9, Sec 3, [2].

4. Methodology
4.1 Principles

4.1.1 General
Appropriate fatigue strength of structural details is ensured by use of:

* Fatigue strength assessment by fatigue life calculation, based on two different methods for hot spot
stress calculation: simplified stress analysis and very fine mesh finite element stress analysis.

4.2 Simplified stress analysis

4.2.1

Procedure based on simplified stress analysis, required in Ch 9, Sec 4, is used to determine the hot spot
stress at weld toe of longitudinal stiffener end connections, given in Ch 9, Sec 2, [1.1].

Nominal stresses are calculated by using analytical method based on beam theory according to Ch 9,
Sec 4, [3] and Ch 9, Sec 4, [4]. Hot spot stresses are obtained by multiplying nominal stresses by
stress concentration factors (SCF) of the considered detail according to Ch 9, Sec 4, [5.2].

4.3 Finite element stress analysis

4.3.1

Procedure based on finite element stress analysis, required in Ch 9, Sec 5, is used to determine hot spot
stress at weld toe of specified structural details, from very fine mesh models.
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The hot spot stress is generally highly dependent on the finite element model used for representing the
structure.

General procedure for the calculation of hot spot stress at weld toe for any welded details except for
web stiffened cruciform joints is given in Ch 9, Sec 5, [3.1]. Procedure for the calculation of hot spot
stress at the flange connections for web stiffened cruciform joints is given in Ch 9, Sec 5, [4].
Calculation of local stress for non-welded area is provided in Ch 9, Sec 5, [3.2].

A list of details for which the fatigue assessment is to be made through a compulsory very fine mesh
finite element analysis if a very fine mesh finite element analysis is omitted, is given respectively in Ch
9, Sec 2, Table 1 and Ch 9, Sec 2, Table 3.

4.4 Fatigue design standards

4.4.1

Detail design standards given in Ch 9, Sec 6 are provided to ensure improved fatigue performance of
critical structural details. Alternative detail design configurations may be accepted subject to
demonstration of satisfactory fatigue performance.

5. Corrosion Model
5.1 Net thickness

5.1.1 General
The fatigue assessment should be performed based on net thicknesses according to Ch 3, Sec 2.

5.1.2 Stress correction

The hull girder stresses for simplified stress analysis and stresses calculated by FE analysis are to be
corrected by multiplying the calculated stress by f,, correction factor taken as:

7. = 095

6. Loading Conditions
6.1 Description

6.1.1

Fatigue analyses are to be carried out for representative loading conditions according to the intended
ship’s operation as given in [6.2].

6.2 Loading conditions

6.2.1

The loading conditions to be considered and corresponding fraction of time for each loading condition,
), are defined in Table 1. The standard loading conditions for fatigue assessment are provided in Ch
4, Sec 8, [3].
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Table 1 : Fraction of time in each loading condition

Loading conditions Q)
Ballast Tank - Full 0.7 "

Full Load
Ballast Tank - Empty 03"

Y Two loading conditions, a minimum and maximum hogging condition, shall
be checked separately. The lowest fatigue life from the two loading
conditions is representative of the calculated fatigue life,
loading condition, the ballast tank shall be considered as full (to the tank
top) 70% and empty 30% of the time, and the fatigue damage shall be
calculated as the sum of these two contributions.

T.. For each

7. Load Case
7.1 Assumptions

7.1.1

The load cases to be considered for fatigue assessment are given in Ch 4, Sec 2, [3].

The design load scenario for fatigue assessment is defined in Ch 4, Sec 7, Table 3.

Pt14, Ch9, Sec 1

For each loading condition defined in [6], all fatigue load cases are to be considered to generate the

combination of dynamic loads for fatigue assessment

7.1.2 Predominant load case

The predominant load case for each loading condition (j) is defined as load case where the fatigue
stress range for the critical location is the maximum among all fatigue load cases.
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Section 2 - Structural Details to be Assessed

Symbols

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

1. Simplified Stress Analysis
1.1 Structural details to be assessed

111

Critical structural details to be checked over the full extent of the cargo region for fatigue assessment by
simplified stress analysis according to Ch 9, Sec 1 are:

* End connections of longitudinal stiffeners to transverse bulkheads,
* End connections of longitudinal stiffeners to floors and web frames.

2. Finite Element Analysis
2.1 Structural details to be assessed

2.1.1 General

Critical structural details to be checked for fatigue by finite element analysis according to Ch 9, Sec 5
are given in [2.1.2].

Table 2 give the list of hot spots for structural details.

2.1.2 Details to be checked by very fine mesh analysis

Critical structural details to be assessed for fatigue by very fine mesh analysis according to Ch 9, Sec
5, [1] to Ch 9, Sec 5, [4] are provided in Table 1.

Table 1 : Structural details to be assessed by very fine mesh analysis

No Critical detail Applicability

1 Typical hatch corner in the midship Container Hold "

D Cargo hold located closest to the midship.
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Table 2 : Hot spots for deck plating and hatch corner

Procedure for calculation of

Hot spot location
ot spot locatio hot spot stress

Hot spot 1 : Upper deck corner radiused edge

Hot spot 2 : Hatch coaming top corner radiused edge Ch 9, Sec 5, [3.2]

< I A
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Section 3 - Fatigue Evaluation

Symbols

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

(4) . Suffix which denotes load case HSM, FSM, BSR-P, BSR-S, BSP-P, BSP-S, OST-P or OST-S
specified in Ch 4, Sec 2, [3].

1> denotes load case: HSM-1, FSM-1, BSR-1P, BSR-1S, BSP-1P, BSP-1S, OST-1P or

OST-1S.
‘2’ denotes load case: HSM-2, FSM-2, BSR-2P, BSR-2S, BSP-2P, BSP-2S, OST-2P or
OST-28.

(4) : Suffix which denotes loading condition:

Loading conditions as defined in Ch 9, Sec 1, [6.2].

T, : Time in corrosive environment, in years, according to Table 5.

T, : Design life, in years, to be taken as 25 years.

Thr : Design fatigue life, in year, as defined in Ch 9, Sec 1.

T : Fatigue life, in year, calculated according to [5].

m : Inverse slope of the design S-N curve, as given in Table 2 for in-air environment and in

Table 3 for corrosive environment.

The inverse slope for S-N curves in-air environment changes from m to m+2 at N = 10’

cycles.
Nre : Number of applicable loading conditions, as defined in Ch 9, Sec 1, [6.2].
/. : Correction factor as defined in Ch 9, Sec 1, [5.1.2].
Sinick : Correction factor for plate thickness effect given in [3.3].

Juneanij) - Correction factor for mean stress effect given in [3.2].

1. Fatigue Analysis Methodology
1.1 Cumulative damage

1.1.1
The fatigue assessment of the structure is based on the application of the Palmgren-Miner cumulative
damage D taken as:

Mot

n;
D=Y L
2t

where:

n; : Number of cycles at stress range Ao;.

N, : Number of cycles to failure at stress range Ao,.
Nyor : Total number of stress range blocks.

i : Stress range block index.
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1.1.2

As the long term stress range distribution of a structural detail in a ship can be described by a
two-parameter Weibull distribution, as given in Ch 9, Sec 1, [3.1.1], fatigue damage can be obtained by
means of a closed-form equation, as given in [5].

1.2 Fatigue strength assessment

1.21

Assessment of the fatigue strength of structural members according to [2] includes the following three
steps:

a) Calculation of stress ranges, according to [3].
b) Selection of the design S-N curve, according to [4].
¢) Calculation of the cumulative damage and the fatigue life calculation, according to [5].

2. Acceptance Criteria

2.1 Fatigue life and acceptance criteria

2.1.1
The calculated fatigue life, 7%, is to comply with the following formula:

Tr= Thp

3. Reference Stresses for Fatigue Assessment
3.1 Fatigue stress range

3.1.1

The fatigue stress range for each load case of each loading condition is defined in [3.1.2] for welded
joints and in [3.1.3] for base material free edge.

The stress range of each loading condition (j) to be considered is the stress range obtained from the
predominant load case, according to Ch 9, Sec 1, [7.1.2].

AUFS(ﬁ:maXi(AUFw(j))

where:

Aopg; - Fatigue stress range, in N/mm?, for load case (i) of loading condition (j), as defined in
[3.1.2] for welded joints and in [3.1.3] for base material free edge.

3.1.2 Welded joints

For welded joints, the fatigue stress range Aogy,(;), in N/mm? corrected for mean stress effect, thickness
effect and warping effect, is taken as:
* For simplified stress analysis:
AUFSi(j) :fm(znn.i(j) * Sfinicw ® fwm‘p * AUHb:zt(j)
* For FE analysis:
*  For web-stiffened cruciform joints:

AUFSi(j) =fu o fse maX(AUFSl,i(;‘)’ AUFSQ.;‘(,;‘))

#Z»Rules for the Classification of Steel Ships 2019 367



Pt 14 Structural Rules for Container Ships
Ch 9 Fatigue Pt14, Ch9, Sec 3

where:

i)

Aopgp.i()

* For other joints:

A0 pgi(j) = MAX(Gde L, Side R) [m aX(AURS‘M(j)’ AUFS?J(]‘)”

: Correction factor for the effect of stress gradient along weld line given as 0.96
: Correction factor for the effect of supporting member given as 0.95

: Hot spot stress range, in N/mm’, due to dynamic loads in load case (i) of loading condition

(j) given in Ch9, Sec 4, [2.1.1].

: Fatigue stress range, in N/mm’, due to the principal hot spot stress range AO pai()

Aan1,i(j) :fmean,z'(j) ° fthidf ° fc ° AO—HSL?T(]')

Fatigue stress range, in N/mm’, due to the principal hot spot stress range DG poi())

AUF@?.i(j) =09 - fmr’an?.i(j) * Soniew * Jo AUH@Q.;:(J‘)

SideL, SideR : Left and right side respectively of the line A-A as shown in Ch 9, Sec 5, Figure 3 and

fme(ml, i(5) :

fmean2, i)

fu'arp

Ch 9, Sec 5, Figure 4.

Correction factor for mean stress effect given in [3.2].

: Correction factor for mean stress effect given in [3.2].

Correction factor due to warping effect, taken as:

*  Jfuap = 1.07 for the deck longitudinal stiffener, the closest to the longitudinal hatch coaming in way
of the hatch corner as shown in Figure 1, except f,,, = 1.0 when OST is not the dominant load
case for all loading conditions,

*  Jfuap = 1.04 for following deck longitudinal stiffeners, except f, = 1.0 when OST is not the
dominant load case for all loading conditions:

warp

* The closest stiffener to the longitudinal hatch coaming at one web frame away from the
hatch corner, in way of the hatch opening as shown in Figure 1,

* The second closest stiffener away from the longitudinal hatch coaming in way of the hatch
corner as shown in Figure 1,

*  Jfuap = 1.0 for the other cases.

Aoyg i) -

368

|

|

|

|

: ' fmau: 1.04
”1"”\"'@é"/

I | |

I 3 {

| | |

| | |

I i 1!
,,f,,j,,:,,,
/,J-‘-J‘ I

Figure 1 : Warping effect on deck longitudinal stiffeners

Principal hot spot stress ranges, in N/mm’, due to dynamic loads for load case (i) of loading
condition (j) which acts within +45° of the perpendicular to the weld toe, determined in Ch
9, Sec 5, [3.1.2], Ch 9, Sec 5, [3.3.2] and Ch 9, Sec 5, [4.2.3] for the two types of shell
elements (4-node or 8-node).
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Aoy ;- Principal hot spot stress ranges, in N/mm’, due to dynamic loads for load case (i) of loading
condition (j) which acts outside #45° of the perpendicular to the weld toe, determined in Ch
9, Sec 5, [3.1.2] and Ch 9, Sec 5, [4.2.3] for the two types of shell elements (4-node or
8-node).

3.1.3 Base material free edge

For base material free edge, the fatigue stress range, Ao, in N/mm? is taken as the local stress
range at free edge, Aoy, as defined in Ch 9, Sec 1, [2.4] with correction factors:

AU}'Si(j) :](sf ° fmr),teria,l ° frrma,n,i(j) ° fthi(k ° fn * AUBS7(J)

where
K : Surface finishing factor for base material given in [4.2.3].
Foareri - Correction factor for material strength, taken as:

) _ 1200
material 965 + R(zH

Aogg,;) - Local stress range, in N/mm’, due to dynamic loads in load case (i) of loading condition (j)
taken as:

A pgi() = |OpsinG) ~Tpsiog)]
Ao pginy Dopsin - Local stress, in N/mm?, in load case ‘i1’ and ‘2’ of loading condition
(j), obtained by very fine mesh FE analysis specified in Ch 9, Sec 5.

3.2 Mean stress effect

3.2.1 Correction factor for mean stress effect

The mean stress correction factor to be considered for each principal hot spot stress range of welded
joint, Aoy, or for local stress range at free edge, Aojg;(;), 1s taken as:

a) For welded joint:

J77L(707', i (])
280 55,(j)

fme:an‘i(j) = |min

1.0, 0.940.2 } for o, cori(5) = 0

Gm(br.i(]’)

0.3,09+0.8
200 g 4())

max

} fOr (Tm(bhl'(j) <0

b) For base material:

7o = min| 1.0, 0.8 +04—mCril) | g p s
mean, i (j) 2AUBS, i) mCor,i(j)
O mCor,i ()
max|0.3, 0.8+ m for O cor,i(j) <0
where:
O—m(fmxi(j) = {O—nlea,wi(j) for O max = ReE]
R(’Fllio'max+0—mean,i(j) for O max > RGE]

O = {maxmj)(AaHSi(j)+ammn‘7~(j)) for weled joint
max; (‘j)(AO'BSi(j) +ommm,~,(v7’)) for base material
ReEq =max(315; ReE)

Opeani(;) - Fatigue mean stress, in N/mm?, for base material according to [3.2.2] or welded joint
calculated according to [3.2.3] or [3.2.4] as applicable.
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3.2.2 Mean stress for base material free edge

The fatigue mean stress for base material free edge, o,,..,.i(;» N N/mm?, due to static and dynamic loads
case ‘i1’ and ‘2’ of loading condition (j) is calculated by the following formula based on local stress:

_ T8sa) T o85G

O mean, i () 9

3.2.3 Mean stress for simplified method

The fatigue mean stress to be considered for welded joint assessed by the simplified stress analysis is to
be obtained from Ch 9, Sec 4, [2.2].

3.2.4 Mean stress for FE analysis

The fatigue mean stresses for welded joint due to static and dynamic loads, o,,... ;). ,x A 0w i) s
in N/mm?, for load cases ‘i1’ and ‘i2’ of loading condition (j) ,belonging to the two principal hot spot
stress range directions, pX and pY, is calculated by the following formula based on hot spot stress
components as defined in Ch 9, Sec 5, [3.1.2] and Ch 9, Sec 5, [4.2.3]:

~ Ousi )y, Y Ousinm),, T (Ousing),, T Onsiw),
U7nea77,i(j)pX - 4 +
(Ousing),, +(0H5‘i2<].))l_‘1;;(UHSH(].))W (ous ,Q(J>)W) . o2t (UHSM(J))W;(Uysrz(j)),u) . sin20
 (Ousa),, TOusig),, Tousam),, T Ousing),
Omean,i(j)py — 4
(”Hs,mp)M +(UHS.172(]')),” - (Uliiil(j)),w - (”Hm(;‘))lﬂ, (”Hs,n(j))w “‘(”miz(;‘))w .
n = =« c0s20— > * sin20
0 . Angle between the direction x of the element coordinate system and the principal direction pX

of the principal hot spot stress range coordinate system (Ch 9, Sec 5, [3.1.2], Ch 9, Sec 5,
[4.2.3]). The direction x of the element coordinate system is defined as the normal to the
weld toe.

The one of the two mean stresses o,,.,, () ,x and o
an absolute value less than 45° is defined as o
defined as o

),pv Which has a principal stress direction with

mean, L'(j

), belonging to Aoyq ;). The other mean stress is

meanl,i(j

) belonging to Ay ().

mean2,i(j

3.3 Thickness effect

3.3.1

Plate thickness primarily influences the fatigue strength of welded joints through the effect of geometry,
and through-thickness stress distribution. The correction factor, f,,,,, for plate thickness effect is taken as:

* For t,, < 22mm, fy0 = 1.0
* For t,,>22mm, f0 = (t,50/22)"
where:

toso : Net thickness of the considered member in way of the hot spot for welded joints or base
material free edge, in mm.

* For simplified stress analysis, the net thickness to be considered for stiffeners is as follows:
* Flat bar and Bulb profile: no correction,
* Angle bar and T-bar: flange net thickness.
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tlnSO

t2n50

‘gla q

* For FE analysis, the net thickness to be considered is the net thickness of the member
where the crack is likely to initiate and propagate.
For 90° attachments, i.e. cruciform welded joints, transverse T-joints and plates with
transverse attachment, the net thickness to be considered is to be taken as:

ly5 =min 9 Linso

: Thickness exponent provided in Table 1 and Table 4 respectively for welded and non-welded

joints.
n is to be selected according to the considered stress direction. For this selection, Ao,y and
Ao are considered perpendicular and parallel to the weld respectively.

: Toe distance, in mm, as shown in Figure 2, taken as:

d=ty,5+2¢

leg

: Net thickness, in mm, of the continuous plate as shown in Figure 2.

: Net thickness, in mm, of the transverse attach plate where the hot spot is assessed, as shown

in Figure 2.

: Fillet weld leg length, in mm.

When post-weld treatment methods are applied to improve the fatigue life of considered welded joint, the
thickness exponent is provided in [6].

h

Figure 2 : Toe distance for cruciform welded joints, transverse T-joints and plates with transverse

attachment
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Table 1 : Welded joints: thickness exponents

Joint category
description

As-welded 0.25
Cruciform joints,
| transverse T-joints,

plates with transverse

attachments
Weld toe treated
il by post-weld 0.2
improvement
method
e

As-welded 0.2

Geometry Condition n

2 Transverse butt welds - 4 ' —

Ground flush or

weld toe treated
by post-weld 0.1
improvement

method

Longitudinal welds or
3 attachments to plate
edges

Weld toe treated

by post-weld 0.1
improvement ’

method

372 #Z»Rules for the Classification of Steel Ships 2019



Pt 14 Structural Rules for Container Ships
Ch 9 Fatigue Pt14, Ch9, Sec 3

Joint category

No description Geometry Condition n
Any 0
Longitudinal attachments
4 on the flat bar or bulb - —
profile Weld toe treated
| by post-weld 0
| \ improvement
method
As-welded 0.2
5 Longitudinal attachments

and doubling plates
Weld toe treated

—>
by post-weld 01
\/ improvement '
-

method

D)

w As-welded 0.1

CTOCCCC oA

Longitudinal attachments
6 and doubling plates
supported longitudinally

Weld toe treated
by post-weld
improvement

method

™ No benefit applicable for post-weld treatment of longitudinal end connections.
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4. S-N Curves
4.1 Basic S-N curves

4.1.1 Capacity

The capacity of welded steel joints and steel base material with respect to fatigue strength is defined by
S-N curves which provide the relationship between the stress range applied to the detail and the number
of constant amplitude load cycles to failure.

4.1.2 Design S-N curves

The fatigue assessment is based on use of S-N curves which are obtained from fatigue tests. The design
S-N curves are established at two standard deviations below the mean S-N curves corresponding to 50%
of probability of survival for relevant experimental data. Design S-N curves given in Table 2 and Table
3 correspond to a probability of survival of 97.7%.

4.1.3 S-N curve scope of application

The S-N curves are applicable to normal and high strength steels up to a specified minimum yield stress
equal to 390 N/mm’.

4.1.4 In-air environment

The basic design curves in-air environment shown in Figure 3 are represented by linear relationships
between log (Ac) and log (N) as follows:

log (V) = log (K;) —m + log(Ao)

where:
log (K;) = log (&) — 2log (§).
K, : Constant related to mean S-N curve, as given in Table 2.
K, : Constant related to design S-N curve, as given in Table 2.
) : Standard deviation of log (N), as given in Table 2.
Ao, : Stress range at N = 107 cycles related to design S-N curve, in N/mm’, as given in Table 2.
Table 2 : Basic S-N curve data, in-air environment
K, Standard 5deviation K, ];?;%n atstrle&s rzlegséggt sztrxels (S)s
Class m cycles cycles
K, log o £ log )0 K, Ao, N/mm’ N/mm’
2.343E15 15.3697 4.0 0.1821 1.01E15 100.2 149.9
1.082E14 14.0342 3.5 0.2041 4.23E13 78.2 123.9
3.988E12 12.6007 3.0 0.2095 1.52E12 534 91.3
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Figure 3 : Basic design S-N curves, in-air environment

4.1.5 Corrosive environment

Pt14, Ch9, Sec 3

The basic design curves for corrosive environment shown in Figure 4 are represented by linear
relationships between log(Ac) and log(N) as follows:

log (V) = log (K;) —mlog(Ac)

N
K,

: Predicted number of cycles to failure under stress range Ao.

: Constant related to design S-N curve as given in Table 3.

Table 3 : Basic S-N curve data, corrosive environment

Class K, m Design stress range at 2x10° cycles, N/mm’
B,,, 5.05x10" 4.0 126.1
Chory 2.12x10" 35 101.6
D, 7.60x10"! 3.0 72.4
[ T T T T T
T P T
E
2
5 TS
< Tr~ |
& —=Bcorr curve [~ S—w= T
@ I T I e N N P
- | ===Ccorr curve [T [T
o | | | | |
2 I
& —Dcorrcurve || ‘ i i B

Number of cycles to failure, N

Figure 4 : Basic design S-N curves, corrosive environment
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4.2 Selection of S-N curves

4.2.1 Welded joints

For fatigue assessment of welded joints exposed to in-air environment, S-N curve D as defined in Table
2 is to be used. For corrosive environment, S-N curve D_. as defined in Table 3 is to be used.

4.2.2 Base material free edge

For fatigue assessment of base material at free edge exposed to in-air environment, S-N curves B or C
as defined in Table 2 are to be used. For corrosive environment, S-N curves B, or C,,, as defined in
Table 3 are to be used.

4.2.3 Surface finishing factor

The S-N curve C is applicable to most of non-welded locations taking into account the likelihood of
some notching from corrosion, wear and tear in service with surface finishing factor as given in Table
4.

Higher surface finishing quality may be applied in using S-N curve B as given in Table 4, provided
adequate protective measures are taken against wear, tear and corrosion and finite element analysis
according to Ch 9, Sec 5, [2] is carried out.
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Table 4 : Non-welded joints: thickness exponent and surface finishing factor

Joint configuration, fatigue crack Edge cutting

. o Edge treatment Surface finishin n k,
location and stress direction process g £ sf

curve

Rolled or extruded plates and
sections as well as seamless
pipes, no surface or rolling
defects

No surface nor
1 g % N/A N/A ol defoi® | 0 [ 094 B

Cutting edges
chamfered or
rounded by means
of smooth
grinding, groove
direction parallel
Machinecutting | to the loading
Cut edges eg by a direction

thermal process

Smooth surface
free of cracks 0.1 | 1.00 B
and notches"®

or sheared edee Cutting edges Smooth surface
cuttin g broken or free of cracks 0.1 | 1.07 B
2 g rounded and notches"®
Surface free of
cracks and severe
:jé’atzig; notches 0.1 ]100| C
(inspection
procedure)@
Manuall Surface free of
thermally }(]:ut No edge cracks and severe
e.g. by flame treatment .notche.s 0.1 1 124 ¢
cutting (inspection
procedure) )
€)) Stress increase due to geometry of cut-outs to be considered.
) Fine mesh FE analysis according to Ch 9, Sec 5, [2].

5. Fatigue Damage Calculation
5.1 General

5.1.1

The design fatigue life is divided into a number of time periods due to different loading conditions and
due to limitation of the corrosion protection.

It is assumed that the corrosion protection (i.e. coating system) is only effective for a limited number of
years during which the structural details are protected, i.e. in-air environment. During the remaining part
of the design life as specified in Table 5, the structural details are unprotected i.e. exposed to corrosive
environment.

5.1.2

The elementary fatigue damage, given in [5.2], is the damage accumulated during a specific loading
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condition (j) associated with a specific environmental condition either protected condition, i.e. in-air
environment, or unprotected condition, i.e. corrosive environment.

The combined fatigue damage, given in [5.3], is the combination of damage accumulated for a specific
loading condition (j) for the in-air and corrosive environment time.

Total fatigue damage, given in [5.4], is the sum of the combined fatigue damages obtained for all
loading conditions.

5.2 Elementary fatigue damage

5.2.1

The elementary fatigue damage for each fatigue loading condition (j) is to be calculated independently
for both protected in-air environment and unprotected corrosive environment, based on the fatigue stress
range obtained for the predominant load case as follows:

ap) * Np A‘T%‘,(ﬂ

m
Dpy = — « g o TO4+—
E(j) ](2 (lnNR)m/E 'U(J) ( £ )
where:
N, : Total number of wave cycles experienced by ship during the design fatigue life, taken as:

Ny =31.557 < 10°(f, T})) / (4log L)

7o . Factor taking into account time in seagoing operations excluding time in loading and
unloading, repairs, etc.
fy = 0.85.

: Fraction of time in each loading condition given in Ch 9, Sec 1, Table 1.

Ao - Fatigue stress range at the reference probability level of exceedance of 107, in N/mm”.

Ny : Number of cycles corresponding to the reference probability of exceedance of 107
N, = 100.
¢ : Weibull shape parameter,
E=1.
I'(z) : Complete Gamma function.
K, : Constant of the design S-N curve, as given in Table 2 for in-air environment and in Table 3

for corrosive environment.
1) : Coefficient taking into account the change of inverse slope of the S-N curve, m,

e For in-air environment:

m _ m+Am
{7(1+_7’/<j>) —i " e AL (), V(j))}

— 1 g / ¢
K — m
rii+—)
£
29, 51 N,
Vg = |—| In
@) N W R
* For corrosive environment:
H) = 1.0
y(a,z)  : Incomplete Gamma function.
Ag, . Stress range, in N/mm’, corresponding to the intersection of the two segments of design S-N

curve at N = 10’ cycles, as given in Table 2.
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Am : Change in inverse slope of S-N curve at N = 10" cycles.
Am =2

5.3 Combined fatigue damage

5.3.1

The combined fatigue damage in protected in-air environment and unprotected corrosive environment for
each loading condition (j) is to be calculated as follows:

Tp—T¢ D Te
E, air (j) ¢ TD + E‘,(‘orr(j) ° TD

Dy i ) - The elementary fatigue damage for in-air environment for loading condition (j) given in
[5.2.1].

Dg ;) - The elementary fatigue damage for corrosive environment for loading condition (j) as
calculated in [5.2.1].

Table 5 : Time in corrosive environment, 7,

Time in corrosive environment

Location of weld joint or structural detail T, , in years

Water ballast tank

10
Cargo hold

Void space

Other areas

5.4 Total fatigue damage

5.4.1

The total fatigue damage for all applicable loading conditions is calculated as follows:

Npe

D=3, D
j=1
where:
Dy : Combined fatigue damage for each applicable loading condition, as given in [5.3].

5.5 Fatigue life calculation

5.5.1
The fatigue life, 77, is taken as:
T, . T,
Tr= D if D < (T,—T,)

otherwise.
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where:
D,, : Total fatigue damage for all loading conditions in-air environment taken as:
nre
Dair‘ - Z DE.zLir ()
j=1
D, : Total fatigue damage for all loading conditions in corrosive environment taken as:

nyc

‘D(m'r = 2 DE corr (5)
j=1

6. Weld Improvement Methods

6.1 General

6.1.1

Post-weld fatigue strength improvement methods are to be considered as a supplementary means of
achieving the required fatigue life, and subjected to quality control procedures. The benefit from
post-weld treatment can only be applied for corrosion free condition and may only be considered
provided that a protective coating is applied after the post-weld treatment and maintained during the
design life time.

6.1.2 Limitation of the benefit of post-weld treatment

For structural details where the benefit of post-weld treatment is applicable, the calculated fatigue life at
the design stage for the considered structural detail excluding the post-weld treatment effects, is not to
be less than 77,,/1.47.

Note 1: When 7', is taken equal to 25 years, the calculated fatigue life at the design stage for the considered structural
detail excluding the post-weld treatment effects, is not to be less than 17 years.

6.1.3 Post-weld treatment at fabrication stage

There is one basic post-weld treatment method considered in these Rules to improve fatigue strength at
the fabrication stage, i.c. weld geometry control and defect removal method by burr grinding.

6.1.4 Weld toe

The improvement method is applied to the weld toe. Thus, it is intended to increase the fatigue life of
the weld from the viewpoint of a potential fatigue failure arising at the weld toe. The possibility of
failure initiation at other locations is always to be considered. If the failure is shifted from the weld toe
to the root by applying post-weld treatment, there may be no significant improvement in the overall
fatigue performance of the joint. Improvements of the weld root cannot be expected from treatment
applied to weld toe.

A brief description of the method and the degree of improvement which can be achieved is given in
[6.2].
6.1.5 Weld type for post-weld treatment

When weld improvements are planned, full or partial penetration welds with a minimum root face
according to Ch 12, Sec 3, [2.4] are to be used to mitigate or to eliminate the possibility of cracking
at the weld root.
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6.2 Weld toe burr grinding

6.2.1

The weld may be machined using a burr grinding tool to produce a favourable shape to reduce stress
concentrations and remove defects at the weld toe, see Figure 5. In order to eliminate defects, such as
intrusions, undercuts and cold laps, the material in way of the weld toe is to be removed. The depth of
grinding shall be at least 0.5mm below the bottom of any visible undercut. The total depth of the burr
grinding is not to be greater than the lesser of 2mm and of 7% the local gross thickness of the
machined plate. Any undercut not complying with this requirement is to be repaired by an approved
method.

6.2.2

To avoid introducing a detrimental notch effect due to small radius grooves, the burr diameter is to be
scaled to the plate thickness at the weld toe being ground. The diameter is to be in the 10 to 25mm
range for application to welded joints with plate thickness from 10 to 50mm. The resulting root radius
of the groove is to be no less than 0.25 ¢ .The weld throat thickness and leg length after burr
grinding must comply with the rule requirements or any increased weld sizes as indicated on the
approved drawings.

as_built

The inspection procedure is to include a check of the weld toe radius, the depth of burr grinding, and
confirmation that the weld toe undercut has been removed completely.

Effective
| —
weld leg

Figure 5 : Details of ground weld toe geometry

6.3 Fatigue improvement factor

6.3.1

The benefit of burr grinding corresponds to an increase in fatigue strength by a factor of 1.3 (ie. a

reduction of the effective stress range by 1.3), reducing the damage in air to D, /2.2,
where:
D, : Fatigue damage in air as given in Ch 9, Sec 3, [5.3.1].

6.4 Applicability

6.4.1

The application of post-weld improvement and fatigue improvement factor provided in this section is
subject to following limitations:
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* The weld type complies with [6.1.5].

* The weld improvement is effective in improving the fatigue strength of structural details under high
cycle fatigue conditions therefore the fatigue improvements factors do not apply to low-cycle fatigue
conditions, i.e. when N < 5x10*, where N is the number of life cycles to failure.

* Unless otherwise specifically stated, the fatigue improvement factor is to be used for welds, joining
steel plates which are between 6 and 50mm thick.

* This benefit can only be achieved in a corrosion free condition and may only be considered
provided that a suitable protective coating is applied after the post-weld treatment and maintained
during the design life time.

» Fatigue improvement factor is to be applied to as-welded transverse butt welds, as-welded T-joint
and cruciform welds and as-welded longitudinal attachment welds excluding longitudinal end
connections.

* In way of areas prone to mechanical damage, fatigue improvement may only be granted if these are
adequately protected.

* Treatment of inter-bead toes is required for large multi-pass welds as shown in Figure 6.

* The builder is to provide the list of details and their locations on the ship for which the post-weld
treatment has been applied.

L. : Weld leg length.
w © Width of groove.
d . Depth of grinding.

Figure 6 : Extent of weld toe burr grinding to remove inter-bead toes on weld face

7. Workmanship
7.1 Application

7.1.1

In general, the fatigue performance of structural details can be improved by adopting enhanced
workmanship standards, which include building alignment and weld control.

7.2 Workmanship control for construction details

7.2.1 Building alignment and tolerance control

Building alignment exceeding construction tolerance could introduce additional stress concentration for
structural details, reducing the fatigue performance. The builder is responsible to comply with the
construction requirements given in Ch 12, Sec 1.
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7.2.2 Weld profile control

Poor weld geometry could introduce additional stress concentration; therefore special attention should be
given to achieving a favourable geometry and smooth transition at the weld toe. Weld profile control,
i.e. enhanced workmanship may be required by the Society in way of critical weld toe locations.

The weld notch stress concentration is a direct function of the weld flank angle and the weld toe radius.

The validity of the aforementioned S-N curves is based on a weld flank angle with a maximum mean
value of 50 deg and on a weld toe radius with a minimum mean value of 0.5mm. Welding details may
be requested to be submitted for approval for some critical areas considering the calculated fatigue life.

7.2.3 Post-weld treatment methods

Post-weld treatment methods may be used to improve fatigue resistance of structural detail, as specified
in [6].

At the design stage, the calculated fatigue life should not generally take into account any benefit that
may be derived from such treatment. This benefit should only be considered in exceptional cases when
the design fatigue life can not reasonably be achieved by adopting alternative design measures such as
improvement of the shape of the cut-outs, soft brackets toes, local increase in thickness or other changes
in geometry of the structural detail. This is to be considered on a case-by-case basis by the Society.
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Section 4 - Simplified Stress Analysis

Symbols

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

(4) : Suffix which denotes dynamic load case HSM, FSM, BSR-P, BSR-S, BSP-P, BSP-S, OST-P
or OST-S specified in Ch 4, Sec 2, [3.1].

‘41’ denotes dynamic load case HSM-1, FSM-1, BSR-1P, BSR-1S, BSP-1P, BSP-1S, OST-1P

or OST-1S.
‘42’ denotes dynamic load case HSM-2, FSM-2, BSR-2P, BSR-2S, BSP-2P, BSP-2S, OST-2P
or OST-2S.
(4) . Suffix which denotes loading condition:
‘Full load’, as defined in Ch 9, Sec 1, [6.2].
Loy : Effective bending span of stiffener, in m, as defined in Ch 3, Sec 7.
I, : Net vertical hull girder moment of inertia, at the longitudinal position being considered, in m".
I_,s : Net horizontal hull girder moment of inertia, at the longitudinal position being considered, in m”.
y : Transverse coordinate of the load calculation point under consideration, in m.
z : Vertical coordinate of the load calculation point under consideration, in m.
2z, : Distance from the baseline to the horizontal neutral axis, in m.
£, : Correction factor as defined in Ch 9, Sec 1, [5.1.2].
K, : Geometrical stress concentration factor for stress due to axial load given in [5.2].
K, : Geometrical stress concentration factor for stress due to lateral pressure given in [5.2].
K, . Stress concentration factor due to unsymmetrical stiffener geometry, as defined in [5.1].
1. General

1.1 Application

1.1.1

This section defines the procedure for a simplified stress assessment which is to be used to evaluate the
fatigue strength of the longitudinal stiffener end connections.

1.1.2

The hot spot stress ranges and hot spot mean stresses in way of each end connection of longitudinal
stiffener, as shown in Figure 1 are to be evaluated at the flange of the longitudinal stiffener in the
following locations:
a) Transverse webs or floors other than those located
* At transverse bulkhead of cargo hold
such that additional hot spot stress due to the relative displacement is not to be considered.
b) Transverse webs or floors located
* At transverse bulkhead of cargo hold
such that additional hot spot stress due to the relative displacement are to be considered.

Stress concentration factors due to unsymmetrical stiffener geometry according [5.1] and due to the
stiffener end connection geometry at point ‘A’ and ‘B’ according to [5.2] are to be applied.
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1.2 Assumptions

1.2.1
The following assumptions are made in the fatigue assessment for longitudinal stiffener end connections:
a) The hot spot stress is based on:
* Nominal stresses.
 Stress concentration factors given in [5].
* Loading conditions specified in Ch 9, Sec 1, [6].
b) The longitudinal stiffener end connection types are described in [5.2].
1.2.2

The end connections given in [5.2] are based on typical joint geometry under axial and lateral loadings.
When a structural detail is different from those shown in Table 3, a finite element analysis is to be
used to demonstrate the adequacy of the detail in terms of fatigue strength, according to [5.3].

2. Hot Spot Stress

2.1 Hot spot stress range

2.1.1

The hot spot stress range, in N/mm? due to dynamic loads for load case (i) of loading condition (j) is
obtained from the following formula:

AN SR G) — |(‘7(;D, i1(5) +‘7LD»:1(,/) +Ud1),il(j)) - (UGDJQ(]‘) +ULDJ2(}') +UriD,i2(j) )|

where:

O, i)y Tap.in(y - Stresses due to global hull girder wave bending moments, in N/mm?, as defined in
[3.1.1].

Oup. i1y Orpaa) - Stresses due to local dynamic pressure, in N/mm?, as defined in [4.1.1].

Oup. i1y Oap.iny) - Stresses due to relative displacement in wave, in N/mn?, as defined in [4.2.4].

2.2 Hot spot mean stress

2.21

The hot spot mean stress, in N/mm’ due to static and dynamic loads for load case (i) of loading
condition (j) is obtained from the following formula:

Tmean,i () = Tas () TOws,() T 0as, () T Omin,i ;) T Omen,i ()

where for the load case (i) of loading condition (j):

0gs(;) : Stress due to still water hull girder bending moment, in N/mm?, as defined in [3.2.1].
0.5  : Stress due to local static pressure, in N/mm?, as defined in [4.1.2].

o45() : Stress due to relative displacement in still water, in N/mm?, as defined in [4.2.6].
Onzs() - Mean stress due to local dynamic pressure, in N/mm?, as defined as:

_ 9pi1(y) +(7LD,112(,7')
OmLD,i (j) — B

Oip.i1():Orp.ia): Stress due to local dynamic pressure, in N/mn?, as defined in [4.1.1].
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Omep ) - Mean stress due to global wave bending moment, in N/mm?, as defined as:

0aGp,i1(j) toap,i 2(5)

UmGD.,i ) — p)

Tap.i1G) Tap.ia): Stress due to global wave bending moment, in N/mm?, as defined in [3.1.1].

3. Hull Girder Stress

3.1 Stress due to hull girder wave bending moments

3.1.1

The hull girder hot spot stress, in N/mm’, for load cases i1 and i2 of loading condition (j) is obtained
from the following formula:

]LZA"H*LC ik ]L[u,'h,*LCAik -3
06D, ik (j) =f. [(0(17( _Zn)_liy)lo
y—nb0 Z—nb50

where:

M,, ;¢ . Vertical wave bending moment, in kNm, of the considered dynamic load case, as defined in
Ch 4, Sec 4, at the hull girder load calculation point of the considered longitudinal position
for the loading condition (j) for iK being equal to i1 and 42.

M,, ;¢ - Horizontal wave bending moment, in kNm, of the considered dynamic load case, as defined
in Ch 4, Sec 4, at the hull girder load calculation point of the considered longitudinal
position for the loading condition (j) for ik being equal to i1 and 2.

3.2 Stress due to still water hull girder bending moment

3.2.1

The hull girder hot spot stress due to still water bending moment, in N/mm? in loading condition (j) is
obtained from the following formula:

_ fc ¢ Kz * B(/) ¢ A/];-zu ° (Zizn)

O i) = 10°?
GS, (i) 1]/77150
where:
M, : Permissible still water vertical bending moment, in kNm, as defined in Ch 4, Sec 4 at the

hull girder load calculation point of the considered longitudinal position.

B : Fraction of permissible still water vertical bending moment, as defined in Table 1.

Table 1 : Fraction of permissible still water vertical bending moments, ﬁ(,.)

Loading conditions

: B
Loading Pattern SWBM

Ballast Tank - Full
Full Load Max. Hogging 0.9 in hogging condition
Ballast Tank - Empty

Ballast Tank - Full
Full Load Min. Hogging 0.1 in hogging condition
Ballast Tank - Empty

D

1) ﬂ{s’w,min iS
larger (hogging positive) than 0.11Z

sw—h?

is a minimum design hogging moment taken from the loading manual. If A, .
then A4 shall replace 0.117

sw, min w—h
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4. Local Stiffener Stress

4.1 Stress due to stiffener bending

4.1.1 Stress due to dynamic pressure

The hot spot stress, in N/mm’ due to local dynamic pressure in load case i1 and 2 for loading
condition (j) is obtained from the following formula:

9 Lp,ik () —

where:

Py, ik(5)

By k)

Mws Tha

Iz

[(b [(n Sgidq (nwaLPuuik () + nZ(ZPi(Z,ik (J)) (1 -

12 Zf:ff,nﬁ()

: Dynamic wave pressure, at the mid span, in KN/, specified in Ch 4, Sec 5, [1.4], in load

case i1 and 2 for loading condition (j).

Dynamic liquid tank pressure, at the mid span, in KN/m?, as specified in Ch 4, Sec 6,
[1.1.1], in load case i1 and i2 for loading condition (j).

Pressure acting on both sides of the stiffener, i.e. applied on the attached plate on stiffener
side or on opposite side to the stiffener, could be simultaneously considered if relevant in the
loading condition.

. Pressure normal coefficients, taken as:

n=1 when the considered pressure is applied on the stiffener side,

n = —1 otherwise.

: Correction factor for the non-linearity of the wave pressure taken as:

S =1

for

for

for

for

2> Tpot2h,

Ty +18h, <z < Tyo+2h,

T,o+1.6h, <z< T,,+18h,

T,o+12h, <z < T;,+1.6h,

h

w

x(:‘

Zefffnf)[)

be sy

for 7,,+06h, <z < T;-+1.2h,

z
far=1-0.75 for 7;,—02h, <z < T;,+0.6h,

z— 1T,
Fry =0.1875——*€

+1.1875 for T,,—h, <z< T,,—0.2h,

S =1 for 2 < 7T,—h

w

: Water head equivalent to the pressure at waterline, in m, as defined in Ch 4, Sec 5.
. Distance, in m, to the hot spot from the closest end of the span ¢, as defined in Figure 1.

: Net section modulus, in cm’, of the considered stiffener calculated considering an effective

breadth b, ,, of attached plating.

. Effective breadth, in mm, of attached plating specified at the ends of the span and in way of

end brackets and supports, taken as:
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. 1.04 l 1
besp =5 * min ;1.0 for 24(1——=|x10* =1
1+ 3 y V3
l 1 1.35
ﬂ(l_ ) . 103)
S
1 Ly 1
b, ;p =026l (1——=]|x10" l1-—=|x10*<1
off big 3 ) for = ( V3 )
' End 1, point ‘A’ (Id. 13) End 2, point ‘B’ (Id. 13)
= N
Trans X, (End 1) Trans
D — '™ x,=0 (End 2)
Supported by free flange transverses

A, //\

‘ End 2, point ‘B (Id. 15)
End 1, point ‘A’ (id. 15) /|

h./2 6 hy/2

+ hgee %
Trans X, (End 1) x,(End 2) Trans

(ndl

Supported by free flange transverses

End 1, point ‘A" (Id. 1) End 2, point ‘B’ (Id. 1)
N
Trans Trans
x,=0 (End 1) t’,,‘,,. x,=0 (End 2)

Supported by double skin/transverse bulkheads

End 2, point ‘B’ (Id. 8)
End 1, point ‘A’ (Id. 8)

hsi/2 he/2

: =

Trans X, (End 1) x,(End 2) Trans
| lbdg

Supported by double skin/transverse bulkheads

Figure 1 : Definition of effective span and x, for hot spot
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4.1.2 Stress due to static pressure

The hot spot stress due to local static pressure, in N/mm?’, for loading condition (j) is obtained from the
following formula:

) 6, 6:52
[(E)K/zsglxlg(nspsﬁ(j) +77Zspls.(j)) (1_ ¢ + 2 )
_ b Zbdg

O-LS’ 2 12 Ze:ff—n5()
where
Py ;) : Static external pressure, in kN/m’ in loading condition (j) specified in Ch 4, Sec 5, [1.2].
Py . Static liquid tank pressure, in kN/m’, in loading condition (j) specified in Ch 4, Sec 6, [1.2].

Pressure acting on both sides could be simultaneously considered if relevant in the loading

condition.
nem, - Pressure normal coefficients, taken as:

n =1 when the considered pressure is applied on the stiffener side,

n = —1 otherwise.

4.2 Stress due to relative displacement

4.2.1 General
For longitudinal stiffener end connections fitted on transverse web or floor located

e At transverse bulkhead of cargo hold,
the additional hot spot stress due to the relative displacement is to be considered.

4.2.2 Relative displacement definition

The relative displacement is defined as follows.

* For longitudinals, the relative displacement is defined as the displacement of the longitudinal
measured at the first transverse web frame (or floor) forward (Fwd) or afterward (Aft) relative to
the displacement of the longitudinal at the transverse bulkhead.

4.2.3 Sign convention

Where the stress at the hot spot location, i.e. at the flange of longitudinal, due to relative displacement
is in tension, the sign of the relative displacement is positive.

4.2.4 Container ship

The additional hot spot stress due to relative displacement for load case i1 and 2 of loading condition
(4) for a container ship is to be calculated using finite element method as described in [4.2.5].

4.2.5 Stress due to relative displacement derived using FE method

The following procedure is based on a cargo hold model complying with Ch 7, Sec 2, [2] to calculate
the stress due to relative displacements. The stress due to relative displacements, in N/mm?, for load

case i1 and i2 of loading condition (j) for both locations “a” and “f” is to be calculated directly using
the following expression:

K0 gpva—a,in() T BeCaap—ain(y for location a
Oap,ik(j) = (k=1,2)

By apwi—fin() T 0aag—pin) for location f
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where:
a, f : Suffix which denotes the location as indicated in Figure 2.

Aft, Pwd : Suffix which denotes the direction, afterward (Aft) or forward (Fwd), from the transverse
bulkhead. as shown in Figure 2.

K, : Stress concentration factor due to bending for the location ‘a’ or ‘f” which may correspond to
points ‘A’ or ‘B’ as defined in Table 3.

O dbwd—a,ik(G) CdAft—aik () Cdrvd—f.ik G Caasi—rang) - Additional stress at location ‘a’ and ‘f’, in N/mm’, due to
the relative displacement between the transverse bulkhead and the forward (Fwd) and
afterward (Aft) transverse web or floor respectively for load case i1 and i2 of loading
condition (j), taken as:

3-95Fwd, ik(5) E]Aft—nm Lpyi—ns0 ( |$eAft|

1—1.15——=)10"°
ZAft —n50 gF’wrl (eAft ledf n50 + gFu,'d [Aft - 71,50) EAft

O 4Frwd — a, ik (5) =

3.9 4 7t, ik(5) E]Aft — 50 LFwd—n50

12 oanl . 09640 iV ELipi—nsolTonnl . -
Aft)_ Aft, ik ()4 Aft —n50 ,Aﬁho_‘J

Oaapi—a, k() = | (1—-1.15 :
dafe—4, k() ZAﬂ*n5U€Aﬂ (gAﬂ l Fuwd—n50 +[F)ud [Aﬂ,fn»BU) fAﬂ ZAft*nSO éf‘lff
o — 3900, ik(5) E[Aﬂ,—nso Lpa—ns0 (1-1.15 Iz )— 090 3,0, ik(j)E[Fwd—nso |‘TefF'u'd| 11075
dFwd =, k() ZFwd*nF)U EFw(l(gAflewd*nESO +£Fwd ]Aftfnfi()) gFu'd ZFwd*nSU ér}‘u,d
Canpmg ) = 3~95Aﬂ, k() ELa gt —n50 Lpwd—nso (1-1.15 lz cFu;d‘ )10°°
SR ZFwd—nsogAﬁ(ZAftled—nao J“(ﬁm[Aﬁ—nso) Fuod
Livi—ns0> Laji—nzo  © Net moment of inertia, in cm’, of forward (Fwd) and afterward (Aft) longitudinal.

Zpa-ns0+ Zagi-nzo - Net section modulus of forward (Fwd) and afterward (Aft) stiffener, in e’

Crvas Lage : Span, in m, of forward (Fwd) and afterward (Aft) longitudinal, as shown in Figure
2.
Ty puds Teaft : Distance, in m, as shown in Figure 1, to the hot spot in location ‘a’ or ‘f” from the

closest end of /, and ¢,, respectively.

Opuain(j)e Oammin - Relative displacement in the direction perpendicular to the attached plate, in mm,
between the transverse bulkhead and the forward (Fwd) or afterward (Aft)
transverse web (or floor) as shown in Figure 2.

Transverse Transverse

Figure 2 : Definition of the relative displacement (example of the side longitudinal)

4.2.6 Stress due to relative displacement in still water

The additional hot spot stress, in N/mm?’, in still water, due to the relative displacement in the direction
perpendicular to the attached plate between the transverse bulkhead and the adjacent transverse web or
floor is to be obtained according to procedures of [4.2.4] for container ship, replacing dynamic local
stress o,, and dynamic pressure with static local stress o,, and static pressure.
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5. Stress Concentration Factors
5.1 Unsymmetrical stiffener

5.1.1

The stress concentration factor X, for unsymmetrical flange of built-up and rolled angle stiffeners under
lateral load, calculated at the web’s mid-thickness position, as shown in Figure 3, is to be taken as:

_ 1+
1Ay,
where:
n
3(1+—-)
o 27]80
1+4—0
. oy * 107
4 h 8
3 2 stf—n50 S
bf—nSO X tf—nSO X hstf—nSO ( f3 + t3 )
“w —nb0 p—nb0
ngfnf)[l .
B=1- Y. for built-up profiles.
f—nb0
tu:*nSO
B=1- > for rolled angle profiles.
f—nb0
b,—.s0 - Eccentricity of the stiffener equal to the distance from flange’s edge to web’s centreline, in
mm, as shown in Figure 4.
bi_ns - Net breadth of flange, in mm, as shown in Figure 4.
tr—us0 - Net flange thickness, in mm, as shown in Figure 4.

hgr-nso - Net stiffener height, including face plate, in mm, as shown in Figure 4.

ty—nso - Net web thickness, in mm, as shown in Figure 4.
h, .5 . Net web’s height stiffener, in mm, as shown in Figure 4.
t,—.s0 - Net thickness of attached plating, in mm, as shown in Figure 4.
P, : Coefficient given as:
v, = h24;t00 108
Z. : Net section modulus, in cm’, of stiffener with an attached plating breadth equal to

the stiffener spacing.
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Figure 4 : Stiffener — net scantling

5.1.2 Bulb profiles

For bulb profiles K, factor is to be calculated using the equivalent built-up profile as shown in Figure
5. The flange of the equivalent built-up profile is to have the same properties as the bulb flange, i.e.
same cross sectional area and moment of inertia about the vertical axis and neutral axis position.

For HP bulb profiles, examples of the equivalent built up profile dimensions are listed in Table 2.

—

Figure 5 : Bulb profile and equivalent built-up profile
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Table 2 : HP equivalent built-up profile dimensions

HP-bulb Equivalent built-up flange in gross thickness

Height (mm) Gross web thickness, 7,_,, (mm) b, (mm) ty_g (mm) b, (mm)
200 9-13 by—gr T 245 22.9 (ty—ye +0.9)2
220 9-13 lygr T 27.6 254 (ty—y + 1.0)2
240 10 - 14 ty—gr T 303 28.0 (ty—g + L2
260 10 - 14 ty—gr T 33.0 30.6 (ty—ge + 1.3)2
280 10 - 14 ty—gr T 354 333 (ty—ge + 142
300 11 - 16 ly—gr T 384 35.9 (ty—ye + 1.5)2
320 11 - 16 ly—gr T 410 38.5 (ty—y + 1.6)2
340 12 - 17 ly—gr T 433 413 (ty—g + 172
370 13 - 19 tygr T 475 45.2 (ty—, + 1.9)2
400 14 - 19 ty—gr T S17 49.1 (ty—y +2.)2
430 15 - 21 ly—gr T 558 53.1 (ty—y T 2.3)2

5.2 Longitudinal stiffener end connections

5.2.1

The stress concentration factors XA, and K, are given in Table 3 for end connection of stiffeners
subjected to axial and lateral loads. The values given in Table 3 for soft toe are valid provided the toe
geometry complies with the requirements given in [5.2.5]. The stress concentration factor A&, given for
lateral loads are to be used also for stress due to relative displacements.

5.2.2 Other connection types

When connection types other than those given in Table 3 are proposed, the fatigue strength for the
proposed connection type is to be assessed either by performing a very fine mesh FE analysis as
described in Ch 9, Sec 5 to obtain directly the hot spot stress, or by calculating the stress concentration
factor using FE analysis according to [5.3].

5.2.3 Overlapped connection

Overlapped connection types for longitudinal stiffeners, i.e. attachments welded to the web of the
longitudinals, are not to be used in the cargo hold region.

5.2.4 End stiffener without connection to web stiffener

Where the web stiffener is omitted or not connected to the longitudinal flange in way of:

* Side shell below 1.17,,.

* Bottom.

* Inner hull longitudinal bulkhead below 1.17,.
* Inner bottom.
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the following is required:

* A complete collar as defined in Figure 6 (i.e. connection type ID 31 of Table 3), or,

* A detail design for cut-outs as described in Ch 9, Sec 6, [2.1].
Equivalence to cut-outs given in Ch 9, Sec 6, [2.1] may be accepted provided it is assessed for fatigue
by using comparative FE analysis which is based on hot spot stress around the cut-out in the web plate
of the primary supporting member inclusive of the collar, as given in Ch 9, Sec 6, [2.2].

Scallop. anly in way
of nen-tight sections

e A

Figure 6 : Complete collar

5.2.5 Soft toe of web stiffener and backing bracket

The toe geometry end connection of web stiffener and backing bracket is to comply with the following:
0 <20

by, < max (tbm—gr?lf’)

where:

0 : Angle of the toe, in deg, as shown in Figure 7.
Rioe : Height of the toe, in mm, as shown in Figure 7.
tyy—, - Gross thickness of the bracket, in mm.

5.2.6 Recommended detail designs

Recommended detail designs for longitudinal end connections with soft toes and backing brackets are
given in Figure 7.
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Recommended design of soft toes and backing bracket of pillar stiffeners

R=2X/3
R 2400 mm

R =300 mm

Max. Max.
15 mm BSQO“E - 15 mm
—1 f
L, ,_E‘ Min. X/2 |
X Min. 300 mm
=
O W W W W W W W W W W . W Y T T T T L T T . T T L T L L T L R

Recommended design of soft toes and backing bracket of tripping brackets

\
]
100R l
1
| Height of soft toe:
R i max, 15 mm or not to
exceed the thickness
15L i of the bracket
—=——T 0<£20° /

f

Recommended alternative design of soft toes of tripping brackets

Figure 7 : Detail design for soft toes and backing brackets
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Table 3 : Stress concentration factors
. 0 Point 'A’ Point 'B'
ID Connection type
](;',g ](;‘,l K:g K:l
1.28 1.40 1.28
for d < 150 for d < 150 for d < 150
L0 A 1.36 1.50 1.36 160
[ for150 < d < 250 for 150 <d < 250 for 150 < d < 250 ’
_ Al (B 1.45 1.60 1.45
| “ —{ for d > 250 for d > 250 for d > 250
1.28 1.40 1.14
for d < 150 for d < 150 for d < 150
50 al | 1.36 1.50 124 127
I for150 < d < 250 for 150 <d < 250 for 150 <d < 250 ’
h € ; 1.45 1.60 1.34
) [ ( for d > 250 for d> 250 for d > 250
'
3 | 1.28 1.34 1.52 1.67
4 / 1.28 1.34 1.34 1.34
F,,,’fg{,,,,f‘;j
\I H :”
5 1.28 1.34 1.28 1.34
6 1.52 1.67 1.34 1.34
7 1.52 1.67 1.52 1.67
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. @6 Point 'A' Point 'B'
ID Connection type
K;"g K 1 Kq K 1
8 1.52 1.67 1.52 1.67
9 1.52 1.67 1.28 1.34
N\
10 \ 1.52 1.67 1.52 1.67
11 ) AN 1.28 1.34 1.52 1.67
A / N \\B
--. () NB
) (
12 1.52 1.67 1.28 1.34
13 1.52 1.67 1.52 1.67
14 1.52 1.67 1.34 1.34
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ID Connection type®® Point 'A Point '8

](;',g K;,l [(sq K: l
15 1.52 1.67 1.52 1.67
16 1.52 1.67 1.28 1.34
17 1.28 1.34 1.52 1.67
18 1.28 1.34 1.34 1.34
19 1.28 1.34 1.28 1.34
20 1.28 1.34 1.52 1.67
21 1.28 1.34 1.52 1.67
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. @6 Point 'A' Point 'B'
ID Connection type
K;"g [{s‘,l Kq ]{s',l
oY) / 1.28 134 134 134
"‘ ,,,,,, 8
\
)1
23 / ‘ 1.28 1.34 1.28 1.34
.\,‘i,,,,,,,,,,,f,;%
/ 5
24 1.28 1.34 1.52 1.67
1.28 1.40 1.14 1.25
for d < 150 for d < 150 for d < 150 for d < 150
550 LA 1.36 1.50 124 1.36
for150 < d < 250 for 150 < d < 250 for 150 < d < 250 for 150 < d < 250
FA,,B, 1.45 1.60 1.34 1.47
\ / for d> 250 for d> 250 for d> 250 for d > 250
( )
26 | 1.28 1.34 1.34 1.47
o s
27 1.52 1.67 1.34 1.47
T
/
/
28 / 1.52 1.67 1.34 1.47
al s
L
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Point 'A' Point 'B'

(2)3)

ID Connection type

5,9 5,9

29 / 1.28 1.34 1.34 1.47

30 f 1.28 1.34 1.34 1.47
A B

319 1.13 1.20 1.13 1.20
A B
\._ """"" '_““?
32
@06 1.13 1.14 N/A N/A

NOTE:

(1) The attachment length d, in mm, is defined as the length of the welded attachment on the longitudinal stiffener
flange without deduction of scallop.

(2) Where the longitudinal stiffener is a flat bar and there is a web stiffener/bracket welded to the flat bar
stiffener, the stress concentration factor listed in the table is to be multiplied by a factor of 1.12 when the
thickness of attachment is thicker than the 0.7 times thickness of flat bar stiffener. This also applies to
unsymmetrical profiles where there is less than 8mm clearance between the edge of the stiffener flange and
the attachment, e.g. bulb or angle profiles where the clearance of 8mm cannot be achieved.

(3) Designs with overlapped connection / attachments, See [5.2.3].

(4) ID. 31 and 32 refer to details where web stiffeners are omitted or not connected to the longitudinal stiffener
flange. See [5.2.4].

(5) For connection type ID. 32 with no collar and/or web plate welded to the flange, the stress concentration
factors provided in this table are to be used irrespective of slot configuration.

(6) The fatigue assessment point ‘A’ is located at the connection between the stiffener web and the transverse web
frame or lug plate.

5.3 Alternative design

5.3.1 Derivation of alternative stress concentration factors

Upon agreement by the Society, the geometrical stress concentration factors for alternative designs are to
be calculated by a very fine mesh FE analysis according to the requirements given in Ch 9, Sec 5.
Additional requirements for derivation of geometrical stress concentration factors for stiffener end
connections using very fine mesh FE analysis are given below:

a) FE model extent: the FE model, as shown in Figure 8, is to cover at least four web frame
spacings in the longitudinal stiffener direction with the detail to be considered located at the
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middle frame. The same type of end connection is to be modelled at all the web frames. In the
transverse direction, the model may be limited to one stiffener spacing.
b) Load application: in general, two loading cases are to be considered:
* Axial loading by enforced displacement applied to the model ends and
* Lateral loading by unit pressure load applied to the shell plating.
¢) Boundary conditions:
* Symmetry conditions are applied along the longitudinal cut of the plate flange, along transverse and
vertical cuts on web frames and on top of the web stiffener.
* For lateral pressure loading: the model is to be fixed in all degrees of freedom at both forward and
aft ends.
* For axial loading: the model is to be fixed for displacement in the longitudinal direction at the aft
end of the model while enforced axial displacement is applied at the forward end, or vice versa.

d) FE mesh density: At the location of the hot spots under consideration, the element size is to be in
the order of the thickness of the stiffener flange or 10mm depending on the type of stiffener. In
the remaining part of the model, the element size is to be in the order of s/10, where s is the
stiffener spacing.

g
r— 2
: b 717

Figure 8 : Fine mesh finite element model for derivation of geometrical stress concentration factor
(example of stiffener with flange)

For the 2 loading cases specified above, the stress concentration factors are determined as follows:

* For the axial loading case:

0 HSAx
K =

0 NomAx

* For the bending loading case:

O 17¢
](b _ HSBd

O NomBd
0us. - Hot spot stress, in N/mm’, determined at the stiffener flange for the axial load.
Onomar © Nominal axial stress, in N/mm’, calculated at the stiffener flange according to [3.1] for the

axial load applied for the FE calculation.

O Hspa : Hot spot stress, in N/mm’, determined at the stiffener flange for the unit pressure load.
ovompe . Nominal bending stress, in N/mm’, calculated at the stiffener flange according to [4.1] in way

of the hot spot for the unit pressure load applied for the FE calculation.

The derivation of geometrical stress concentration factors for alternative designs is to be documented and
provided to the Society.
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Section 5 - Finite Element Stress Analysis

1. General
1.1 Application

111

This section applies to fatigue assessment by finite element stress analysis. The methods are based on
the hot spot stress approach and requirements are given for both welded and non-welded hot spots. The
hot spot stress takes into account structural discontinuities due to the structural detail of the welded joint,
but not taking into account the notch effect at the weld toe.

1.1.2

The hot spot stress is generally highly dependent on the finite element model used for representation of
the structure and the procedure used to calculate the hot spot stress. No other methods than those
described in this Section is to be adopted for calculation of FE based hot spot stress.

113

Two types of hot spots, denoted ‘a’ and ‘b’ are described in Table 1. These are defined according to
their location on the plate and their orientation to the weld toe as illustrated in Figure 1.

Table 1 : Types of hot spots

Type Description
a Hot spot at the weld toe on plate surface
b Hot spot at the weld toe around the plate edge

Figure 1 : Types of hot spots

114

The method for calculation of hot spot stress at weld toe for any welded details is given in [3.1] except
for web-stiffened cruciform joints. The method for calculation of local stress for non-welded area is
given in [3.2].

1.1.5

The method for calculation of hot spot stress at web-stiffened cruciform joints such as transverse
bulkhead to inner bottom connection and horizontal stringer heel is given in [4].

402 #Z»Rules for the Classification of Steel Ships 2019



Pt 14 Structural Rules for Container Ships
Ch 9 Fatigue Pt14, Ch9, Sec5

1.1.6

Attention is to be given to limitations of the hot spot stress methodology for simple connections given
in [5].

2. FE Modelling
2.1 General

2.1.1

Evaluation of hot spot stresses for fatigue assessment requires the use of very fine finite element meshes
in way of areas of high stress concentration. These very fine mesh zones may be incorporated into the
global model as shown in Figure 2. The coarse mesh model of the cargo holds is to be made according
to Ch 7, Sec 2, [2.4]. Alternatively, this very fine mesh analysis can be carried out by means of
separate local finite element models with very fine mesh zones in conjunction with the boundary
conditions obtained from a global model of the cargo holds.

2.1.2 Corrosion model

The very fine mesh finite element models used for fatigue assessment are to be made using net
thickness, ¢,,, in accordance with Ch 9, Sec 1, [5.1].

2.1.3 Separate local FE model

Where a separate local finite element model is used, the extent of the local model is to be such that the
calculated stresses are not significantly affected by the imposed boundary conditions and application of
loads. The boundary of the fine mesh model is to be taken at adjacent primary supporting members such
as girders, stringers and floors in the cargo hold model as far as practicable. Transverse web frames,
stringer plates and girders at the boundaries of the local model need not be represented in the local
model.

21.4

The evaluation of hot spot stress for ‘a’ type hot spot is to be based on shell element of mesh size
toso X tuso» Where ¢, is the net thickness of the plate in way of the considered hot spot. The evaluation
of hot spot stress for a ‘b’ type hot spot is to be based on shell element of mesh size 10 x 10mm.
The aforementioned mesh size is to be maintained within the very fine mesh zone, extending over at
least 10 elements in all directions from the fatigue hot spot position. The transition of element size
between the coarser mesh and the very fine mesh zone is to be done gradually and an acceptable mesh
quality is to be maintained. This transition mesh is to be such that a uniform mesh with regular shape
gradually transitions from smaller elements to larger ones. An example of the mesh transition in way of

hatch coaming top and deck plating is shown in Figure 3.

2.1.5

Four-node shell elements with adequate bending and membrane properties are to be used inside the very
fine mesh zone. The four node element is to have a complete linear field of in-plane stresses and hence
pure in-plane bending of the element can be exactly represented. In case of steep stress gradients, 8
node thin shell elements are to be used if deemed practical. The shell elements are to represent the mid
plane of the plating. For practical purposes, adjoining plates of different thickness may be assumed to be
median line aligned, i.e. no staggering in way of thickness change is required. The geometry of the weld
and construction misalignment is not required to be modelled.
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2.1.6

All structure in close proximity to the very fine mesh zones is to be modelled explicitly with shell
elements. Triangular elements are to be avoided where possible. Use of extreme aspect ratio (e.g. aspect
ratio greater than 3) and distorted elements (e.g. element’s corner angle less than 60 deg or greater than
120 deg) are to be avoided.

2.1.7

Where stresses are to be evaluated on a free edge, such as cut-outs for stiffener connections at web
frames, edge of plating and hatch corners, beam elements having the same depth as the adjoining plate
thickness and negligible width is to be used to obtain the required local edge stress values.

2.2 Hatch coaming top and deck plating

2.2.1

In addition to the general requirements in [2.1], the modelling requirements in this sub-article are
applicable to the modelling of hatch coaming top / deck plating. The selection of hatch coaming top /
deck plating for fatigue analysis is to be determined based on the level of stresses obtained from the
cargo hold FE analysis.

2.2.2

Where separate local finite element models are used, the model extents are to be according to the
following:

a) Transversely, over the half-breadth of the ship,

b) Longitudinally, from the midpoint of the cargo hold in which the concerned hatch coaming top /
deck plating is located to the adjacent cargo hold up to and including the midpoint of the cargo
hold nearest to the concerned hatch coaming top / deck plating.

¢) Vertically, from the top plate of coaming to the intersection of the side stringer with the inner hull.

2.2.3

The hatch coaming top and deck plating are to be represented by shell finite elements having both
membrane and bending properties. Figure 4 shows a typical FE model of hatch coaming and the deck
plating with the very fine mesh zone having ¢, x ¢, mesh size.

224

The level of FE mesh refinement is to be such as to enable stress concentrations arising from the hatch
corner geometry to be captured in the hot spot stress. The free edge of hatch coaming top and deck
plating are to be assessed. Beam elements having the same depth as the adjoining plate thickness and
negligible width are to be used at a free edge of the hatch coaming top and free edge of the deck
plating to obtain the required local edge stress values as outlined in [2.1.7].

2.2.5

The local structural geometry, particularly in the areas of concern, is to be represented. The hatch corner
area is to be meshed using elements with a sufficiently small size to capture the local stress on the
edge. In general, a minimum of 15 elements in a 90 degree arc are to be used to describe the curvature
of the hatchway radius plating for a rounded corner (see Figure 5). For an elliptical or parabolic corner,
a minimum of 15 elements are to be used from the inboard radius end to a point on the edge located
at half the longitudinal distance of the semi- major axis. A total of 20 elements are to be used at the
elliptical edge of the hatch corner (see Figure 6). However, the element edge dimensions along the free
edge of the radius need not be less than the thickness of the plating being represented and also should
not be greater than 5 times the thickness of the plating being represented.
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The boundary conditions to be applied to the ends of the cargo hold model are to be in accordance

with Ch 7, Sec 2, [2.5].
2.3.2 Separate local finite element model

2.3 Boundary conditions

2.3.1 Cargo hold model
Where a separate local finite element model is used for evaluating the hot spot stress range, the

boundary conditions and application of loads are to be in accordance with Ch 7, Sec 3, [4.2].

Figure 2 : Very fine mesh areas incorporated directly into the cargo hold model
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Figure 3 : Transition area between coarse and very fine mesh

#&:»Rules for the Classification of Steel Ships 2019



Pt 14 Structural Rules for Container Ships
Ch 9 Fatigue Pt14, Ch9, Sec5

[ /77

LY ANANAN
N
\
N\
[ /] T LA
/7

ANAN
ANAVAN

Figure 4 : Local FE model of hatch coaming top and deck plating with very fine mesh zone, tn50 x In50 mesh
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Figure 6 : Mesh density for elliptical hatch corner
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3. Hot Spot Stress for Details Different from Web-Stiffened Cruciform Joints
3.1 Welded details

3.1.1

For hot spot type ‘a’, the structural hot spot stress, o, is calculated from a finite element analysis with
t.50 ¥ t,so mesh density and is obtained by the following formula:

‘n50

opus =112 ¢ o

where:

o . Surface principal stress, in N/mm’ read out at a distance ¢,,/2 away from the intersection
line.

toso : Plate net thickness, in mm, in way of the weld toe.

At structural details where the hot spot type ‘a’ is classified as a web-stiffened cruciform joint, the
stress read out procedure of [4.2] is to be applied.

For hot spot type ‘b’, the stress distribution is not dependent on the plate thickness; the structural hot
spot stress, o, is derived from a finite element analysis with mesh density 10 x 10mm and is obtained
by the following formula:

UHS = 1.12 O
where:

o . Surface principal stress, in N/mm’ read out at an absolute distance from the intersection line
of Smm.

3.1.2 Stress read out methods

Depending on the element type, one of the following stress read out method is to be used:

*  With 4-node shell element:

Element surface stress components at the centre points are linearly extrapolated to the line A-A
as shown in Figure 7 to determine the stress components for load case ‘i1’ and ‘2’ at the
stress read out point located at a distance t,,/2 from the intersection line for type 'a' hot spot.
Two principal hot spot stress ranges are determined at the stress read out point from the stress
components tensor differences (between load case ‘i1’ and ‘i2”) calculated from each side (side
L, side R) of line A-A. The angle ¢ between the direction x of the element co-ordinate system
and the principal direction pX of the principal hot spot stress range co-ordinate system has to
be determined.

*  With 8node shell element:

With a ¢, < t,, element mesh using 8-node element type, the element mid-side node is located
on the line A-A at a distance ¢,,/2 for type 'a' hot spots. This node coincides with the stress
read out point. The element surface stress components for load case ‘i1’ and ‘42’ can be used
directly without extrapolation within each adjacent element located on each side (side L, side R)
of the line A-A as illustrated in Figure 8. Two principal hot spot stress ranges are determined at
the stress read out point from the stress components tensor difference (between load case ‘il’
and ‘i2’°) calculated from each side of line A-A. The angle 6 between the direction x of the
element coordinate system and the principal direction pX of the principal hot spot stress range
coordinate system has to be determined.
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For fatigue assessment of type ‘b’ hot spots, a beam element is to be used to obtain the fatigue stress
range. The stress range is to be based on axial and bending stress in the beam element. The beam
element is to have the same depth as the connecting plate thickness while the in-plane width is
negligible.
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/_,/ g - +* e e 4+ Element midpoint surface stress
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Figure 7 : Determination of stress read out points and hot spot stress for 4-node element
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Figure 8 : Determination of stress read out points and hot spot stress for 8-node element

3.1.3

The above read out procedure is based on element surface stresses. Generally, in FE software the
element stresses are calculated at the Gaussian integration points located inside the element. Depending
on the element type implemented in the FE software, it may be necessary to perform several
interpolations in order to determine the actual stress at the considered stress read out point at the surface
of the element mid-point or element edge.

3.2 Base material

3.2.1

For fatigue assessment at a free plate edge, a beam element is to be used to obtain the fatigue stress
range. The beam element is to have the same depth as the connecting plate thickness while the in-plane
width should be negligible.
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4. Hot Spot Stress for Web-Stiffened Cruciform Joint
4.1 Applicability

4.1.1
The following structural details are considered as a web-stiffened cruciform joint:
a) Heel of horizontal stringer, shown in Figure 9.
b) Longitudinal bulkhead — inner bottom connection.
¢) Transverse bulkhead — inner bottom connection.
Two kinds of hot spots relative to the web-stiffened cruciform joints are to be assessed:
* Hot spots at the flange of web-stiffened cruciform joint,
* Hot spots in way of the web of web-stiffened cruciform joint.
4.1.2

Pt14, Ch9, Sec5

The procedure for calculating hot spot stress at flange of web-stiffened cruciform joint is given in [4.2].

4.1.3

The procedure for calculating hot spot stress in way of the web of the web-stiffened cruciform joint is

given in [4.3].

Hot spot at flange

Y, —

Side shell
(
7 )

Hot spots in
: Pl RN
way of the web ) A Hot spot at flange
WA Lt e

¥
Hot spots in

b=
]
way of theweb ™~

Figure 9 : Web-stiffened cruciform joints

4.2 Calculation of hot spot stress at the flange

4.2.1

T/Bhd

For hot spot at the flange of web-stiffened cruciform joints, the surface principal stress is to be read out
from a point shifted away from the intersection line between the considered member and abutting

member to the position of the actual weld toe and multiplied by 1.12. The intersection
the mid-thickness of the cruciform joint assuming a median alignment.

The hot spot stress, in N/mm?, is to be obtained as:
Ops = 1'12051”‘/1
where:

o - Surface principal stress, in N/mm’, at shifted stress read out position.
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The stress read out point shifted away from the intersection line is obtained as:

b om0
Tshift = — o T
where:
t_.0 - Net plate thickness of the plate number 1, in mm, as shown in Figure 10.
T, : Extended fillet weld leg length, in mm, as defined in Figure 10, not taken larger than ¢ _ .
4.2.2

The stress at the shifted position is derived according to the following formula and illustrated in Figure
11:

Crshz'ft = [O-membmne (117 shift) +0.60 « Obending (xshift)] * ﬁ

where:

Ohending T shipy ) : Bending stress, in N/mm’, at the shifted position taken as:

chnd?'ng (':E shift ) = Jsurfrzm (‘T shift ) = Omembrane (xshiﬂ)

O sur face (T anige) : Total surface stress at x,, position (including membrane stress and bending stress),

in N/mm’.
Opemprane Tanip) 1 Membrane stress at z,,, position, in N/mn’,
Jé; : Plate angle hot spot stress correction factor, taken as:

e For « =135°:

:L.IL' xﬂ,’,
L 40.20 (—2 )2

1—n50 1—nb0

B3=0.96—0.13

e For « =120°:

Lot Lt

+0.32( )2

1—nb0 tl—nSO

B=0.97—-0.14

* For o =90":
Lot

xZ,,
+0.24(—2 )2

1—=n50 tl*n;’)()

B = 0.96 +0.031

a : Angle, in deg, between the plates forming a web-stiffened cruciform joint as shown in Figure 11.

Correction factors for connections with plate angles intermediate to those given should be derived based
on a linear interpolation of the above values. The calculated hot spot stress is to be used in conjunction
with the hot spot S-N curve for weld toe connections according to Ch 9, Sec 3, [4.2].

Figure 10 : Geometrical parameters of web-stiffened cruciform connections
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Linear interpolation

~

Intersection line

& &
Hot spot Shell FE model

Figure 11 : Procedure for calculation of hot spot stress at web-stiffened cruciform connections

= Average of stress components

4+ Element midpoint surface stress

(O Stress readout pointat x,_: 0,

shift "

Figure 12 : Determination of stress read out points for web-stiffened cruciform connections

4.2.3

Surface principal stresses at the centre point of the two first elements on left and right side of the line
A-A are averaged and taken as the surface principal stresses in way of the web position (line A-A). The
surface principal stresses for load case ‘i1’ and ‘2’ are linearly interpolated along the line A-A in order
to determine hot spot principal stresses at the stress read out point located at the =, position as
shown in Figure 12. The two principal hot spot stress ranges are determined at the stress read out point
between load case ‘i1’ and “i2’.

4.3 Calculation of hot spot stress in the web

4.3.1

Hot spots located in way of the web as indicated in Figure 13 are to be checked with the hot spot
stress defined from the maximum principal surface stress at the intersection offset by the distance
from the vertical and horizontal element intersection lines as illustrated in Figure 13. The intersection
line is taken at the mid thickness of the cruciform joint assuming a median alignment. The hot spot
stress, in N/mn?’, is to be obtained as:

Ogs = Oshift

#Z»Rules for the Classification of Steel Ships 2019 411



Pt 14 Structural Rules for Container Ships
Ch 9 Fatigue Pt14, Ch9, Sec5

where:

T hifi : Maximum principal surface stress, in N/mm’, at the intersection offset by the distance ., fie

The stress read out point at the intersection offset is obtained as:

_ t3*7150
Lshift -9 Lot
where:
ts_.s0 - Net plate thickness of the web, in mm, as shown in Figure 13.
Ty . Extended fillet weld leg length, in mm, taken as:

Lot = min (llr’g17 llch)

liegisliegr - Leg length, in mm, of the vertical and horizontal weld lines as shown in Figure 13.

A Element intersection lines

N

et Stless read oul posilion
for hot spot stresses

b

\“‘
[ *

’ +

1
1
]
i
1
1
. 1
|F3
\ 11 Net thickness
]
1
L
1

of web: T,y

Rl /
Xy = L ( = lsgl* 'Ieg,:‘j

Figure 13 : Hot spots in way of web

5. Limitations of Hot Spot Stress Approach
5.1 Scope of application of hot spot stress approach

5.1.1

The hot spot stress approach given in Ch 9, Sec 1, [2.3.1] is not applicable for simple cruciform joints
and simple T-joints when the stress flow in direction I as shown in Figure 14 is considered. For
stresses in the direction normal to the weld at hot spot location ‘c’ (direction I) there is no stress flow
into the transverse plating as it is represented only by one plane in the shell model. However, it attracts
stresses for in-plane direction (direction II) at hot spot location ‘a’.

In situations where a bracket is fitted behind the transverse plate as shown in Figure 1, acting with
stiffness in the direction normal to the transverse plate, stresses flow also into the transverse plate and
the hot spot methodology is considered applicable.

5.1.2

The hot spot stress at position ‘c’ for simple cruciform joints and simple T-joints is to be determined by
the stress read out procedure given in [3.1] multiplied by a geometrical stress concentration factor of 1.3
and is taken as:

opys =13 « 1.120
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Figure 14 : lllustration of check points in way of a welded attachment under orthogonal applied in plane loads
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Section 6 - Detail Design Standard

Symbols

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

1. General

1.1 Purpose

1.1.1

Design standard provides fatigue resistant detail design at an early stage in the structural design process
by giving consideration to the following aspects:

1.1.2

Application of fatigue design principles.
Construction tolerances and other practical considerations.
In-service experience and fatigue performance.

The design standard is to be applied to the design of ship structural details in following steps:

Highlighting potential critical areas within the ship structure.

Identification of the fatigue hot spot locations for each of the critical structural details.

Provision of a set of alternative improved configurations from which a suitable solution can be
selected.

Requirements on geometrical configurations, scantlings, welding requirements and construction
tolerances.

Post fabrication method of improving fatigue life, such as weld toe grinding.

1.2 Application

1.2.1

The structural details described in this section are to be designed according to the given design standard
but alternative detail design configurations may be accepted subject to demonstration of satisfactory

fatigue performance.

For the details given in Ch 9, Sec 2, Table 3, the fatigue assessment by very fine mesh finite element
analysis may be omitted if the detail is designed in accordance with the design standard given in this

section.

2. Stiffener-Frame Connections

2.1 Design standard A

2.1.1

Designs for cut outs in cases where web stiffeners are omitted or not connected to the longitudinals are

required to adopt tight collar or the improved design standard “A” as shown in Table 1 or equivalent,
for the following members:

414
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¢ Side shell below 1.17%.

* Bottom.

* Inner hull longitudinal bulkhead below 1.17%..

* Inner bottom.
For designs that are different from those shown in Table 1, satisfactory fatigue performance may be
demonstrated by, e.g., using comparative FE analysis according to [2.2].

2.1.2

Designs that are different from those shown in Table 1 are acceptable subject to demonstration of
satisfactory fatigue performance, e.g. by using comparative finite element analysis. The comparative FE
analysis is to be performed following the modelling guidance given in Figure 1.

Figure 1 : Finite element model for verification of equivalent design

2.2 Equivalent design of stiffener-frame connections

2.21

If the required designs for stiffener-frame connections in [2.1] are not followed, the alternative design is
to be verified to have equivalent fatigue strength to the design standard “A” or to be verified to have
satisfactory fatigue performance. The alternative design is to be verified according to the procedure given
in [2.2.2] to [2.2.5] and documentation of results is to be submitted to the Society.

2.2.2

The procedure of [2.2.3] and [2.2.4] is provided to verify the alternative design to have equivalent
fatigue strength with respect to any position in the transverse ring, i.e. double bottom and double side.
The hot spot stress of the alternative design and that of the required design is to be compared to the
critical hot spots in way of the cut-out. The critical hot spots depend on the detail design and are to be
selected in agreement with the Society. The hot spot stress is to be derived according to Ch 9, Sec 5,
[3.1] and Ch 9, Sec 5, [3.2]. It is to be noted that welded hot spots at the free edge are classified as
hot spot type ‘b’. Example of typical hot spots for checking is shown in Ch 9, Sec 2, [2].
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Table 1 : Finite element model for verification of equivalent design

Cut outs for longitudinals in transverse webs where web stiffeners
are omitted or not connected to the longitudinal flange

Design Standard A

1 2
*
- _R - .)ﬂ R - 2 =
’
R1
R2 | 2
== . = ~= -~
R3 ™
* ‘ he E i %
== i - LN -
//‘ !
Plate of same |
thickness i
E
- | = e W
s A 7
3 4

Aﬂate of same

thickness

.

e v

a

Note 1: Soft toes marked ‘*’ are to be dimensioned to suit the weld leg length such that smooth transition from the
weld to the curved part can be achieved. Maximum 15 mm or thickness of transverse web/collar plates/lug
plates whichever is the greater.

Note 2: Configurations 1 and 4 indicate acceptable lapped lug plate connections.

Locations around cut-out with high stress concentration and locations in way of weld

Critical location ..
terminations.

Improved slot shape to avoid high stress concentrations in transverse webs due to shear

Detail design standard loads and local pressure loads transmitted via welded joints.

Ensure alignment of all connecting members and accurate dimensional control of cut-outs

Building tolerances according to IACS Recommendation No. 47.

A wraparound weld, free of undercut or notches, around the transverse web connection

Welding requirements to longitudinal stiffener web.
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2.2.3

The very fine mesh finite element models are made to analyse the behaviour in way of double side or
double bottom. The models should have an extent of 3 stiffeners in cross section, i.e. 4 stiffener
spacings, and the longitudinal extent is to be one half frame spacing in both forward and aft direction.
A typical model is shown in Figure 1. No cut-outs for access openings are to be included in the
models. Connection between the lug or the web-frame to the longitudinal stiffener web, connections of
the lug to the web-frame and free edges on lugs and cut-outs in web-frame are to be modelled with
elements of net plate thickness size (¢, X t,5,). The mesh with net plate thickness size should extend at
least five elements in all directions. Outside this area, the mesh size may gradually be increased in
accordance with the requirements in Ch 9, Sec 5, [2]. The eccentricity of the lapped lug plates is to be
included in the model. Transverse web and lug plates are to be connected by eccentricity elements
(transverse plate elements). The height of eccentricity element is to be the distance between mid-layers
of transverse web and lug plates having a thickness equal to 2 times the net thickness of web-frame
plate ¢, _,,. Eccentricity elements representing fillet welds are shown in Figure 2.

\ L p— Lug plate
I ‘
(")-
N
\
—y G -<4— Shell elements
B
4
“ Fillet weld
A "w-uﬁ?
S i il
Section A
enlarged

Figure 2 : Modelling of eccentric lug plate by shell elements

224
Three load cases are to be applied to the models of the design standard and alternative designs:

* External pressure of unit value, fixed boundary conditions at top and bottom of model.
» Shear stress by prescribed unit displacement at the model top and fixed boundary conditions at the
model bottom.
* Axial load by prescribed unit displacement at the model top and fixed boundary conditions at the
model bottom.
The forward and aft part of the model should have symmetry condition describing the behaviour in a
double hull structure. Load application and boundary conditions are provided in Figure 3.

2.2.5

The alternative design may also be verified to have satisfactory fatigue performance using sub-modelling
technique where a very fine mesh model of the alternative design located at the actual position of the
stiffener-frame connection is analysed. The alternative design is considered acceptable if the fatigue
acceptance criterion of Ch 9, Sec 1 is achieved. The fatigue acceptance criterion is checked by applying
the methodology described in Ch 9, Sec 1, Ch 9, Sec 3 and Ch 9, Sec 5. The alternative design is
considered acceptable only for the particular position where it is analysed.
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Figure 3 : Load application and boundary conditions — FE model for verification of alternative design

418

#Z»Rules for the Classification of Steel Ships 2019



Pt 14 Structural Rules for Container Ships

Ch 10 Other Structures Pt14, Ch10
Chapter 10

Other Structures

Section 1 Fore Part

Section 2 Machinery Space

Section 3 Aft Part

Section 4 Tanks Subject to Sloshing
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Section 1 - Fore Part

Symbols

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

@, : Correction factor for the panel aspect ratio to be taken as:
ap:1'2_2—lia but not to be taken as greater than 1.0.
g : Bending moment factor taken as:
TLQ
n, : End fixation factor taken as:

n, =0 for both ends with low end fixity(simply supported).
n, =1 for one end fixed and one end simply supported.

n, =2 for continuous members or members with bracketed fitted at both ends.

1. General
1.1 Application

1.1.1

The requirements of this section apply to the following structures of the fore part as defined in Ch 1,
Sec 1, [2.4.2]:

a) Fore peak structures.
b) Stem.
In addition, the requirements of this section apply to structure subjected to impact loads:

¢) Flat bottom forward, according to [3.2].
d) Bow area, according to [3.3].

2. Structural Arrangement
2.1 Floors and bottom girders

2.1.1 Floors
In case of transverse framing, solid floors are to be fitted at each web frame location.

In case of longitudinal framing, the spacing of solid floors is not to be greater than 3.5 m or four
transverse frame spaces, whichever is smaller.

The minimum depth of the floor at the centreline is not to be less than the required depth of the
double bottom of the foremost cargo hold. See Ch 2, Sec 3, [2.3].
2.1.2 Bottom girders

A supporting structure is to be provided at the centreline either by extending the centreline girder to the
stem or by providing a deep girder or centreline bulkhead.
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Where a centreline girder is fitted, the minimum depth and thickness is not to be less than that required
for the depth of the double bottom in the neighbouring cargo tank region, and the upper edge is to be
stiffened.

In case of transverse framing, the spacing of bottom girders is not to exceed 2.5 m.

In case of longitudinal framing, the spacing of bottom girders is not to exceed 3.5 m.

2.1.3 Alternative design verification

This spacing, defined in [2.1.1] and [2.1.2] may be increased, if the designer performs a verification of
the bottom structure by means of grillage analysis or FE analysis and provides their full documentation.
The acceptance criteria to be applied are defined in Ch 6, Sec 6, [3]. A FE analysis is to be performed
under consideration of the requirements provided in Ch 7.

2.2 Side shell supporting structure

2.2.1 Web frames
The spacing of web frames, S, in m as defined in Ch 1, Sec 4, Table 5, is to be taken as:
$=2.6+0.005L, but not to be taken greater than 3.5 m.

Perforated flats are to be fitted to limit the effective span of web frames to not greater than 10 m.

2.2.2 Stringers

Stringers are to have an effective span not greater than 10 m, and are to be adequately supported by
web frame structures.

2.2.3 Alternative design verification

The spacing of web frames and stringers may be increased, if the designer performs a verification of the
side shell supporting structure by means of beam analysis or FE analysis and provides their full
documentation.

The acceptance criteria to be applied are defined in Ch 6, Sec 6, [3]. A FE analysis is to be performed
under consideration of the requirements provided in Ch 7.

2.3 Tripping brackets

2.3.1

For side shell and tank walls, located forward of the collision bulkhead and vertically framed, tripping
brackets spaced not more than 2.6 m are to be fitted, according to Figure 1, between primary
supporting members, decks and/or platforms.

The as-built thickness of the tripping brackets is not to be less than the as-built thickness of the side
frame webs to which they are connected.

Figure 1: Tripping brackets
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2.4 Bulbous bow

2.4.1 General

Where a bulbous bow is fitted, the structural arrangements are to be such that the bulb is adequately
supported and integrated into the fore peak structure.

2.4.2 Diaphragm plates

At the forward end of the bulb the structure is generally to be supported by horizontal diaphragm plates
spaced about 1m apart in conjunction with a deep centreline web.

In general, vertical transverse diaphragm plates are to be arranged in way of the transition from the peak
framing to the bulb framing.
2.4.3 Special bulbous bow designs

In way of a wide bulb, additional strengthening in the form of a centreline wash bulkhead is generally
to be fitted.

In way of a long bulb, additional strengthening in the form of transverse wash bulkheads or substantial
web frames is to be fitted.
2.4.4 Strengthening for anchor and chain cable contact

The shell plating is to be increased in thickness at the forward end of the bulb and also in areas likely
to be subjected to contact with anchors and chain cables during anchor handling. The increased plate
thickness is to be the same as that required for plated stems given in [4.1.1].

3. Structure subjected to impact loads

3.1 General

3.1.1 Application

The requirements of this sub-section cover the strengthening requirements for local impact loads that may
occur in the forward structure. The impact loads to be applied in [3.2] and [3.3] are described in Ch 4,
Sec 5, [3].

3.1.2 General scantling requirements

The requirements of [3.2] and [3.3] are to be applied in addition to applicable scantling requirements in
Ch 6. Local scantling increases due to impact loads are to be made with due consideration given to
details and avoidance of hard spots, notches and other harmful stress concentrations.

3.2 Bottom slamming

3.2.1 Application
Where the minimum draughts forward, 7_,or 7p_ s» as specified in Ch 4, Sec 5, [3.2.1], are less
than 0.045L, the bottom forward is to be additionally strengthened to resist bottom slamming pressures.

The draughts for which the bottom has been strengthened are to be indicated on the shell expansion
plan and loading guidance information, as required in Ch 1, Sec 5.

The load calculation point of the primary supporting members is specified in Ch 3, Sec 7, [4].

3.2.2 Extent of strengthening

The strengthening is to extend forward of 0.3 L from the FP over the flat of bottom and adjacent
plating with attached stiffeners up to a height of 500 mm above the baseline, see Figure 2.
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Figure 2: Extent of strengthening against bottom slamming

Outside the region strengthened to resist bottom slamming the scantlings are to be tapered to maintain
continuity of longitudinal and/or transverse strength.

3.2.3 Design to resist bottom slamming loads

The design of end connections of stiffeners in the bottom slamming region is to provide end fixity,
either by making the stiffeners continuous through supports or by providing end brackets complying with
Ch 3, Sec 6, [3.2]. Where it is not practical to comply with this requirement, the net plastic section

modulus, Z,_,, in cm®, for alternative end fixity arrangements is not to be less than:
, 167,

Dl — alt fbdg

where:

2

Scantlings and arrangements of primary supporting members, including bulkheads in way of stiffeners, are
to comply with [3.2.7].

3.2.4 Shell plating

The net thickness of the hull envelope plating, ¢, in mm, except for the transversely stiffened bilge
plating within the cylindrical part of the ship, is not to be less than:

: Net plastic section modulus, in cm?®, as required by [3.2.5].

,_ 001580y [ Py

G CBten
where:
C, : plate capacity correction coefficient taken as:
C,=123.
C, : Permissible bending stress coefficient taken as:

C,=1.0 for acceptance criteria set AC-I
The transversely stiffened bilge plating within the cylindrical part of the ship is to comply with the
requirement given in Ch 6, Sec 4, [2.2].
3.2.5 Shell stiffeners

The shell stiffeners within the strengthening area defined in [3.2.2] are to comply with the following
criteria:

a) The net plastic section modulus, Z,, in cm®, is not to be less than:
7 = PSZS Equ
7 f bdg Gs‘ R{’H
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where :

C, : Permissible bending stress coefficient taken as:
C,=0.9 for acceptance criteria set AC-L
The net web thickness, ¢,
_ P SLSESIU‘

t =2
Y 2y, Gien

shr

in mm, is not to be less than:

where:
C, : Permissible shear stress coefficient taken as:

C,=1.0 for acceptance ariteria set AC-L

3.2.6 Bottom slamming load area for primary supporting members

The scantlings of primary supporting members according to [3.2.7] are based on the application of the
slamming pressure defined in Ch 4, Sec 5, [3.2] to an idealised slamming load area of hull envelope
plating, A, in m?, given by:

SL

11LBC,
1000

3.2.7 Primary supporing members

The size and number of openings in web plating of the floors and girders is to be minimised
considering the required shear area as given in a):

a)

b)

Net shear area
The net shear area, A, _,, in cm? of each primary supporting member web at any position
along its span is not to be less than:

QS'L
Ashr*nBU =10 C:‘,TFH
where :
Qg : The greatest shear force due to slamming for the position being cosidered, in kN,

based on the application of a patch load, Fg to the most onerous location, as
determined in accordance with b) or c¢).

C, : Permissible shear stress coefficient taken as:
C, =09 for acceptance criteria set AC-L

Simplified calculation of slamming shear force
For simple arrangements of primary supporting members, where the grillage affect may be ignored,
the shear force, @, in kN, is given by:

Qg = pr Jast Far

where:
St : Correction factor for the proportion of patch load acting on a single primary
supporting member, taken as:
fu =05 (fg —2f4 +2)
fo : Patch load modification factor taken as:
. bSL
f 55_0-5?
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¢)

d)
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Saist : Factor for the greatest shear force distribution along the span, according to Figure 3.
Fy : Patch load, in kN, taken as:
Fg =Pglgbg
Ly : Extent of slamming load area along the span, in m, taken as:
ly =+/Ag but not to be greater than 0.5¢,,,
by : Breadth of impact area supported by primary supporting member, in m, taken as:
by = 4/Ag but not to be greater than S.
Ag : Surface defined in [3.2.6].

fdisr A

1.00

0.55

=
ishr/z fshr/2
Span Span
point point

Figure 3: Distribution of 7, . along the span of simple primary supporting members

Direct calculation method for slamming shear force

For complex arrangements of primary supporting members, the greatest shear force, @, at any
location along the span of each primary supporting member is to be derived by direct calculation
in accordance with Table 1.

Web thickness of primary supporting member

The net web thickness, ¢
be less than:

in mm, of primary supporting members adjacent to the shell is not to

wo

t = ﬂ Ben

w70 ¥ 235

where:

S : plate breath, in mm, taken as the spacing between the web stiffening.
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Table 1: Direct calculation methods for derivation of @,

Type of analysis Model extent Assumed end fixity of floors

Overall span of member between

effective bending supports. Fixed at ends

Beam theory

Longitudinal extent to be one cargo
tank length. Floors and girders to be fixed at
Transverse extent to be between inner | boundaries of the model.

hopper knuckle and centreline.

Double bottom grillage

Note 1: The envelope of greatest shear force along each primary supporting member is to be derived by applying the
load patch on a square area as defined in [3.2.6], to a number of locations along the span.
Note 2: A more extensive model in length and breadth can be considered.

3.3 Bow impact

3.3.1 Application

The side structure in the ship forward area is to be strengthened against bow impact pressures. The
strengthening isto extend forward of 0.1Z from the FP and vertically above the minimum design ballast
draught, 7);,,, defined in Ch 1, Sec 4, [3.1.5] and forecastle deck if any. See Figure 4.

Area of
strengthening

T

BAL

0.1L

Figure 4 : Extent of strengthening against bow impact

Outside the strengthening area the scantlings are to be tapered to maintain continuity of longitudinal
and/or transverse strength.

3.3.2 Design to resist bow impact loads
a) In the bow impact strengthening area, longitudinal framing is to be carried as far forward as
practicable.
The design of end connections of stiffeners in the bow impact region are to ensure end fixity,
either by making the stiffeners continuous through supports or by providing end brackets complying
with Ch 3, Sec 6, [3.2]. Where it is not practical to comply with this requirement, the net plastic
section modulus, Z, ,, in cm’, for alternative end fixity arrangements is not to be less than:

, 16z,
pl—alt — T){lq
where:
Z, : Effective net plastic section modulus, in cm®, required by [3.3.4].

b) Scantlings and arrangements of primary supporting members, including decks and bulkheads, in way
of the stiffeners, are to comply with [3.3.6]. In areas of the greatest bow impact load, the web
stiffeners arranged perpendicular to the hull envelope plating and the double sided lug connections
are to be provided.
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The main stiffening direction of decks and bulkheads supporting shell framing is to be arranged
parallel to the span direction of the supported shell frames, to protect against buckling.

3.3.3 Side shell plating
The net thickness of the side shell plating, ¢, in mm is not to be less than:

P FB
=0.01
t=0.0158a,b R,
where:
C, : Permissible bending stress coefficient taken as:

C,=1.0 for acceptance criteria set AC-L.

3.3.4 Side shell stiffeners

The side shell stiffeners within the strengthening area defined in [3.3.1] are to comply with the following
criteria:

a) The effective net plastic section modulus, Z

,» in cm® in association with the effective plating to
which it is attached, is not to be less than:

7 — P FBszdg
" f bdg Gs ReH
where:
C, : Permissible bending stress coefficient taken as:

C,=0.9 for acceptance criteria set AC-L

b) The net web thickness, ¢,, in mm, is not to be less than:

¢ = Prps Loy

Y 2dy, Gy

where:

dg,, . Effective web depth of stiffener, in mm, as defined in Ch 3, Sec 7, [1.4.3].
C, : Permissible shear stress coefficient taken as:

C,=1.0 for acceptance criteria set AC-L

3.3.5 Bow impact load area for primary supporting members

The scantlings of primary supporting members according to [3.3.6] are based on the application of the
bow impact pressure, as defined in Ch 4, Sec 5, [3.3.1], to an idealised bow impact load area of hull
envelope plating, A,, in m®, is given by:

11LBC,
Anr =000

3.3.6 Primary supporting members

a) The section modulus of the primary supporting member is to apply along the bending span clear
of end brackets and cross sectional areas of the primary supporting member are to be applied at
the ends/supports and may be gradually reduced along the span and clear of the ends/supports
following the distribution of f,,,, indicated in Figure 3.

b) Primary supporting members in the bow impact strengthening area are to be configured to provide
effective continuity of strength and the avoidance of hard spots.

c¢) End brackets of primary supporting members are to be suitably stiffened along their edge.
Consideration is to be given to the design of bracket toes to minimise abrupt changes of cross
section.
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d)

g)

Tripping arrangements are to comply with Ch 8, Sec 2, [5.1.1]. In addition, tripping brackets are
to be fitted at the toes of end brackets and at locations where the primary supporting member
flange is knuckled or curved.

The net section modulus of each primary supporting member, Z.,, in cm®, is not to be less than:

fbdg*pt PFB bB[fBlgzdg

Z,50 = 1000
0 f bdg C; R(‘H

where:

Jodg—pt : Correction factor for the bending moment at the ends and considering the patch load
taken as:
/i bdg —pt =3f 791_8f 2BJ"'Gf BI

for : Patch load modification factor taken as:

_tw

BI ébdg

Cp; . Extent of bow impact load area, in m, along the span:
{p=+/Ap but not to be taken as greater than /.

bar : Breadth of impact load area, in m, supported by the primary supporting member, to
be taken as the spacing between primary supporting members, .S, as defined in Ch
1, Sec 4, Table 5, but not to be taken as greater than ¢,

Ap; : Bow impact load area, in m?®, as defined in [3.3.5].

g : Bending moment factor taken as:
fu, =12 for primary supporting members with end fixed continuous flange or where
brackets at both ends are fitted in accordance with Ch 3, Sec 6, [4.4].

C, : Permissible bending stress coefficient taken as:

C,=0.8 for acceptance criteria set AC-L

sr—ns0» M cm?, of each primary supporting member at the
support/toe of end brackets is not to be less than:

_ 5fPLPFBbB[€shr

The net shear area of the web, A4,

shr—n50 — qTeH
where:
frr : Patch load modification factor taken as:
4
Jo = éjj
Cyy . Extent of bow impact load area, in m, along the span taken as:
(5= /Ay but not greater than ¢, .
G, : Permissible shear stress coefficient taken as:

C, =0.75 for acceptance criteria set AC-I.

The net web thickness of each primary supporting member, ¢,, in mm, including decks/bulkheads
in way of the side shell is not to be less than:
_ P FBbB[
Sing,, 0,

w
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where :

0y : Angle, in deg, between the primary supporting member web and the shell plate, see
Figure 5.

o, : Critical buckling stress in compression of the web of the primary supporting member

or deck/bulkhead panel in way of the applied load given by Ch 8, Sec 5, [1.1.3], in
N/mm®. In the calculation, both o, and o, given in Ch 8, Sec 5, [1.1.3] are to be
considered and UP-B is to be applied.

Figure 5: Angle between shell primary member and shell plate

4. Additional scantling requirements
4.1 Plate stem

411

The net thickness, tg,,, in mm, is not to be less than:

tgm =(0.6+0.45,)(0.08L+2.7) vk but need not be greater than 22k —1
where:

Sy : Spacing, in m, between horizontal stringers (partial or not), breasthooks, or equivalent
horizontal stiffening members.

Starting from 0.6m above the summer load waterline up to 7.+ C,, the net thickness may gradually be
reduced to 0.8tg,,.
4.1.2 Breasthooks and diaphragm plating

The net thickness of breasthooks/diaphragm plates in way of bow impact strengthening area defined in

[3.3.1], ¢,, in mm, is not to be less than:

b= VEn

w70 235

where:

s : Spacing of stiffeners on the web, as defined in Ch 1, Sec 4, Table 5, in mm. Where no

stiffeners are fitted, s is to be taken as the depth of the web.
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4.2 Thruster tunnel

4.2.1

The net thickness of the tunnel plating, ¢,,,, in mm, is not to be less than the net required thickness
for the shell plating in the vicinity of the bow thruster.

In addition, ¢, is not to be taken less than:

tun

t,,n = 0.0084d,,, +1.8

tun tun

where:

d,

tun

: inside diameter of the tunnel, in mm, but not to be taken less than 970mm.

Where the outboard ends of the tunnel are provided with bars or grids, the bars or grids are to be
effectively secured.
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Section 2 - Machinery space

1. General
1.1 Application

111

The requirements of this section apply to the scantlings and arrangement of structures located in the
machinery space. It is the shipyard responsibility to design the ship in accordance with the machinery
manufacturer’ requirements.

2. Machinery space arrangement
2.1 Structural arrangement

211

Where openings in decks/bulkheads are provided in the machinery space, the arrangements are to support
the deck, side, and bottom structure.

2.1.2

All parts of the machinery, shafting, etc, are to be supported to distribute the loads into the ship’
structure. The adjacent structure is to be suitably stiffened.

213

Primary supporting members are to be positioned giving consideration to the provision of through
stiffeners and in line pillar supports to achieve an efficient structural design.

21.4

The spacing of web frames in way of transversely framed machinery spaces is generally not to exceed
five transverse frame spaces. Web frames are to be connected at the top and bottom to members of
suitable stiffness, and supported by deck transverses.

2.1.5

End connections of side longitudinals at transverse bulkheads are to provide fixity, lateral support, and
when not continuous are to be provided with soft-toe brackets. Brackets lapped onto the longitudinals are
not to be fitted.

2.1.6

Where a transverse framing system is adopted, deck stiffeners are to be supported by a suitable
arrangement of longitudinal girders in association with pillars or pillar bulkheads. Where fitted, deck
transverses are to be arranged in line with web frames to provide end fixity and transverse continuity of
strength.

Where a longitudinal framing system is adopted, deck longitudinals are to be supported by deck
transverses in line with web frames in association with pillars or pillar bulkheads.
21.7

Machinery casings are to be supported by a suitable arrangement of deck transverses and longitudinal
girders in association with pillars or pillar bulkheads. In way of particularly large machinery casing
openings, cross ties may be required. These are to be arranged in line with deck transverses.
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2.1.8

The foundations for main propulsion units, reduction gears, shaft and thrust bearings, and the structure
supporting those foundations are to maintain the required alignment and rigidity under all anticipated
conditions of loading. Consideration is to be given to the submittal of the following plans to the
machinery manufacturer for review:

a) Foundations for main propulsion units.

b) Foundations for reduction gears.

¢) Foundations for thrust bearings.

d) Structure supporting a), b) and c).

2.2 Double bottom

2.2.1 Double bottom height

The double bottom height at the centreline, irrespective of the location of the machinery space, is to be
not less than the value defined in Ch 2, Sec 3, [2.3.1]. This depth may need to be considerably
increased in relation to the type and depth of main machinery seatings.

The above height is to be increased by the shipyard where the machinery space is very large and where
there is a considerable variation in draught between light ballast and full load conditions.

Where the double bottom height in the machinery space differs from that in adjacent spaces, structural
continuity of longitudinal members is to be provided by sloping the inner bottom over an adequate
longitudinal extent. The knuckles in the sloped inner bottom are to be located in way of floors. Lesser
double bottom height may be accepted in local areas provided that the overall strength of the double
bottom structure is not thereby impaired.

2.2.2 Centreline girder

The double bottom is to be arranged with a centreline girder. In way of any openings for manholes on
the centreline girder, permitted only where absolutely necessary for double bottom access and
maintenance, local strengthening is to be arranged.

2.2.3 Side bottom girders

In the machinery space, the number of side bottom girders is to be adequately increased, with respect to
the adjacent areas, to provide adequate rigidity of the structure. The side bottom girders in longitudinal
stiffened double bottom, are to be a continuation of any bottom longitudinals in the areas adjacent to the
machinery space and are generally to have a spacing not greater than 3 times that of longitudinals and
in no case greater than 3 m.

2.2.4 Girders in way of machinery seatings

Additional side bottom girders are to be fitted in way of machinery seating.

2.2.5 Floors in longitudinally stiffened double bottom

Where the double bottom is longitudinally stiffened, plate floors are to be fitted at every frame under
the main engine and thrust bearing. Outboard of the engine and bearing seatings, the floors may be
fitted at alternate frames.

2.2.6 Floors in transversely framed double bottom

Where the double bottom in the machinery space is transversely stiffened, floors are to be arranged at
every frame.
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2.2.7 Manholes and wells

The number and size of manholes in floors located in way of seatings and adjacent areas are to be kept
to the minimum necessary for double bottom access and maintenance.

In general, manhole edges are to be stiffened with flanges; failing this, the floor plate is to be
adequately stiffened with flat bars at manhole sides.

Manholes with perforated portable plates are to be fitted in the inner bottom in the vicinity of wells
arranged close to the aft bulkhead of the engine room.

Drainage of the tunnel is to be arranged through a well located at the aft end of the tunnel.

2.2.8 Inner bottom plating

Where main engines or thrust bearings are bolted directly to the inner bottom, the net thickness of the
inner bottom plating is to be at least 19 mm. Hold-down bolts are to be arranged as close as possible
to floors and longitudinal girders. Plating thickness and the arrangements of hold-down bolts are also to
consider the manufacturer’ recommendations.

2.2.9 Heavy equipment

Where heavy equipment is mounted directly on the inner bottom, the thickness of the floors and girders
is to be suitably increased.

3. Machinery foundations
3.1 General

3.1.1

Main engines and thrust bearings are to be effectively secured to the hull structure by foundations of
strength that is sufficient to resist the various gravitational, thrust, torque, dynamic, and vibratory forces
which may be imposed on them.

3.1.2

In the case of higher power internal combustion engines or turbine installations, the foundations are
generally to be integral with the double bottom structure. Consideration is to be given to substantially
increase the inner bottom plating thickness in way of the engine foundation plate or the turbine gear
case and the thrust bearing, see Type 1 of Figure 1.

3.1.3

For main machinery supported on foundations of Type 2, as shown in Figure 2, the forces from the
engine into the adjacent structure are to be distributed as uniformly as possible. Longitudinal members
supporting the foundation are to be aligned with girders in the double bottom, and transverse stiffening
is to be arranged in line with the floors, see Type 2 of Figure 2.
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Seat integral with tank top

See Note 1
t
: :
I /S 1
97 N 1% ” ' F I
1 T
| |

Figure 1: Machinery foundations Type 1

Built up seat

See Note 1 See Note 1

Aol /

At

See Note 1

|

Figure 2: Machinery foundation Type 2

Note 1: Brackets are to be as large as possible. Brackets may be omitted to avoid interference with the girders of the engine foundation,

in accordance with recommendations of the engine manufacturer.

3.2 Foundations for internal combustion engines and thrust bearings

3.2.1

In determining the scantlings of foundations for internal combustion engines and thrust bearings,
consideration is to be given to the general rigidity of the engine and to its design characteristics with
regard to out of balance forces.

3.2.2

Generally, two girders are to be fitted in way of the foundation for internal combustion engines and
thrust bearings.
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3.3 Auxiliary foundations

3.3.1

Auxiliary machinery is to be secured on foundations that are of suitable size and arrangement to
distribute the loads from the machinery evenly into the supporting structure.
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Section 3 - Aft part

Symbols

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

1. General
1.1 Application

1141

The requirements of this section apply for the scantlings and arrangement of structures located aft of the
aft peak bulkhead.

2. Aft peak
2.1 Structural arrangement

2.1.1 Floors

Floors are to be fitted at each frame space in the aft peak and carried to a height at least above the
stern tube. Where floors do not extend to flats or decks, they are to be stiffened by flanges at their
upper end.

Heavy plate floors are to be fitted in way of the aft face of the horn and in line with the webs in the
rudder horn. They may be required to be carried up to the first deck or flat. In this area, cut outs,
scallops or other openings are to be kept to a minimum.

2.1.2 Platforms and side girders

Platforms and side girders within the peak are to be arranged in line with those located in the area
immediately forward.

Where this arrangement is not possible due to the shape of the hull and access needs, structural
continuity between the peak and the structures of the area immediately forward is to be ensured by
adopting wide tapering brackets.

Where the aft peak is adjacent to a machinery space whose side is longitudinally framed, the side
girders in the aft peak are to be fitted with tapering brackets.

Where the depth from the peak tank top to the weather deck is greater than 2.6 m and the side is
transversely framed, one or more side girders are to be fitted, preferably in line with similar structures
existing forward.

2.1.3 Longitudinal bulkheads

A longitudinal non-tight bulkhead is to be fitted on the centreline of the ship, in general in the upper
part of the peak, and stiffened at each frame spacing.

Where either the stern overhang is very large or the maximum breadth of the space divided by
watertight and wash bulkheads is greater than 20 m, additional longitudinal wash bulkheads may be
required.
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2.1.4 Alternative design verification

The spacing and arrangement requirements, defined in [2.1.1], [2.1.2] and [2.1.3] may be increased, if
the designer performs a verification by means of grillage analysis or FE analysis and provides their full
documentation. The acceptance criteria to be applied are defined in Ch 6, Sec 6, [3]. A FE analysis is
to be performed under consideration of the requirements provided in Ch 7.

2.2 Stiffening of floors and girders in aft peak

2.21

Stiffeners on the floors and girders in aft peak ballast or fresh water tanks above propeller are to be
designed in accordance with [2.2.2] and [2.2.3]. This applies for stiffeners located in an area extending
longitudinally between the forward edge of the rudder and the after end of the propeller boss and
transversely within the diameter of the propeller.

222

The height of stiffeners, h,;, in mm, on the floors and girders are not to be less than:

hy;=80¢,, for flat bar stiffeners.

hy; =100, for bulb profiles and flanged stiffeners.

where:

1 : Length of stiffener, in m, as shown in Figure 1. Length need not be taken greater than S5m.

stf
223
End brackets are to be provided as follows:

a) Brackets are to be fitted at the lower and upper ends when ¢, , exceeds 4m.
b) Brackets are to be fitted at the lower end when ¢, , exceeds 2.5m.

where:

- : Total length of stiffener, in m, as shown in Figure 1.

lsrﬁr
¢ and

isrﬁt stf

stf

gsifr(

\

\

\\Lz
\ }
\

when {__ >4 when ¢ > 2.5 when f__ <25

st stft stFt —

Figure 1 : Stiffening of floors and girders in the aft peak tank
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3. Stern frames

3.1 General

3.1.1

Stern frames may be fabricated from steel plates or made of cast steel with a hollow section. For
applicable material specifications and steel grades, see Ch 3, Sec 1. Stern frames of other material or
construction will be specially considered.

3.1.2

Cast steel and fabricated stern frames are to be strengthened by adequately spaced plates with gross
thickness not less than 80% of required thickness for stern frames. Abrupt changes of section are to be
avoided in castings; all sections are to have adequate tapering radius.

3.1.3

In the upper part of the propeller aperture, where the hull form is full and centreline supports are
provided, the thickness of stern frames may be reduced to 80% of the applicable requirement in [3.2.1].

3.2 Propeller posts

3.2.1 Gross scantlings of propeller posts

The gross scantlings of propeller posts are not to be less than those obtained from the formulae in
Table 1 for single screw ships and Table 2 for twin screw ships.

Scantlings and proportions of the propeller post which differ from those above may be considered
acceptable provided that the section modulus of the propeller post section about its longitudinal axis is
not less than that calculated with the propeller post scantlings in Table 1 or Table 2, as applicable.

Table 1: Single screw ships - Gross scantlings of propeller posts

Fabricated propeller post Cast propeller post Bar propeller post, cast or
forged, having rectangular
section

Gross scantlings
of propeller posts,
in mm &5

a 50L,? 33112 10720 —256
b 35L,)/ 23L,}? 10v/4.6L— 164
ty 251/ 3.2L)/ -
t, - 441 -
ty 1.3L}7 2.0L -
R - 50 mm -
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Table 2: Twin screw ships — Gross scantlings of propeller posts

Fabricated propeller post Cast propeller post Bar propeller post, cast or forged,
having rectangular section
. oS by === eI
5 - A" [T mm Il
Gross scantlings 5 -
of propeller posts, %@ S le gn% ) b
in mm Sl g5 ° g3
~J] o% ~ - | Ml SR
d_ . ~--Ilzz
- —=
a TS-Ee a
a 251 '/? 125112 24L+6
b 251 '/? 25112 0.8L+2
ty 2.5L 1 2501 -
2 32012 3201 -
ts - 44L"? -
tq 13012 2.0L'? -

3.2.2 Propeller shaft bossing

In single screw ships, the thickness of the propeller shaft bossing, included in the propeller post, is not
to be less than 60% of the dimension b required in [3.2.1] for bar propeller posts with a rectangular
section.

3.3 Connections

3.3.1 Connections with hull structure

Stern frames are to be effectively attached to the aft structure and the required scantling for the lower
part of the propeller post is to be extended from the aft end of the propeller post, at the centerline of
the propeller shaft, to a length not less than 1500+6Z,mm, in order to provide an effective connection
with the keel. However, the stern frame need not extend beyond the aft peak bulkhead.

3.3.2 Connection with keel plate

The thickness of the lower part of the stern frames is to be gradually tapered to that of the solid bar
keel or keel plate.

Where a keel plate is fitted, the lower part of the stern frame is to be designed to ensure an effective
connection with the keel.
3.3.3 Connection with transom floors

Rudder posts and propeller posts are to be connected with transom floors having height not less than
that of the double bottom height and a net thickness not less than that obtained, in mm, from the
following formula:

t=9+0.023L,
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3.3.4 Connection with centre keelson

Where the stern frame is made of cast steel, the lower part of the stern frame is to be fitted, as far as
practicable, with a longitudinal web for connection with the centre keelson.

4. Special scantling requirements for shell structure
4.1 Shell plating

4.1.1 Shell plating connected with stern frame

The net thickness of shell plating connected with the stern frame is not to be less than that obtained, in
mm, from the following formula:

t=0.094(L, —43) +0.009b

In way of the boss and heel plate, the net thickness, ¢, of shell plating, in mm, is not to be less than:
t=0.105(L,—47)+0.011b

where:

b : Breadth of plate panel, in mm, as defined in Ch 3, Sec 7, [2.2.2].

4.1.2 Heavy shell plates

Heavy shell plates are to be fitted locally in way of the heavy plate floors as required by [2.1.1]. The
net thickness of heavy shell plates is not to be less than the value given in [4.1.1]. Outboard of the
heavy floors, the heavy shell plates may be reduced in thickness in as gradual a manner as practicable.
Where the horn plating is radiused into the shell plating, the radius at the shell connection, » in mm, is
not to be less than:

r=150+0.8L,

4.1.3 Thruster tunnel plating

The net thickness of the tunnel plating, ¢
1, [4.2.1].

in mm, is to comply with the requirements in Ch 10, Sec

tun
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Section 4 - Tanks subject to sloshing

Symbols

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

@, : Correction factor for the panel aspect ratio to be taken as:
@, :1.272—?a but not to be taken as greater than 1.0

a : Length of plate panel, in mm, as defined in Ch 3, Sec 7, [2.1.1].

b : Breadth of plate panel, in mm, as defined in Ch 3, Sec 7, [2.1.1].

Coiy : Effective bending span, as defined in Ch 3, Sec 7, [1.1.2], in m.

Ly, . Effective sloshing length, in m, as defined in Ch 4, Sec 6, [6.3.2].

b, . Effective sloshing breadth, in m, as defined in Ch 4, Sec 6, [6.4.2].

I, - Net horizontal hull girder moment of inertia, at the longitudinal position being considered, as
defined in Ch 5, Sec 1, [1.5], in m*.

M, : Permissible hull girder hogging and sagging still water bending moment for seagoing operation

at the location being considered, in kNm, as defined in Ch 4, Sec 4, [2.2.2].

z, : Distance from the baseline to the horizontal neutral axis, as defined in Ch 5, Sec 1, in m.

z : Vertical coordinate of the load calculation point or at the reference point under consideration,
in m.

Thy : Hull girder bending stress, in N/mm?®, calculated at the load calculation point defined in Ch

3, Sec 7, [2.2] or in Ch 3, Sec 7, [3.2], as the case may be:

(z— zn)]l/[m
I

y—nb0

— -3
O'hg =

1. General
1.1 Application

1.1.1

The requirements of this section cover the strengthening requirements for localised sloshing loads that
may occur in tanks carrying liquid.

Sloshing loads due to the free movement of liquid in tanks are given in Ch 4, Sec 6, [6].

1.2 General requirements

1.2.1 Filling heights of fuel oil and ballast tanks

The scantlings of all cargo and ballast tanks are to comply with the sloshing requirements given in this
section for the following cases:

a) Unrestricted filling height for ballast tanks,

b) Unrestricted filling height for fuel oil tanks with cargo density equal to p,, as defined in Ch 4,
Sec 6,
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c) All filling levels up to h,,, for cargo tanks with cargo density equal to p,,, taken as:

part
I htk-p/j:f cD

where:

Pt : Maximum permissible filling height, in m, associated with a partial filling of the considered

cargo tank with a high liquid density equal to p,,,.

hyy, : Maximum tank height, in m.

o1 : Fuel oil density as defined in Ch 4, Sec 6.

Fu : Factor defined in Ch 4, Sec 6.

Poart : Maximum permissible high liquid density as defined in Ch 4, Sec 6.

1.2.2 Structural details

Local scantling increases due to sloshing loads are to be made with due consideration given to details
and avoidance of hard spots, notches and other harmful stress concentrations.

1.3 Application of sloshing pressure

1.3.1 General
The structural members of the following tanks are to be assessed for the design sloshing pressures
Py, and P, , in accordance with [1.3.4] and [1.3.5].

a) Fore peak and aft peak ballast tanks.

b) Other tanks which allow free movement of liquid, e.g. ballast tanks, fuel oil bunkering tanks and

fresh water tanks, etc.

Where the effective sloshing length, ¢, is less than 0.03Z, calculations involving P, _,, are not
required and where the effective sloshing breadth b,, is less than 0.32B, calculations involving P, _, are
not required.

1.3.2 Minimum sloshing pressure

> in—mins s defined in Ch 4, Sec 6, [6.2] is to apply to tanks in which
the effective sloshing length, ¢, or breadth b, is less than defined in [1.3.1].

The minimum sloshing pressure, P,

1.3.3 Structural members to be assessed
The following structural members are to be assessed:

a) Plates and stiffeners forming boundaries of tanks.

b) Plates and stiffeners on wash bulkheads.

c¢) Web plates and web stiffeners of primary supporting members located in tanks.
d) Tripping brackets supporting primary supporting members in tanks.

1.3.4 Application of design sloshing pressure due to longitudinal liquid motion

The design sloshing pressure due to longitudinal liquid motion, P, _,,,, as defined in Ch 4, Sec 6,

[6.3.3] is to be applied to the following members as shown in Figure 1.
a) Transverse tight bulkheads.
b) Transverse wash bulkheads.
c) Stringers on transverse tight and wash bulkheads.

d) Plating and stiffeners on the longitudinal bulkheads, deck and inner hull within a distance from the
transverse bulkhead taken as:
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s 0250,

¢ The distance between the transverse bulkhead and the first web frame if located inside the tank at
the considered level,

whichever is less.

In addition, the first web frame next to a transverse tight or wash bulkhead if the web frame is located
within 0.25¢,, from the bulkhead, as shown in Figure 1, is to be assessed for the web frame reflected
sloshing pressure, P, _,., as defined in Ch 4, Sec 6, [6.3.4].

The minimum sloshing pressure, 2, _,.., as defined in Ch 4, Sec 6, [6.2] is to be applied to all other
members.

Deck
4 ) (
3 AN RN Y
PO ANNRANY
/' Slpshlng pressure on plating and Sloshing pressure on plating
/- ) stiffeners on: and stiffeners on:
F. - tran§ver§e bulkhead <wash bulkhead
%_ S - longitudinal bulkheads - orgitinal BlkHesds
g - deck
i ec- o Applies within 0.25 ¢, or to the
/ Applies within 0.25(,, or to the first web frame if this is less
/ first web frame if this is less
. ]
Transverse RS i
tight bulkhead > 5 / e te 0.5 Pypina I°"
% /-:-:-:-:-:-:-:-:-:y
% / sth-ing . * :
Inner bottom é 22 '-:é:-: ............... o
, A e oetar p
\ < | o025¢, _ \
y, 7
Bottom Transverse

wash bulkhead

Figure 1: Application of sloshing loads due to longitudinal liquid motion

1.3.5 Application of design sloshing pressure due to transverse liquid motion
The design sloshing pressure due to transverse liquid motion, P,,_,, as defined in Ch 4, Sec 6, [6.4.3],
is to be applied to the following members as shown in Figure 2.

a) Longitudinal tight bulkhead.

b) Longitudinal wash bulkhead.

¢) Horizontal stringers on longitudinal tight and wash bulkheads.

d) Plating and stiffeners on the transverse tight bulkheads including stringers and deck within a
distance from the longitudinal bulkhead taken as:

*  0.25by,
* The distance between the longitudinal bulkhead and the first girder if located inside the tank at the
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considered level,

whichever is less.

In addition, the first girder next to the longitudinal tight or wash bulkhead if the girder is located within
0.25b,, from longitudinal bulkhead, as shown in Figure 2, is to be assessed for the reflected sloshing
pressure, P, ., as defined in Ch 4, Sec 6, [6.4.4].

The minimum sloshing pressure, P

> h—min» S defined in Ch 4, Sec 6, [6.2], is to be applied to all other
members.

; 0.25h, _ 025by 025 b,
) T T i
J TN i
AN N\
;:;§§:;;;:;:; e
"

14| sloshing pressure on plating and |«
“!| stiffeners on: i
+.| -transverse butkhead

“+| - longitudingl bulkhead

. - deck

.| Applies within 0.258., or to the
J| first longitudinal girder if this is
¢ less

0.5 Py b1o

......

T H .

g

T

Longitudinal
bulkhaad

Figure 2 : Application of sloshing loads due to transverse liquid motion

1.3.6 Combination of transverse and longitudinal fluid motion

The sloshing pressures due to transverse and longitudinal fluid motion are assumed to act independently.
Structural members are therefore to be evaluated based on the greatest sloshing pressure due to
longitudinal and transverse fluid motion.

1.3.7 Additional sloshing impact assessment

For tanks with effective sloshing breadth, b, greater than 056 B or effective sloshing length, ¢,
greater than 0.13Z, an additional sloshing impact assessment is to be carried out in accordance with the
individual Society' procedures.
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2. Scantling requirements
2.1 Plating

2.1.1 Net thickness

The net thickness of plating, ¢ in ,mm subjected to sloshing pressure is not to be less than:

t= 001580 p |
PV GRy

where:

C, : Permissible bending stress coefficient to be taken as:
C, =[3aaa|;—22| with coefficients defined in Table 1, but not to be taken greater than
Ca—mac

Thy : Hull girder bending stress, in N/mm?®, corresponding to the greatest of the sagging and

hogging bending moment in absolute value.

as specified in [1.3].

E slh—min

P, : The greater of P, ., Py_, or P,

Table 1: Definition g, o, and C,__ ..

Acceptance

o Structural member B, o C
criteria set

a a—mar

Longitudinal strength members in the cargo hold | [ongitudinally stiffened

region including but not limited to: plating 0.9 0.5 0.8
*  Deck.
* Longitudinal plane bulkhead. Transversely or vertically

0.9 1.0 0.8

+ Longitudinal girders and stringers. stiffened plating

AC-S

Other strength members including:

* Transverse plane bulkhead.
* Transverse stringers and web frames. 0.8 0 0.8

* Plating of tank boundaries and primary supporting members outside
the cargo hold region.

2.2 Stiffeners

2.2.1 Net section modulus
The net section modulus, Z in cm®, of stiffeners subjected to sloshing pressure is not to be less than:
Pslhsgzdg
- by bdg C. Ry
where:
Frg : Bending moment factor:

Juy =12 for stiffeners fixed against rotation at each end. This is generally to be applied for
scantlings of all continuous stiffeners.

Juy =8 for stiffeners with one or both ends not fixed against rotation. This is generally to be
applied to discontinuous stiffeners.
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C : Permissible bending stress coefficient to be taken as :

a) For members subject to hull girder stress: coefficient to be taken as defined in Table 2.

b) ¢,=C, .. for other cases.
Py, : The greater of Lo —ngs Pan—1 00 Pyy i
C, .. - Coefficient as defined in Table 3.

as specified in [1.3].

Table 2: Permissible bending stress coefficient C,

. . Stiffener
S f hull gird
beiﬁi?no strl::ss gtlrr e(rl) Latert?l preS(Szl)lre boundary | fhd Coefficient C
g hg acting on condition®
‘U h ‘
C,=p,—a,—%"
F-F 12 s s s R
but not to be taken greater than C,_ .-
Stiffener side C =8 o h,g‘
=0, «
F-S 8 # s SR,y
. but not to be taken greater than C,_ ..
Tension
(positive) S-S 8 C,=C,_ .«
F-F 12 a = GS* max
F - S 8 C; = C;* max
Plate side ‘th‘
C,=p3,—«a '
s _ s 8 S S S i
but not to be taken greater than C,_ .-
F-F 12 C,=C, - max
F-8 8 q = Gsf max
Stiffener side C -5 a ‘Uhg‘
S-S 8 8 s "Ry
but not to be taken greater than C, _ ..
Compression lo hq‘
. C,=p3,—« :
(negative) F-F 12 s s SR,
but not to be taken greater than C,_ ..
Plate side c 3 lo hg‘
=0, — oy
F _ S 8 S S S I
but not to be taken greater than C,_ ..
S-S 8 G = G- max
1) Opg 18 to be considered for the hogging and sagging situations.
?2) For primary supporting members located inside the considered tank and for wash bulkheads, the sloshing
pressure is to be applied both on stiffeners and plate sides.
?3) F - F stands for both ends of the stiffener fixed against rotation.
F - S stands for one end of the stiffener fixed and the other not fixed against rotation.
S - S stands for both ends of the stiffener not fixed against rotation.
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Table 3 : Definition B @ and C._muz

Acceptance Structural member Bs R
criteria set
Longitudinal strength members in the cargo hold Longitudinally
e . .. . - 0.85 1.0 0.75
region including but not limited to: stiffeners

* Deck stiffeners.
» Stiffeners on longitudinal bulkheads.
» Stiffeners on longitudinal girders and

AC-S stringers

Transversely or

vertically stiffeners 0.7 0 07

Other strength members including:
» Stiffeners on transverse bulkheads.
» Stiffeners on transverse stringers and web frames. 0.75 0 0.75
» Stiffeners on tank boundaries and primary supporting members
outside the cargo hold region.

2.3 Primary supporting members

2.3.1 Web plating

The web plating net thickness of primary supporting members, ¢ in mm, is not to be less than:

£=00158ab (| 0
o b CaReH
where:
P, : The greater of P, .. Pu—» Par—wp Pan—ga and Py, as specified in [1.3]. The pressure
is to be calculated at the load application point, defined in Ch 3, Sec 7, [4.1], taking into
account the distribution over the height of the member, as shown in Figure 1 and Figure 2.
C, : Permissible plate bending stress coefficient, as given in [2.1.1].

2.3.2 Stiffeners on web plating

The net section modulus, Z in cm?®, of each individual stiffener on the web plating of primary
supporting members subjected to sloshing pressures is not to be less than:

2
Ps'lh S Zb(]g
f bdg q ReH

where:

Py, : The greater of Py, Pur—ss Pup—wp> Pan-pa and P, as specified in [1.3]. The pressure
is to be calculated at the load application point, defined in Ch 3, Sec 7, [3.2], taking into
account the distribution over the height of the member, as shown in Figure 1 and Figure 2.

th—min

C.

s

: Permissible plate bending stress coefficient, as given in [2.2.1].

oy : Bending moment factor as given in [2.2.1].

2.3.3 Tripping brackets supporting primary supporting members

The net section modulus, Z in cm® in way of the base within the effective length, d, of tripping
brackets and net shear area, A, in cm?®, after deduction of cut-outs and slots, of tripping brackets
supporting primary supporting members is not to be less than:

_ 1000 Pslh Str'ip h2
B 2 C; R(’H

P h

slh strv'p

A, =1
e =0 G,
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where:

Pslh

Strip

h
C.
G

: The greater Of Pslhflngﬂ Pslhftb Pslhfwfﬂ P*Zh*grd and Ps

as specified in [1.3]. The average
pressure may be calculated at mid point of the tripping bracket taking into account the
distribution as shown in Figure 1 and Figure 2.

s th —min

: Mean spacing, between tripping brackets or other primary supporting members or bulkheads,

in m.

: Height of tripping bracket, see Figure 3, in m.
: Permissible bending stress coefficient for tripping brackets to be taken as 0.75.

: Permissible shear stress coefficient for tripping bracket to be taken as 0.75.

The effective breadth of the attached plate to be used for calculating the section modulus of the tripping
bracket is to be taken as h/3.

A
(]
(¥
fr
(&
i
L
L h
L
‘'t
L]
’r
! r
I
L ; Y
¥ Fd 1
I |
I 1
I 1
(-
|
|
- d F |

Figure 3: Effective length of tripping bracket
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Superstructure, Deckhouses and Hull Outfitting

Section 1 Superstructures, Deckhouses and Companionways

Section 2 Bulwark, Guard Rails and Breakwater

Section 3 Equipment

Section 4 Supporting Structure for Deck Equipment and
Fittings

Section 5 Hatchways
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Section 1 - Superstructures, Deckhouses and Companionways

Symbols

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

P : Pressure applied on the considered superstructure side or deck, in kN/m?
P =P, for external decks,
P =P, for unexposed deck,

P =P, for superstructure side.

P, : Lateral pressure for exposed decks, in kN/m? as defined in Ch 4, Sec 5, [2] and in Ch 4,
Sec 5, [4.2].

P, . Lateral pressure for unexposed decks, in kN/m?®, as defined in Ch 4, Sec 6, [5].

Py : Lateral pressure for superstructure side, in kN/m?, as defined in Ch 4, Sec 5, [4.3].

Py : Lateral pressure for side shell plating, in kN/m?® affected by bow impact requirements
according to Ch 4, Sec 5, [3.3.1].

P, : External pressure for end bulkheads of superstructure and deckhouse walls, in kN/m’

according to Ch 4, Sec 5, [4.4.1].

Loy . Effective bending span, in m, as defined in Ch 3, Sec 7.
Lo : Effective shear span, in m, as defined in Ch 3, Sec 7.
c : Coefficient taken as:
¢=0.75 for beams, girders and transverses which are simply supported in one or both ends.
¢=0.55 in other cases.
m, : Coefficient taken as:
. s s 2 . s
m, = 0.204 10001Mg {4— ( IOOOlMg) } with m <1
1. General

1.1 Application

1.1.1

The requirements of this section are applicable to superstructures, deckhouses and companionways, made
of steel. The requirements of Ch 6 apply in addition to those of this section for exposed decks of
superstructure and the side of superstructure or deckhouse when this side is part of the side shell.

1.1.2

For the application of this section, a superstructure is considered being located aft or forward 0.4 L
amidships or having a length of less than 0.15 L.

1.1.3

For the application of this section, the length of a deckhouse located within 0.4 L amidships is
considered not exceeding 0.2 L.
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1.2 Gross scantlings

1.2.1

With reference to Ch 3, Sec 2, [1.1.3], all scantlings and dimensions referred to in [3] are gross.

2. Structural arrangement
2.1 Structural continuity

2.1.1 Bulkheads and sides of deckhouses

The aft, front and side bulkheads are to be effectively supported by under deck structures such as
bulkheads, girders and pillars.

Sides and main longitudinal and transverse bulkheads are to be in line in the wvarious tiers of
deckhouses. Where such arrangement in line is not possible, other effective support is to be provided.

Arrangements are to be made to minimise the effect of discontinuities in erections. All openings cut in
the sides are to be framed and have well-rounded corners. Continuous coamings or girders are to be
fitted below and above doors and similar openings.

2.1.2 Deckhouse corners

At the corners where the deckhouse is attached to the strength deck, attention is to be given to the
arrangements to transmit load into the under deck supporting structure.

2.2 End connections

2.2.1 Deck stiffeners

Transverse beams are to be connected to side frames by brackets according to Ch 3, Sec 6, [3.2].
Beams crossing longitudinal walls and girders may be attached to the stiffeners of longitudinal walls and
the webs of girders respectively by welding without brackets.

2.2.2 Longitudinal and transverse deck girders
Face plates are to be stiffened by tripping brackets according to Ch 3, Sec 6, [4.3].

2.2.3 End connections of superstructure frames

Vertical frames are to be welded to the main frames below, or to the deck under provision of a
sufficient supporting structure.
2.3 Local reinforcement on bulkheads

2.3.1

Local reinforcement is to be provided in way of large openings and areas supporting life saving
appliances or high loads from other equipment, fittings, etc.

3. Scantlings

3.1 Superstructures sides and decks

3.1.1 Exposed sides and exposed deck plating

Exposed sides and exposed deck plating inclusive their supporting structure are to comply with the
requirements given in [3.2.1] to [3.2.5] and bow impact requirements in Ch10, Sec 1, [3.3], if applicable.
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3.1.2 Deck plating of unexposed decks

The deck plating and supporting structures of unexposed decks of superstructures are to comply with
requirements given in [3.2.2] to [3.2.5].

3.2 Deckhouses

3.2.1 Plating
The gross thickness of the plating, ¢, .., in mm, is not to be less than
k .
ooy = 1D ® on first tier.
: Sstd
ks .
t o =T.0 , on second tier.
g Sstd
ks . .
fyr—exp = 654/, on third tier and above.
std
where:
Ss1a : Standard reference spacing of stiffeners or beams, in mm, taken as:

S = 470 +1.67 L,

Where deck is protected by sheathing, the gross thickness of the deck plating may be reduced by 1.5
mm, without being less than 5 mm.

Where sheathing other than wood is used, attention is to be paid that the sheathing does not affect the
steel. The sheathing is to be effectively fitted to the deck.

3.2.2 Deck plating of unexposed decks

The gross thickness of the unexposed deck plating, ¢ in mm, is not to be less than the greater

gr —unexp>

value of:

t =09¢ at the tier considered, and

gr —unexp gr —exp

t 58— + 1) vk but not less than 5.5 mm.

gr —unexp = ( 1000

3.2.3 Beams and stiffeners

The gross section modulus Z,, in cm®, and the gross shear area A in cm?, of transverse beams and

of stiffeners are not to be less than:

gr—sh>

— S 2
Zr = R P o00 b

A =0.05(1 —0817m,) kP l

gr —sh shr

S
1000
3.2.4 Girders and transverses

The gross section modulus Z,, in cm®, and the gross shear area A4 in cm?® of girders and

gr>
transverses are not to be less than:

gr —sh>

Z, =ckPSl,’

A =005 kPS5

gr—sh shr

The girder depth is not to be less than 1/25. The web depth of girders scalloped for continuous deck
beams is to be at least 1.5 times the depth of the deck beams.
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3.2.5 Alternative grillage analysis for girders and transverses

Where arrangements of deck girders and transverses are such that these members act as a grillage
structure, additional analysis may be carried out with a structural model based on the gross scantling.

The resulting stresses are not to exceed the following permissible bending, shear and equivalent stresses,
in N/mm?, taken as:

o, = 150/k
T =100/k
o.. =180/k

eqv

3.3 Deckhouse walls and end bulkheads of superstructure

3.3.1 Application

The requirements in [3.3] apply to end bulkhead of superstructure and deckhouse walls forming the only
protection for openings and for accommodations.

Special consideration may be given to the bulkhead scantlings of deckhouses which do not protect
openings in the freeboard deck, superstructure deck or in the top of a lowest tier deckhouse. Special
consideration may also be given to the bulkhead scantlings of deckhouses which do not protect
machinery casings, provided they do not contain accommodation or do not protect equipment essential to
the operation of the ship.

3.3.2 Plate thickness

The gross thickness of the plating ¢, in mm, is not to be less than the greater of:

gr>

S
fr = 09 To00

kP, +15

L, .
ty = (5.0 + W) Vk , for the lowest tier.

L
by = (4.0 + WQO) Vk , for the upper tiers, without being less than 5.0 mm.

3.3.3 Stiffeners

The gross section modulus Z,, in cm®, of the stiffeners is not to be less than:

%, =035k P, 1?

S
1000
This requirement assumes the webs of lowest tier stiffeners to be efficiently welded to the decks.

Scantlings for other types of end connections are to be specially considered.

The section modulus of deckhouse side stiffeners needs not to be greater than that of side frames on the
deck situated directly below, taking account of spacing s and span I.

3.4 Companionways

3.4.1

The scantlings of companionways are to be determined in accordance with [3.2] and [3.3].
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Section 2 - Bulwark, Guard Rails and Breakwater

1. General requirements

1.1 Application

1141

Bulwarks or guard rails are to be provided at the boundaries of exposed freeboard and superstructure
decks, at the boundary of first tier of deckhouses and at the ends of superstructures.

1.2 Minimum height

1.21

Bulwarks, or guard rails, are to be a minimum of 1.0 m in height, measured above sheathing, and are
to be constructed as required in [2.2] and [3.2]. Where this height would interfere with the normal
operation of the ship, a lesser height may be accepted, on the basis of justifying information to be
submitted.

2. Bulwarks

2.1 General

2.1.1

Plate bulwarks are to be stiffened at the upper edge by a suitable rail and supported either by stays or
plate brackets spaced not more than 2.0 m apart.

The free edge of the stay or the plate bracket is to be stiffened.
2.1.2

Within 0.6 Z amidships, bulwarks are to be arranged to ensure that they are free from hull girder
stresses.

213
Bulwarks are to be adequately strengthened and increased in thickness in way of mooring pipes.

Cut-outs in bulwarks for gangways or other openings are to be kept clear of breaks of superstructures.

21.4

Bulwark plating and stays are to be adequately strengthened in way of eye plates used for shrouds or
other tackles in use for cargo gear operation, as well as in way of hawser holes or fairleads provided
for mooring or towing.

2.1.5

Openings in bulwarks are to be arranged so that the protection of the crew is to be at least equivalent
to that provided by the horizontal courses in [3.2.2].

For this purpose, vertical rails or bars spaced approximately 230 mm apart may be accepted in lieu of
rails or bars arranged horizontally.

2.1.6

Where mooring fittings subject the bulwark to large forces, the stays are to be adequately strengthened.
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2.2 Construction of bulwarks

2.2.1 Plating

The gross thickness of bulwark plating, at the boundaries of exposed freeboard and superstructure decks,
is not to be less than that given in Table 1.

Table 1: Height of bulwark Gross thickness

Height of bulwark Gross thickness

Thickness required for a superstructure side in the same position,

1.8 m or more obtained from Ch 11, Sec 1, [3.2.1], but not to be less than 6.5 mm

1.0 m 6.5 mm

Intermediate height To be determined by linear interpolation

2.2.2 Stays

The gross section modulus of stays, Z,,, . in cm®, is not to be less than:

Zstay*gr =17 hl)lwk2 sstuy

Where:

P : Height of bulwark from the top of the deck plating to the top of the rail, in m.

s : Spacing of the stays, in m.

stay

In the calculation of the section modulus, only the material connected to the deck is to be included. The
bulb or flange of the stay may be taken into account where connected to the deck. Where the bulwark
plating is connected to the sheer strake, a width of attached plating, not exceeding 600 mm, may also
be included.

2.2.3

Where bulwarks are cut completely, stays or plate brackets of increased strength are to be fitted at the
ends of openings.

Bulwark stays are to be supported by, or are to be in line with, suitable under deck stiffening. The
stiffening is to be connected by double continuous fillet welds in way of bulwark stay connections.

2.2.4

At the ends of superstructures and for the distance over which their side plating is tapered into the
bulwark, the latter is to have the same thickness as the side plating. Where openings are cut in the
bulwark at these positions, adequate compensation is to be provided either by increasing the thickness of
the plating or by other suitable means.

3. Guard rails
3.1 General

3.1.1

Where superstructures are connected by trunks, open rails are to be fitted for the whole length of the
exposed parts of the freeboard deck.
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3.2 Construction of guard rails

3.2.1
Stanchions of guard rails are to comply with the following requirements:
a) Fixed, removable or hinged stanchions are to be fitted approximately 1.5 m apart.
b) At least every third stanchion is to be supported by a bracket or stay.
¢) Removable or hinged stanchions are to be capable of being locked in the upright position.

d) In the case of ships with rounded sheer strake, the stanchions are to be placed on the flat of the
deck.

e) In the case of ships with welded sheer strake, the stanchions are not to be attached to the sheer
strake, upstand or a continuous gutter bar.

3.2.2

The size of openings, below the lowest course of rails and the deck or upstand, is to be a maximum of
230 mm. The distance between other courses is not to be greater than 380 mm.

3.2.3

Wire ropes may be accepted, in lieu of guard rails, only in special circumstances and then only in
limited lengths. In such cases, they are to be made taut by means of turnbuckles.

3.2.4

Chains may be accepted, in lieu of guard rails, only where they are fitted between two fixed stanchions
and/or bulwarks. if the opening is wide, the chains are to be fitted with vertical courses to prevent the
horizontal courses from spreading apart.

4. Breakwater

4.1 General

4.1.1 Arrangement
If cargo is intended to be carried on deck forward of 0.85L, a breakwater or an equivalent protecting
structure (e.g. whaleback or turtle deck) is to be installed.
4.1.2 Dimensions of the breakwater
a) The recommended height of the breakwater is as following.

h, = 0.8(bc,—z) (m) (h =0.6(bc,—2) )

w_min

where

z : the vertical distance (m) between the summer load line and the bottom line of the breakwater.
[ L 045 ]2

b=1.04+2.75 T 02 (06 < Cp<038)

z : distance (m) from aft end of L to breakwater

¢, : Wave coefficient

300 — L \*?
10.75 — L <
0.75 ( 100 ) where 300 m
10.75 where 300 < L < 350 m
_ 1.5
10.75 — ( L 15300) where 350 < L < 500 m
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The average height of whalebacks or turtle decks has to be determined analogously according to
Figure 1.

b) The breakwater has to be at least as broad as the width of the area behind the breakwater,

intended for carrying deck cargo.

) 1 1 R
\

e

N

-]

Figure 1: Whaleback

4.1.3 Cutouts

Cutouts in the webs of primary supporting members of the breakwater are to be reduced to their
necessary minimum. Free edges of the cutouts are to be reinforced by stiffeners. If cutouts in the plating
are provided to reduce the load on the breakwater, the area of single cutouts should not exceed 0.2 m?
and the sum of the cutout areas not 3 % of the overall area of the breakwater plating.

4.1.4 Loads
a) The loads for dimensioning are to be determined according to following formula.

py=nclbe, —2) (kN/m?)

p, is not to be less than following values

L
25 + 0 where L <250 m
50 where L > 250 m

n =10+ L/20 where L <300 m, if Z is greater than 300 m, Z is to be taken as 300 m

¢ =sine, (o, 1S to be determined on centre line)

4.1.5 Plate thickness and stiffeners

a) The plate thickness has to be determined according to following formula.

b)

460

t=1t+t, (mm)
£ =09s/p, K
t, =15 where ' < 10 mm

0.1¢'/vK + 0.5 where ¢t > 10 mm

18

min = (5.0 + 10%)\/? (mm) (where L <300 m, if L is greater than 300 m, L is to be taken

as 300 m)

t

The section modulus of stiffeners are to be calculated according to following formula. Stiffeners
are to be connected on both ends to the structural members supporting them.

Z=0.355"p,; K(cm®)
! :span(m) of stiffeners
s : spacing (m) of stiffeners

For whalebacks with an inclining angle «, of less than 20° the scantlings of plates and stiffeners
are to be in accordance with the discretion of the Society.
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4.1.6 Primary supporting members
For primary supporting members of the structure, a stress analysis has to be carried out. The permissible
equivalent stress, o,is 230/K (kN/m?).

4.1.7 Proof of buckling strength
Structural members' buckling strength has to be proved according to Ch 8, Sec 5.
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Section 3 - Equipment

Symbols

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

1. General
1.1 Application

1.1.1

The anchoring equipment specified in this section is intended for temporary mooring of a ship within a
harbour or sheltered area when the ship is awaiting berth, tide, etc.

1.1.2

The equipment specified is not intended to be adequate to hold a ship off fully exposed coasts in rough
weather or to stop a ship that is moving or drifting. In such a condition, the loads on the anchoring
equipment increase to such a degree that its components may be damaged or lost.

1.1.3

The Equipment Number (EN) formula for anchoring equipment is based on an assumed maximum current
speed of 2.5 m/s, maximum wind speed of 25 m/s and a minimum scope of chain cable of 6, the scope
being the ratio between the length of chain paid out and the water depth. For ships with length greater
than 135 m, alternatively the required anchoring equipment can be considered applicable to a maximum
current speed of 1.54 m/s, a maximum wind speed of 11 m/s and waves with maximum significant
height of 2 m.

It is assumed that under normal circumstances a ship uses only one bow anchor and chain cable at a
time.

2. Equipment number calculation
2.1 Requirements

2.1.1

Anchors and chains are to be in accordance with Table 1 and the quantity, mass and sizes of these are
to be determined by the equipment number ( EV), given by:

EN=AY4+2Bh+01A4

Where:

h . Effective height, in m, from the summer load waterline to the top of the uppermost house, to
be obtained in accordance with the following formula:
h = hpp + Z h.,
When calculating %, sheer and trim are to be disregarded. For the lowest tier h is to be
measured at centreline from the upper deck or from a notional deck line where there is local
discontinuity in the upper deck, as shown in Figure 1.

hp : Freeboard amidships from the summer load waterline to the upper deck, in m.
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h : Height, in m, at the centreline of superstructure or of deckhouse tier ‘n’ having a breadth
greater than B/4. Where a house having a breadth greater than B/4 is above a house with a
breadth of B/4 or less, the upper house is to be included and the lower ignored.

A . Side projected area, in m® of the parts of the hull, superstructures and houses above the
summer load waterline which are within the length L and also have a breadth greater than
B/4.

Fixed screens or bulwarks 1.5m or more in height are to be regarded as parts of houses when
determining h and A. In particular, the hatched area shown in Figure 2 is to be included.

The height of hatch coamings and that of any deck cargo, such as containers, may be disregarded when
determining h and A.

2.1.2

For ships with EN greater than 16000, the determination of the equipment will be considered by the
Society on a case-by-case basis.

Notional
hy. deck line.

Upper deck.

e i Hrs

Summer Load waterline.

Figure 1 : Measurement of heights

Figure 2 : Profile areas of screens and bulwarks
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Table 1 : Equipment - Bower Anchors and Chain Cables

Ch11,Sec 3

Equipment number Stockless bower anchors Chain cable stud link bower chain
Mass Diameter, in mm
Greater than Equal to or Number per anchor Lffngth, Normal High Extra high
less than of anchors'" . ’ n m trength steel | strength steel | strength steel
in kg streng gt gt
(Gradel) (Grade2) (Grade3)

150 175 2 480 275 22 19 *
175 205 2 570 302.5 24 20.5 *
205 240 2 660 302.5 26 22 20.5
240 280 2 780 330 28 24 22
280 320 2 900 357.5 30 26 24
320 360 2 1020 357.5 32 28 24
360 400 2 1140 385 34 30 26
400 450 2 1290 385 36 32 28
450 500 2 1440 412.5 38 34 30
500 550 2 1590 412.5 40 34 30
550 600 2 1740 440 42 36 32
600 660 2 1920 440 44 38 34
660 720 2 2100 440 46 40 36
720 780 2 2280 467.5 48 42 36
780 840 2 2460 467.5 50 44 38
840 910 2 2640 467.5 52 46 40
910 980 2 2850 495 54 48 42
980 1060 2 3060 495 56 50 44
1060 1140 2 3300 495 58 50 46
1140 1220 2 3540 522.5 60 52 46
1220 1300 2 3780 522.5 62 54 48
1300 1390 2 4050 522.5 64 56 50
1390 1480 2 4320 550 66 58 50
1480 1570 2 4590 550 68 60 52
1570 1670 2 4890 550 70 62 54
1670 1790 2 5250 577.5 73 64 56
1790 1930 2 5610 577.5 76 66 58
1930 2080 2 6000 571.5 78 68 60
2080 2230 2 6450 605 81 70 62
2230 2380 2 6900 605 84 73 64
2380 2530 2 7350 605 87 76 66
2530 2700 2 7800 632.5 90 78 63
2700 2870 2 8300 632.5 92 81 70
2870 3040 2 8700 632.5 95 84 73
3040 3210 2 9300 660 97 84 76
3210 3400 2 9900 660 100 87 78
3400 3600 2 10500 660 102 90 78
3600 3800 2 11100 687.5 105 92 81
3800 4000 2 11700 687.5 107 95 84
4000 4200 2 12300 687.5 111 97 87
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Ch11,Sec3

Equipment number Stockless bower anchors Chain cable stud link bower chain
Diameter, in mm
G Equal to or Number Mass Length, Normal High Extra high
reater than less than of anchors" per‘ anchor, in m t th steel t th steel t th steel
in kg strength steel | strength steel | strength stee
(Gradel) (Grade2) (Grade3)
4200 4400 2 12900 715 114 100 87
4400 4600 2 13500 715 117 102 90
4600 4300 2 14100 715 120 105 92
4800 5000 2 14700 742.5 122 107 95
5000 5200 2 15400 742.5 124 111 97
5200 5500 2 16100 742.5 127 111 97
5500 5800 2 16900 742.5 130 114 100
5800 6100 2 17800 742.5 132 117 102
6100 6500 2 18800 742.5 * 120 107
6500 6900 2 20000 770 * 124 111
6900 7400 2 21500 770 * 127 114
7400 7900 2 23000 770 * 132 117
7900 8400 2 24500 770 * 137 122
8400 8900 2 26000 770 * 142 127
8900 9400 2 27500 770 * 147 132
9400 10000 2 29000 770 * 152 132
10000 10700 2 31000 770 * * 137
10700 11500 2 33000 770 * * 142
11500 12400 2 35500 770 * * 147
12400 13400 2 38500 770 * * 152
13400 14600 2 42000 770 * * 157
14600 16000 2 46000 770 * * 162
() Spare anchors are not included in the number of required anchors.
Note 1:  “*’ chain grade not to be used at this diameter.
3. Anchoring equipment
3.1 General
3.1.1 General
Two bower anchors are to be connected to chain cable and stowed in position ready for use.
3.1.2 Design

The anchors are to be of an approved type and satisfy the testing conditions as per the Society’s
requirements.

3.2 Ordinary anchors

3.2.1 Anchor mass

The mass per anchor of bower anchors given in Table 1 is for anchors of equal mass. The mass of
individual anchors may vary 7 % above or below the tabulated value, provided that the combined mass
of all anchors is not less than that required for anchors of equal mass.

Anchors are to be of the stockless type. The mass of the head of anchor, including pins and fittings, is
not to be less than 60 % of the total mass of the anchor.
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3.3 High Holding Power anchors

3.3.1 General

Where agreed by the owner, consideration will be given to the use of special types of anchors. High
Holding Power (HHP), i.e. anchors for which a holding power higher at least twice that of ordinary
anchors has been proved according to the applicable requirements of Pt 4, do not require prior adjustment
or special placement on the sea bottom.

3.3.2 HHP anchor mass

Where HHP anchors are used as bower anchors, the mass of each anchor is to be not less than 75 %,
of the mass required for ordinary stockless anchors in Table 1.

3.3.3 Application

High holding power anchors are to be of a design that will ensure that the anchors will take effective
hold of the sea bed without undue delay and will remain stable, for holding forces up to those required
by the Society, irrespective of the angle or position at which they first settle on the sea bed when
dropped from a normal type of hawse pipe. A demonstration of these abilities may be required.

The design approval of high holding power anchors may be given as a general/type approval, and listed
in a published document by the Society.

3.4 Chain cables

3.4.1 General

The chain cables are classified as Grade 1, 2 or 3 depending on the type of steel used and its
manufacture.

The characteristics of the steel used and the method of manufacture of chain cables are to be approved
by the Society for each manufacturer. The material from which chain cables are manufactured and the
completed chain cables themselves are to be tested in accordance with the applicable requirements of Pt4.

Chain cables which are intended to form part of the equipment are not to be used as check chains
when the ship is launched.
3.4.2 Application

The total length of chain required to be carried onboard, as given in Table 1, is to be divided
approximately equally between the two anchors.

Where the owner requires equipment for anchoring at depths greater than 82.5m, it is the owner’s
responsibility to specify the appropriate total length of the chain cable required. In such a case,
consideration can be given to dividing the chain cable into two unequal lengths.

3.5 Chain lockers and stowed anchors

3.5.1 General

The chain locker is to have adequate capacity and be of a suitable form to provide for the proper
stowage of the chain cable, allowing an easy direct lead for the cable into the chain pipes when the
cable is fully stowed. Port and starboard cables are to have separate spaces.

The chain locker boundaries and access openings are to be watertight. Provisions are to be made to
minimise the probability of the chain locker being flooded in bad weather. Adequate drainage facilities
for the chain locker are to be provided.

Chain or spurling pipes are to be of suitable size and provided with chafing lips.
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3.5.2 Securing of the inboard ends of chain cables

Provisions are to be made for securing the inboard ends of the chain to the structure. This attachment
and its supporting structure are to be able to withstand a force of not less than 15% or more than 30
% of the minimum breaking strength of the fitted chain cable.

The fastening of the chain to the ship is to be arranged in such a way that in case of an emergency,
when the anchor and chain have to be sacrificed, the chain can be readily released from an accessible
position outside the chain locker.

3.5.3 Securing of stowed anchors

Anchor lashings are to be designed to resist a load at least corresponding to twice the anchor mass plus
10 m of cable without exceeding 40 % of the yield strength of the lashing material.

3.6 Chain stoppers

3.6.1 General

Chain stoppers are to be provided to secure each chain cable once it is paid out.

3.6.2 Application

Securing arrangements of chain stoppers are to be capable of withstanding a load equal to 80% of the
breaking load of the chain cable as required by [3.4.1], without undergoing permanent deformation.

3.7 Windlass

3.7.1 General

A windlass of sufficient power and suitable for the size of chain is to be fitted to the ship in
accordance with Pt 5. Where an owner requires equipment significantly in excess of Rule requirements,
it is the owner’s responsibility to specify increased windlass power.

The windlass is to be capable of heaving in either cable.

3.7.2 Application

The design of the windlass is to be such that access to the chain pipe is adequate to permit the fitting
of a cover or seal of sufficient strength over the spurling pipe.

Special consideration will be given to the acceptance of equivalent arrangements that minimise the
probability of the chain locker or forecastle being flooded.

3.7.3 Anchor windlass trial
Each windlass is to be tested under working conditions after installation onboard to demonstrate
satisfactory operation. Each unit is to be independently tested for the following:

a) Braking.

b) Clutch functioning.

¢) Lowering and hoisting of chain cable and anchor.

d) Proper riding of the chain over the chain lifter.

e) Proper transit of the chain through the hawse pipe and the chain pipe.

f) Effecting proper stowage of the chain and the anchor.

During trials onboard ship, the windlass is to be shown to:

a) For all specified design anchorage depths, raise the anchor from a depth of 82.5m to a depth of
27.5m at a mean speed of 9 m/min.
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b) For specified design anchorage depths greater than 82.5 m, in addition to (a), raise the anchor from
the specified design anchorage depth to a depth of 82.5m at a mean speed of 3 m/min.

c¢) Where the depth of the water in the trial area is inadequate, suitable equivalent simulating
conditions will be considered as an alternative.

3.8 Hawse pipes

3.8.1 General
Hawse pipes are to be of a suitable size and configuration to ensure adequate clearance and an easy
lead of the chain cable from the chain stopper through the ship’s side.

Hawse pipes are to be of sufficient strength.

Their position and slope are to be so arranged as to create an easy lead for the chain cables and
efficient housing for the anchors, where the latter are of the retractable type, avoiding damage to the
hull during these operations.

For this purpose, chafing lips of suitable form with ample lay-up and radius adequate to the size of the
chain cable are to be provided at the shell and deck. The shell plating in way of the hawse pipes is to
be reinforced as necessary.

Where hawse pipes are not fitted, alternative arrangements will be specially considered.

3.8.2 Application

Hawse pipes are to be securely attached to thick, doubling or insert plates, by continuous welds.

3.8.3 Stowage and deployment arrangements for anchors

Hawse pipes and anchor pockets are to have full-rounded flanges or rubbing bars in order to minimise
the nip on the cables and to minimise the probability of cable links being subjected to high bending
stresses. The radius of curvature is to be such that at least three links of chain will bear simultaneously
on the rounded parts of the upper and lower ends of the hawse pipes in those areas where the chain
cable is supported during paying out and hoisting and when the ship is at anchor.

On ships provided with a bulbous bow, where it is not possible to obtain a suitable clearance between
shell plating and the anchors during anchor handling, local reinforcements of the bulbous bow are to be
provided in the form of increased shell plate thickness.

3.9 Towlines and mooring line

3.9.1 General
Mooring lines and towlines are not required as a condition of Classification.
The designer is to provide the following information:
* Towing line:
° Length, in m,
o Breaking strength, in kN.
*  Mooring lines:
o Number
o Length of each, in m,
° Breaking strength, in kN.

Side projected area including that of deck cargoes as given by the loading manual is to be taken into
account for selection of towing/mooring lines.
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Section 4 - Supporting Structure for Deck Equipment and Fittings

Symbols
For symbols not defined in this section, refer to Ch 1, Sec 4.
SWL  : Safe working load as defined in [4.1.4].

Normal stress : The sum of bending stress and axial stress with the corresponding shearing stress acting
perpendicular to the normal stress.

1. General

1.1 Application

1.1.1

Information pertaining to the supporting structure for deck equipment and fittings, as listed in this
section, is to be submitted for approval.

This section includes scantling requirements to the supporting structure and foundations of the following
pieces of equipment and fittings:

a) Anchor windlasses.

b) Anchoring chain stoppers.

¢) Mooring winches.

d) Deck cranes, derricks and lifting masts.

e) Bollards and bitts, fairleads, stand rollers, chocks and capstans.

1.1.2

Where deck equipment is subject to multiple load cases, such as operational loads and green sea load,
the loads are be applied independently for the evaluation of strength of foundations and support structure.

1.2 Documents to be submitted

1.2.1
The documents to be submitted are indicated in Ch 1, Sec 3.

2. Anchoring windlass and chain stopper

2.1 General

2.1.1
The windlass is to be efficiently bedded and secured to the deck.

2.1.2

The builder and the windlass manufacturer are to ensured that the foundation is suitable for the safe
operation and maintenance of the windlass equipment.

213

The supporting structure is to be dimensioned to ensure that for each of the load scenarios specified in
[2.1.5] and [2.1.6], the stresses do not exceed the permissible values given in [2.1.12] to [2.1.15].
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21.4

These requirements are to be assessed based on net scantlings.

215
The following load cases are to be examined for the anchoring operation, as appropriate:

a) Windlass where chain stoppers are fitted but not attached to the windlass: 45% of BS.

b) Windlass where no chain stoppers is fitted or the chain stopper is attached to the windlass: 80%
of BS.

¢) Chain stopper: 80 % of BS.

where:
BS : Minimum breaking strength of the chain cable.
2.1.6

The following forces are to be applied in the independent load cases that are to be examined for the
design loads due to green sea over the forward 0.25 L, see Figure 1:

P, = 200 A,, in kN, acting normal to the shaft axis.

P, =150 4, f, in kN, acting parallel to the shaft axis (inboard and outboard directions to be examined

separately).
where:
A, : Projected frontal area, in m”.
A, : Projected side area, in m’.
f : Coefficient taken as:

f=1+B,/H, but not to be taken greater than 2.5.
B, : Breadth of windlass measured parallel to the shaft axis, in m, see Figure 1.

H : Overall height of windlass, in m, see Figure 1.

Forward
>

Centreline of vessel

Centreline of windlass

Figure 1: Directions of forces and weight

21.7

Forces resulting from green sea design loads in the bolts, chocks and stoppers securing the windlass to
the deck are to be calculated. The windlass is supported by a number of bolt groups, N, each containing
one or more bolts. See Figure 2.
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P

Centreline of windlass

Centreline of
bolt groups

Figure 2: Bolting arrangements and sign conventions

2.1.8

The axial forces, R,; and R, in bolt group (or bolt) 4, positive in tension, are given by:

yis
R, :thxiAi/]z
Ryi :Py hyf Ai/j.;/

Ri, = R:I'i +Rg/’i 7Rs1

where:

P, : Force acting normal to the shaft axis, in kN.

P, : Force acting parallel to the shaft axis, either inboard or outboard, whichever gives the greater
force in bolt group i, in kN.

h : Shaft centre height above the windlass mounting, in cm, see Figure 1.

T,y .z and y coordinates of bolt group i from the centroid of all N bolt groups, in cm. Positive
in the direction opposite to that of the applied force.

A, : Cross sectional area of all bolts in group i, in cn’.

A : Inertia in x direction for N bolt groups, in cm*, taken as:
L= 4]

I : Inertia in y direction for N bolt groups, in cm’, taken as:
L= 4y}

R, : Static reaction at bolt group i, due to the weight of windlass, in kN.

21.9

The shear forces, F,, and F,,;, applied to the bolt group i, and the resultant combined force F;, are

given by:

B = (Py_ Clmg)/N

Fi: VF112+Fy72
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where:

C : Coefficient of friction, taken equal to 0.5.

m : Mass of windlass, in t.

g : Acceleration due to gravity, taken equal to 9.81 m/s”.

N : Number of bolt groups.

2.1.10

The resultant forces from the application of the loads specified in [2.1.5] and [2.1.6] are to be
considered in the design of the supporting structure.

2.1.11

Where a separate foundation is provided for the windlass brake, the distribution of resultant forces is to
be calculated on the assumption that the brake is applied for load cases (a) and (b) defined in [2.1.5].

2.1.12
The stresses resulting from anchoring design loads induced in the supporting structure are not to be
greater than the following permissible values:

* Normal stress, 1.00 R, ,

* Shear stress, 0.6 R,

21.13

The tensile axial stresses resulting from green sea design loads in the individual bolts in each bolt group
i are not to exceed 50 % of the bolt proof strength. The load is to be applied in the direction of the
chain cable. Where fitted bolts are designed to support shear forces in one or both directions, the von
Mises equivalent stresses are not to exceed 50 % of the bolt proof strength.

2.1.14

The horizontal forces resulting from the green sea design loads, £,

chocks. Where pourable resins are incorporated in the holding down arrangements, due account is to be
taken in the calculation.

2.1.15

The stresses resulting from green sea design loads induced in the supporting structure are not to be
greater than the following permissible values:

and F,, may be supported by shear

* Normal stress, 1.00 =,
* Shear stress, 0.6 R,

3. Mooring winches
3.1 General

3.1.1

Mooring winches are to be efficiently bedded and secured to the deck.

3.1.2 Foundation

The builder and mooring winch manufacturer are to ensured that the foundation is suitable for the safe
operation and maintenance of the mooring winch equipment.

3.1.3 Rated pull

The Rated Pull is defined as the maximum load which the mooring winch is designed to exert during
operation.
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3.1.4 Holding load

The Holding Load is defined as the maximum load which the mooring winch is designed to resist
during operation and is to be taken as the design brake holding load or equivalent.

3.1.5 Supporting structure

The supporting structure is to be dimensioned to ensure that for each of the load cases specified in
[3.1.7], the stresses do not exceed the permissible values given in [2.1.12].

For mooring winches situated within the forward 0.25 L, the supporting structure is to be dimensioned to
ensure that for the load case specified in [2.1.6], the stresses do not exceed the permissible values given
in [2.1.13] to [2.1.15].

3.1.6 Corrosion model

These requirements are to be assessed based on net scantlings.

3.1.7

Each of the following load cases are to be examined for design loads due to mooring operation:
a) Mooring winch at maximum pull: 100 % of the Rated Pull.
b) Mooring winch with brake effective: 100 % of the Holding Load.

¢) Line strength: 125 % of the breaking strength of the mooring line provided by the designer (refer
to Sec 3, [3.9]).

Rated pull and holding load are defined in [3.1.3] and [3.1.4]. The design load is to be applied through
the mooring line according to the arrangement shown on the mooring arrangement plan.

3.1.8

For mooring winches situated within the forward 0.25 L, the resultant forces in the bolts obtained from
green sea design loads are to be calculated in accordance with [2.1.6] to [2.1.9].

3.1.9

Where a separate foundation is provided for the mooring winch brake, the distribution of resultant forces
is to take into account of the different load path. The brake is only to be considered in relation to the
forces in [3.1.7] item (b).

4. Cranes, derricks, lifting masts and life saving appliances

4.1 General

4.1.1

Supporting structure of life saving appliances and supporting structures of cranes, derricks and lifting
masts with a Safe Working Load greater than 30 kN, or a maximum overturning moment to the
supporting structure greater than 100 kNm, are to comply with these requirements.

4.1.2

These requirements apply to the connection to the deck and the supporting structure of cranes, derricks
and lifting masts. Where the crane, derrick or lifting mast is to be certified by the Society, additional
requirements may be applied by the Society.

41.3

These requirements do not cover the following items:

a) Supports of lifting appliances for personnel or passengers, except foundation for life saving
appliances.
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b) The structure of the lifting appliance pedestals or post above the area of the deck connection.
¢) Holding down bolts and their arrangement, which are considered part of the lifting appliance.
The term ‘lifting appliance’ is defined as a crane, derrick or lifting mast.

4.1.4 SWL definition

The Safe Working Load (SWL) is defined as the maximum load which the lifting appliance is certified
to lift at any specified outreach.

4.1.5 Self weight

The self weight is the calculated gross self weight of the lifting appliance, including the weight of any
lifting gear.

4.1.6 Overturning moment

The overturning moment is the maximum bending moment, calculated at the connection of the lifting
appliance to the ship structure, due to the lifting appliance operating at Safe Working Load, taking into
account outreach and self weight.

4.1.7

The crane pedestal and derrick mast are as defined in Figure 3.

Derrick
pedestal mast N

Deck

Figure 3: Crane pedestal and derrick mast

4.1.8

Deck plating and under deck structure is to provide adequate support for derrick masts and crane
pedestals against the loads and maximum overturning moment. Where the deck is penetrated, the deck
plating is to be suitably strengthened.

41.9
Structural continuity of the deck structure is to be maintained.
Under deck members are to be provided to support the crane pedestal and to comply with:

a) Where the pedestal is directly connected to the deck, without above deck brackets, adequate under
deck structure directly in line with the crane pedestal is to be provided. Where the crane pedestal
is attached to the deck without bracketing or where the crane pedestal is not continuous through
the deck, welding to the deck of the crane pedestal and its under deck support structure is to be
made by suitable full penetration welding. The design of the weld connection is to be adequate for
the calculated stress in the welded connection, in accordance with [4.1.15].
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b) Where the pedestal is directly connected to the deck with brackets, under deck support structure is
to be fitted to ensure a satisfactory transmission of the load, and to avoid structural hard spots.
Above deck brackets may be fitted inside or outside of the pedestal and are to be aligned with
deck girders and webs. The design is to avoid stress concentrations caused by an abrupt change of
section. Brackets and other direct load carrying structure and under deck support structure are to be
welded to the deck by suitable full penetration welding. The design of the connection is to be
adequate for the calculated stress, in accordance with [4.1.15].

4.1.10

Deck plating are to be of a material strength compatible with the crane pedestal. Where necessary, a
thicker insert plate is to be fitted. In no case are doublers to be used where structures are subject to
tension.

4.1.11

The supporting structure is to be dimensioned to ensure that for the load cases specified in [4.1.13] and
[4.1.14], the stresses do not exceed those given in [4.1.15].

The capability of the supporting structure to resist buckling failure is to be assured.

4112

These requirements are to be assessed based on gross scantlings.

4.1.13

For lifting appliances which are limited to use in harbour, design load is to be taken equal to 1.3 times
SWL added to the lifting appliances self weight.

4.1.14
For life saving appliances, design load is to be taken as 2.2 times SWL.

4.1.15
The stresses induced in the supporting structure are not to exceed the following permissible values:

* Normal stress, 0.67 R_,
* Shear stress, 0.39 R,

5. Bollards and bitts, fairleads, stand rollers, chocks and capstans
5.1 General

5.1.1

Article 5 provides requirements applicable to the design and construction of shipboard fittings and
supporting structures used for the normal towing at bow, side and stern and mooring operations as well
as the strength of supporting structures of winches and capstans.

Normal towing means towing operations necessary for manoeuvring in ports and sheltered waters
associated with the normal operations of the ship.

Where a ship is equipped with shipboard fittings intended to be used for other towing services, the
strength of these fittings and their supporting structures are to comply with the requirements of this
Article.

5.1.2

Article 5 is not applicable to design and construction of shipboard fittings and supporting structures used
for special towing services defined as:
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a) Escort towing: Towing service required in specific estuaries. Its main purpose is to control the ship
in case of failures of the propulsion or steering system.

b) Canal transit towing: Towing service for ships transiting, e.g. the Panama Canal. It should be
refereed to local canal transit requirements.

5.1.3

Where fairleads are fitted in bulwarks, the thickness of bulwarks may need to be increased. See Ch 11,
Sec 2, [2.2].

5.1.4

The supporting structure is to be dimensioned to ensure that for the loads specified in [5.2.1] to [5.3.1],
the stresses do not exceed the permissible values given in [5.5].

The capability of the structure to resist buckling failure is to be assured according to Ch 8.
5.1.5

These requirements are to be assessed based on net scantlings.

5.2 Towing

5.2.1 Towing design loads

The minimum design load applied to supporting structures for shipboard fittings is not to be less than
the following values:

a) For normal towing operations, 125 % of the intended maximum towing load (static bollard pull) as
indicated on the towing and mooring arrangements plan,
b) For other towing service, the minimum breaking strength of the tow line provided by the designer
(refer to Sec 3, [3.9]),
¢) For fittings intended to be used for, both, normal and other towing operations, the greater of the
design loads according to a) and b).
When a safe towing load, TOW, greater than the value determined according to [5.2.4] is provided by
the designer, the design load is to be increased in accordance with the appropriate TOW/design load
relationship given in [5.2.1] and [5.2.4].

The design load is to be applied to fittings in all directions that may occur by taking into account the
arrangement shown on the towing and mooring arrangements plan. Where the towing line takes a turn at
a fitting the total design load applied to the fitting is equal to the resultant of the design loads acting
on the line (see Figure 4). However, the design load applied to the fitting needs not to be greater than
twice the design load of the line.

Figure 4: Design load on fitting
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5.2.2 Shipboard fittings
Shipboard fittings may be selected from an industry standard accepted by the Society and at least based
on the following loads.
a) For normal towing operations, the intended maximum towing load (static bollard pull) as indicated
on the towing and mooring arrangements plan,
b) For other towing service, the minimum breaking strength of the tow line provided by the designer
(refer to Sec 3, [3.9]),
¢) For fittings intended to be used for, both, normal and other towing operations, the greater of the
loads according to a) and b).

Towing bitts (double bollards) may be chosen for the towing line attached with eye splice if the
industry standard distinguishes between different methods to attach the line, i.e. figure-of-eight or eye
splice attachment.

When the shipboard fitting is not selected from an accepted industry standard, the strength of the fitting
and of its attachment to the ship is to be in accordance with the requirements of this Article.

Towing bitts (double bollards) are required to resist the loads caused by the towing line attached with
eye splice.
5.2.3 Towing force acting point

The acting point of the towing force on shipboard fittings is to be taken at the attachment point of a
towing line or at a change in its direction. For bollards and bitts the attachment point of the towing line
is to be taken not less than 4/5 of the tube height above the base (see Figure 5).

DESIGN LOAD ON LINE

‘ \ )
|

H
H4/5

1" =

Eye Splice

Figure 5: Attachment point of the towing line

5.2.4 Safe Towing Load (TOW)
The Safe Towing Load (TOW), in t, is the load limit for towing purpose.
The following requirements for Safe Towing Load (TOW) apply for the use with no more than one line.
If not otherwise chosen, for towing bitts (double bollards) TOW is the load limit for a towing line
attached with eye-splice.
a) TOW used for normal towing operations is not to exceed 80 % of the design load given in [5.2.1]a).
b) TOW used for other towing operations is not to exceed 80 % of the design load given in [5.2.1]b).

¢) For fittings used for both normal and other towing operations, the greater of the safe towing loads
in @) and b) above is to be used.

d) For fittings intended to be used for, both, towing and mooring, [5.3] applies to mooring.
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TOW of each shipboard fitting is to be marked by weld bead or equivalent, on the deck fittings used
for towing.

For fittings intended to be used for, both, towing and mooring, SWL, in t, according to [5.3.4] is to be
marked in addition to TOW.

5.3 Mooring

5.3.1 Mooring design loads

The minimum design load applied to supporting structures for shipboard fittings is not to be less than
115 % of the minimum breaking strength of the mooring line provided by the designer (refer to Sec 3,
[3.9])

The minimum design load applied to supporting structures for winches is not to be less than 125 % of
the intended maximum brake holding load, where the maximum brake holding load is to be assumed not
less than 80 % of the minimum breaking strength of the mooring line provided by the designer (refer to
Sec 3, [3.9]).

The minimum design load for the supporting structure for capstans is to taken as 125% of the
maximum hauling in force.

When a safe working load SWL greater than the value determined according to [5.3.4] is provided by
the designer, the design load is to be multiplied by the ratio SWL/design load , where the design load
is given above as appropriate.

The design load is to be applied to fittings in all directions that may occur by taking into account the
arrangement shown on the towing and mooring arrangements plan. Where the mooring line takes a turn
at a fitting the total design load applied to the fitting is equal to the resultant of the design loads acting
on the line (See Figure 4). However, the design load applied to the fitting needs not to be greater than
twice the design load on the line.

5.3.2 Shipboard fittings

Shipboard fittings may be selected from an industry standard accepted by the Society and at least based
on the minimum breaking strength of the mooring line provided by the designer (refer to Sec 3, [3.9]).

Mooring bitts (double bollards) are to be chosen for the mooring line attached in figure-of-eight fashion
if the industry standard distinguishes between different methods to attach the line, i.e. figure-of-eight or
eye splice attachment.

When the shipboard fitting is not selected from an accepted industry standard, the strength of the fitting
and of its attachment to the ship is to be in accordance with this Article.

Mooring bitts (double bollards) are required to resist the loads caused by the mooring line attached in
figure-of-eight fashion.
5.3.3 Mooring force acting point

The acting point of the mooring force on shipboard fittings is to be taken at the attachment point of a
mooring line or at a change in its direction. For bollards and bitts the attachment point of the mooring
line is to be taken not less than 4/5 of the tube height above the base (See Figure 6 a)). However, if
fins are fitted to the bollard tubes to keep the mooring line as low as possible, the attachment point of
the mooring line may be taken at the location of the fins (See Figure 6 b)).

5.3.4 Safe Working Load (SWL)
The Safe Working Load (SWL), in t, is the load limit for mooring purpose.

The following requirements on Safe Working Load apply for the use with no more than one mooring
line.
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Unless a greater SWL is provided by the designer, the SWL is not to exceed the minimum breaking
strength of the mooring line provided by the designer (refer to Sec 3, [3.9]).

The SWL of each deck fitting is to be marked (by weld bead or equivalent) on the deck fittings used
for mooring.

For fittings intended to be used for, both, mooring and towing, TOW, in t, according to [5.2.4] is to be
marked in addition to SWL.

DESIGN LOAD ON LINE.

a)
x| i
T
= ' 1! =
b)
T B
s R 1 I

Figure 6 : Attachment point of the mooring line

5.4 Supporting structure

5.41

Shipboard fittings for towing and mooring, winches and capstans for mooring are to be located on
stiffeners and/or girders, which are part of the deck construction so as to facilitate efficient distribution
of the towing or mooring loads. Other arrangements may be accepted (for chocks in bulwarks, etc.)
provided the strength is confirmed adequate for the intended service.

5.4.2

The reinforced structural members beneath shipboard fittings are to be effectively arranged for any
variation of direction (horizontally and vertically) of the towing/mooring forces acting upon the shipboard
fittings (see Figure 7).

5.4.3

Shipboard fittings (bollards and bitts, fairleads, stand rollers and chocks) and capstans used for mooring
and/or towing operations are to be fitted to the deck or bulwark structures.

5.4.4

The structural arrangement is to provide continuity of strength. Proper alignment of fittings and
supporting structure is to be ensured.
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The structural arrangement of the ship’s structure in way of the shipboard fittings and their seats and in
way of capstans is to be such that abrupt changes of shape or section are to be avoided in order to
minimise stress concentrations. Sharp corners and notches are to be avoided, especially in highly stressed
areas.

|
L ' I
Reinforcing A i
members beneath 4/\+ Fitting on deck : |
shipboard fittings (e.g. bollard, chock). I

___:____L_/____I_____

+\ Main hull structure /+
(e.g. web frames,

| deck stiffeners) I

Figure 7 : Sample arrangement

5.5 Acceptance criteria

5.5.1

For the design load specified in [5.2.1] and [5.3.1], the stresses induced in the shipboard fittings, the
supporting structure and welds are not to exceed the following permissible values defined in [5.5.3] and
[5.5.4], as applicable:

5.5.2

The strength assessment of the shipboard fittings can be performed by means of either beam theory or
grillage analysis, or by finite element analysis.

At the discretion of the Society, load tests of the fittings may be accepted as alternative to strength
assessment by above mentioned analysis.

5.5.3

For strength assessment with beam theory or grillage analysis, the permissible stresses to be considered
are the following:

*  Normal stress, 1.00 R,

* Shear stress, 0.6 R,
Normal stress is the sum of bending stress and axial stress with the corresponding shearing stress acting
perpendicular to the normal stress. No stress concentration factors are taken into account.

5.5.4

For strength assessment with finite element analysis, the von Mises equivalent stress to be considered is
not to exceed R, .

For strength calculations by means of finite elements, the geometry is to be modelled as realistically as
possible. The ratio of element length to width is not to exceed 3. Girders are to be modelled using shell
or plane stress elements. Symmetric girder flanges may be modelled by beam or truss elements. The
element height of girder webs must not exceed one-third of the web height. In way of small openings in
girder webs the web thickness is to be reduced to a mean thickness over the web height. Large
openings are to be modelled. Stiffeners may be modelled by using shell, plane stress, or beam elements.
Stresses are to be read from the centre of the individual element. For shell elements the stresses are to
be evaluated at the mid plane of the element.
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5.6 Corrosion addition of the fittings

5.6.1
The corrosion addition, ¢, of the fittings is not be less than the following values:

a) For pedestals and foundations on deck which are not part of a fitting according to an accepted
industry standard, 2.0 mm.

b) For shipboard fittings not selected from an accepted Industry standard, 2.0 mm.
5.6.2

In addition to the corrosion addition the wear allowance, t,, for shipboard fittings not selected from an

accepted Industry standard is not to be less than 1.0 mm, added to surfaces which are intended to
regularly contact the line.

5.7 Towing and mooring arrangements plan

5.7.1

The SWL and TOW for the intended use for each deck fitting is to be stated in the towing and
mooring arrangements plan available onboard for the guidance of the Master.

It is to be noted that TOW is the load limit for towing purpose and SWL that for mooring purpose.
For each deck fitting, the following is to be included on the arrangement plan:

a) Location on the ship,

b) Fitting type,

¢) SWL and or TOW,

d) Purpose (mooring, harbour towing, other towing),

¢) Manner of applying towing or mooring line load including limiting fleet angles.
Item ¢) with respect to items d) and e), is subject to approval by the Society.

5.7.2

The information provided on the plan is to include:
f) The arrangement of mooring lines showing number of lines (N),
g) The minimum breaking strength of each mooring line (MBL),
h) The acceptable environmental conditions:

* 30 second mean wind speed from any direction

*  Maximum current speed acting on bow or stern (£10°).
This information is to be incorporated into the pilot card in order to provide the pilot with proper
information on harbor and other towing operations.

5.7.3

The towing and mooring arrangements plan is to define the method of use of towing lines and/or
mooring lines.

#Z»Rules for the Classification of Steel Ships 2019 481



Pt 14 Structural Rules for Container Ships
Ch 11 Superstructure, Deckhouses and Hull Outfitting Pt14, Ch11,Sec4

6. Miscellaneous deck fittings
6.1 Support and attachment

6.1.1

The following requirements are to be considered in the design of the support and attachment of
miscellaneous fittings which impose relatively small loads on the ship's structure. The arrangement of
such details and their approval is considered on a case-by-case basis by the Society.

6.1.2

Support positions are to be arranged so that the attachment to the ship structure is clear of deck
openings and stress concentrations, such as the toes of end brackets. Design of supports is to be such
that the attachment to the deck minimises the creation of hard points.
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Section 5 - Hatchways

Symbols

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

1. Hatchways and other deck openings
1.1 Application

1141

The construction and means for securing the weathertightness of cargo and other hatchways in position 1
and 2 as defined [1.1.2] shall be equivalent to the requirements of hatchways closed by weathertight
covers of steel or other equivalent materials, unless approved by the Administration.

1.1.2 Position of exposed deck openings
For the purpose of this Chapter, two positions of exposed deck openings are defined as follows:

* Position 1 = Upon exposed freeboard and raised quarter decks, and upon exposed superstructure
decks situated forward of a point located 0.25 Z, from the forward end of Z,.

* Position 2 = Upon exposed superstructure decks situated abaft 0.25 L, from the forward end of Z,
and upon exposed superstructure decks situated forward of a point located 0.25 L, from the forward
end of Z, and located at least two standard heights of superstructure above the freeboard deck.

1.1.3 Height of hatchway coamings
a) The height of coamings above the upper surface of deck is to be not less than followings.
* Position 1 : 600 mm
* Position 2 : 450 mm

b) The height of hatch cover and coamings in exposed portions of higher than the superstructure
decks is to be to the satisfaction of the Society.

c¢) For hatchways closed by steel weathertight hatch covers fitted with gaskets and clamping devices,
the height of coamings may be reduced from those prescribed in Par 1 or omitted entirely. In this
case, the scantling of hatch cover, gasket, clamping device and drainage to be subject to the
satisfaction of the Society.
1.1.4 Hatch covers
Hatch covers on exposed decks are to be weathertight.

Hatch covers in closed superstructures need not be weathertight. However, hatch covers fitted in way of
ballast tanks, fuel oil tanks or other tanks are to be watertight.

1.1.5 Material

Hatch covers and coamings are to be made of material in accordance with the definitions of Pt 2, Ch 1.
Material class 1 of Pt 3, Ch 1, Table 3.1.10 is to be applied for top plate, bottom plate and primary
supporting members. The use of materials other than steel is considered by checking that criteria adopted
for scantlings are such as to ensure strength and stiffness equivalent to those of steel hatch covers.

1.1.6 Net scantlings
a) Unless otherwise quoted, the scantling of this Chapter are net scantlings.

b) The net thicknesses are the member thicknesses necessary to obtain the minimum net scantlings
required by [1.3] and [1.4].
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¢) The required gross thicknesses are obtained by adding corrosion additions given in Table 1.

d) Strength calculations using grillage analysis or FEM are to be performed with net scantlings.

1.1.7 Corrosion additions

a) The corrosion addition for steel hatch covers, hatch coamings is equal to the value specified in

Table 1. For structural members made of stainless steel and aluminium alloys, the corrosion
addition ¢, is to be taken equal to 0 mm.

b) Renewal thickness

Structural drawings for hatch covers and hatch coamings complying with this Section are to in-
dicate the renewal thickness (¢,.,..,) for each structural elements, given by the following formula in
addition to the as built thickness (¢, _,.; ). If the thickness for voluntary addition is included in the
as built thickness, the value may be at the discretion of the Society.

t t —t,4+0.5 (mm)

where,

t. : Corrosion addition according to Table 1.

c

renewal — “as—built

In case that corrosion addition ¢, is 1.0 mm, renewal thickness may be given by the following
formula.

trenewul = tas*built - t(: (mm)

Table 1 : Corrosion additions ¢, for hatch covers and hatch coamings

Structure t. (mm)
Hatch covers 1.0
Hatch coamings 1.5

c) Steel renewal

(1) The treatment in relation to gauged thickness are to be obtained from Table 2.

(2) Where applied protection coating, coating applied in accordance with the coating manufacturer's
requirements. Coating is to be maintained in GOOD condition, as defined in Pt1, Ch2, 101. 16.

(3) For the internal structure of double skin hatch covers, thickness gauging is required when hatch
cover top or bottom plating renewal is to be carried out or when this is deemed necessary, at
the discretion of the Society’s surveyor, on the basis of the plating corrosion or deformation
condition. In these cases, steel renewal for the internal structures is required where the gauged
thickness is less than ¢

net*

Table 2: Treatment in relation to gauged thickness

Treatment Where ¢, > 1.5mm Where t,=1.0mm

Steel renewal t, <t,. +0.5 mm ty <t

Apply protection coating

. t,,+0.5<t <t
or annual gauging 9

ner T1.Omm et <t, <t t0.5 mm

1.2 Design load

1.2.1 Hatch cover and coaming design load

a) Design load of hatch covers and hatch coamings is to be not less than the value obtained from
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[1.2.2] to [1.2.6].
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b) Definitions
x = longitudinal co-ordinate of mid point of assessed structural member measured from aft end of
length £ or , L, as applicable

hy = standard superstructure height(m)
= 105 + 001, 1.8 = hy = 23
D,

min

= minimum depth found by drawing a line parallel to the keel line of the vessel(including
skeg) tangent to the moulded sheer line of the freeboard deck

1.2.2 Vertical weather design load

a) The vertical weather load on the hatch cover panels is given by Table 3.

b) The vertical weather design load needs not to be combined with cargo loads according to [1.2.4]
and [1.2.5].

¢) Where an increased freeboard is assigned, the design load for hatch covers according to Table 3
on the actual freeboard deck may be as required for a superstructure deck, provided the summer
freeboard is such that the resulting draught will not be greater than that corresponding to the
minimum freeboard calculated from an assumed freeboard deck situated at a distance at least equal
to the standard superstructure height below the actual freeboard deck, see Figure 2.

Table 3 : Vertical weather load P, of weather deck hatches

Vertical weather load P, (kN/m?)

Position L, (m) "

<0.75 0.7 <—=<1.0

RlES

-z
L

on freeboard deck

9.81
g |(4-28L,+28)

T

L, —1.71L,+95

9.81
<L.< = (1.5
24m=L,=100m 76 (1.5Z,+116) upon exposed superstructure decks located at least one superstructure

standard height above the freeboard deck(*)
9.81

g (1L, +116)

on freeboard deck for type B ships
! 9.81 (0.0296L1+3.04)'Li—0.0222L1+1.22}
A

on freeboard deck for type B-60 or B-100 ships

313 (014522, —8.52) =~ 0.1089L, +9.89}
,

9.81
(9.81x3.5)

L>100m

L, =L, but not more than 340 m

upon exposed superstructure decks located at least one superstructure
standard height above the freeboard deck(*)
34.3 (9.81x3.5)

9.81
24m<7,<100m 7—6(1.1Lf+87.6)

25.5(9.81<2.6)

L>100m upon exposed superstructure decks located at least one superstructure standard height
above the lowest Position 2 deck(**)
20.6(9.81 % 2.1)

(Remark) (*), (**) means *, ** of Figure 1 and Figure 2
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e
o 2
2 1 b =
Freeboard Deck 1 1 1 P 7
|
~
\ 0.8 Dumin
0.25 Lt
Length Lr

* reduced load upon exposed superstructure decks located at least one superstructure standard height above the
freeboard deck

** reduced load upon exposed superstructure decks of vessels with L, > 100 m located at least one superstructure
standard height above the lowest Position 2 deck

Figure 1 : Positions 1 and 2

g
2‘!‘*
2** 2tﬂ
2 2 X 2
Actual Freeboard Deck 2 2 1=/ /
| ._|_Assumed FreeboardDeck _ _ _ _ _ _ _ _ | _._._ . _ . _._._._ /12 hw
~ 3
\I 0.8 Drin
0.25 Ls
Length Lt

* reduced load upon exposed superstructure decks located at least one superstructure standard height above the
freeboard deck

** reduced load upon exposed superstructure decks of vessels with L, > 100 m located at least one superstructure
standard height above the lowest Position 2 deck

Figure 2 : Positions 1 and 2 for an increased freeboard

1.2.3 Horizontal weather design load

The horizontal weather load is obtained from the following formulac and not to be less than the values
given by Table 4. The horizontal weather design load need not be included in the direct strength
calculation of the hatch cover, unless it is utilized for the design of substructures of horizontal support
according to [1.5.5].

Py=ac(beyf—2)
L

f= gptad for L <90 m
_ 15
= 10.757(M) for 90 m < L <300 m
100
= 10.75 for 300m < L <350 m
_arn \15
- 10,75—(]315?(’)"0) for 350 m < £ < 500m
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L
= Alg0 for L < 90 m
=1 for L = 90m
L .
a = 20+1—21 for unprotected front coamings and hatch cover skirt plates
Ll . . .

a =10+ for unprotected front coamings and hatch cover skirt plates, where the distance
from the actual freeboard deck to the summer load line exceeds the minimum
non-corrected tabular freeboard according to ICLL by at least one standard
superstructure height 5,

L . .
a = 5+1—r1 for side and protected front coamings and hatch cover skirt plates
o
L ’ S
a = 7+Wt)_8% for aft ends of coamings and aft hatch cover skirt plates abaft amidships
L ! cqq-
a = 5+W1074% for aft ends of coamings and aft hatch cover skirt plates forward of amidships
L, = length of ship, need not be taken greater than 300 m
x'/L—045)* z’
= 1.0+ 55— <0.
b 10+( G, 702 for 7 <045
= Lo+1s(ELETOY p 2 s
TG 02 )7

06 < C,; <08, when determining scantlings of aft ends of coamings and aft hatch cover skirt plates
forward of amidships, C, need not be taken less than 0.8.

x’ = distance in m between the transverse coaming or hatch cover skirt plate considered and aft end of
the length Z. When determining side coamings or side hatch cover skirt plates, the side is to be
subdivided into parts of approximately equal length, not exceeding 0.15 L each, and z’ is to be
taken as the distance between aft end of the length L and the centre of each part considered.

z = vertical distance in m from the summer load line to the midpoint of stiffener span, or to the
middle of the plate field

¢ =03+0.70'/B
b = breadth of coaming in m at the position considered
B = actual maximum breadth of ship in m on the exposed weather deck at the position considered.

b /B is not to be taken less than 0.25.

Table 4 : Minimum horizontal weather design load, P .

Piimin (KN/m’)
L unprotected fronts hatch coaming
and hatch cover skirt plates elsewhere
L= 30 15
50 < L < 250 25+% 12.5+2—L0
L = 250 50 55
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1.2.4 Cargo loads

The load due to cargo load on hatch covers is to be accordance with Par a), b) and partial cargo load
to be considered with together.

a)

b)

Distributed loads
The load on hatch covers due to distributed cargo loads resulting from heave and pitch is to be

determined according to the following formula:
P,=Pq(1+ay) (KN/m”®)
P, = uniform static cargo load (kN/m?)

a,, = acceleration addition as follows:

011mV1
ay =0. N
m = mo—5(m0—1)% for 0 < % <02
=10 for 0.2 < % <07
B my+17[ g x
- o 570.7] for 0.7 < £ < 1.0

my = 1.5+0.11V,/ /L
V; = max. speed of ship,
V, is not to be taken less than /Z (kN)

Point loads
The loads due to single forces P resulting from heave and pitch (i.e. ship in upright condition) are

to be determined as follows:
P=Py1+a,) (kN)
Py = static point loads due to cargo loads (kN)

ay, = acceleration addition given in a)

1.2.5 Container loads

The loads defined in the followings are to be applied where containers are stowed on the hatch cover.

a)

b)

488

The load applied at each corner of a container stack, and resulting from heave and pitch(i.e. ship
in upright condition) is to be determined as follows:

M
P=9.81><T(1+av) (kN)
ay = acceleration addition given in [1.2.4] a)
M = maximum designed mass of container stack (t)

Where containers are stowed on hatch covers the following loads (kN) due to heave, pitch, and the
ship's rolling motion(i.e. ship in heel condition) are to be considered, see also Figure 3.

h
A, =9.811\2/[ « (1+ay) - (0.4570.42%)
M oy
B, =981+ (1+ay)* 0'45+0'4QT)
B, =24+ M

ay, = acceleration addition according to [1.2.4] a)
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M = maximum designed mass of container stack (¢)
=W

h,, = designed height of centre of gravity of stack above hatch cover supports (m)
=Nz x W)/ M

z; = distance from hatch cover top to the centre of ith container (m)

W, = weight of ith container (t)

b = distance between midpoints of foot points in m
A,, B, = support forces in z-direction at the forward and aft stack corners

B, : support force in y-direction at the forward and aft stack corners

¢) When strength of the hatch cover structure is assessed by grillage analysis according to [1.3.6], »,,
and z; need to be taken above the hatch cover supports. Forces B, does not need to be
considered in this case.

d) Values of 4, and B, applied for the assessment of hatch cover strength are to be shown in the
drawings of the hatch covers.

Figure 3 : Forces due to container loads

e) It is recommended that container loads 4., B, and B, as calculated above are considered as limit
for foot point loads of container stacks in the calculations of cargo securing (container lashing).

f) Partial loading

(1) The load cases defined in Par a) to e) are also to be considered for partial non homogeneous
loading which may occur in practice, e.g. where specified container stack places are empty.

(2) For each hatch cover, the heel directions, as shown in Table 5, are to be considered.

(3) The load case partial loading of container hatch covers can be evaluated using a simplified ap-
proach, where the hatch cover is loaded without the outermost stacks that are located completely
on the hatch cover.

(4) If there are additional stacks that are supported partially by the hatch cover and partially by
container stanchions then the loads from these stacks are also to be neglected, refer to Table 5.

(5) In addition, the case where only the stack places supported partially by the hatch cover and
partially by container stanchions are left empty is to be assessed in order to consider the max-
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imum loads in the vertical hatch cover supports.

(6) It may be necessary to also consider partial load cases where more or different container stack
places are left empty. Therefore, the Society may require that additional partial load cases be
considered.

g) Mixed stowage of 20’ and 40’ containers on hatch cover

In the case of mixed stowage (20+40' container combined stack), the foot point forces at the fore
and aft end of the hatch cover are not to be higher than resulting from the design stack weight for
40’ containers, and the foot point forces at the middle of the cover are not to be higher than re-
sulting from the design stack weight for 20’ containers.

1.2.6 Loads due to elastic deformations of the ship’'s hull

Hatch covers, which in addition to the loads according to [1.2.2] to [1.2.5] are loaded in the ship's
transverse direction by forces due to elastic deformations of the ship's hull, are to be designed such that
the sum of stresses does not exceed the permissible values given in [1.3.2] a).

Table 5: Partial loading of container hatch covers

Heel direction e —

Hatch covers supported by
the longitudinal hatch coaming
with all container stacks
located completely on the
hatch cover

| ———

M M

Hatch covers supported by
the longitudinal hatch coaming
with the outermost container
stack supported partially by
the hatch cover and partially
H H |

by container stanchions

Hatch covers not supported
by the longitudinal hatch
coaming
(center hatch covers)
C—————— 1 C—————— 1
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1.3 Hatch cover strength criteria

1.3.1 General

a) The ordinary stiffeners and primary supporting members of the hatch covers are to be continuous
over the breadth and length of the hatch covers, as far as practica. When this is impractical,
sniped end connections are not to be used and appropriate arrangements are to be adopted to
ensure sufficient load carrying capacity.

b) The spacing of primary supporting members parallel to the direction of ordinary stiffeners is to be
not greater than 1/3 of the span of primary supporting members. When strength calculation is
carried out by FE analysis using plane strain or shell elements, this requirement can be waived.

¢) The breadth of the primary supporting member flange is to be not less than 40% of their depth
for laterally unsupported spans greater than 3m. Tripping brackets attached to the flange may be
considered as a lateral support for primary supporting members. The flange outstand is not to
exceed 15 times the gross flange thickness.

1.3.2 Permissible stresses and deflections
a) Permissible Stresses
The equivalent stress o in steel hatch cover shall be accordance with the following requirements.
(1) For grillage analysis
op= V237 <080y (N/mm?)

o = normal stress (N/mm?)

7 = shear stress (N/mm?)
oy = minimum yield stress of the material (N/mm?)
(2) For FEM calculations

For vertical weather load according to [1.2.2]

op= \/aifa‘ray+a§ +37 <080y (N/mm?)
For other than [1.2.2]

op= \/az,—al,ay-Hrz +37 <090, (N/mm?)
Oy 0, = normal stress on each in x-direction, y-direction

z, y = coordinates of a two-dimensional Cartesian system in the plane of the considered structural
element.

(3) In case of FEM calculations using shell or plane strain elements, the stresses are to be read
from the centre of the individual element. Where shell elements are used, the stresses are to be
evaluated at the mid plane of the element.

(4) It is to be observed that, in particular, at flanges of unsymmetrical girders, the evaluation of
stress from element centre may lead to non-conservative results. Thus, a sufficiently fine mesh
is to be applied in these cases or, the stress at the element edges shall not exceed the allow-
able stress.

(5) Stress concentrations are to be assessed to the satisfaction of the Society.

b) Deflection

(1) The vertical deflection of primary supporting members due to the vertical weather design load
according to [1.2.2] is to be not more than the following formulae.

§=0.0056, (m)

1, = greatest span of primary supporting members
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(2) Where hatch covers are arranged for carrying containers and mixed stowage is allowed, i.e., a
40' container stowed on top of two 20' containers, particular attention should be paid to the de-
flections of hatch covers. Further the possible contact of deflected hatch covers with in hold
cargo has to be observed.
1.3.3 Net plate thickness of hatch cover

a) The local net plate thickness ¢ (mm) of the hatch cover top plating is not to be less than:

P
=15. 4
=855 505, (mm)

and to be not less than 1% of the spacing of the stiffener or 6 mm if that be greater.

F, = factor for combined membrane and bending response

1.5 in general

= 1.90/(0.80,), for Jiz 0.8 for the attached plate flange of primary supporting members

a

S = stiffener spacing (m)
pressure P, and P, (kN/m®) as defined in [1.2.2] and [1.2.4] a)
o = normal stress (N/mm?) of hatch cover top plating as determined by Figure 4

I
_______________ |________________|_______________
_______________ N
I |
--------------- R e
_______ = SRR T | [
oy || I} o X
______________ TR R
_______________ e e )
I |
_______________ '________________|_______________
_______ S S S R
| |
,,,,,,,,,,,,,,, R
,,,,,,,,,,,,,,, Loy s ol s s sn
I |
,,,,,,,,,,,,,,, S
L !

Figure 4 : Determination of normal stress of the hatch cover plating

b) For plates under compression buckling strength according to [1.3.7] is to be demonstrated.
¢) Lower plating of double skin hatch covers and box girders

(1) The thickness to fulfill the strength requirements is to be obtained from the calculation accord-
ing to [1.3.2] a) under consideration of permissible stresses according to [1.3.6].

(2) The net thickness must not be less than 5 mm when the lower plating is taken into account as
a strength member of the hatch cover.

(3) When project cargo is intended to be carried on a hatch cover, the net thickness must not be
less than the following formulae. Project cargo means especially large or bulky cargo lashed to
the hatch cover. Examples are parts of cranes or wind power stations, turbines, etc. Cargoes
that can be considered as uniformly distributed over the hatch cover, e.g., timber, pipes or steel
coils need not to be considered as project cargo.

t = 6.55 (mm)

S = stiffener spacing (m)

492 #Z»Rules for the Classification of Steel Ships 2019



Pt 14 Structural Rules for Container Ships
Ch 11 Superstructure, Deckhouses and Hull Outfitting Pt14, Ch 11, Sec5

(4) When the lower plating is not considered as a strength member of the hatch cover, the thick-
ness of the lower plating should be determined according to the Society.

d) Local net plate thickness of hatch covers for wheel loading

The local net plate thickness of hatch covers for wheel loading have to be derived from the
Society.

1.3.4 Net scantling of stiffeners

a) The net section modulus Z and net shear area A of hatch cover stiffeners must not be less than.
The net section modulus of the stiffeners is to be determined based on an attached plate width
assumed equal to the stiffener spacing.

(1) For vertical weather load according to [1.2.2]

7 :1704P5l2 (cmg)
a,

_ 108P51

(T?/

A (em®)
(2) For cargo load according to [1.2.4] a)

7z =B pgp (em®)

Gy
9.6PS
A= (em?)
Uy
I = stiffener span (m) to be taken as the spacing of primary supporting members

S = stiffener spacing (m)
P = pressure P, and P, (kN/m?) as defined in [1.2.2], [1.2.4] a)
b) For stiffeners of lower plating of double skin hatch covers, requirements mentioned above are not
applied due to the absence of lateral loads. The requirements of Par e¢), f) are not applied to

stiffeners of lower plating of double skin hatch covers if the lower plating is not considered as
strength member.

c¢) The net thickness of the stiffener (except u-beams/trapeze stiffeners) web is to be taken not less
than 4 mm.

d) The flat bar stiffeners and buckling stiffeners shall be accordance with following formulae.

hlt, < 15,/(235/0,)

k= height of the stiffener (mm)

t, = net thickness of the stiffener (mm)

e) Stiffeners parallel to primary supporting members and arranged within the effective breadth

according to [1.3.5] a) must be continuous at crossing primary supporting member and may be
regarded for calculating the cross sectional properties of primary supporting members.

f) Where apply to Par e), it is to be verified that the combined stress of those stiffeners induced by
the bending of primary supporting members and lateral pressures does not exceed the permissible
stresses according to [1.3.2] a).

g) For hatch cover stiffeners under compression sufficient safety against lateral and torsional buckling
according [1.3.7] e) (3), (4) is to be verified.

h) For hatch covers subject to wheel loading or point loading stiffener scantlings are to be determined
by direct calculations under consideration of the permissible stresses according to [1.3.2] a) or are
to be determined according to the Society.
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1.3.5 Net scantling of primary supporting members
a) Primary supporting members

(1) Scantlings of primary supporting members are obtained from calculations according to [1.3.6]
under consideration of permissible stresses according to [1.3.2] a).

(2) For all components of primary supporting members sufficient safety against buckling must be
verified according to [1.3.7]. For biaxial compressed attach plates this is to be verified within
the effective widths according to [1.3.7] e) (2).

(3) The net thickness (mm) of webs of primary supporting members shall not be less than:

t =65xs (mm)
t. =35 mm
= stiffener spacing (m)

»
|

b) Skirt plates for hatch cover

(1) Scantlings of edge girders are obtained from the calculations according to [1.3.6]. under consid-
eration of permissible stresses according to [1.3.2] a).

(2) The net thickness, in mm, of the outer edge girders exposed to wash of sea shall not be less
than the largest of the following values:

PH
=158/
t=1585 0950, (mm)

8.55 (mm)

N
Il

= 5mm
P, = horizontal weather load as defined in [1.2.3]
S = stiffener spacing (m)

(3) The stiffness of edge girders is to be sufficient to maintain adequate sealing pressure between
clamping devices. The moment of inertia of skirt plates is not to be less than:

I=6¢Sg  (cm?)

g = line pressure on gasket (N/mm), minimum 5 N/mm

S¢p = spacing (m) of clamping devices, but S, is not to be less than 2.5a. (see Figure 5)

S1=S1rtS12 Stz Sy .Sy

O
O
C

C

C

C

C

O O O O O O O
\9y \9y A A
S =
S =

©)

max(S;,Si+1)

(Si+Sin1)/2

Figure 5 : Spacing of clamping device
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¢) Primary supporting members and skirt plates of variable cross-section

The net section modulus of primary supporting members with a variable cross-section is to be not
less than the greater of the value obtained from the following formulae and the use of these formulae
is limited to the determination of the strength of primary supporting members in which abrupt changes in the
cross-section.

(1) Net section modules

Z=Zgq (cm3)

Z=(1+ 3'2;;7_%;0'8 )Zpg  (cm’)
(2) Net moment of inertia
I=1 (cm®)
I=(1+80*(— % N1y (cm)
02+3vV¢

Z.s + Net section modules(cm®) of primary supporting stiffener complying with the checking cri-
teria in Par a) (1) or Par b) (1)

[,

4
1/)—70

I, : Length of the variable section part(m) (see Figure 6)
l, : Span measured(m) between end supports (see Figure 6)
Z : Net section modulus at end(cm®) (see Figure 6)

Z, : Net section modulus calculated with considering the net thickness at mid-span (cm’) (see
Figure 6)

I - Net moment of inertia of primary surporting stiffener complying with the checking criteria
in Par a) (1) or Par b) (1)

4
%

I : Net moment of inertia at end (cm*) (see Figure 6)

I, : Net moment of inertia at mid-span between supports (cm*) (see Figure 6)

MEEEEEREEEEEEREEEEEEE
Il

Wo

I I

b

Figure 6 : Variable cross-section stiffener

1.3.6 Strength calculations

Strength calculation for hatch covers may be carried out by either, using grillage analysis or FEM.
Double skin hatch covers or hatch covers with box girders are to be assessed using FEM, refer to Par b).
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a) Effective cross-sectional properties for calculation by grillage analysis

(1) Cross-sectional properties are to be determined considering the effective breadth. Cross sectional
areas of secondary stiffeners parallel to the primary supporting member under consideration with-
in the effective breadth can be included, refer Figure 8.

(2) The effective breadth of plating e, of primary supporting members is to be determined according
to Table 6, considering the type of loading. The intermediate vaule of I/e may be obtained by
direct interpolation. The effective breadth of one-sided flanges is to be taken equal to the lesser
of the following values.

(1) 0.165 times of span between considered primary supporting member
(ii) Half the distance between the adjacent primary member

(3) The effective cross sectional area of plates is not to be less than the cross sectional area of the
face plate.

(4) For flange plates under compression with secondary stiffeners perpendicular to the web of the
primary supporting member, the effective width is to be determined according to [1.3.7] ¢) (2).

b) General requirements for FEM calculations

(1) For strength calculations of hatch covers by means of finite elements, the cover geometry shall
be idealized as realistically as possible.

(2) Element size must be appropriate to account for effective breadth. In no case element width
shall be larger than stiffener spacing. The ratio of element length to width shall not exceed 4.

(3) In way of force transfer points and cutouts the mesh has to be refined where applicable.

(4) The element height of webs of primary supporting member must not exceed one-third of the
web height.

(5) Stiffeners, supporting plates against pressure loads, have to be modelled. Stiffeners may be
modelled by using shell elements, plane stress elements or beam elements.

(6) Buckling stiffeners may be disregarded for the stress calculation.

Table 6 : Effective breadth ¢, of plating of primary supporting members

/e 0 1 2 3 4 5 6 7 > 8
emi/e 0 0.36 0.64 0.82 0.91 0.96 0.98 1.00 1.00
ol € 0 0.20 0.37 0.52 0.65 0.75 0.84 0.89 0.90

e, 1s to be applied where primary supporting members are loaded by uniformly distributed loads or else by not
less than 6 equally spaced single loads
€ 1s to be applied where primary supporting members are loaded by 3 or less single loads Intermediate values
may be obtained by direct interpolation.
l : effective span of primary supporting member

I =1, for simply supported primary supporting members

1=0.6 « [, for primary supporting members with both ends constraint,

where [, is the distance between supporting points of the primary supporting member

e : width of plating supported, measured from centre to centre of the adjacent unsupported fields

1.3.7 Buckling strength of hatch cover
a) For hatch cover structures sufficient buckling strength is to be demonstrated.
b) Definitions(refer Figure 7)
a = length of the longer side of a single plate field (mm) (x-direction)
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k=
Il

breadth of the shorter side of a single plate field (mm) (y-direction)

a = aspect ratio of single plate field
= a/b
n = number of single plate field breadths within the partial or total plate field
t = net plate thickness in mm
0, 0, T = membrane stress(N/mm?) in x-direction, y-direction and shear stress(N/mm?) in the x-y

plane. Compressive and shear stresses are to be taken positive, tension stresses are to
be taken negative. If stresses in the x- and y-direction already contain the
Poisson-effect (calculated using FEM), the following modified stress values may be
used. Both stresses o,* and o,* are to be compressive stresses, in order to apply the
stress reduction according to the following formulae:

o, :(U;—O.?) . 0’;)/091

o, :(02—0.3 . a;)/0.91

%

¥, o,* = stresses containing the Poisson-effect

Where ¢,* < 0.3 ¢,% then o

[

- = *
y—OandaI—o—x

* * = = 5 %
Where o, * < 0.3 o, then o, = 0 and o, = o,

F = modulus of elasticity(N/mm?) of the material
= 2.06 » 10° N/mm? for steel

oy = minimum yield stress(N/mm?) of the material

F, = correction factor for boundary condition at the longitudinal stiffeners according to Table 7.

Compressive and shear stresses are to be taken positive, tension stresses are to be taken negative.

. = reference stress(N/mm?) taken equal to

t 2
0o - 5[]

g

¥ = each edge stress ratio taken equal to
= a,/0,
where

0, = maximum compressive stress

0, = minimum compressive stress or tension stress

S

safety factor (based on net scantling approach), taken equal to

1.25 for hatch covers when subjected to the vertical weather design load according to [1.2.2]

1.10 for hatch covers when subjected to loads according to [1.2.4] to [1.2.6]

A = reference degree of slenderness, taken equal to:

Oy
Keo,

K = buckling factor according to Table 9.
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long. stiffener single field partial field

nb

transverse stiffener

longitudinal : stiffener in the direction of the length a
fransverse : stiffener in the direction of the breath b

Figure 7 : General arrangement of panel

Table 7: Correction factor F

Stiffeners sniped at both ends 1.00

Guidance values” where both ends are 1.05 for flat bars

. ) 1.10 for bulb sections
:tfrf:l:(ct':::;iy connected to adjacent 1.20 for angle and tee-sections
1.30 for u-type sections® and girders of high rigidity

1 Exact values may be determined by direct calculations

2 Higher value may be taken if it is verified by a buckling strength check of the partial plate field
using non-linear FEA and deemed appropriate by the Society but not greater than 2.0

3 An average value of /] is to be used for plate panels having different edge stiffeners

c) Proof of top and lower hatch cover plating

Proof is to be provided that the following condition is complied with for the single plate field :

o |S\ a,| 9\ 0,0 52 €
(|f| )+(|/| _B( yQ j+(|7|5\/§ <10
k,oy k,oy or K, Oy
LACI <10
k.r,(TY -
( |o, | S)“? “ 10
kzr/UY
lrlsv3 " _
K. Oy -
k,, #, and = reduction factors are given in Table 9

Where o, < 0 (tension stress), x, = L.0.

Where o, = 0 (tension stress), », = 1.0.

el, e2 , e3 and B = according to Table 8

498 #Z»Rules for the Classification of Steel Ships 2019



Pt 14 Structural Rules for Container Ships
Ch 11 Superstructure, Deckhouses and Hull Outfitting Pt14, Ch 11, Sec5

Table 8: Coefficients ¢,, ¢,, ¢, and factor B

Exponents e, e,, ¢; and factor B Plate panel
[h 1+/{i
€y 1+/€3
ey Itk, kK, ° K2
B 9
o, and o, positive (compression stress) (r, + K”>
P y P p
B
. . 1
o, or o, negative (tension stress)

d) Webs and face plate of primary supporting members
For non-stiffened webs and face plate of primary supporting members sufficient buckling strength
as for the hatch cover top and lower plating is to be demonstrated according to Par c).

e) Proof of partial and total fields of hatch covers
(1) Transverse stiffeners of partial and total plate fields comply with the conditions set out in (3)
through (4). For u-type stiffeners, the proof of torsional buckling strength according to (4) can
be omitted. Single-side welding is not permitted to use for secondary stiffeners except for
u-stiffeners.
(2) Effective width of top and lower hatch cover plating

(1) For demonstration of buckling strength according to (3) through (4) the effective width of
plating may be determined by the following formulae.

- The effective width of plating a, or b, may be determined by following formulae(see also
Figure 7). But it is not to be taken greater than the value obtained from [1.3.6].
b, =k, b for longitudinal stiffeners
a,, =#, * a for transverse stiffeners
%, k, = reduction factor given in Table 9
a, b = according to Par b)

- The effective width e’ of stiffened plates of primary supporting members may be de-

m

termined as follows. The a, and b, are to be determined for ¥=1.

* For stiffening parallel to web of primary supporting member(refer Figure 8). But b
equal to a in case of b>e¢, .
b<e,,
e, =nb,,

n = integer number of stiffener spacings b inside the effective breadth em according to
[1.3.6]

eHL )
b

For stiffening perpendicular to web of primary supporting member(refer Figure 9). But a
equal to b in case of a<e,,.

= int

a=e,
’
e, =na, <e,

€ m

n=2.7 <1

w =

e = width of plating supported according to Table 6
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Ox.em (V)

Figure 9 : Stiffening perpendicular to web of

primary supporting member
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Table 9 : Buckling and reduction factors for plane elementary plate panels

Buckling-Load Case Edge. stress | Asp. ratio Buckling factor A Reduction factor x
ratio ¥ a=a/b
1 . =1 for A <\,
120>0 K=-1 ‘
Oy Oy w+1.1
1 022
E t gEI K, =( X—v for )\>/\C
> —7.63— _
W'GxLQ_.b"W'Gx 0>w>-1 a=1 K=17.63—¥(6.26— 10¥) — (195—0.120)< 125
c 0.88
w<-1 K=(1—1)?* « 5975 Ac:§(1+ 1*7)
2 12 91 C(1 R+F2(H—R))
! >y > > L I =AYy A
o, [T ¥ o 1=2v=0 a=1 K F1( e @10 y 2\ 22
t E =(1.25—0.120) < 1.25
2
b 1.1 R=\1-— for A<,
‘«—W 1<0<15 c
7%(13971(]!?)} R=0.22 for A=A,
0>w>-1 [':é(H - 0.88)
C
_ 1 211+9)
KﬁFl[( (;) tT K
a<l.5 0.91
14 . . F=|1— e, =0
——2(5.87+1.87a2+8—26710¢)] A2 “
o o L4
P=X-05 for 1<) <3
1<a<
x—r (22| 4
3(1-w) =H|— ] 595 :(1——1)20
4 «
2\
| e H=A——F——"—" >R
a> [(:Fl[(lig/) . 3.9675 C(T+ \/T2—4)
3(1—-v) , 14 1
1—w\! = +——F =
4 +0.5375(—) +1487} T=2 9313
3 1
4(0.425+ —
1=v=0 e ( az)
% Ei T 3U+1
S a>0
Cl b Yoy 1
K=4[0425+ = |1+
0>v>-1 (0 5+a2)(+> ,=1 for A<0.7
—50(1 — 3.429) 1
K, :27 fOr A>0.7
A +0.51
4
‘P'Gx
Y 1\3-w
g %L 1>w>-1 a>0 1(:(0.425+—2)T
o
M“
. K=K + V3
‘' ir iI k=1 for A <0.84
T4 t T2 4
A v = a>1 K. = [5.34+—2} 0.84
a-*;a— « T:—/\ for A>0.84
o- b .
L_J 5.34
0<a<l K:[4+02
«

plate edge simply supported
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(i1) Scantling of top plates and stiffeners are to be determined as follows.
- Scantling are in general to be determined according to the maximum stresses o, (y) at

webs of primary supporting member and stiffeners, respectively.

For stiffeners with spacing b under compression arranged parallel to primary supporting
members no value less than 0.250, shall be inserted for o, (y=b).

The stress distribution between two primary supporting members can be obtained by the
following formula:

o, (y) =0, + {1fﬂ[3+cf4 . (:2*2%(1-0—(11*2(:2)”

e

0,5
T2
c = 0<¢ =1
Oz1
1~5 14 ”
C2 = ° (6 ml+e 7r12)_0'5

e

, or proportionate effective width €', of

o
|

= proportionate effective breadth e,
primary supporting member 1 within the distance e, as considered condition

e” = proportionate effective breadth e, or proportionate effective width ¢’ , of
primary supporting member 2 within the distance e, as considered condition

0,.0,, = normal stresses in plates of adjacent primary supporting member 1 and 2 with
spacing e, based on cross-sectional properties considering the effective breadth

y = distance of considered location from primary supporting member 1

- Shear stress distribution in the plates may be assumed linearly.

(3) Lateral bucking of stiffeners

(1) The stiffeners under lateral buckling shall be accordance with following requirements.

o, ‘o,

<1
Op

o, = uniformly distributed compressive stress(N/mm?®) in the direction of the stiffener axis.
for longitudinal stiffeners
o, = o for transverse stiffeners
o, = bending stress(N/mm?) in the stiffener with o, =0,, 7=74
M, + M,
0=
Z,10
M, = bending moment(Nmm) due to the deformation w of stiffener, taken equal to:
e w .
My = FKLP”— with (¢, —p.)>0
Cr—D,

M, = bending moment(Nmm) due to the lateral load p equal to follows. n is to be taken
equal to 1 for transverse stiffeners.

Pva’ - .
M=——7 for longitudinal stiffeners
24 %< 10
Pa(nb)* .
M, = a(—n)g for transverse stiffeners
8¢, X10

P = lateral load (kN/m?)
Fy, = ideal buckling force(N) of the stiffener

2
Frn = %E[T 10" (N) for longitudinal stiffeners
2
Fry= ﬁE@lOﬁ‘ (N) for transverse stiffeners
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1,1

%y

= net moments of inertia (cm*) of the longitudinal or transverse stiffener
including effective width of attached plating according to [1.3.7] €) (2).
I, and I are to comply with the following criteria:

bt
7 12%10*
3
=t
Y7 12x 10

P, = nominal lateral load (N/mm?®) of the stiffener due to o,, o, and 7

t b\ o .
P = %z(%) +2c,0,+ V2 7'1) for longitudinal stiffeners
t ma \? Az, .
p,, =—\2c,0,+0 (—) 1+—2)|+ V27 for transverse stiffeners
Hoog\ T Y\ nb at
Oy = az(l + b ;

¢,,c, = factor taking into account the stresses perpendicular to the stiffener's axis
and distributed variable along the stiffener's length

= 05(1+w) for 0<v¥<1

0.5
= U<
—v for 0

A,, A, = net sectional area(mm?®) of the longitudinal or transverse stiffener, re-
spectively, without attached plating

m; My o .
n=|r—tyfop* E —2+7 > 0 for longitudinal stiffeners:
a D
a
0 =20 omy =147 m, = 0.49
%< 20  : m; =196 m, =0.37 for transverse stiffeners:
a , B _1.96
m > 0.5 : my = 0.37 mey = n2
a 1.47
<05 : =0. =
S 0.5 my = 0.49 M, 2

w=w,+w,
wy,= assumed imperfection(mm). For stiffeners sniped at both ends w, must not be

taken less than the distance from the midpoint of plating to the neutral axis of
the profile including effective width of plating.

a b o1 .
< min| —,—
wy < mm( 250" 250 ,10) for longitudinal stiffeners

a nb .
< min| — . —
wy < mm( 950 250 ,10) for transverse stiffeners

w, = Deformation of stiffener(mm) at midpoint of stiffener span due to lateral load 2.
In case of uniformly distributed load the following values for w, may be used:

Pbat

=——————— for longitudinal stiffeners
384 % 10" X EI,

wy
5Pa(nb)*

=——————— for transverse stiffeners
384 107 X B ¢

1
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¢, = elastic support provided by the stiffener (N/mm?)

- For longitudinal stiffeners:

2
™

Cfm :Flﬁzt * 2 ° (1+Cpl)
a
. = 1
n 12+ 10" « I,
0.91 R -
1+
CI(L
a  2b]?
=|5t+— = 2b
Cra [% . for a
a |’
Cra = [1+(2—b> ] for a<2b

For transverse. stiffeners:
2

s
=6 Py ozt (1)
. 1
m 12 + 10" « I,
091 « | —————~
1+ —
Cya
c :[n-b+ 2 1* for n« b= 2a
va 2a neb N

2

2
¢, :[1+(n—b) for n « b<2a
‘ 2a

¢, = factor accounting for the boundary conditions of the transverse stiffener

S

= 1,0 for simply supported stiffeners
= 2,0 for partially constraint stiffeners

Z, = net section modulus of stiffener (long. or transverse) (cm®) including effective
width of plating according to (2)

(ii) If no lateral load p is acting the bending stress o, is to be calculated at the midpoint of
the stiffener span for that fibre which results in the largest stress value.

(iii) If a lateral load p is acting, the stress calculation is to be carried out for both fibres of the
stiffener's cross sectional area (if necessary for the biaxial stress field at the plating side).

(4) Torsional buckling of stiffeners
(1) Longitudinal stiffeners
The longitudinal stiffeners are to comply with the following criteria:

o, S
——=<10

KRp® O
k= coefficient taken equal to:
kp=10 for A\, <02

. 1
K oy

& =05(1+0.21(A;—0.2)+ %)

for A\;>02
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A, = reference degree of slenderness taken equal to:

9F
P—
’ OmiT
2 2
E|m™ 1,10
O = 7(—28+0.385 « I;] (N/mm?®)
D a

I, = net polar moment of inertia of the stiffener(cm*) related to the point C of Figure
10. (see Table 10)

I, = net St. Venant's moment of inertia of the stiffener(cm?) (see Table 10)

I, = net sectorial moment of inertia of the stiffener(cm®) related to the point C of
Figure 10. (sec Table 10)

e = degree of fixation taken equal to:

4
a

e=1+107" =
27# o I(b/8 +4h,/3t,%)
h, = web height

net web thickness(cm*)
flange breadth(cm™)

t, = net flange thickness(cm®)

= Sl
~
([l

net web area equal to: A, =h, «t

w

\Dk
Il

net flange area equal to: A,=b; « t;

t
ef hu' + 2 ( )

Ar b b

D=F =
T ( !
> > | -
2 & by by
l & l & & K

N(:r*""
t
e

C .5y
o 4
e;=hw+t; /2
Figure 10 : Dimensions of stiffener
Table 10 : Moments of inertia
Section 1, 1 1,
W et by o £ t, Wt
Flat bar ; —|1-0.63 —
310 310 h, 36 « 10
P . for bulb and angle sections :
— (170‘63 n |t Ap e ej e by [ A, +264,,
Sections with bulb A, * B2 Ao 3-10 w 12 « 10° A+ Ay
or flange 3 Fo b, ot t
'f A by [ . o2
—~11—0.63 . ety eg
310" by for tee-sections : ~——+
12 « 10°

(ii) Transverse stiffeners

For transverse stiffeners loaded by compressive stresses and which are not supported by lon-
gitudinal stiffeners, sufficient torsional buckling strength is to be demonstrated analogously
in accordance with (1 ).
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1.4 Hatch Coamings strength criteria

1.4.1 General

a)

b)

d)

e)

f)

The stiffeners of the hatch coamings are to be continuous over the breadth and length of the hatch
coamings.

Coamings are to be stiffened on their upper edges with a stiffener suitably shaped to fit the hatch
cover closing appliances. Moreover, when covers are fitted with tarpaulins, an angle or a bulb
section is to be fitted all around coamings of more than 3 m in length or 600 mm in height; this
stiffener is to be fitted at approximately 250 mm below the upper edge. The width of the
horizontal flange of the angle is not to be less than 180 mm.

Where hatch covers are fitted with tarpaulins, coamings are to be strengthened by brackets or stays
with a spacing not greater than 3 m. Where the height of the coaming exceeds 900 mm, additional
strengthening may be required. However, reductions may be granted for protected transverse
coamings.

When two hatches are close to each other, underdeck stiffeners are to be fitted to connect the
longitudinal coamings with a view to maintaining the continuity of their strength. Similar stiffening
is to be provided over 2 frame spacings at ends of hatches exceeding 9 frame spacings in length.
Where watertight metallic hatch covers are fitted, other arrangements of equivalent strength may be
adopted.

Construction and scantling of hatchway coaming for deep tanks are also to comply with the
requirements of Ch 6.

1.4.2 Net plate thickness of coamings

a)

b)

The net thickness of weather deck hatch coamings shall not be less than the larger of the
following values and longitudinal strength aspects are to be observed.

PH
0950

y

t=14.25

(mm)

oL

t=6+105 (mm)

S = stiffener spacing (m)

L = length of ship (m), need not be taken greater than 300 m
P,, = horizontal weather load according to [1.2.3]

o, = minimum yield stress(N/mm?) of the material

The gross thickness of the coaming plate at the sniped stiffener end shall not be less than

P,S(1—059)
t=19.6 % (mm)

Yy

! = secondary stiffener span, in m, to be taken as the spacing of coaming stays

S, Py, o, = according to Par a)

1.4.3 Net scantling of stiffeners of coamings

a)

506

For stiffeners with both ends constraint the net section modulus Z and net shear area A calculated
on the basis of net thickness, must not be less than:

= ijPHSZZ (cm®)
y

10PLS1
A= w5

Ty

Py, 1, S, o, = according to [1.4.2]

(em?)
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b) For sniped stiffeners at coaming corners section modulus and shear area have to be 1.35 times of
the value determined by Par a).

¢) Horizontal stiffeners on hatch coamings, which are part of the longitudinal hull structure are to be
have net thickness deducted by corrosion additions specified in Table 1 and to be accordance with
buckling strength specified in Ch 8, Sec 5.

1.4.4 Coaming stays
a) Coaming stay section modulus

(1) The net section modulus Z of coaming stays at the connection with deck shall not be less

than:

- 526

eh; Py (cm®)
Y

hg, e = height and spacing of coaming stays (m)

, = according to [1.2.2]

(2) For other designs of coaming stays, such as those shown in Figure 11 (c), (d), the stresses are
to be determined through a grillage analysis or FEM. The calculated stresses are to be less
than the permissible stresses according to [1.3.2] a).

(3) Coaming stays are to be supported by appropriate substructures. Face plates may only be in-
cluded in the calculation if an appropriate substructure is provided and welding provides an ad-

equate joint.

Py, o

y |’I r Tl
L — ] _/I —
(a) (b)
L
/ i I f.,
N e e o )
(c) (d)

Figure 11 : Examples of coaming stays

#Z»Rules for the Classification of Steel Ships 2019 507



Pt 14 Structural Rules for Container Ships

Ch 11 Superstructure, Deckhouses and Hull Outfitting Pt14, Ch11,Sec5
b) Web thickness of coaming stays

Web gross thickness at the connection with deck shall not be less than:

92 ehgPy

W
o, hy

hy-= web height of coaming stay at its lower end (m)

hg, €, Py, o, = corrosion addition (mm) according to Par a)

Yy
Coaming stays under friction load

For coaming stays, which transfer friction forces at hatch cover supports, sufficient fatigue strength
is to be considered according to Society, refer to [1.5.7] b).

1.4.5 Further requirements for hatch coamings

a)

b)

©)

d)

508

Longitudinal strength
(1) Hatch coamings which are part of the longitudinal hull structure are to be designed according
to the requirements for longitudinal strength of Ch 5.

(2) For structural members welded to coamings and for cutouts in the top of coamings sufficient
fatigue strength is to be verified.

(3) Longitudinal hatch coamings with a length exceeding 0.1Z m are to be provided with tapered
brackets or equivalent transitions and a corresponding substructure at both ends. At the end of
the brackets they are to be connected to the deck by full penetration welds of minimum 300
mm in length.

Local details

(1) The design of local details is to comply with the requirements in this section for the purpose
of transferring the pressures on the hatch covers to the hatch coamings and, through them, to
the deck structures below.

(2) Hatch coamings and supporting structures are to be adequately stiffened to accommodate the
loading from hatch covers, in longitudinal, transverse and vertical directions.

(3) The normal stress o and the shear stress 7 (N/mm?) induced in the underdeck structures by the
loads transmitted by stays are to comply with the following formulae :

o < 0.950,
7= 0.50,

(4) Unless otherwise stated, weld connections and materials are to be dimensioned and selected in
accordance with Ch 3 and Ch 12.

(5) Double continuous fillet welding is to be adopted for the connections of stay webs with deck
plating and the weld throat thickness is to be not less than 0.44 ¢, where ¢, is the gross
thickness of the stay web.

Stays

On ships carrying cargo on hatch cover, such as timber, coal or coke, the stays are to be spaced

not more than 1.5 m apart.

Extend of coaming plates

Coaming plates are to extend to the lower edge of the deck beams or hatch side girders are to be
fitted that extend to the lower edge of the deck beams. Extended coaming plates and hatch side
girders are to be flanged or fitted with face bars or half-round bars. Figure 12 gives an example.
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Figure 12 : Example for the extend of coaming plates

1.5 Hatch cover details - Closing Arrangement, Securing Devices and Stoppers

1.5.1 Weathertightness

a)

b)

Where the hatchway is exposed, the weathertightness is to be ensured by gaskets and clamping
devices sufficient in number and quality.

Weathertightness may also be ensured means of tarpaulins is granted by the Administration.

1.5.2 General

a)

b)

f)

Panel hatch covers are to be secured by appropriate devices (bolts, wedges or similar) suitably
spaced alongside the coamings and between cover elements. The securing and stop arrangements
are to be fitted using appropriate means which cannot be easily removed.

In addition to the requirements above, all hatch covers, and in particular those carrying deck cargo,
are to be effectively secured against horizontal shifting due to the horizontal forces resulting from
ship motions.

Towards the ends of the ship, vertical acceleration forces may exceed the gravity force. The
resulting lifting forces are to be considered when dimensioning the securing devices according to
[1.5.4].

Hatch coamings and supporting structure are to be adequately stiffened to accommodate the loading
from hatch covers.

Hatch covers provided with special sealing devices, insulated hatch covers, flush hatch covers and
those having coamings of a reduced height (see [1.1.3]) are considered by the Society on a case
by case basis.

In the case of hatch covers carrying containers, the scantlings of the closing devices are to take
into account the possible upward vertical forces transmitted by the containers.

1.5.3 Gaskets

a)

b)

d)

The weight of hatch covers and any cargo stowed thereon, together with inertia forces generated
by ship motions, are to be transmitted to the ship's structure through steel to steel contact. This
may be achieved by continuous steel to steel contact of the hatch cover skirt plate with the ship's
structure or by means of defined bearing pads.

The sealing is to be obtained by a continuous gasket of relatively soft elastic material compressed
to achieve the necessary weathertightness. Similar sealing is to be arranged between cross-joint
elements.

Where fitted, compression flat bars or angles are to be well rounded where in contact with the
gasket and to be made of a corrosion-resistant material.

The gasket and the securing arrangements are to maintain their efficiency when subjected to large
relative movements between the hatch cover and the ship's structure or between hatch cover
elements. If necessary, suitable devices are to be fitted to limit such movements.
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e)

f)

g)
h)

)

510

The gasket material is to be of a quality suitable for all environmental conditions likely to be
encountered by the ship, and is to be compatible with the cargoes transported.

The material and form of gasket selected are to be considered in conjunction with the type of
hatch cover, the securing arrangement and the expected relative movement between the hatch cover
and the ship's structure.

The gasket is to be effectively secured to the hatch cover.

Coamings and steel parts of hatch covers in contact with gaskets are to have no sharp edges.
Metallic contact is required for an earthing connection between the hatch cover and the hull
structures.

Exemption of gaskets

In case of container ship accordance with the following requirements, gaskets may be omitted and

clamping devices for steel hatchway covers may be suitably dispensed.

(1) The hatchway coamings should be not less than 600 mm in height.

(2) The exposed deck on which the hatch covers are located is situated above a depth H(x). H(x)
is to be shown to comply with the following criteria:
H(z) = Ty, + f,+h'y  (m)
T;, = draught, in m, corresponding to the assigned summer load line
f, = minimum required freeboard, in m, determined in accordance with ICLL Reg. 28 as modi-
fied by further regulations as applicable

Ry = 4.6 m for = <075
LL

= 6.9 m for Li> 0.75
LL

(3) The non-weathertight gaps between hatch cover panels should be considered as unprotected
openings with respect to the requirements of intact and damage stability calculations. They
should be as small as possible commensurate with the capacity of the bilge system and ex-
pected water ingress, and the capacity and operational effectiveness of the fire-fighting system
and, generally, should not exceed 50 mm.

(4) Labyrinths, gutter bars, or equivalents should be fitted proximate to the edges panel in way of
the gaps to minimize the amount of water that can enter the container hold from the top sur-
face of each panel. In general, the height of such means is not to be less than 65 mm from the
top of the coaming and gutter bars or from the top of the panel, and the gaps between hatch
cover and the top of the coaming are not to exceed 10 mm(See Figure 14)

(5) The gaps between pannels are to be less than 50 mm where the hatch cover has several pannels.

(6) Bilge alarms should be provided in each hold fitted with non-weathertight cover.

(7) The requirements of MSC/Circ.1087 was applied when carry dangerous goods.

075
=

\ ,
| hy

\‘ Ty

/

/

| Base line

X
L

H(x)

Figure 13: Definition of H(z)
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/ Hatch cover

Labyrinths
(65mm X 35mm X 8mm)

_r[l‘ Top plate of coaming jl

as standard 10 mm

Figure 14: Example of Labyrinths

1.5.4 Clamping devices
a) Arrangements

(1) The clamping and stopping devices are to be arranged so as to ensure sufficient compression
on gaskets between hatch covers and coamings and between adjacent hatch covers.

(2) Arrangement and spacing are to be determined with due attention to the effectiveness for
weathertightness, depending on the type and the size of the hatch cover, as well as on the stiff-
ness of the hatch cover edges between the clamping devices.

(3) At cross-joints of multipanel covers, (male/female) vertical guides are to be fitted to prevent ex-
cessive relative vertical deflections between loaded/unloaded panels.

(4) The location of stoppers is to be compatible with the relative movements between hatch covers
and the ship's structure in order to prevent damage to them. The number of stoppers is to be
as small as possible.

b) Spacing

The spacing of the clamping devices is to be generally not greater than 6 m.

¢) Construction

(1) Clamping devices with reduced scantlings may be accepted provided it can be demonstrated that
the possibility of water reaching the deck is negligible.

(2) Clamping devices are to be of reliable construction and securely attached to the hatchway
coamings, decks or hatch covers.

(3) Individual clamping devices on same hatch cover are to have approximately the same stiffness
characteristics.

(4) Where rod cleats are fitted, resilient washers or cushions are to be incorporated.
(5) Where hydraulic cleating is adopted, a positive means is to be provided so that it remains me-
chanically locked in the closed position in the event of failure of the hydraulic system.
d) Area of securing devices

(1) The gross cross-sectional area of the clamping devices is not to be less than. Rods or bolts are
to have a gross diameter not less than 19 mm for hatchways exceeding 5 m?

A=0.28¢54k (em®)
g = packing line pressure (N/mm), minimum 5 N/mm

in area.

S¢p = spacing between securing devices (m), not to be taken less than 2 m
k = (235/(71/)6
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oy = minimum yield strength of the material (N/mm?) but is not to be taken greater than
0.70, where o, is the tensile strength of the material (N/mm?).

e = 0.75 for 0,>235N/mm?

1.00 for o, < 235

N/mm?

(2) Clamping devices of special design in which significant bending or shear stresses occur may be
designed as anti-lifting devices according to [1.5.6] and the load shall be obtained from the fol-

lowing formulae.
P =gxS (kN)

q, S¢p = according to (1)

1.5.5 Stoppers

a) For the design of the stopper against shifting the horizontal mass forces F=ma are to be
calculated with the following accelerations. The accelerations in longitudinal direction and in
transverse direction do not need to be considered as acting simultaneously.

a, =0.2¢ in longitudinal direction

a,=0.5g in transverse direction

m = Sum of mass of cargo lashed on the hatch cover and mass of hatch cover

b) The greater of the design loads resulting from [1.2.3] and Par a) is to be applied for the
dimensioning of the stoppers and their substructures. But the permissible stress in stoppers and
their substructures, in the cover, and of the coamings is to be determined according to [1.3.2] a).

¢) Arrangement of stoppers are accordance with the provisions in [1.7.4] b) are to be observed and
are to be considered the requirements in [1.5.7].

1.5.6 Anti lifting devices

a) When cargo is loaded on hatch covers, the securing devices are to be provided for anti lifting by
the lifting forces resulting from loads according to [1.2.5], refer Figure 15.

b) Under these loadings of Par a) the equivalent stress in the anti lifting devices is not to exceed:

op=150/k (N/mm?)
k, = according to [1.5.4] d)

\/\

(M

1% e

1% 1™ v

1% e

1" e

—

Lifting Force

Lfl

Figure 15: Lifting forces at a hatch cover

c) Anti lifting devices are to be omitted in the case in which the height h, (mm) of the transverse
cover guides is not less than that obtained from the following formula but shall be not less than
the height of skirt plate + 150mm.(See Figure 16)
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hp=1.75V(2se +d*) —0.75d

e = Largest distance(mm) from he inner edges of the transverse cover guides to the ends of the
cover edge plate

s = Total clearance(mm), 10 < s < 40

d = Distance between the upper edge of transverse stopper and the hatch cover supports

e

Figure 16 : Height of transverse cover guides

1.5.7 Hatch cover supports

a) For the transmission of the support forces resulting from the load cases specified in [1.2] and of
the horizontal mass forces specified in [1.5.5] a), supports are to be provided which are to be
designed such that the nominal surface pressures in general do not exceed the following values:

Pomax = AP, (N/mm?), But for metallic supporting surfaces not subjected to relative displacements
the nominal surface pressure applies p, .. =3p, (N/mm?)

d =3.75—0.015L
d,.. =30

d.;, = 1.0 in general

= 2.0 for partial loading conditions

p, = see Table 11

b) Where large relative displacements of the supporting surfaces are to be expected, the use of
material having low wear and frictional properties is recommended.

¢) Drawings of the supports must be submitted. In the drawings of supports the permitted maximum

pressure given by the material manufacturer must be specified.

Table 11: Permissible nominal surface pressure p,

p,(N/mm?) when loaded by
Support material

Vertical force

Horizontal force (on stoppers)
Hull structural steel 25 40
Hardened steel 35 50
Plastic materials 50 -

d) The substructures of the supports must be of such a design, that a uniform pressure distribution is
achieved.

e) Irrespective of the arrangement of anti lifting devices, the supports must be able to transmit the
following force F in the longitudinal and transverse direction:
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. Py
=pu 7

P, = vertical supporting force on related supports

1 frictional coefficient, the value equal to 0.5 in general, For non-metallic, low-friction support
materials on steel, the friction coefficient may be reduced but not to be less than 0.35 and

to the satisfaction of the Society.
d = according to Par a)

Supports as well as the adjacent structures and substructures are to be designed such that the
permissible stresses according to [1.3.2] a) are not exceeded.

For substructures and adjacent structures of supports subjected to horizontal forces 7,, a fatigue
strength analysis is to be considered.

1.5.8 Container foundations on hatch covers

The substructures of container foundations are to be designed for cargo and container loads according to
[1.2], applying the permissible stresses according to [1.3.2] a).

1.5.9 Drainage

a)

b)

Drain channels are provided inside the line of gasket by means of a gutter bar or vertical
extension of the hatch side and end coaming, drain openings are to be provided at appropriate
positions of the drain channels.

Drain openings in hatch coamings are to be arranged with sufficient distance to areas of stress
concentration (e.g. hatch corners, transitions to crane posts).

Drain openings are to be arranged at the ends of drain channels and are to be provided with
efficient means for preventing ingress of water from outside, such as non-return valves or
equivalent. It is unacceptable to connect fire hoses to the drain openings for this purpose.
Cross-joints of multi-panel covers are to be provided with drainage of water from the space above
the gasket and a drainage channel below the gasket.

If a continuous outer steel contact is arranged between the cover and the ship's structure, drainage
from the space between the steel contact and the gasket is also to be provided.

1.6 Miscellaneous Openings

1.6.1 Protection of machinery space openings

a)
b)

d)

514

Machinery space openings are to be efficiently enclosed by steel casings.

Access openings in the machinery spaces are to be provided with steel doors and to be located in
enclosed positions as far as possible. Access openings above freeboard deck not within an enclosed
superstructure are to be provided with doors capable of being closed and secured from both sides.
Access openings in such casings on exposed freeboard decks shall be fitted with doors complying
with Pt 3, Ch 16, 301.

The sills of which shall be at least 600 mm above the deck if in position 1, and at least 380 mm
above the deck if in position 2.

For ships assigned deducted freeboards, access openings of casting of machinery spaces on
freeboard decks or sunken poop decks are to be guided to spaces or passages with equivalent
strength of such casting and are to be segregated by double doors with inner sill heigth shall be
not less than 230 mm.
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1.6.2 Companionways and Miscellaneous Openings
a) Manhole and flush scuttles

Manholes and flush scuttles in position 1 or 2 or within superstructures other than enclosed super-
structures shall be closed by substantial covers capable of being made watertight. Unless secured by
closely spaced bolts, the covers shall be permanently attached.

b) Companionways

(D

@

©)

4)

©)

(©)

™)

®)

Openings in freeboard decks other than hatchways, machinery space openings, manholes and
flush scuttles shall be protected by an enclosed superstructure, or by a deckhouse or com-
panionway of equivalent strength and weathertightness.

Any such opening in an exposed superstructure deck, in the top of a deckhouse on the free-
board deck which gives access to a space below the freeboard deck or a space within an en-
closed superstructure shall be protected by an efficient deckhouse or companionway.

Doorways in such companionways or deckhouses of (1), (2) shall be fitted with doors in ac-
cordance with Pt 3, Ch 16, 301.

In position 1 the height of sills to the doorways in companionways of (1) to (3) shall be at
least 600 mm. In position 2 it shall be at least 380 mm.

Where access is provided from the deck above as an alternative to access from the freeboard
deck, then the height of sills into a bridge or poop shall be 380 mm. The same shall apply to
deckhouses on the freeboard deck. Where access is not provided from above, the height of the
sills to doorways in deckhouses on the freeboard deck shall be 600 mm.

Where the closing appliances of access openings in superstructures and deckhouses are not in
accordance with regulation Pt 3, Ch 16, 301, interior deck openings shall be considered ex-
posed (i.e. situated in the open deck).

Openings in the top of a deckhouse on a raised quarterdeck or superstructure of less than
standard height, having a height equal to or greater than the standard quarterdeck height, shall
be provided with an acceptable means of closing but need not be protected by an efficient
deckhouse or companionway as defined in the regulation, provided that the height of the deck-
house is at least the standard height of a superstructure.

Openings in the top of the deck house on a deck house of less than a standard superstructure
height may be treated in a similar manner.

2. Small hatchways

2.1 Application

211

The requirements in [2.2] to [2.6] apply to small hatchways at weather deck in positions 1 and 2 as
defined in [1.1.2]. The requirements in [3] apply to small hatchways fitted on the exposed fore deck

over the

forward 0.25 L.

2.2 Materials

2.21

Materials used for the construction of steel hatch covers are to comply with the applicable Pt 2.

2.2.2

The use of materials other than steel is considered by the Society on a case-by-case basis.
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2.3 Height of hatch coamings

2.3.1
The height above the deck of hatch coamings is not to be less than:

*  Position 1 : 600 mm
¢ Position 2 : 450 mm

2.3.2

The height, given in [2.3.1], of hatch coamings closed by steel covers provided with gaskets and
securing devices may be reduced or the coamings may be omitted entirely, on condition that the Flag
Administration is satisfied that the safety of the ship is not thereby impaired in any sea conditions.

In such cases the scantlings of the covers, their gasketing, their securing arrangements and the drainage
of recesses in the deck are considered by the Society on a case-by-case basis.

2.4 Small hatchways

2.4.1

Small hatches are hatches designed for access to spaces below the deck and are capable to be closed
weathertight or watertight, as applicable. Their opening is generally equal to or less than 2.5 m’.

Hatch covers on exposed decks are to be weathertight.
Hatch covers fitted in way of ballast tanks, fuel oil tanks or other tanks are to be watertight.

24.2

Securing arrangements and stiffening of hatch cover edges are to be such that weathertightness can be
maintained in any sea condition. At least one securing device is to be fitted at each side. Circular hole
hinges are considered equivalent to securing devices.

2.4.3
Hatchways of special design are considered by the Society on a case-by-case basis.

24.4

The gross thickness of covers is to be not less than 8 mm. This thickness is to be increased or an
efficient stiffening is to be fitted where the greatest horizontal dimension of the cover exceeds 0.6 m.

245
The gross thickness of coaming plate is not to be less than the lesser of the following values:

* The gross thickness for the deck in way of hatch coaming, assuming as spacing of stiffeners the
lesser of the values of the height of the coaming and the distance between its stiffeners.
* 10 mm.
Coamings are to be strengthened where their height exceeds 0.8 m or their greatest horizontal dimension
exceeds 1.2 m, unless their shape ensures an adequate rigidity.

2.5 Gaskets

2.5.1

The sealing is to be obtained by a continuous gasket of relatively soft elastic material compressed to
achieve the necessary weathertightness.

2.5.2

Coamings and steel parts of hatch covers in contact with gaskets are to have no sharp edges.
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3. Small hatchways fitted on the exposed fore deck

3.1 General

3.1.1

These requirements apply to small hatchways (generally openings 2.5m” or less) on the exposed deck
within 0.25L from the FP and located at a height less than 0.1 L or 22 m, whichever is less, from the
summer load water line at the location of the hatch.

3.1.2

Hatchways designed for emergency escape need not comply with the requirements [3.3.1] items (a) and
(b), [3.4.3] and [3.5.1].

3.1.3

Securing devices of hatches designed for emergency escape are to be of a quick-acting type (e.g. one
action wheel handles are provided as central locking devices for latching/unlatching of hatch cover)
operable from both sides of the hatch cover.

3.2 Strength

3.2.1

For small rectangular steel hatch covers, the gross plate thickness, stiffener arrangement and scantlings are
to be not less than those obtained, in mm, from Table 12 and Figure 18. Stiffeners, where fitted, are
to be aligned with the metal-to-metal contact points, required in [3.4.1] and shown in Figure 18. Primary
stiffeners are to be continuous. All stiffeners are to be welded to the inner edge stiffener, see Figure 17.

Table 12: Gross scantlings for small steel hatch covers on the fore deck

. . Cover plate Primary stiffeners Secondary stiffeners
Nominal size, .
. thickness,
m mm in mm Flat bar size, in mm ; number of stiffeners
630 x 630 8 - -
630 x 830 8 100 x 8 ; 1 -
830 x 630 8 100 x 8 ; 1 -
830 x 830 8 100 x 10 ; 1 -
1030 x 1030 8 120 x 12 ;1 80 x 8 ;2
1330 x 1330 8 150 x 12 ; 2 100 x 10 ; 2

3.2.2

The upper edge of the hatchway coaming is to be suitably reinforced by a horizontal member, normally
not more than 190 mm from the upper edge of the coaming.

3.2.3

For small hatch covers of circular or similar shape, the cover plate thickness and reinforcement is to
provide strength and stiffness equivalent to the requirements for small rectangular hatches.

3.2.4

For small hatch covers constructed of materials other than normal strength steel, the required scantlings
are to provide equivalent strength and stiffness.
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3.3 Primary securing devices

3.3.1
The primary securing devices are to be fitted such that the hatch cover can be secured in place and be
made weathertight by means of a closing mechanism employing any one of the following methods:
a) Butterfly nuts tightening onto forks (clamps),
b) Quick acting cleats, or
¢) A central locking device.
Dogs (twist tightening handles) with wedges are not acceptable.

3.4 Requirement to primary securing

3.4.1

The hatch cover is to be fitted with a gasket of elastic material. This is to be designed to allow a
metal to metal contact at a designed compression and to prevent over compression of the gasket by
green sea forces that may cause the securing devices to be loosened or dislodged. The metal-to-metal
contacts are to be arranged close to each securing device in accordance with Figure 18 and of sufficient
capacity to withstand the bearing force.

3.4.2

The primary securing method is to be designed and manufactured such that the designed compression
pressure is achieved by one person without the need of any tools.

3.4.3

For a primary securing method using butterfly nuts, the forks (clamps) are to be of robust design. They
are to be designed to minimise the risk of butterfly nuts being dislodged while in use; by means of
curving the forks upward, a raised surface on the free end, or a similar method. The plate thickness of
unstiffened steel forks is to be not less than 16 mm. An example arrangement is shown in Figure 17.

3.4.4

For small hatch covers located on the exposed deck forward of the foremost cargo hatch, the hinges are
to be fitted such that the predominant direction of green seas will cause the cover to close, which
means that the hinges are normally to be located on the fore edge.

3.4.5

On small hatches located between the main hatches, for example between No. 1 and No. 2, the hinges
are to be placed on the fore edge or outboard edge, whichever is practicable for protection from green
water in beam sea and bow quartering conditions.

3.5 Secondary securing devices

3.5.1

Small hatches on the fore deck are to be fitted with an independent secondary securing device, e.g. by
means of a sliding bolt, a hasp or a backing bar of slack fit, which is capable of keeping the hatch
cover in place, even in the event that the primary securing device became loosened or dislodged. It is to
be fitted on the side opposite to the hatch cover hinges.
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Section 1 - Construction and Fabrication

1. General
1.1 Workmanship

1141

All workmanship is to be of commercial marine quality and acceptable to the surveyor. Welding is to be
in accordance with the requirements of Ch 12, Sec 2. Any defect is to be rectified to the satisfaction of
the surveyor before the material is covered with paint, cement or any other composition.

1.2 Fabrication standard

1.2.1

Structural fabrication is to be carried out in accordance with IACS Recommendation No. 47 or with a
recognised fabrication standard which has been accepted by the Society prior to the commencement of
fabrication/construction.

1.2.2

The fabrication standard to be used during fabrication/construction is to be made available to the
attending representative of the Society prior to the commencement of the fabrication/construction.

1.2.3

The fabrication standard is to include information, to establish the range and the tolerance limits, for the
items specified as follows:

a) Cut edges: the slope of the cut edge and the roughness of the cut edges.

b) Flanged stiffeners and brackets and built-up sections: the breadth of flange and depth of web,
angle between flange and web, and straightness in plane of flange or at the top of face plate.

c) Pillars: the straightness between decks and cylindrical structure diameter.

d) Brackets and flat bar stiffeners: the distortion at the free edge line of tripping brackets and flat bar
stiffeners.

e) Sub-assembly stiffeners: details of sniped end of face plates and webs.

f) Plate assembly: for flat and curved blocks, the dimensions (length and breadth), distortion and
squareness, and the deviation of interior members from the plate.

g) Cubic assembly: in addition to the criteria for plate assembly, twisting deviation between upper and
lower plates, for flat and curved cubic blocks.

h) Special assembly: the distance between upper and lower gudgeons, distance between aft edge of
propeller boss and aft peak bulkhead, twist of stern frame assembly, breadth and length of top
plate of main engine bed. Where boring out of the propeller boss and stern frame, skeg or
solepiece are to be carried out after completing the major part of the welding of the aft part of
the ship. Where block boring is used, the shaft alignment is to be carried out using a method and
sequence submitted to and recognised by the Society. The fit-up and alignment of the rudder,
pintles and axles are to be carried out after completing the major parts of the welding of the aft
part of the ship. The contacts between the conical surfaces of pintles, rudder stocks and rudder
axles are to be checked before the final mounting.

1) Butt joints in plating: alignment of butt joint in plating.
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j) Cruciform joints: alignment measured on the median line and measured on the heel line of
cruciform joints.

k) Alignment of interior members: alignments of flange of T profiles, alignment of panel stiffeners,
gaps in T joints and lap joints, and distance between scallop and cut-outs for continuous stiffeners
in assembly and in erection joints.

1) Keel and bottom sighting: deflections for whole length of the ship, and for the distance between
two adjacent bulkheads, cocking-up of fore body and of aft body, and rise of floor amidships.

m) Dimensions: length between perpendiculars, moulded breadth and depth at midship, and length
between aft edge of propeller boss and main engine.

n) Fairness of plating between frames: deflections between frames of shell, tank top, bulkhead, upper
deck, superstructure deck, deckhouse deck and wall plating.

o) Fairness of plating in way of frames: deflections of shell, tank top, bulkhead, strength deck plating
and other structures measured in way of frames.

2. Cut-Outs, Plate Edges
2.1 General

2.1.1

The free edges (cut surfaces) of cut-outs, hatch corners, etc are to be properly prepared and are to be
free from notches. As a general rule, cutting draglines, etc are to be smoothly ground. All edges are to
be broken or in cases of highly stressed parts, be rounded off.

Free edges on flame or machine cut plates or flanges are not to be sharp cornered and are to be
finished off as specified above. This also applies to cutting drag lines, etc, in particular to the upper
edge of sheer strake and analogously to weld joints, changes in sectional areas or similar discontinuities.
21.2

Cormners in hatch opening are to be machine cut.

3. Cold Forming
3.1 Special structural members

3.1.1

For highly stressed components of the hull girder where notch toughness is of particular concern (e.g.
items required to be Class Il in Ch 3, Sec 1, Table 3, such as radius gunwales (bent sheer plates) and
bilge strakes), the inside bending radius, in cold formed plating, is not to be less than 10 times the
as-built plate thickness for carbon-manganese steels (see Ch 3, Sec 1). The allowable inside bending
radius may be reduced provided the requirements stated in [3.2] are complied with.

3.2 Low bending radius

3.2.1

When the inside bending radius is reduced below 10 times or 4.5 times the as-built plate thickness
according to [3.1], supporting data is to be provided. The bending radius is in no case to be less than 2
times the as-built plate thickness. As a minimum, the following additional requirements are to be
complied with:
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a) For all bent plates:

* 100% visual inspection of the bent area is to be carried out.

* Random checks by magnetic particle testing are to be carried out.
b) In addition to a), for bent plates at boundaries to tanks:

* The steel is to be of Grade D/DH or higher.

* The material is impact tested in the strain-aged condition and satisfies the requirements stated
herein. The deformation is to be equal to the maximum deformation to be applied during
production, calculated by the formula ¢, 4,/ (27 + tog— puis ), Where ¢,y is the as-built
thickness of the plate material and r,,, 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.

4. Hot Forming

4.1 Temperature requirements

4.1.1

Steel is not to be formed between the upper and lower critical temperatures. If the forming temperature
exceeds 650°C for as-rolled, controlled rolled, thermo-mechanical controlled rolled or normalised steels, or
is not at least 28°C lower than the tempering temperature for quenched and tempered steels, mechanical
tests are to be made to assure that these temperatures have not adversely affected both the tensile and
impact properties of the steel. Where curve forming or fairing, by line or spot heating, is carried out in
accordance with [4.2.1] these mechanical tests are not required.

4.1.2

After further heating, other than specified in [4.1.1], of Thermo-Mechanically Controlled Steels (TMCP
plates) for forming and stress relieving, it is to be demonstrated that the mechanical properties meet the
requirements specified by a procedure test using representative material.

4.2 Line or spot heating

4.2.1

Curve forming or fairing, by linear or spot heating, is to be carried out using approved procedures in
order to ensure that the properties of the material are not adversely affected. Heating temperature on the
surface is to be controlled so as not to exceed the maximum allowable limit applicable to the plate
grade.

5. Assembly and Alignment
5.1 General

5.1.1

The use of excessive force is to be avoided during the assembly of individual structural components or
during the erection of sections. Major distortions of individual structural components are to be corrected
before further assembly.
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After completion of welding, straightening and aligning are to be carried out in such a manner that the
material properties are not influenced significantly. In case of doubt, the Society may require a procedure
test or a working test to be carried out.

5.1.2

Structural members are to be aligned following the provisions of IACS Recommendation No. 47, Table
7 or according to the requirements of a recognised fabrication standard that has been accepted by the
Society. In the case of critical components, control drillings are to be made where necessary, which are
then to be welded up again on completion.
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Section 2 - Fabrication by Welding

1. General
1.1 Application

1141

The requirements of this section apply to the preparation, execution and inspection of welded connections
in hull structures.

1.2 Limits of application to welding procedures

1.2.1 weld type, size and materials

The requirements of this section for weld type, size and materials are based on the following
considerations:

» Joint type.
* Ciriticality of the joint.
* Magnitude, type and direction of the stresses in the joint.
* Material properties of the parent and weld material.
*  Weld gap size.
1.2.2 Preparation, execution and inspection

The requirements of this section are to be complemented by the general requirements relevant to
fabrication by welding and qualification of welding procedures given by the Society when deemed
appropriate by the Society.

2. Welding Procedures, Welding Consumables and Welders
2.1 General

2.1.1

All welding is to be carried out by approved welders, in accordance with approved welding procedures,
using approved welding consumables, in compliance with Pt 2.

Personnel manning automatic welding machines and equipment are to be competent, sufficiently trained
and certified by the Society as specified in Pt 2.

3. Weld Joints
3.1 General

3.1.1

Welding of connections is to be executed according to the approved plans.

3.1.2

The quality standard adopted by the shipyard is to be submitted to the Society and it applies to all
welded connections unless otherwise specified on a case-by-case basis.
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3.1.3

Consideration is to be given to the assembly sequence and the effect of the overall shrinkage of plate
panels, assemblies, etc, resulting from the welding processes employed. Welding is to proceed
systematically, with each welded joint being completed in correct sequence, without undue interruption.
When practicable, welding is to commence at the centre of a joint and proceed outwards, or at the
centre of assembly and progress outwards towards the perimeter so that each part has freedom to move
in one or more directions.

3.1.4

Completed welded joints are to be to the satisfaction of the attending surveyor. Edge preparations and
root gaps are to be in accordance with the approved welding procedure. The gap between the members
being joined should not exceed the maximum values given in IACS Recommendation No. 47 or as
specified in recognised fabrication standard approved by the Society. Where the gap between members
being joined exceeds the specified values, corrective measures are to be taken in accordance with an
approved welding procedure specification.

3.1.5

Where small fillets are used to attach heavy plates or sections, welding is to be based on approved
welding procedure specifications. Special precautions, such as the use of preheating, low-hydrogen
electrodes or low hydrogen welding processes, are accepted.

3.1.6

When heavy structural members are attached to relatively light plating, the weld size and sequence may
require modification.

3.1.7

Where quality control systems are in place which ensure that the grade of welding consumable used is
higher than the minimum required for the particular strength steel being welded, the welding consumables
that are used may have a weld deposit material yield strength that is greater than the minimum specified
in Ch 12, Sec 3, [2.5.2] and the size of the weld may be determined based on the yield strength of the
higher grade welding consumable.

3.1.8

In general, butt joints are to be welded from both sides. Before welding is carried out on the second
side, unsound metal is to be removed at the root by a suitable method. Butt welding from one side will
only be permitted for specific applications with an approved welding procedure specification.

3.1.9 Arrangements at junctions of welds

Welds are to be made flush in way of the faying surface where stiffening members, attached by
continuous fillet welds, cross the completely finished butt or seam welds. Similarly, butt welds in webs
of stiffening members are to be completed and made flush with the stiffening member before the fillet
weld is made. The ends of the flush portion are to run out smoothly without notches or sudden changes
of section. Where these conditions can not be complied with, a scallop is to be arranged in the web of
the stiffening member. Scallops are to be of the size, and in a position, that a satisfactory return weld
can be made.

3.1.10 Leak stoppers

Where structural members pass through the boundary of a tank, leakage into adjacent space could be
hazardous or undesirable, and full penetration welding is to be adopted for the members for at least 150
mm on each side of the boundary. Alternatively, a small scallop of suitable shape may be cut in a
member close to the boundary outside of the compartment, and carefully welded all around.
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4. Non-Destructive Examination(NDE)
4.1 General

4.1.1

The NDE plan to be submitted for approval has to contain the necessary data relevant to the locations
and number of examinations, welding procedures applied, method of NDE applied, etc. Visual inspection
of finished welds is to be carried out by the shipyard to ensure that all welding has been satisfactory
completed. In addition to visual inspection, welded joints are to be examined using any one or a
combination of ultrasonic, radiographic, magnetic particle, eddy current, dye penetrant or other acceptable
methods appropriate to the configuration of the weld. Above inspections are to be carried out as per the
requirements of the Society.

4.1.2

NDE of welding is to be carried out at the positions indicated by the NDE plan in order to ensure that
the welds are free from cracks and unacceptable internal defects with regards to the requirements of the
Society. NDE is to be carried out by qualified personnel certified by recognised bodies in compliance
with recognised standards.

4.2 Hatch coaming

4.2.1
When NDE during construction is to be carried out, NDE is to follow Ch12, Sec 4, [2].

4.2.2
When periodic NDE after delivery is to be carried out, periodic NDE is to be follow Ch 12, Sec 4, [3].
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Section 3 - Design of Weld Joints

SYMBOLS

A, : Effective fillet weld area, in cm’.

7 : Root face, in mm.

Fuwea - Weld factor.

f, : Correction factor taking into account the yield strength of the weld deposit as defined in [2.5.2].
ly, - Total length of deposit of weld metal, in mm.

?., - Leg length of continuous, lapped or intermittent fillet weld, in mm.

l,.a - Length of the welded connection in mm.

R,y g © Minimum yield stress of weld deposit, in N/mm®.

t : As-built thickness of the member being joined, in mm.

as —built

t,y - Allowance for fillet weld gap, is to be taken equal to 2.0 mm.

tirow - Throat thickness of fillet weld in mm, as defined in [2.5.3].

1. General
1.1 Application

1.1.1

The requirements of this section apply to the design of welded connections in hull structures and are
based on the considerations mentioned in Ch 12, Sec 2, [1.2.1].

1.1.2

Plans and/or specifications showing weld sizes and weld details are to be submitted for approval.

1.1.3
The leg length of welds is to comply with the minimum leg length given in Table 1.
1.2 Alternatives

1.2.1

The requirements given in this section are considered minimum for electric-arc welding in hull
construction, but alternative methods, arrangements and details will be specially considered for approval.

2. Tee or Cross Joint
2.1 Application

2.1.1

The connection of primary supporting members, stiffener webs to plating as well as the plating abutting
on another plating, are to be made by fillet or penetration welding, as shown on Figure 1.
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Figure 1 : Tee or cross joints

: As-built thickness of the member being attached, mm.

6 : Connecting angle, in deg.

2.1.2

Where the connection is highly stressed or otherwise considered critical, a partial or full penetration weld
is to be achieved by bevelling the edge of the abutting plate.

2.2 Continuous fillet welds

2.2.1

Continuous welding is to be adopted in the following locations:

a)
b)

¢)

d)
e)
f)
g)

h)
)
i)
k)
)

m)

n)
0)

Connection of the web to the face plate for all members.
All fillet welds where higher strength steel is used.

Boundaries of weathertight decks and erections, including hatch coamings, companionways and
other openings.

Boundaries of tanks and watertight compartments.
All structures inside tanks and cargo holds.
Stiffeners and primary supporting members at tank boundaries.

All structures in the aft peak and stiffeners and primary supporting members of the aft peak
bulkhead.

All structures in the fore peak.

Welding in way of all end connections of stiffeners and primary supporting members, including
end brackets, lugs, scallops, and at orthogonal connections with other members.

All lap welds in the main hull.
Primary supporting members and stiffener members to bottom shell in the 0.3 L forward region.
Flat bar longitudinals to plating.

The attachment of minor fittings to higher strength steel plating and other connections or
attachments.

Pillars to heads and heels.
Hatch coaming stay webs to deck plating, see [2.4.5].
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2.3 Intermittent fillet welds

2.3.1

Where continuous welding is not required, intermittent welding may be applied.

2.3.2

Where beams, stiffeners, frames, etc, are intermittently welded and pass through slotted girders, shelves
or stringers, there is to be a pair of matched intermittent welds on each side of every intersection. In
addition, the beams, stiffeners and frames are to be efficiently attached to the girders, shelves and
stringers.

Where intermittent welding or one side continuous welding is permitted, double continuous welds are to
be applied for one-tenth of their shear span at each end, in accordance with [2.5.2] and [2.5.3].
2.3.3 Deckhouses

One side continuous fillet welding is acceptable in the dry spaces of deckhouses.

2.3.4 Size for one side continuous weld

The size for one side continuous weld is to be of fillet required by [2.5.2] for intermittent welding,
where f, factor is to be taken as 2.0.

2.4 Partial or full penetration welds

2.4.1 High stress area definition

For the application of this section, high stress area means an area where fine mesh finite element
analysis is to be carried out and the fine mesh yield utilisation factor in elements adjacent to the weld
is more than 90% of the fine mesh permissible utilisation factor, as defined in Ch 7, Sec 3, [6.2].

2.4.2 Partial or full penetration welding

In areas with high tensile stresses or areas considered critical, full or partial penetration welds are to be
used. In case of full penetration welding, the root face is to be removed, e.g. by gouging before welding
of the back side. For partial penetration welds the root face, f, is, to be taken between 3 mm and

tas - bm'lt/'?) .

The groove angle o made to ensure welding bead penetrating up to the root of the groove is usually
from 40° to 60°.

The welding bead of the full/partial penetration welds is to cover root of the groove.

Examples of partial penetration welds are given on Figure 2.

Las-puitt Las-built s built
\/\ +
! f /§ ’ R
Q
oI i\ i AR
N LF N 4 L[] 2

Figure 2 : Partial penetration welds
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2.4.3 One side partial penetration weld

For partial penetration welds with one side bevelling the fillet weld at the opposite side of the bevel is
to satisfy the requirements given in [2.5.2].

2.4.4 Extent of full or partial penetration welding

The extent of full or partial penetration welding in each particular location listed in [2.4.5] and [2.4.6]
is to be approved by the Society. However, the minimum extent of full/partial penetration welding from
the reference point (i.e. intersection point of structural members, end of bracket toe, etc.) is not to be
taken less than 300 mm, unless otherwise specifically stated.

2.4.5 Locations required for full penetration welding
Full penetration welds are to be used in the following locations and elsewhere as required by the rules :
a) Radiused hatch coaming plate at corners to deck.

b) Edge reinforcement or pipe penetration both to strength deck, sheer strake and bottom plating
within 0.6Z amidships, when the dimensions of the opening exceeds 300 mm.

c) Abutting plate panels with as-built thickness less than or equal to 12 mm, forming outer shell
boundaries below the scantling draught, including but not limited to: sea chests, rudder trunks, and
portions of transom. For as-built thickness greater than 12 mm, partial penetration in accordance
with [2.4.2].

d) Crane pedestals and associated bracketing and support structure.

e) For toe connections of longitudinal hatch coaming end bracket to the deck plating, full penetration
weld for a distance of 0.15 A, from toe of side coaming termination bracket is required, where H,
is the hatch coaming height.

f) Rudder horns and shaft brackets to shell structure.

g) Thick flanges of long transverse web frames to side web frames. Thick flanges of long longitudinal
girder to bulkhead web frames.

h) Brackets connecting face plates of cross decks and deck girders
1) Cross deck structures to transverse web frames(recommendation)
2.4.6 Locations required for partial penetration welding
Partial penetration welding as defined in [2.4.2], is to be used in the following locations.
a) Longitudinal/transverse bulkhead primary supporting member end connections to the double bottom.
b) Structural elements in double bottom below bulkhead primary supporting members.
¢) Horizontal stringers on bulkheads in way of their bracket toe and the heel.
2.4.7 Fine mesh finite element analysis

In high stress area, at least partial penetration welds as defined in [2.4.2] are to be used. The minimum
extent of full or partial penetration welding in that case is to be the greater of the following:

a) 150 mm in either direction from the element with the highest yield utilisation factor.
b) The extent covering all elements that exceed the above mentioned yield utilisation factor criteria.

2.5 Weld size criteria

2.5.1

The required weld sizes are to be rounded to the nearest half millimetre.

2.5.2

The leg length, ¢,, in mm, of continuous, lapped or intermittent fillet welds is not to be taken less than
the greater of the following values:
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gleg = fifsty

gley =/ ydfwezdf of sty T Loap

4, as given in Table 1.

where:

t, = effective thickness of abutting plate in mm

ty = tus—pwin TOT tos_puin < 25mm

t, = 05(25+t, ) for t,._, .. >25mm

t, = 25+0.25(t,, ... —25) for longitudinals of flat-bar type with ¢, ;. > 25mm
f, : Coefficient depending on welding type:

* f, = 0.30 for double continuous welding.

*
/o @ Coefficient depending on the edge preparation:

0.38 for intermittent welding.

* £, = 1.0 for welds without bevelling.
* f, = 0.70 for welds with one/both side bevelling and f=+t,,_,,./3-
fya  Coefficient not to be taken less than the following:

—(Lyos 235 ors
fyd ( k) ( Rchwcld )
fpa=0.71

Ry wq  Specified minimum yield stress for the weld deposit in N/mm? not to be less than:
* R, .. = 305 N/mm’ for welding of normal strength steel with R ; = 235N/mnr’.
* R wus = 375 N/mm’ for welding of higher strength steels with R, from 265 to 355 N/mm’.
* Ry = 400 N/mm® for welding of higher strength steel with R, = 390N/mm’.
* Ry o = 460 N/mm’ for welding of higher strength steel with R, = 460N/mm”.
Fue - Weld factor dependent on the type of the structural member, see Table 2, Table 3 and Table 4.
k : Material factor of the abutting member.

f5 + Correction factor for the type of weld:

* Ry s = 10 for double continuous weld.
* Ropgowerr = Sarl o for intermittent or chain welding.
s, : Distance between successive fillet welds, in mm.
2.5.3
The throat size t,,.,,, in mm, as shown in Figure 3, is not to be less than:
" _ El{zg
throat \/5

Sctr Sc(r
Staggered L—J Chained

Figure 3 : Weld scantlings definitions
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Table 1 : Minimum leg size

Area Minimum length, in mm
Cargo hold region 4.5
Other areas 4.5

Table 2: Weld factors for different structural members

Connection
Hull area Jweid
of to
Watertight plate Boundary plating 0.48
Oil-tight plate Boundary plating 0.51
General, Brackets at ends of members 0.48
otl}lllglrfxslisse Ordinary stiffener and Deep tank bulkheads 0.24
specified in collar plates Web of primary supporting members and collar plates 0.38
the table Plating (except deep tank bulkhead) 0.20
Web of stiffener Face plates of At ends (15% of span) 0.38
built-up stiffeners Elsewhere 02
Ordinary stiffener Bottom and inner bottom plating 0.24
) Shell plates 0.38
Centre girder
Inner bottom plate 0.38
Slde girder including Bottom and inner bottom plating 0.24
Bottom and intercostal plates
double Shell plates and At ends, on a length equal to two frame 038
bottom inner bottom plates spaces ’
Floor Centre girder and side girders in way of hopper tanks 0.38
Elsewhere 0.24
Bracket on centre girder Centre girder, inner bottom, floors and shell plates 0.38
Web stiffener Floor and girder 0.2
Side plating 0.30
~ Side and , in way of deck transverse and end 0.43
inner side in Web of primary Inner side plating connections -
double supporting members and web of primary - -
side structure supporting members in way of cross tie 0.36
elsewhere 0.30
Side shell plating within 0.6L midship PPW®
Strength tas*l/uilt =13
g Elsewhere 0.48
deck
s —puin < 13 Side shell plating 0.48
Side shell plating 0.38
Other deck .
Stiffeners 0.20
Longitudinal hatch coaming corners of FPWO®
hatchways in a length of 15% of the 3)
Deck X . or PPW
hatch coaming heigth
Longitudinal hatch coaming on a length
Hatch coamings Deck plating starting from 15% of the hatch coaming 0.48 or
height from the corners of hatchways up PPW®
to 15% of the hatch length
0.38 or
Elsewhere PPWO
Web stiffeners Coaming webs 0.20%
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Connection
Hull area Jweld
of to
Non-watertight bulkhead Boundaries Swash bulkheads 0.24
structure
Bulkheads® At ends (25% of ) wh q
. . t ends o of span), where no en
Stiffener Bulkhead plating brackets are fitted 0.48
Boundaries and each other: below waterline 0.38
Aft peak Internal members -
Above waterline 0.20
Fore peak Internal members Boundaries and each other 0.20
Centre girder Keel and inner bottom 0.48
Machinery Floor Centre girder 0.48
space Engine foundation girders Top plate and primary hull structure PPW®
Floors and girders Inner bottom and shell plate 0.38
External bulkhead
Superstructure (first and second tier Deck, external bulkhead 0.48
and erections)
deckhouse External bulkheads and
internal bulkheads Elsewhere 02

(1) fyew =0.43 for hatch coaming other than in cargo holds.

(2) Continuous welding.

(3) PPW: Partial penetration welding in accordance with [2.4.2].

(4) FPW: Full penetration welding in accordance with [2.4.2].

(5) Bulkheads of superstructure and deckhouse are to be considered in the row corresponding to “Superstructure and

deck house”.
Table 3 : Weld factors for miscellaneous fittings and equipment
Item Connection to Sweld
Watertight/oil-tight joints 0.48
Hatch cover At ends of stiffeners 0.38
Elsewhere 0.24
Mast, derrick post, crane pedestal, etc. Deck / Underdeck reinforced structure 0.43
Deck machinery seat Deck 0.24
Mooring equipment seat Deck 0.43
Ring for access hole type cover Anywhere 0.43
Stiffening of side shell doors and weathertight doors Anywhere 0.24
Frames of shell and weathertight doors Anywhere 0.43
Coaming of ventilator and air pipe Deck 0.43
Ventilators, etc., fittings Anywhere 0.24
Ventilators, air pipes, etc., coaming to deck Deck 0.43
Scupper and discharge Deck 0.55
Bulwark stay Deck 0.24
Bulwark plating Deck 0.43
Guard rail, stanchion Deck 0.43
Cleats and fittings Hatch coaming and hatch cover 0.60"
(1) Minimum weld factor. Where ¢, _,,; > 11.5mm, ¢, need not exceed 0.62 ¢, _,, ;. Penetration welding may be
required depending on design.
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2.5.4

For primary supporting members connections not listed in Table 2 and Table 3, the weld factors from
Table 4 are to be used.

Table 4 : Weld factors for primary supporting members

Hull Connection
structural Sweld
member of To
Shell plating, deck Within end 15% of shear span and extending to 0.48
plating, inner bottom end of member )
plating, bulkhead Elsewhere 0.38
In tanks/holds Members located within 0.125L
Primaq Web plate from fore peak 0.38
supporting Face plate Elsewhere if cross section area of face plate
member 5 0.38
exceeds 65 cm
Elsewhere 0.24
) In way of boundaries of ballast and cargo tanks 0.48
End connections
Elsewhere 0.38
255

Where the effective thickness of the abutting longitudinal stiffener web, ¢, is greater than 15 mm and
exceeds the thickness of the attached plating, the welding is to be double continuous and the leg length
of the weld is not to be less than the largest of the following:
a) 030 t,,_ ;0> Where t,,_ ;.. 1s the as-built thickness of the attached plating without being taken
greater than 30 mm.
b) 0.27t,, . T 1, where t,,_,,.;, is the as-built thickness of the abutting member. The leg size
resulting of this formula needs not to be taken greater than 8.0 mm.
c) Leg length given in the Table 1.

256

Where the minimum weld size is determined by the requirements of second formula shown in [2.5.2],
the weld connections to shell, decks or bulkheads are to take account of the material lost in the cut out,
where stiffeners pass through the member. In cases where the width of the cut-out exceeds 15 % of the
stiffener spacing, the size of weld leg length is to be multiplied by:

0.85s
l

where:
s : Stiffener spacing in mm, as shown in Figure 4.

¢, : Length of web plating between notches, in mm, as shown in Figure 4.

{

w

]

I T T

Width of cut-out

Figure 4 : Effective material in web cut-outs for stiffeners
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2.5.7 Shear area of primary supporting member end connections

Welding of the end connections, inclusive 10% of shear span, of primary supporting members is to be
such that the weld area is to be equivalent to the gross cross sectional area of the member. The weld
leg length in mm, ¢, is to be taken as:

hwt r—re
iy = 1.41fyd7;d !
ep

where:

h, : Web height of primary supporting members, in mm.

tyr—req - Required gross thickness of the web in way of the end connection, including 10% of shear
span, based on the highest average usage factor for yield from cargo hold FE analysis or the shear area
requirement for PSM outside cargo hold region, in mm.

lyeq - Length of the welded connection in mm, as shown in Figure 5.
Ly, - Total length of deposit of weld metal, in mm, see Figure 5 taken as:
Edep = 2£weld

The size of weld is not to be less than the value calculated in accordance with [2.5.2].

<> h,, t, Cheg=ti+ €+ €5

i

weld

Note 1: The length £y is the length of the welded connection. The total length of the weld deposit ¢4, if welded with
double continuous fillet welds is twice the length of the welded connection £ .

Figure 5 : Shear area of primary supporting member

2.5.8 Longitudinals

Welding of longitudinals to plating is to be doubled continuous at the ends of the longitudinals at the
extent of 15% of shear span as defined in Ch 3, Sec 6, [1.1.3].

In way of primary supporting members, the length of the double continuous weld is to be equal to the
depth of the longitudinal or the end bracket, whichever is greater.
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2.5.9 Deck longitudinals

For deck longitudinals, a matched pair of welds is required at the intersection of longitudinals with
primary supporting members.

2.5.10 Longitudinal continuity provided by brackets

Where a longitudinal strength member is to cut at a primary supporting structure and the continuity of
strength is provided by brackets, the weld area A, ;, is not to be less than the gross cross sectional
area of the member. The weld area, A,,,, in cn’, is to be determined by the following formula:

o fydtthroatgdep
weld ~ 100

2.5.11 Reduced weld size

Where an approved automatic deep penetration procedure is used and quality control facilitates are
working to a gap between members of 1 mm and less, the weld factors given in Table 2 may be
reduced by 15% but not more than fillet weld leg size of 1.5 mm. Reductions of up to 20%, but not
more than the fillet weld leg size of 1.5 mm, will be accepted provided that the shipyard is able to
consistently meet the following requirements:

A

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.

¢) Demonstrate that an established quality control system is in place.
2.5.12 Reduced weld size justification

Where any of the methods for reduction of the weld size are adopted, the specific requirements giving
justification for the reduction are to be indicated on the drawings. The drawings are to document the
weld design and dimensioning requirements for the reduced weld length and the required weld leg length
given by [2.5.2] without the leg length reduction. Also, notes are to be added to the drawings to
describe the difference in the two leg lengths and the requirements for their application.

3. Butt Joint
3.1 General

3.1.1

Joints in the plate components of stiffened panel structures are generally to be joined by butt welds, see
Figure 6.

Single bevel butt Double bevel butt
tas buit 0 ¢

| — built ]

| f
Pl ;f T

Gap Gap
Double vee butt, uniform bevels Single vee butt, one side welding
with backing
tas.ouit Cas buit 0
N "y
|
f

Gap Gap

Figure 6 : Typical butt welds
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3.2 Thickness difference

3.2.1 Taper

In the case of welding of plates with difference in as-built thickness greater than 4 mm, the thicker
plate is normally to be tapered. The taper has to have a length of not less than 3 times the difference
in as-built thickness.

4. Other Types of Joints
4.1 Lapped joints

4.1.1 Areas
Lap joint welds may be adopted in very specific cases subject to the approval of the Society. Lap joint
welds may be adopted for the following:

a) Peripheral connections of doublers.

b) Internal structural elements subject to very low stresses.

4.1.2 Overlap width

Where overlaps are adopted, the width of the overlap is not to be less than three times, but not greater
than four times the as-built thickness of the plates being joined, see Figure 7. Where the as-built
thickness of the thinner plate being joined has a thickness of 25 mm or more, the overlap will be
subject to special consideration.

Wiap

lg

v

t,2t,

Figure 7 : Fillet weld in lapped joint

4.1.3 Overlaps for lugs

The overlaps for lugs and collars in way of cut-outs for the passage of stiffeners through webs and
bulkhead plating are not to be less than three times the thickness of the lug but not be greater than
50 mm.

4.1.4 Lapped end connections
Lapped end connections are to have continuous welds on each edge with leg length, 7, in mm, as

shown on Figure 7 such that the sum of the two leg lengths is not less than 1.5 times the as-built
thickness of the thinner plate.

4.1.5 Overlapped seams

Overlapped seams are to have continuous welds on both edges, of the sizes required by [2.5.2] for the
boundaries of tank/hold or watertight bulkheads. Seams for plates with as-built thickness of 12.5 mm or
less, which are clear of tanks/holds, may have one edge with intermittent welds in accordance with
[2.5.2] for watertight bulkhead boundaries.
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4.2 Slot welds

4.2.1

Slot welds may be adopted in very specific cases subject to the approval of the Society. However, slot
welds of doublers on the outer shell and strength deck are not permitted within 0.6 L amidships.

4.2.2

Slots are to be well-rounded and have a minimum slot length, ¢, of 75 mm and width, w,,, of twice
the as-built plate thickness. Where used in the body of doublers and similar locations, such welds are in

general to be spaced a distance, s, of 2 /¢, to 3 £, but not greater than 250 mm, see Figure

slot

slot

8. The size of the fillet welds is to be determined from second formula shown in [2.5.2] using ¢, ;.

of the thinner plate and a weld factor of 0.48.

! S

slot slot f slot

LDy

“‘W

“‘,”llllllllllllllll"‘ Wlm

s

-’

TG

as-built

w

slot
.

>

Figure 8 : Slot welds

4.2.3 Closing plates

For the connection of plating to internal webs, where access for welding is not practicable, the closing
plating may be attached by slot welds to face plates fitted to the webs.

4.2.4

Slots are to be well-rounded and have a minimum slot length, ¢, of 90 mm and a minimum width,

slo
wy,; of twice the as-built plate thickness. Slots cut in plating are to have smooth, clean and square
edges and are in general to be spaced a distance, s,,, not greater than 140 mm. Slots are not to be

filled with welding.

4.3 Stud and lifting lug welds

4.3.1

Where permanent or temporary studs or lifting lugs are to be attached by welding to main structural
parts in areas subject to high stress, the proposed locations are to be submitted for approval.
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5. Connection Details
5.1 Bilge keels

5.1.1
The ground bar is to be connected to the shell with a continuous fillet weld, and the bilge keel to the
ground bar with a continuous fillet weld in accordance with Table 5.

Table 5 : Connections of bilge keels

Leg length of weld, in mm
Structural items being joined
At ends? Elsewhere
Ground bar to the shell 0.62t,,, _puin 0.48t, .. _puin
Bilge keel web to ground bar 0.48t5,, _puin 0.30t,,, _pin

tis —puine - As-built thickness of ground bar, in mm.
tous —puine - As-built thickness of web of bilge keel, in mm.
(1) : Zone “b” in Figure 18 and Figure 19 in Ch 3 Sec 6 for definition of “ends”

5.1.2

Butt welds, in the bilge keel and ground bar, are to be well clear of each other and of butts in the
shell plating as shown in Figure 9. In general, shell butts are to be flush in way of the ground bar and
ground bar butts are to be flush in way of the bilge keel. Direct connection between ground bar butt
welds and shell plating is not permitted. This may be obtained by use of removable backing.

5.1.3

The ground bar is to be continuously fillet welded with a leg length as given in Table 5. At the ends
of the ground bar, the leg length is to be increased as given in Table 5, without exceeding the as-built
thickness of the ground bar as shown in Figure 9. The welded transition at the ends of the ground bar
to the plating connection should be formed with the weld flank angle of 45° or less.

514

In general, scallops and cut-outs are not to be used. Crack arresting holes are to be drilled in the bilge
keel butt welds as close as practicable to the ground bar. The diameter of the hole is to be greater than
the width of the butt weld and is to be a minimum of 25 mm. Where the butt weld has been subject
to non-destructive examination, the crack arresting hole may be omitted.

min. 50 mm, about 3h
max 100 mm

» As close as
Ground bar \‘\\\\“\“2.:5 5 1= 3 practicable

Hole diameter >,
>25 mm and >W

Bilge keel

Figure 9 : Bilge keel
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5.2 End connections of pillars

5.2.1

The end connections of pillars are to have an effective fillet weld area, in cm? (weld throat multiplied
by weld length) not less than:

235 5
Aweld = f3( R )0.7‘)F
e H—weld

where:
F : Design load, for the structure under consideration, in kN.
f; : Coefficient equal to:

* f; = 0.05 when pillar is in compression only.
* £, = 0.14 when pillar is in tension.

5.3 Abutting plates with small angles

5.3.1

Where the angle 6 between the abutting plate and the connected plate is less than 75° as shown in
Figure 10, the size of fillet welds ¢,, in mm, for the side of larger angle is to be increased in
accordance with:

fle g

h="""%
ﬂsin;

where:
4, © Leg length of fillet weld, in mm, as defined in [2.5.2].

6 : Connecting angle, in deg, as shown in Figure 10.

Figure 10 : Connecting angle

5.3.2

Connections of main strength members where 6 is less than 45°, see Figure 10, may be applied only in
dry spaces and voids.
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Section 4 - Use of Extremely Thick Steel

1. Application
1.1 General

111

This requirements of this section is to be complied with for container ships incorporating extremely thick
steel plates having steel grade and thickness in accordance with [1.1.2] and [1.1.3] respectively.

1.1.2

The requirements given in this section identifies when measures for prevention of brittle fracture of
extremely thick steel plates are required for longitudinal structural members.

1.1.3

This requirements gives the basic concepts for application of extremely thick steel plates to longitudinal
structural members in the upper deck and hatch coaming structural region (i.e. upper deck plating, hatch
side coaming and hatch coaming top).

114

The application of the measures specified in [2], [3] and [4] of this requirements is to be in accordance
with [5].

1.2 Steel Grade

1.2.1

This requirements is to be applied to when any of YP36, YP40 and YP47 steel plates are used for the
longitudinal structure members.

1.2.2

YP36 YP40 and YP47 means the steel plates having the minimum specified yield points of 355, 390
and 460 N/mny’, respectively.

1.2.3

In the case that YP47 steel plates are used for longitudinal structural members in the upper deck region
such as upper deck plating, hatch side coaming and hatch coaming top and their attached longitudinals,
the grade of YP47 steel plates is to be EH47 specified in Pt 2, Ch 1, Sec 3.

1.3 Thickness

1.3.1

For steel plates with thickness of over 50 mm and not greater than 100mm, the measures for prevention
of brittle crack initiation and propagation specified in [2], [3] and [4] are to be taken.

1.3.2

For steel plates with thickness exceeding 100 mm, appropriate measures for prevention of brittle crack
initiation and propagation are to be taken in accordance with the Society’s procedures.
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2. Non-Destructive Testing(NDT) during construction(Measure No.1 of [5])
2.1 General

2.1.1

Where NDT during construction is required in [5], the NDT is to be in accordance with [2.1] and [2.2].
Enhanced NDT as specified in [4.3.5] is to be carried out in accordance with an appropriate standard.
2.1.2

Ultrasonic testing (UT) is to be carried out on all block-to-block butt joints of all upper flange
longitudinal structural members in the cargo hold region.

213

Upper flange longitudinal structural members include the topmost strakes of the inner hull/bulkhead, the
sheer strake, main deck, coaming plate, coaming top plate, and all attached longitudinal stiffeners. These
members are defined in Figure 1.

Inner hull longitudinals
Bulkhead longitudinals

Figure 1 : Upper flange longitudinal structural members

21.4

Testing procedure of UT not specified in this requirements are to comply with the requirements in Pt 2,
Annex 2-7 of the Guidance.

a) Scanning has to be performed from at least one surfaces and both sides of the welded seam as
shown in Figure 2. (Scanning from root face is recommended.)

|

|

|

| el ¥
™ =

Figure 2 : Scanning from root face and both sides
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b) Testing has to be performed with two probes 70° and 45° or 70° and 60° depending on the bevel
preparation.

¢) Any possible differences in attenuation and surface character between the calibration block and the
welded seam to be tested are to be checked in accordance with KS B 0896 or equivalent.

d) In case where the detected echo signal is suspicious as vertically oriented defect such as lack of
fusion(LF) based on the calculation of sound path, the length of the detected echo signal is to be
measured by 6 dB drop method and evaluated regardless of echo height.(acceptance criteria : <25 mm)

e) For the NDE personnel engaged in UT of extremely thick steel plates welds, the shipyard should
give education and training related to the detecting and evaluation of vertically oriented defect.

f) In order to detect transverse defects, scanning to be made with an angle probe angled about 15
degree from weld axis on at least one surface and both sides or with an angle probe along the
centre line of the weld as shown in Figure 3.

Figure 3 : UT scanning examples for detecting the transverse defects

2.2 Acceptance criteria of UT

2.2.1

Acceptance criteria of UT not specified in this requirements are to comply with the requirements in Pt
2, Annex 2-7 of the Guidance.

2.2.2

The acceptance criteria may be adjusted under consideration of the appertaining brittle crack initiation
prevention procedure and where this is more severe than that found in Pt 2, Annex 2-7 of the
Guidance, the UT procedure is to be amended accordingly to a more severe sensitivity.

3. Periodic NDT after delivery(Measure No.2 of [5])

3.1

Where periodic NDT after delivery is required as a safety measure option B of [5], the NDT is to be in
accordance with Table 1.

Table 1 1 : Locations, extent and timing of UT

Locations Extent Timing

all block-to-block butt joints of all upper
flange longitudinal structural members in 100% UT
the cargo hold region.

No.2 Special Survey and every even Special
Survey after that (e.g. No.4, No.6, etc.)

3.2

Testing procedure and acceptance criteria of UT not specified in this requirements are to comply with
the requirements in [2.2].
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4. Brittle crack arrest design(Measure No. 3, 4 and 5 of [5])
4.1 General

4.1.1

Measures for prevention of brittle crack propagation, which is the same meaning as Brittle crack arrest
design, are to be taken within the cargo hold region.

4.1.2

The approach given in this section generally applies to the block-to-block joints but it should be noted
that cracks can initiate and propagate away from such joints. Therefore, appropriate measures should be
considered in accordance with [4.2.2.b].

4.1.3

Brittle crack arrest steel is defined in Pt 2, Ch 1, Sec 3. Only for the scope of this Guidance, the
definition in Pt 2, Ch 1, Sec 3 also applies to YP36 and YP40 steels.

4.2 Functional requirements of brittle crack arrest design

The purpose of the brittle crack arrest design is aimed at arresting propagation of a crack at a proper
position and to prevent large scale fracture of the hull girder.

4.2.1

The point of a brittle crack initiation is to be considered in the block-to-block butt joints both of hatch
side coaming and upper deck.

attachment
(e.g. pad piate)

[ —

|_!
3]

© _F W attachment

Figure 4 : Other weld areas

422
Both of the following cases are to be considered:

a) where the brittle crack runs straight along the butt joint, and

b) where the brittle crack initiates in the butt joint but deviates away from the weld and into the
plate, or where the brittle crack initiates from any other weld and propagates into the plate.

¢) “Other weld areas” in (b) includes the following (refer to Figure 4):
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Fillet welds where hatch side coaming plating, including top plating, meet longitudinals;

Fillet welds where hatch side coaming plating, including top plating and longitudinals, meet
attachments. (e.g., Fillet welds where hatch side top plating meet hatch cover pad plating.);

Fillet welds where hatch side coaming top plating meet hatch side coaming plating;
Fillet welds where hatch side coaming plating meet upper deck plating;

Fillet welds where upper deck plating meet inner hull/bulkheads;

Fillet welds where upper deck plating meet longitudinal; and

Fillet welds where sheer strakes meet upper deck plating.

4.3 Concept examples of brittle crack arrest design

The following are considered to be acceptable examples of brittle crack arrest-design. The detail design
arrangements are to be submitted for approval by the Society. Other concept designs may be considered
and accepted for review by each Classification Society.

4.3.1

Brittle crack arrest design for [4.2.2.b]:

Brittle crack arresting steel is to be used for the upper deck along the cargo hold region in a way
suitable to arrest a brittle crack initiating from the coaming and propagating into the structure below.
4.3.2

Brittle crack arrest design for [4.2.2.al:

Where the block to block butt welds of the hatch side coaming and those of the upper deck are shifted,
this shift is to be greater than or equal to 300 mm. Brittle crack arrest steel is to be provided for the
hatch side coaming.

oo

@

.

e

\

/

Figure 5 : An example of block to block butt-shift

4.3.3

Where crack arrest holes are provided in way of the block-to-block butt welds at the region where hatch
side coaming weld meets the deck weld, the fatigue strength of the lower end of the butt weld is to be
assessed. Additional countermeasures are to be taken for the possibility that a running brittle crack may
deviate from the weld line into upper deck or hatch side coaming. These countermeasures are to include
the application of brittle crack arrest steel in hatch side coaming.

4.3.4

Where Arrest Insert Plates of brittle crack arrest steel or Weld Metal Inserts with high crack arrest
toughness properties are provided in way of the block-to-block butt welds at the region where hatch side
coaming weld meets the deck weld, additional countermeasures are to be taken for the possibility that a
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running brittle crack may deviate from the weld line into upper deck or hatch side coaming. These
countermeasures are to include the application of brittle crack arrest steel in hatch side coamings.

Butt weld Butt weld
I~ 7
1
Hatch Q/
- ’ = -
Cover coaming a
Hatch plate ~ ~
coaming o \\ B
Crack b= I
{ | stop [———/ /" \
i . hole =N I
Upper Upper
deck S deck ~_
— ~
Longitudinal = ——— [ buttweld Lengiudingl [ .o Bt
bulkhead r~ bulkhead —
~ ~
P~ N
(a) Arrest welding type (b) Arrest hole type

Figure 6 : An example of joint arrangement for arresting the brittle crack propagation

4.3.5

The application of enhanced NDT such as time of flight diffraction (TOFD) technique or phase array
(PAUT) using stricter defect acceptance in lieu of standard UT technique specified in [2] can be an
alternative to [4.3.2], [4.3.3] and [4.3.4] above.

Table 2 : Measures for extremely thick steel plates

Yield Strength Thickness . Measures
2 Option
(kgt/mm®) (mm) 1 2 344 5
36 50<t=< 85 N.A. N.A. N.A. N.A.
85<t=100 O N.A. N.A. N.A.
50<t< 85 o N.A. N.A. N.A.
40 A o N.A. o o
85<t=100
B O* N.A** N.A. o
A o N.A. 0] o
47(FCAW) 50<t=100
B O* N.AF* N.A. 0]
47(EGW) 50<t =100 o N.A. (0) 0]
Measures:
No. Measures
1 NDT other than visual inspection on all target block joints (during construction) [2].

2 Periodic NDT other than visual inspection on all target block joints (after delivery) [3].

Brittle crack arrest design against straight propagation of brittle crack along weld line to be taken (during
construction) See [4.3.2], [4.3.3] or [4.3.4] of this requirements.

4 Brittle crack arrest design against deviation of brittle crack from weldline (during construction) See [4.3.1].

Brittle crack arrest design against propagation of cracks from other weld areas such as fillets and
attachment welds. (during construction) See [4.3.1].

Symbols:

(a) “O” means “To be applied”.

(b) “N.A.” means “Need not to be applied”.
(c) Selectable from option “A” and “B”.
Note:

* 1 See [4.3.5]

** : See [3].
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5. Measures for Extremely Thick Steel Plates

The thickness and the yield strength shown in the Table 2 apply to the hatch coaming top plating and
side plating, and are the controlling parameters for the application of countermeasures. If the as built
thickness of the hatch coaming top plating and side plating is below the values contained in the table,
countermeasures are not necessary regardless of the thickness and yield strength of the upper deck.

6. Application of YP47 Steel Plates

These requirements apply to YP47 steel plates specified in Pt 2, Ch 1,Sec 3, 311.

6.1 Hull structure(design)

6.1.1

HT factor (Material factor of high tensile steel, K) for the assessment of hull girder strength is to be
taken as 0.62.

6.1.2

Butt welds in the hatch side coaming and fillet welded joints for fixing outfitting items are to be set at
an adequate distance from the hatch corners so that effects of stress concentration are to be avoided.

6.1.3

The free edge including hatch corner of the hatch side coaming should not have any defects such as
notch that could be harmful against fatigue strength. Appropriate edge treatment including treatment of
cormer edge (as an example, see Figure 7) is to be performed so that the edges should have adequate
fatigue strength.

Figure 7 : An example of appropriate edge treatment including corner edge

6.1.4

In case of fitting of outfitting items such as hatch cover pads and container pads, taper is to be
provided on the edge of the outfitting item so that a very large difference in rigidity does not occur
between outfitting items and the hull structure. Measures such as increasing the thickness of plating at
the fitted location are also to be adopted.

6.1.5

Special consideration is to be paid to the construction details where extremely thick steel plates are
applied as structural members such as connections between outfitting and hull structures.
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Chapter 13

Ship in Operation - Renewal Criteria

Section 1 Principles and Survey Requirements

Section 2 Acceptance Criteria
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Section 1 - Principles and Survey Requirements

1. Principles
1.1 Application

1.1.1

The purpose of this chapter is to provide criteria for the allowable thickness diminution of ships’ hull
structures.

1.1.2

The criteria apply only to ships in operation that are classed in accordance with these Rules.

1.1.3

Thickness measurement is to be used to assess ships’ hull structures against the specified renewal
criteria.

1.1.4

The hull survey requirements are those given, as applicable, in Pt 1, Ch 2, Sec 1, 2, 3 and 4.

1.2 Corrosion allowance concept

1.2.1 Corrosion allowance

Corrosion allowance is comprised of two aspects: local and global corrosion, as defined in Ch 3, Sec 2,
[1.1.2].

1.2.2 Assessment

Assessment against both local and global corrosion renewal criteria is required during the operational life
of ships.

Assessment against the newbuilding requirements which incorporate corrosion additions, given in Ch 3,
Sec 3, and which consider all relevant loads and limit states, e.g. yielding, buckling, and fatigue is not
required during the operational life of ships, provided that the measured thickness of any structural
members remain greater than the renewal thickness specified in Sec 2, [2].

1.2.3 Steel renewal

Steel renewal is required if either the local or global corrosion allowance is exceeded.

1.3 Requirements for documentation

1.3.1 Plans

The plans to be supplied onboard the ship, as required in Ch 1, Sec 3, are to include, for each
structural element, both the as-built and renewal thickness as defined in Sec 2. Any thickness for
voluntary addition is also to be clearly indicated on the plans.

1.3.2 Hull girder sectional properties

The Midship section plan to be supplied onboard the ship is to include the minimum required hull
girder sectional properties, as defined in Ch 5, Sec 1, for the representative transverse sections of all
cargo holds.
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2. Hull Survey Requirements
2.1 General

2.1.1 Minimum hull survey requirements

Pt14, Ch13, Sec 1

The minimum hull survey requirements including thickness measurements for the maintenance of class

are given in Pt 1. Refer to [1.1.4].
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Section 2 - Acceptance Criteria

SYMBOLS

t : As built thickness, in mm.

as —built
t. : Corrosion addition in mm, as defined in Ch 3, Sec 2.
t., . Reserve thickness, taken equal to 0.5 mm.

t : Thickness for voluntary addition, in mm.

vol — add

1. General
1.1 Application

1.11

This section gives requirements for the application of the acceptance criteria.

1.2 Definition

1.2.1 Deck zone
The deck zone includes all the following items contributing to the hull girder strength:

» Strength deck plating.

* Longitudinal hatch coaming

» Sheer strake.

* Side shell plating.

* Inner hull and other longitudinal bulkhead plating, if any.

* Longitudinal stiffeners, girders and stringers connected to the above mentioned plating.

1.2.2 Bottom zone
The bottom zone includes the following items contributing to the hull girder strength:

*  Keel plate.

* Bottom plating.

* Bilge plating.

* Bottom girders.

* Inner bottom plating.

* Longitudinal stiffeners connected to the above mentioned plating.

* Side shell plating.

1.2.3 Neutral axis zone

The neutral axis zone includes the following items between the deck zone and the bottom zone, as for
example:

* Side shell plating.

* Inner hull plating and longitudinal bulkheads, if any.

* double hull stringer
For the longitudinal strength members forming the web of the hull girder which are inclined to the
vertical, the area of the member to be included in the zone area is to be based on the projected area
onto the vertical plane.
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2. Renewal Criteria
2.1 Local corrosion

2.1.1 Renewal thickness of local structural elements
Local structural elements include local supporting members and primary supporting members.

Steel renewal is required if the measured thickness, ¢, in mm, is less than the renewal thickness, ¢

m ren

defined as:

trcn, = tas —built tn - tvol —add

2.1.2 Renewed area

Areas which need to be renewed based on the renewal criteria in [2.1.1] are, in general, to be repaired
with inserted material which is to have the same or greater grade and yield stress as the original, and to
have a thickness, ¢ in mm, not less than:

repair

trepair = tas —built — 2S'volfadd

2.1.3 Alternative solutions

Alternative solutions(Substantial Corrosion) may be adopted in accordance with Pt 1, Ch 2 202. 1. (31),
where the measured thickness, t,, is such as:

<t,

ren

by <1

ren

+t..

m

Where both sides of a structural member are in void space or dry space, alternative solutions are not
applied.

2.2 Global corrosion

2.2.1 Application

The ship’s longitudinal strength is to be evaluated by using the thickness of structural members
measured, renewed and reinforced, as appropriate, during special surveys, for ships over 10 years of age.

2.2.2 Renewal criteria
The hull girder strength criteria are given as detailed below.

a) Deck and bottom zones: The current hull girder section modulus at deck and at bottom determined
with the thickness measurements are not to be less than 90% of the section modulus calculated
according to Ch 5, Sec 1 with the gross offered thickness. Alternatively, the current sectional areas
of the bottom zone and of the deck zone which are the sum of the measured item areas of the
considered zones are not to be less than 90% of the sectional area of the corresponding zones
determined with the gross offered thickness.

b) Neutral axis zone: The current sectional area of the neutral axis zone, which is the sum of the
measured plating areas of this zone, is not to be less than the sectional area of the neutral axis
zone calculated with the gross offered thickness minus 0.5¢,.

If the actual reduction of the gross offered thickness of all items, of a given transverse section, which
contribute to the hull girder strength is less than 10% for the deck and bottom zones and 0.5¢. for the
neutral axis zone, the hull girder strength criteria of this transverse section is satisfied and the
calculations of the different zone areas with measured thicknesses need not be carried out.

The gross offered thickness is defined in Ch 3, Sec 2
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Chapter 14

Lashing Equipment

Section 1 Lashing Equipment
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Section 1 - Lashing Equipment
1. Application

1.1 General

1141

The check of container securing fittings are to be performed according to Pt 7, Annex 7-2.
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