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RULES FOR THE SURVEY AND CONSTRUCTION OF STEEL SHIPS

Part C HULL CONSTRUCTION AND EQUIPMENT

Part1 GENERAL HULL REQUIREMENTS

Chapter 1 GENERAL

1.1 General
1.1.1 Overview
1.1.1.1

This Chapter specifies the general requirements for Part C in Table 1.1.1-1.

Table 1.1.1-1 Overview of Chapter 1

Section Title Overview

Requirements for the application of Part C and the general principles
1.1 General . o
for its application

. Requirements for the composition of Part C and the application of
1.2 Application of Rule o .
individual requirements

13 Principles for Strength Requirements for the principles for strength assessment in application
) Assessment of Part C

14 Symbols and Definitions | Requirements for the symbols and definitions used herein
Plans and Other

1.5 Documents to Be Requirements for the plans and other documents to be submitted
Submitted
Special Requi ts f

Annex 1.1 pem'a equlre‘men >t Special requirements for ships to be classed for restricted service
Restricted Service
1.1.2 Application

1.1.2.1 General

1  The requirements in Part C apply to ships constructed of welded steel structures, composed of stiffened plate
panels, having a length L (as defined in 2.1.2, Part A) of not less than 90 m, and intended for unrestricted service.

2 Hull construction, equipment and scantlings of ships to be classed for restricted service may be appropriately
modified depending on the condition of service in accordance with Annex 1.1 “Special Requirements for Restricted
Service”.

1.1.2.2 Scope of Application

1  The requirements in Part C apply to monohull displacement-type ships which fulfill all of the following (1) to
“@:

(1) Lo <500
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(2) L;/B>5.0

(3) B/D<25

4) Cz=05

2 For ships that fulfill either of the following (1) or (2), special consideration is to be made for wave loads used in
strength assessment:

(1) L =350

(2) For ships deemed necessary by the Society

1.1.2.3 Special Cases in Application

For ships of unusual form or principal dimensions that do not fall under 1.1.2.2-1, or ships where it is difficult to
comply with Part C for some special reasons, the hull construction, equipment, and arrangement may be decided based
upon the general principles of Part C.

1.1.24 Equivalency
1  Alternative hull construction, equipment, and arrangement not meeting the requirements in Part C will be deemed
compliant with Part C, provided that the Society considers that such construction, equipment, and arrangement are
equivalent to those required in Part C. However, this does not, in principle, apply to requirements based on
international conventions or the IACS Unified Requirements.
2 Where -1 above applies, special consideration is to be made according to the following (1) through (3).
(1) Information is to be submitted to the Society to demonstrate that the structural safety of the ship is at least
equivalent to that intended by Part C.
(2) The Society is to be contacted at an early stage in the design process to determine the applicability of the Rules
and additional information required for submission.
(3) When deemed necessary by the Society, a systematic review may be performed to demonstrate the equivalency or
superiority of the ship’s structural safety to that intended by Part C.
3 Where information submitted beforehand is deemed appropriate by the Society, analysis and assessment may be
carried out using one of the following (1) through (5) appropriate for each individual ship.
(1) Direct load analysis
(a) For wave loads used in strength assessment as specified in 4.4, 4.5, 4.6, and 4.7, loads may be set using direct
load analysis for the individual ship.
(b) In application of (a) above, the analysis is to be in accordance with the requirements specified in the
“Guidelines for Direct Load Analysis and Strength Assessment” issued by the Society.
(c) The sea states to be considered are to be those in the North Atlantic (all seasons). The wave scatter diagram
specified in IACS Recommendation No. 34 (November 2001) is to be considered.
(2) Whole ship finite element analysis
(a) When a finite element model reproducing a whole ship is used in lieu of the partial structure model specified
in Chapter 8, the analysis is to be performed in accordance with the requirements specified in the
“Guidelines for Direct Load Analysis and Strength Assessment” issued by the Society.
(b) In application of (a) above, loads based on the requirement in (a) above are to be used instead of those
specified in Chapter 4.
(3) Non-linear structural analysis (buckling strength assessment)
Buckling strength assessment may be carried out using a finite element method that takes into account non-linear
responses due to materials and large deformations for structural elements to be considered in lieu of the buckling
strength assessment in accordance with Annex 8.6. In this case, the analysis model is to correctly model
geometrical imperfections and the effect of the surrounding structures. Alternatively, non-linear structural analysis
may be carried out using an analysis model that correctly represents the surrounding structures or the entire cargo
hold in addition to the structural elements to be considered, so that buckling strength assessment that directly
considers the effect of the surrounding structures may be carried out. Whichever approach is adopted, detailed
information describing the analysis method and results is to be submitted to the Society.
(4) Derivation of stress concentration factors
As an alternative to 9.3.6, geometrical stress concentration factors for the end connections of stiffeners may be
derived by finite element analysis using a very fine mesh model in accordance with 9.3.7. In such cases,
information for review of the stress concentration factor derivation method is to be submitted beforehand to the
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Society for approval.

(5) Fatigue strength assessment based on full-spectrum analysis
Fatigue strength assessment based on full-spectrum analysis is to be carried out in accordance with the
requirements specified in the “Guidelines for Direct Load Analysis and Strength Assessment” issued by the
Society.

1.1.3 General Principles

1.1.31 Stability
The requirements specified in Part C are based on the assumption that ships will maintain appropriate stability in
all conceivable service conditions.

1.1.3.2 Assumptions
The requirements in Part C are based on the following assumptions (1) through (5):

(1) The intended use of the ship is specified, and the ship is designed according to the operational and structural
requirements given in the Rules applicable to its intended use.

(2) The shipbuilder identifies and documents operational limits for the ship to ensure safe operation.

(3) The ship is built under an adequate quality control system.

(4) The operator of the ship recognises and complies with the operational limitations of the ship.

(5) The operator of the ship maintains the ship in good condition.
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1.2 Application of the Rules

1.21 Description of the Rules

1.2.1.1 Composition

1  Part C comprises the following two parts:

*  Part 1: General Hull Requirements

»  Part 2: Ship Type-Specific Requirements

2 Each part is composed of chapters which specify detailed applications and requirements.

3 Requirements relevant to these chapters and considered appropriate to be summarised and provided separately are
provided in annexes to the corresponding chapters.

1.2.1.2 Numbering
The system of numbering in Part C is given in Table 1.2.1-1.

Table 1.2.1-1 Rule Numbering

Order Levels Example
1 Part Part 1 GENERAL HULL REQUIREMENTS
2 Chapter Chapter 1| GENERAL
3 Section 1.1 General

4 Paragraph 1 | 1.1.1 Overview

5 Paragraph 2 | 1.1.1.1

6 Sub-paragraph | -1. The requirements in Part C apply to ...

7 Item )]

1.2.2 Requirements of Rules

1.2.2.1 Composition and Application of the Respective Parts

1  Part 1 specifies the following requirements that are to apply in principle to all ships:

*  Chapter 1: General

*  Chapter 2: General Arrangement Design

*  Chapter 3: Structural Design Principles

*  Chapter 4: Loads

*  Chapter 5: Longitudinal Strength

*  Chapter 6: Local Strength

*  Chapter 7: Strength of Primary Supporting Structures

*  Chapter 8: Strength Assessment by Cargo Hold Analysis

*  Chapter 9: Fatigue

*  Chapter 10: Additional Structural Requirements

*  Chapter 11: Structures Outside Cargo Region

*  Chapter 12: Welding

*  Chapter 13: Rudders

*  Chapter 14: Equipment

2 Part 2 specifies requirements that are specific to the following types of ships and are to apply in addition to the
requirements in Part 1 unless otherwise specified. Part 2 is structured in chapters, in principle the same as those in
Part 1, except that some chapters may be omitted in the absence of additional requirements specific to the ship types
concerned.

*  Part 2-1: Container Carriers
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*  Part2-2:
*  Part2-3:
. Part 2-4:
. Part 2-5:

Ore Carriers
Wood Chip Carriers

. Part 2-6:
. Part 2-7: Tankers
. Part 2-8:

. Part 2-9:

Box-Shaped Bulk Carriers

General Cargo Ships and Refrigerated Cargo Ships
Vehicles Carriers and Roll-On/Roll-Off Ships

Ships Carrying Liquefied Gases in Bulk (Independent Spherical Tank of Type B)
Ships Carrying Liquefied Gases in Bulk (Independent Prismatic Tank of Type A/B)

*  Part 2-10: Ships Carrying Liquefied Gases in Bulk (Independent Tank of Type C)
*  Part 2-11: Ships Carrying Liquefied Gases in Bulk (Membrane Tank Type)

1.2.2.2

Application of Requirements

1  For the purpose of application of Part C, the ship is considered to be divided into the following six parts:

M
2
3)
“
6))
(6)

Fore part

Cargo region

Machinery space

Aft part

Superstructure and deckhouses
Rudders

2 The ship arrangement and scantlings are to comply with the relevant parts, chapters, and sections given in Fig.

1.2.2-1, unless otherwise specified.

Fig. 1.2.2-1  Application of Rules
Part 2 Ship Types
Part Title
2-1 Container Carriers
2-2 Box-Shaped Bulk Carriers
2-3 Ore Carriers
Part 1 General Hull Requirements 2-4 Wood Chip Carriers
Chapter | Title 2-5 General Cargo Ships and Refrigerated
1 General Cargo Ships
2 General Arrangement 2-6 Vehicles Carriers and Roll-On/Roll-Off
Design Ships
3 Structural Design 2-7 Tankers
Principles 2-8 Ships Carrying Liquefied Gases in Bulk
Chapter | Title 4 Loads (Independent Spherical Tank of Type B)
113 Superstructures and 5 Longitudinal Strength 2-9 Ships Carrying Liquefied Gases in Bulk
Deckhouses 6 Local Strength (Independent Prismatic Tank of Type A/B)
14 Equipment 7 Strength of Primary 2-10 Ships Carrying Liquefied Gases in Bulk
1 Supporting Structures (Independent Tank of Type C)
12 Welding 2-11 Ships Carrying Liquefied Gases in Bulk
(Membrane Tanks)
Superstructures,
deckhguses, and l l
equipment \
Rudder 1 m;t}fltig::}t/ ?;ie Cargo region Fore part
Chapter | Title
13 Rudders
Chapter Title
Chapter | Title 8 Strength Ass_essment by Cargo Chapter | Title
114 Machinery Spaces HOl_d Analysis 11.2 Bow Construction
11.5 Stern Construction Fatigue
10 Additional Structural

Requirements
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1.2.2.3 Scantlings
Unless otherwise specified, the scantlings in Part C are to be net scantlings.

1.2.24 Application of Strength Assessment Criteria to Primary Supporting Structures
For ships assessed for strength by cargo hold analysis as specified in Chapter 8, the requirements concerning the

primary supporting structures in the relevant Chapter 7 need not to be applied to the design load scenarios considered.

Unless otherwise specified, the relationship between the application of Chapters 7 and 8 is to be in accordance with

the following (1) through (3) (See Table 1.2.2-1).

(1) For ships that fall under 8.1.2.1-1, strength assessment is to be carried out taking into account the maximum load
condition, the harbour condition, and the testing condition from among the design load scenarios specified in 4.6.
For the flooded conditions specified in 4.6, ships are to satisfy either the strength assessment criteria specified in
Chapter 8 or the relevant requirements in Chapter 7.

(2) For ships that do not fall under 8.1.2.1-1 and to which the requirements in Chapter 8 apply, the design load
scenarios to be considered are to be selected from among those specified in 4.6. When under the design load
scenarios which are not considered, ships are to satisfy the relevant requirements in Chapter 7.

(3) Even ships that satisfy the strength assessment criteria given in Chapter 8 are also to satisfy those for the
scantlings of deck girders and pillars determined taking into account the deck and green sea loads from among the
requirements in Chapter 7.

Table 1.2.2-1 Relationship of Application of Chapters 7 and 8

) ) Ships not falling under
Ships fall der 8.1.2.1-1

ips falling under 8.1.2.1-1
Load under the maximum load condition
specified in 4.6.2
Load under the harbour condition specified in )

Applicable
4.6.3 Optional
Load under the testing condition specified in (The relevant requirements in
4.6.4 Chapter 7 are to be met when
Chapter 8 is not applied.)
Optional
Load under the flooded condition specified in | (The relevant requirements in
4.6.5 Chapter 7 are to be met when
Chapter 8 is not applied.)

Requirements for deck girders and pillars
taking into account the deck and green sea The relevant requirements in Chapter 7 are to be met.

loads from among the requirements in Chapter | (Chapter 8 contains no relevant strength assessment criteria.)
7

1.2.2.5 Relationship with Other Rules of the Society

1  For ships to which Part CSR-B&T applies as specified in 1.1.2-4, Part A, matters concerning the hull and
equipment not specified in Part CSR-B&T are to be in accordance with the requirements in Part C.

2 The hull construction and equipment of ships carrying liquefied gases in bulk are to comply with the relevant
requirements in Part N as well as those in Part C.

3 The hull construction and equipment of ships carrying dangerous chemicals in bulk are to comply with the relevant
requirements in Part S as well as those in Part C.

4  The hull construction and equipment of ships operating in polar waters, polar class ships and ice class ships are to
comply with the relevant requirements in Part I as well as those in Part C.

5 The hull construction and equipment of ships using low-flashpoint fuels are to comply with the relevant
requirements in Part GF as well as those in Part C.
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1.3 Principles for Strength Assessment
1.3.1 General
1.3.1.1

1 1.3 specifies the factors, basic principles, and assessment methods to be considered for the strength assessment as
concepts common to the strength requirements in Part C.

2 Where structural design is performed based on 1.1.2.3 without following the requirements specified in Part C,
the concepts presented in 1.3 may be used as reference.

1.3.2 Factors to Be Considered for Strength Assessment

1.3.21 Sea State

1  The maximum loads to be considered for the assessment of yield strength, buckling strength, and ultimate strength
are derived on the assumption that the ship operates in the North Atlantic.

2 The cyclic loads to be considered in examination of fatigue strength are based on the route to be served by the
relevant type of ship or the utilisation rate achieved in the past.

1.3.2.2 Design Life

The ship’s design life to be considered for the strength assessment is to be taken as 25 years. This design life is
the assumed period of use of the ship. Note, however, that the actual service life of the ship may vary depending on the
effect of the environment or ship handling, the maintenance of the ship, and other factors.

1.3.2.3 Air Temperature

Unless otherwise specified, the hull structural members to be considered in Part C are effective for the design
temperature of -10 °C, which is the lowest daily average air temperature over one year. Ships operating in areas with
low air temperature, where the lowest daily average air temperature is below -10 °C, are to comply with the
requirements in 3.2.2.2.

1.3.2.4 Wind and Current
In Part C, the effect of wind and current are not considered in hull structural strength assessment.

1.3.2.5 Ice
Unless otherwise specified, the effect of ice-induced loads is not taken into account in Part C.

1.3.2.6 Consideration of Thermal Stress
Unless otherwise specified, the effects of thermal stress are not considered in Part C. However, when deemed
necessary by the Society, examination of the effects of thermal stress may be required.

1.3.2.7 Ship Speed
The maximum load in a strength assessment may take into account the effect of reduced speed during heavy
weather. For cyclic loads, those at an average speed under seagoing conditions are to be considered.

1.3.2.8 Design Load Scenarios
The design load scenarios to be considered for the strength assessment are in accordance with the following (1)

through (5). However, when it is evident that structural responses under the scenarios concerned are not dominant over

the structural strength, depending on the location of the member and the type of strength to be assessed, the assessment
of the scenarios may be omitted.

(1) Maximum load condition: The maximum values of the structural responses that may occur in the hull during the
in-service period of the ship are to be assessed. The anticipated sea states are to be taken as those in the North
Atlantic (all seasons), and the in-service period is to be taken as 25 years.

(2) Harbour condition: Structural responses during cargo loading/unloading in harbour and during anchorage in
sheltered waters are to be assessed. The purpose of assessment of the former is to assess the significant temporary
structural responses that may occur in the cargo loading/unloading sequence, while the purpose of the latter is to
assess the effect of waves in sheltered waters.

(3) Testing condition: The structural responses during the tank test are to be assessed.

(4) Flooded condition: Structural responses in the flooded condition are to be assessed. That is, the object of the

7’77
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assessment is the structural responses in the final equilibrium state (in which the probability of survival exceeds
0) in a damage stability calculation. In addition, the structural responses during the voyage to the port of repair
after flooding are also to be assessed.

(5) Cyclic load condition: For stress concentration areas where crack damage may occur, structural responses under
cyclic load condition are to be assessed.

1.33 Basic Principles of Strength Assessment

1.3.3.1
The structural safety of a ship is confirmed by examining the possibility that the ship may be damaged because of
the loads to which it is subjected during its in-service life.

1.3.3.2
The integrity of the hull structure is confirmed for the following (1) through (4) by performing strength

assessments:

(1) The hull structure has sufficient strength so that permanent excessive deformation deemed as damage does not
occur in any of its parts.

(2) The ship has sufficient redundancy so that local damage of structural elements such as plating and stiffeners does
not lead to damage in a more extensive structure such as the primary supporting structures.

(3) The hull provides the residual strength sufficient to withstand wave loads for a certain period in a damaged
condition due to causes such as collision and grounding. In the residual strength check, it is acceptable to perform
an assessment that tolerates the deformation and buckling of some structures.

(4) Crack occurrence is to be minimised in parts or structures that are likely to affect structural integrity and
watertightness, and parts that are likely to affect the performance of other systems and parts that are difficult to
inspect and repair.

1.3.3.3

In Part C, in principle, net scantlings with full corrosion allowance reduction are used to perform a strength
assessment to confirm directly that the ship maintains the sufficient strength specified in 1.3.3.2 above even in a
condition of reduced plate thickness by corrosion after being placed into service.

1.3.4  Strength Assessment Methods

1.341 Longitudinal Strength

1  The yield and buckling strengths of the hull girder under a hull vertical bending moment at the maximum load
level are assessed. This assessment is a primary screening assessment that takes into account only the hull vertical
bending moment, which is the most important load for the hull structure.

2 The effect of a local load concurrent with the hull vertical bending moment is examined in a local strength
assessment or in a strength assessment of the primary supporting structures.

3 The hull girder ultimate strength is to be assessed by applying a load that occurs under extremely severe sea states
and has a lower probability of encounter than the maximum load considered in -1 above. In this case, the effect of the
local load is considered by using a specified coefficient or a more direct method.

1.3.4.2 Local Strength

1  The fact that plating and stiffeners have sufficient strength so that permanent deformation does not occur when
exposed to loads of the maximum load level is confirmed. This assessment also considers the axial stress due to hull
girder loads that occur simultaneously.

2 As a specific method for the assessment in -1 above, a strength assessment is carried out depending on whether
plastic hinge occurs at the plating support points. For stiffeners, the same is carried out depending on whether initial
yielding occurs at the stiffener support points.

1.3.4.3 Strength of Primary Supporting Structures

1 In the strength assessment of primary supporting structures, it is confirmed that structural elements such as the
plating and stiffeners that constitute the primary supporting structures do not yield or buckle because of the various
stresses that occur in the primary supporting structures when exposed to loads of the maximum load level.

2 In the yield strength and buckling strength assessments in -1 above, for framing systems and load conditions that

787
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intensify the effect of structural responses (e.g. stresses resulting from the redistribution of loads) not included in
stresses obtained by linear theory, an assessment is carried out taking into account such effects.

1.3.44 Fatigue Strength

For discontinuous portions of structures in which fatigue cracks may occur, a direct fatigue strength assessment is
carried out by the linear damage rule (Miner’s Rule) based on hot spot stress. This assessment is to take into account
the effect of factors such as mean stress and corrosion. For structural types that comply with the design standard
specified in 9.6, the fatigue strength assessment may be omitted.

1.34.5 Finite Element Analysis
The following three types of finite element analysis are used in Part C as methods of strength assessment:

(1) Cargo hold analysis to assess the strength of longitudinal strength members and primary supporting members in
the cargo region, as well as that of bulkheads and members contributing to the overall structural integrity of the
cargo holds. Here, the term cargo hold analysis refers to analyses carried out for the cargo region of a ship. The
detailed requirements for cargo hold analysis are to be in accordance with Chapter 8.

(2) Very fine mesh analysis to assess the fatigue capacity of the structural details in accordance with Chapter 9

(3) Analyses other than those in (1) and (2) above in which models of specific structures are created and used to assess

their strength.



CIaSSNI( 2023 Rules for the Survey and Construction of Steel Ships (Part C Partl Chapter 1)

14 Symbols and Definitions

14.1 Application

1.4.1.1 General
The symbols and definitions in Part C are as specified in this section, unless otherwise stated in the subsequent
chapters. For symbols and definitions not specifically specified in Part C, refer to Part A.

1.4.2 Primary Symbols and Units

1.4.2.1 General
Unless otherwise specified, the general symbols and their units used in Part C are those defined in Table 1.4.2-1.

Table 1.4.2-1 Primary Symbols

Symbol Meaning Unit
A Area m? or cm?
C Coefficient -
F Force and concentrated loads kN
1 Moment of inertia m* or cm*
M Bending moment kN-m or N-m
m Mass t
P Pressure kN/m?
0] Shear force kN or N
T Draught of ship m
Z Section modulus cm?
a Acceleration m/s*
b Width mm
g Gravity acceleration, equal to 9.81 m/s? m/s*
h Height m or mm
n Number of items -
r Radius mm
t Thickness mm
X X coordinate along longitudinal axis (See 1.4.3.6) m
y Y coordinate along transverse axis (See 1.4.3.6) m
z Z coordinate along vertical axis (See 1.4.3.6) m
Ui Permissible utilisation factor (usage factor) -
1) Deflection/displacement mm
0 Angle deg
p Density of seawater, taken equal to 1.025 #/m? t/m?
o Normal stress N/mm?
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Symbol

Meaning

Unit

Shear stress

N/mm?

1.4.2.2

Table 1.4.2-2.

Ship’s Main Data
Unless otherwise specified, the symbols of a ship’s main data and their units used in Part C are those defined in

Table 1.4.2-2 Ship’s Main Data

Symbol Meaning Unit
Lc Ship length, but to be taken as 90 m where not greater than 90 m (See 1.4.3.1-1) m
Ly Freeboard length (See 1.4.3.1-2) m
Lpp Length between perpendiculars m

Lcaoo Ship length L, but to be taken as 200 m where greater than 200 m m
Lo Ship length Lc, but to be taken as 230 m where greater than 230 m m
Leaso Ship length L, but to be taken as 250 m where greater than 250 m m
Lesoo Ship length Lc, but to be taken as 300 m where greater than 300 m m
Lesso Ship length L, but to be taken as 330 m where greater than 330 m m
B Moulded breadth of ship (See 1.4.3.1-3) m
D Moulded depth of ship (See 1.4.3.1-4) m
T Moulded draught (See 1.4.3.1-5) m

Tsc Scantling draught (See 1.4.3.1-5) m

TsaL Ballast draught (minimum ballast draught at midship) (See 1.4.3.1-5) m
Heavy ballast draught at midship (See 1.4.3.1-5), which is a draught at a heavy

T ballast condition. The heavy ballast condition refers to a ballast condition
. m
par-t involving filling a cargo hold designed as a ballast cargo hold ballast water up to
the hatchways.
Emergency ballast draught at midship, which is a draught at an emergency ballast
condition. The emergency ballast condition refers to a ballast condition involving
Tpar-k a cargo oil tank loaded with ballast water at emergency or heavy weather m
conditions allowable under Regulation 18 of Annex I to the MARPOL
Convention.

Tic Midship draught in the loading condition to be considered m
Ratio between the draught in the loading condition to be considered and the
scantling draught is to be obtained from the following formula but is not to be

fr less than 0.5: B

Tyc
fr= To
A Moulded displacement at the scantling draught Tsc t
Ay Waterplane area at the scantling draught 7’sc m?
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Symbol Meaning Unit
Cy Block coefficient at the scantling draught T'sc (See 1.4.3.1-8) -
c Block coefficient at the scantling draught Tsc, but to be taken as 0.6 where less

B than 0.6.
c Block coefficient at the scantling draught Tsc, but to be taken as 0.6 where less
b2 than 0.6, and to be taken as 0.8 where greater than 0.8.
Block coefficient at the scantling draught Tsc, but to be taken as 0.6 where less
c than 0.6, and to be taken as 0.8 where greater than 0.8.
B3 To be taken as 0.8 where calculating b for an aft bulkhead located forward of
midship.
Block coefficient at the scantling draught Tsc, but to be taken as 0.6 where less
c than 0.6, and to be taken as 0.8 where greater than 0.8.
b To be taken as 0.8 where calculating b for the aft ends of coamings and aft hatch i
cover skirt plates located forward of midship.
Block coefficient under the loading condition to be considered. If Cp ;¢ is not
c available, Cp ;. may be obtained by the following formula:
B_LC N C -
Cs 1c = Cy — 1.03 (1 ——B> (1=
- CW
Waterplane coefficient at the scantling draught Tsc, to be obtained from the
C following formula:
w AW -
Cy =—=
W LB
Waterplane coefficient under the loading condition to be considered. If Cy, ;¢ is
C not available, Cy, ;- may be obtained from the following formula:
w_LC - -
_ CB
w
Vertical prismatic coefficient under the loading condition to be considered, to be
C obtained from the following formula:
VP_LC Cp 1o -
Crpic = ==
VP_LC CW_LC
14 Maximum service speed (See 1.4.3.1-7) knot

1.4.2.3 Materials
Unless otherwise specified, the symbols of the materials and their units used in Part C are those defined in Table
1.4.2-3.

Table 1.4.2-3 Materials

Symbol Meaning Unit
E Young’s modulus, to be taken as 206,000 N/mm?> N/mm?
Shear modulus, to be obtained from the following formula:
G G = E N/mm?
2(1+v)
oy Specified minimum yield stress N/mm?
Ty Specified shear yield stress N/mm?
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Oy
Ty = ﬁ
v Poisson’s ratio, to be taken as 0.3 -
K Material factor (See 3.2.1.2) -
Om Specified minimum tensile strength N/mm?

1.4.24 Loads
Unless otherwise specified, the symbols regarding loads and their units used in Part C are those defined in Table
1.4.2-4.

Table 1.4.2-4 Loads

Symbol Meaning Unit
Wave coefficient, to be taken as:
¢, =10.75 - (MYIS for L, < 300
C 100 )
C; = 10.75 for 300 < L, < 350
¢, =10.75 - (ﬂyj for L, > 350
150
Ty Rolling period s
0 Rolling angle deg
Ty Pitch period s
)] Pitch angle deg
ax Longitudinal acceleration m/s*
ay Transverse acceleration m/s*
az Vertical acceleration m/s?
GM Metacentric height m
A Wave length m
P, External pressure acting on the outer shell kN/m?
Poy s Hydrostatic pressure kN/m?
Pex w Hydrodynamic pressure kN/m?
P, Internal pressure acting on the hull kN/m?
P Static pressure kN/m?
Pinw Dynamic pressure kN/m?
Py Static pressure acting on tanks carrying liquids and ballast holds kN/m?
Py Dynamic pressure acting inside tanks carrying liquids and ballast holds kN/m?
Py Static pressure inside cargo holds loaded with bulk cargo kN/m?
Pya Dynamic pressure inside cargo holds loaded with bulk cargo kN/m?
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Symbol Meaning Unit
Pey Green sea deck pressure kN/m?
Deck load due to unspecified cargoes or stores loaded on general cargo ships )
Pa . kN/m
and the like
Ps;, Bottom slamming pressure kN/m?
Prg Bow impact pressure kN/m?
Prp_ex External pressure in flooded conditions kN/m?
Pgr Tank testing pressure (static) kN/m?
Vertical still water bending moment, j = max, min (maximum permissible
Mgy ; vertical still water bending moment, minimum permissible vertical still water kN-m
bending moment)
Myy_; Vertical wave bending moment, j = A, s (hog, sag) kN-m
Vertical still water shear force, j = max, min (maximum permissible vertical
Qsv_j still water bending moment, minimum permissible vertical still water bending kN
moment)
Quwv Vertical wave shear force kN
My Torsional wave moment kN-m
My y Horizontal wave bending moment kN-m

1.4.2.5 Scantlings
Unless otherwise specified, the symbols regarding scantlings and their units used in Part C are those defined in
Table 1.4.2-5.

Table 1.4.2-5 Scantlings

Symbol Meaning Unit
Net scantling of X, to be determined by net thickness with 50 % corrosion )
. . Corresponding
Xuso addition reduction 0 the unit of X
(e.g. tuso: Net thickness with half corrosion addition reduction) o feumto
Net scantling of X, to be determined by net thickness with 25 % corrosion .
" . Corresponding
Xn2s addition reduction 0 the unit of X
(e.g. t2s: Net thickness with 25 % corrosion additions reduction) o teumto
1, Net vertical moment of inertia of hull girder m*
I Net horizontal moment of inertia of hull girder m*
Zp, Zp Net vertical hull girder section moduli at the deck and bottom, respectively cm’
Zn Vertical distance from the top of the keel to the horizontal neutral axis m
a Length of elementary plate panel (EPP), as defined in 3.7.1.1 mm
b Breadth of elementary plate panel (EPP), as defined in 3.7.1.1 mm
s Stiffener spacing (See 3.6.2.1) mm
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Symbol Meaning Unit
S Primary supporting member spacing (See 3.6.2.2) m
4, l Span of stiffeners or primary supporting members (See 3.6.1) m or mm
hags lhag Effective bending span (See 3.6.1) m or mm
Lsnr Lopr Effective shear span (See 3.6.1) m or mm
Iy Bracket arm length mm
t Net thickness with full corrosion addition reduction mm
te Corrosion addition mm
Lor Gross thickness mm
tas_built As-built thickness mm
Lor off Gross thickness offered mm
Lor req Gross thickness required mm
Lofr Net thickness offered mm
treg Net thickness required mm
ol add Thickness for voluntary addition mm
Ires Reserve thickness mm
tel, Lo Corrosion addition on each side of structural member mm
Iy Web height of stiffener or primary supporting member mm
tw Web thickness of stiffener or primary supporting member mm
by Face plate width of stiffener or primary supporting member mm
hy Height of stiffener, including that of the face plate mm
tr Face plate/flange thickness of stiffener or primary supporting member mm
t, Thickness of plating attached to a stiffener or a primary supporting member mm
d Distance from the upper edge of the web to the top of the flange for L3 o
profiles
bey Effective breadth of plating attached to a stiffener mm
Ay Net.sectional. area of stiffener or primary supporting member with attached om?
plating (of width s)
Ashr Net shear sectional area of stiffener or primary supporting member cm?
1, Net polar moment of inertia of stiffener about its connection to plating cm*
7 Net moment of inertia of a stiffener with attached shell plating about its ot
neutral axis parallel to a plate member
7 Net section modulus of a stiffener or primary supporting member with ot

attached plating (of breadth b.z)
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1.4.3 Definitions

14.3.1 Principal Particulars

1  The ship length Lc is to be in accordance with the following (1) to (3), but is to be taken as 90 m in cases where

not greater than 90 m:

(1) The ship length L¢ (m) is to be the distance measured on the waterline at the scantling draught 7'sc from the forward
side of the stem to the after side of the rudder post for ships with a rudder post or to the centre of the rudder stock
for ships without a rudder post. L¢ is to be not less than 96 % but need not exceed 97 % of the extreme length on
the waterline at the scantling draught Tsc.

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

(3) In ships with an unusual stem or stern arrangements, the ship length is to be deemed appropriate by the Society
on a case-by-case basis.

2 The freeboard length Lyis to be in accordance with the following (1) to (4). In the following (1) to (4), the least

moulded depth Dy (m) refers to the minimum vertical distance measured from the top of the keel to the underside of the

freeboard deck at side.

(1) The freeboard length Ls(m) is to be taken as 96 % of the total length on a waterline at 85 % of the least moulded
depth Dymeasured 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 greater.

(2) For ships without a rudder stock, the freeboard length Lyis to be taken as 96 % of the waterline at 85 % of the least
moulded depth Dy.

(3) Where the stem contour is concave above the waterline at 85 % of the least moulded depth Dy, both the forward
end of the extreme length and the forward side of the stem are to be taken at the vertical projection to that waterline
of the aftermost point of the stem contour above that waterline (See Fig. 1.4.3-1).

(4) For ships to which the requirements in Part V do not apply, Ly in the requirements is to be read and applied as Lc.

Fig. 1.43-1 Concave Stem Contour

M
Bes

Forward terminal of the
total length (FP)

3  The moulded breadth B (m) is the greatest moulded breadth measured amidships at the scantling draught Tsc.

4  The moulded depth D (m) is the vertical distance measured amidships from the top of the keel to the underside of

the freeboard deck at side. On ships with a rounded gunwale, D is to be measured to the continuation of the moulded

deck line.

5  The moulded draught 7 (m) is the summer load line draught for the ship in operation measured from the top of the

keel at midship. The moulded draught may be less than the maximum permissible summer load waterline draught. The

draught considered for the strength assessment is to be in accordance with the following (1) to (3).

(1) Tsc (m) is the scantling draught and represents the full load condition. The scantling draught 7sc is to be not less
than that corresponding to the assigned freeboard. The draught of ships to which timber freeboards are assigned
corresponds to the loading condition of timber, and the requirements of the Society are to be applied to this draught.

(2) Tgar (m) is the minimum design normal ballast draught amidships. This normal ballast draught is the minimum
draught for all ballast conditions in the loading manual, including both the departure and arrival conditions.
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(3) TBar-u (m) is the minimum design heavy ballast draught amidships. This heavy ballast draught is to be considered
for ships placed in the heavy ballast condition.
6  Moulded displacement (¢) corresponds to the underwater volume of the ship at a draught in seawater with a density
of 1.025 ¢/m?.
7  Maximum service speed V (knots) means the greatest speed that the ship is designed to maintain in service at her
deepest seagoing draught at the maximum propeller rotation speed (RPM) and corresponding engine maximum
continuous rating (MCR).
8  The block coefficient Cp at the scantling draught 7sc is defined in the following equation:
L S
1.025L:BTs¢
A: Moulded displacement (7) of a ship at the scantling draught T’sc.
9 Lightweight () is the displacement of a ship complete in all respects but without cargoes, consumable stores, crew
and their effects, and without any liquids on board except that machinery and piping fluids such as lubricants and
hydraulics at operating levels.
10 Deadweight (¢) is the difference between the displacement at the summer draught in seawater of density p = 1.025
t/m? and the lightweight of the ship.
11 The fore end (FE) of the ship length Lc is the perpendicular to the scantling draught waterline at the forward side
of the stem, as shown in Fig. 1.4.3-2.
12 The aft end (4E) of the ship length Lc is the perpendicular to the scantling draught waterline at a distance Lc¢ aft
of the fore end, as shown in Fig. 1.4.3-2.

Fig. 1.4.3-2  Ends and Midship

AE Midship FE
T
sc
e ' D
Ly/2 Le/2
€ > >
- LC

13 The midship is the perpendicular to the scantling draught waterline T'sc at a distance 0.5Lc aft of the fore end.
14 The midship part of a ship is the part extending 0.4L¢ amidships, unless otherwise specified.

1.4.3.2 Positions of Exposed Decks

1  The positions of the exposed decks are defined as in the following (1) and (2) (See Fig. 1.4.3-3). In the following
(1) and (2), A, is to be taken as the standard height of the superstructure specified in Table 1.4.3.

(1) Position 1

(a) Exposed freeboard and raised quarter decks. “Exposed raised quarter decks” refers to exposed superstructure
decks lower than %, above the freeboard deck.

(b) Exposed superstructure decks situated forward of the point located 0.25 Ly abaft the fore end of Ly “Exposed
superstructure deck” refers to those lower than 24, above the freeboard deck.

(2) Position 2

(a) Exposed superstructure decks situated abaft of the point located 0.25Lrabaft the fore end of Lrand located at
least one standard height of superstructure above the freeboard deck. “Exposed superstructure deck located
at least one standard height of superstructure above the freeboard deck” refers to exposed superstructure
decks at or higher than /4, but lower than 24, above the freeboard deck.

(b) Exposed superstructure decks situated forward of the point located 0.25 L, abaft the fore end of Lrand located
at least two standard heights of superstructure above the freeboard deck. “Exposed superstructure deck
located at least two standard heights of superstructure above the freeboard deck™ refers to exposed
superstructure decks at or higher than 24, but lower than 3/, above the freeboard deck.
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Fig. 1.4.3-3  Positions of Exposed Decks
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2 In the requirements in -1 above, superstructure decks include the top decks of superstructures, deckhouses,
companionways, and other similar deck structures.
3 To determine the positions of the exposed decks defined in -1 above for ships with an unusually large freeboard
as specified in 1.4.3.5, the exposed decks are to be treated as follows in relation to the vertical distance Hp from an
assumed freeboard deck to the exposed deck at side:

hg < Hp < 2hg: Superstructure deck of first tier above the freeboard deck

2hs < Hp < 3hg: Superstructure deck of second tier above the freeboard deck

3hg < Hp: Superstructure deck of third or subsequent tier above the freeboard deck

1.4.3.3 Standard Height of Superstructure
Standard height of superstructure is defined in Table 1.4.3.

Table 1.4.3  Standard Height of Superstructure

Standard height 4, (m)
Freeboard length L, (m)
Raised quarter deck All other superstructures
75 1.20 1.80
Lr>125 1.80 2.30
For intermediate values of Ly, 4 is to be obtained by linear interpolation.

1.4.3.4 Type A and Type B Freeboard Ships

1  Ships are to be assigned a freeboard following the requirements specified in Part V.

2 Type A freeboard ship means the following ships:

(1) Ships designed to carry only liquid cargoes in bulk.

(2) Ships that have high integrity of the exposed deck, with only small access openings to cargo compartments closed
by watertight gasketed covers of steel or equivalent material.

(3) Ships in which the loaded cargo compartments have low permeability.

3 All ships that do not come within the requirements of Type A freeboard ships stated in -2 above are to be considered

Type B freeboard ships.

4 A Type B-60 or Type B-100 freeboard ship is any Type B freeboard ship having a freeboard length L, exceeding

100 m in which the freeboard can be reduced according to applicable requirements of the International Convention on

Load Lines (ICLL).

5 A Type B+ freeboard ship is any ship with a freeboard larger than that required in Type B freeboard ships.

1.4.3.5 Ships with Unusually Large Freeboard
Ships with an unusually large freeboard are ships having freeboards that comply with following formula. (See Fig.
1.4.3-4):
fszhs+f
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fs: Actual summer freeboard assigned by the requirements in Part V

h: Standard height of superstructure determined by the requirements in 1.4.3.3

f : Minimum summer freeboard determined by the requirements in Part V on the basis of an assumed
freeboard deck which is measured down from the actual freeboard deck by h;

Fig. 1.4.3-4  Ship with Unusually Large Freeboard
Freeboard deck

Standard height of

Assumed freeboard deck superstructure s

Actual summer |Minimum summer
freeboard f; freeboard f

1.4.3.6 Reference Coordinate System
The ship’s geometry, motions, accelerations and loads are defined with respect to the following right-hand
coordinate system (See Fig. 1.4.3-5):
Origin: At the intersection among the longitudinal plane of symmetry of the ship, the aft end of L¢, and the top of the
keel.
X-axis: Longitudinal axis, positive forwards.
Y-axis: Transverse axis, positive towards portside.
Z-axis: Vertical axis, positive upwards.

Fig. 1.4.3-5 Reference Coordinate System
ZA
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14.4 Glossary

1.4.4.1 Definition of Terms
The definitions of terms are in accordance with Table 1.4.4-1.

Table 1.4.4-1 Definition of Terms

Terms

Definition

Accommodation deck

A deck used primarily for the accommodation of the crew.

Accommodation ladder

A portable set of steps on a ship’s side for use by persons boarding from small boats
or from a pier.

Aft peak The area aft of the aft peak bulkhead.

Aft peak bulkhead The first main transverse watertight bulkhead forward of the stern.

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

Anchor A device that is attached to an anchor chain at one end and lowered into the seabed to

hold a ship in position.

Anchor cable

A fibre rope or chain attached to the anchor.

A dry cargo hold used to load ballast water. However, this term does not apply to holds

Ballast hold .
used as ballast cargo holds only when in harbour.
Ballast tank A compartment used for the storage of ballast water.
Bay The area between adjacent transverse frames or transverse bulkheads.
Bilee h ati Plating running the length of a compartment sloping between the inner bottom and
ilge hopper platin,
ge hopper plating the vertical portion of the side shell or inner hull longitudinal bulkhead.
: A tank installed on the broadside below a cargo hold and used for ballast water or for
Bilge hopper tank . . .
stability when carrying certain cargoes.
Bilge keel A plate set perpendicular to a ship’s shell along the bilges to reduce the rolling motion.
Curved plating between the bottom shell and side shell as follows:
Within the cylindrical part of the ship: From the start of the curvature at the lower turn
of the 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
Bilge plating

turn of the bilge on the bottom to the lesser of:

* A point on the side shell located 0.2 D above the top of the keel/local centreline
elevation.

* The end of the curvature at the upper turn of the bilge.

Bilge strake

A single strake of bilge plating to which a bilge keel is attached in locations where a
bilge keel is attached. In other locations, a single strake of bilge plating on the line
extending longitudinally forward and afterward of the bilge keel.

Boss

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

Bottom longitudinal

A stiffener arranged longitudinally on the inner surface of the bottom shell.

Bottom shell

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

Bow

The structural arrangement and form of the forward end of the ship.
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Terms Definition
Bracket An extra structural component used to increase the strength of a joint between two
racke
structural members.
Bracket toe The narrow end of a tapered bracket.
An inclined and stiffened plate structure on a weather deck to break and deflect the
Breakwater )
flow of water coming over the bow.
A triangular plate bracket joining port and starboard side structural members at the
Breast hook
stem.
Brid An elevated superstructure having a clear view forward and at each side, from which
ridge o
& a ship is steered.
Buckling panel An elementary plate panel considered in assessment of buckling strength.
A stiffener utilising an increase in steel mass on the outer end of the web instead of a
Bulb profile
separate flange.
Bulkhead A structural partition wall subdividing the interior of the ship into compartments.
Bulkhead deck The uppermost continuous deck reached by transverse watertight bulkheads and shell.

Bulkhead structure

Transverse or longitudinal bulkhead plating supported by stiffeners and girders.

A structure immediately above the upper edge of the ship’s side surrounding the

Bulwark
uhwat exposed deck.
Bunker A compartment for the storage of fuel oil used by the ship’s engine.
The upward rise of the weather deck from both sides towards the centreline of the
Camber

ship.

Cargo region

The part of a ship that contains cargo holds (including cargo tanks), ballast tanks and
slop tanks. Includes the full breadth and depth of the ship, the collision bulkhead and
the transverse bulkhead at its aft end. The cargo region does not include the pump
room, if any.

Cargo hold A generic term for spaces intended to carry cargo in liquid or dry bulk form.
Cargo tank A tank carrying cargoes.

Cargo tank bulkhead A boundary bulkhead separating cargo tanks.

Carlings A stiffening member used to supplement the regular stiffening arrangement.
Casing A covering or bulkhead for protection of a space.

Cellular construction

A structural arrangement consisting of closely spaced boundaries with internal
diaphragm plates arranged to form small compartments.

Centreline girder /
Centre girder

A longitudinal member located on the centreline of a ship.

Chain

Connected metal rings or links used to hold anchors, fasten timber cargoes, etc.

Chain locker

A compartment, usually at the forward end of a ship, used to store the anchor chain.

Chain pipe

A section of pipe through which the anchor chain enters or leaves the chain locker.
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Terms Definition
) A device for securing the chain cable when riding at anchor as well as securing the
Chain stopper . e . . . .
anchor in the housed position in the hawse pipe to relieve the strain on the windlass.
Coaming The vertical boundary structure of a hatch or skylight.
Cofferdam A void space between two adjacent bulkheads or decks.
A patch used to partly or completely close an opening cut for a longitudinal passing
Collar plate
through a transverse web.
Collision bulkhead The foremost transverse watertight bulkhead.
Companionway A weathertight entrance leading from a ship’s deck to the spaces below.
Compartment An internal space bounded by bulkheads or plating.
Corrugated bulkhead A bulkhead with a corrugated structure.
Corrugation Plating arranged in a corrugated fashion, shedder and gusset plated excluded.
A deck in the area between cargo hatches closer to the centreline of the ship than the
Cross deck . .
hatch side coamings.
Large transverse structural members joining longitudinal bulkheads or joining a
Cross ties longitudinal bulkhead with side structures to support the bulkheads against
hydrostatic and dynamic loads.
Deck The horizontal structural plating that defines the upper or lower boundary of a
ec
compartment.
Deck beam A stiffener arranged transversely on a deck.
A decked structure on the freeboard or superstructure deck that does not fit the
Deckhouse

definition of a superstructure.

Deck structure

Deck plating and stiffeners, primary supporting members, and pillars attached thereto.

Deck girder

A longitudinal primary supporting member in a deck.

Deck longitudinal

A stiffener arranged longitudinally on a deck.

Deck transverse

A transverse primary supporting member in a deck.

A tank used for the carriage of water, fuel oil, or other liquids, forming a part of the

Deep tank
ecpfat hull in holds or tween decks.
) Any piping leading through a ship’s sides for discharge of bilge water, cooling water,
Discharges .
drains, etc.
. A bracket located in the double bottom to locally strengthen the bottom structure for
Docking bracket

the purpose of docking.

Double bottom structure

Shell plating with stiffeners below the top of the inner bottom plating and other
elements below and including the inner bottom plating.

Doubler

A small plate member attached to an area that requires strengthening.

Double skin member

A double skin member is defined as a structural member considered as a beam
structure comprising webs and top and bottom flanges formed by plating attached to
the webs.
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Terms

Definition

Duct keel

A keel built of plates in box form to provide a space, generally used to house piping,
etc.

Enclosed superstructure

A superstructure with bulkheads forward and/or aft fitted with weathertight doors and
closing appliances.

End bracket A bracket located at an end of a member.

EPP An elementary plate panel, the smallest plate element surrounded by structural
members such as stiffeners, primary supporting members, bulkheads, etc.
A section of a stiffening member attached to a web, usually parallel to the plate

Face plate
member.

- A section of a stiffening member, typically attached to the web but sometimes formed

ange
& by bending the web. Usually parallel to the plate member.

Flat bar A stiffener comprising only a web.

Floor A transverse girder located at a double bottom.

Forecastle A short superstructure situated at a ship’s bow.

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

Frame A stiffener arranged longitudinally or transversely on the inner surface of the shell.
Generally the uppermost complete deck exposed to weather and the sea, which has

Freeboard deck

permanent means of closing all exposed openings.

Freeing port

An opening in a bulwark to allow water shipped on deck to run freely overboard.

Fuel oil tank

A tank used for the storage of fuel oil.

A raised walkway between a superstructure, such as between the forecastle and bridge

Gangwa;
sway or between the bridge and poop.
Gud A block with a hole in the centre to receive the pintle of a rudder; located on the stern
udgeon
& post, which supports and allows the rudder to swing.
Gunwale The upper edge of a ship’s side.
Gusset A plate, usually fitted to distribute forces at a strength connection between two
usse
structural members.
Hatch beam A beam placed across a hatchway.

Hatch cover

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

Hatch end beam A primary supporting member fitted to the fore and aft ends of a hatchway.
Hatch side girder A primary supporting member attached to a hatch side deck.
Openings, generally rectangular, in a ship’s deck, affording access to the compartment
Hatchways
below.
. A steel pipe through which the hawser or cable of an anchor passes, located in the
Hawse pipe . .
ship’s bow on both sides of the stem.
Hawser A large steel wire or fibre rope used for towing or mooring.
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Terms

Definition

Horizontal girder

A girder arranged horizontally on a bulkhead.

14CS International Association of Classification Societies

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

Independent tank A self-supported tank.

Inner bottom plating

Plating forming the top of a double bottom structure.

Inner hull The innermost plating forming a second layer in the hull of a ship.
Intercostal A noncontinuous member between stiffeners or primary supporting members.
JIS Japanese Industrial Standards.
The main structural member or backbone of a ship, running longitudinally along the
Keel centreline of the bottom. Usually, a flat plate stiffened by a vertical plate on its
centreline inside the shell.
Keel li The keel line is the line parallel to the slope of the keel intersecting the top of the keel
eel line
at amidships.
Knuckle A bend part of a structural member.
Lightening hole A hole cut in a structural member to reduce its weight.

Limber hole

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

Local supporting members

Local stiffening members that only influence the structural integrity of a single panel.

Longitudinal bulkhead

A bulkhead placed in the longitudinal direction of a ship., including the inner hull
forming a double side hull.

Longitudinal framing system

A mode of construction in which frames are arranged longitudinally.

Longitudinal girder

A generic term for any girders arranged longitudinally.

hull
structural members

Longitudinal girder

Structural members that contribute to longitudinal strength.

Machinery space

The part of a ship between the aft peak bulkhead and the transverse bulkhead at the
aft end of the cargo region, including the pump room, if any.

Machinery space bulkhead

A transverse bulkhead either directly forward or aft of the machinery space.

Manhole A round or oval hole cut in a deck or tank to provide access.
Marein plat The most outboard strake of the inner bottom; when turned down at the bilge, the
argin plate
ginp margin plate (or girder) forms the outer boundary of the double bottom.
MARPOL IMO International Convention for the Prevention of Pollution from Ships, 1973 and
Protocol of 1978, as amended.
Notch A discontinuity in a structural member caused by welding.
Outer shell Same as shell envelope.
Pillar A vertical support placed between decks.
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Terms

Definition

Pipe tunnel

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

A plate surrounded by structural members such as stiffeners, primary supporting

Plate panel members and bulkheads. See also EPP.

Plating A stee.l plate supported. by st.iffeners, prim.ary supporting members, or bulkheads,
exclusive of plates forming primary supporting members.

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

Poop deck The first deck above the shelter deck at the aft end of a ship.

Primary supporting structures

Structures consisting of plating and primary supporting members that provide the

overall structural integrity of the hull envelope, cargo holds, and tank boundaries. For

example:

(1) Double bottom structures (bottom shell plating, inner bottom plating, centreline
girders, side girders and floors)

(2) Double side structures (side shell, longitudinal bulkheads, side stringers and
transverse girders)

(3) Bulkhead structures

(4) Deck structures and cross deck structures

Primary supporting members

(PSM)

Supporting members that provide the overall structural integrity of the hull envelope,
cargo holds and tank boundaries (e.g. double bottom floors and girders, transverse
side structures, deck transverses, horizontal girders on bulkheads and vertical webs
on longitudinal bulkheads).

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

Rudder post After post of the stern frame from which the rudder is hung.

Seallop A ho'le cut into a member intersectional to the welding line to allow continuous
welding of a plate seam.

Scarfing bracket A bracket used between two offset structural items.

Scantlings The physical dimensions of a structural item.

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

Shedder plates Slanted plates fitted to minimise pocketing of residual cargo in way of corrugated

bulkheads.

Sheer strake

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

Shelf plate A horizontal plate located on the top or bottom of a bulkhead stool.
Shell envelope plating Shell plating forming an effective hull girder, exclusive of the strength deck plating.
Side frame . . .
A vertical member attached to the inside of the side shell.
(Hold frame)
Side girder A longitudinal girder running through the inside of a double bottom.

Side longitudinal

A frame arranged longitudinally on the inside of the side shell.
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Terms

Definition

Side shell

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

Side stringer

A horizontal girder running through the inside of the side shell.

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

Skylight the engine room and other spaces.

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

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

Spaces Separate compartments including tanks.

Stay Bulwark and hatch coaming brackets.

Stem A bar or plating at which a ship’s outside plating terminates at the forward end.

Stern The aft end of a vessel.

Stern frame

Heavy strength members attached to the after end of the hull to form a ship’s stern.
Includes the rudder post, propeller post and aperture for the propeller.

A tube through which the propellor shaft (or stern tube shaft) passes to the propeller,

Stern tub
erm tbe acts as an after bearing for the shafting and may be (sea)water or oil lubricated.
Stiffener A collective term for secondary supporting structural members.
Stool A structure supporting the top or bottom of a tank bulkhead.
Strake A course or row of a shell, deck, bulkhead, or other plating.
Strength deck The uppermost continuous deck.
Stringer A horizontal girder linking vertical web frames.
Stringer plate (Closest to) the outside strake of deck plating.
Strut A supporting member for connecting the upper and bottom stiffeners in a double
ru
bottom, mutually opposing girders in a tank, or the like.
A decked structure on the freeboard deck extending either from side to side of a ship
Superstructure . . . .
or side plating located not more than 0.048 inboard of the shell plating.
SWL Safe working load.
Tank A space intended to carry a liquid such as seawater, fresh water, oil, liquid cargo, fuel
n
: oil, or lubricating oil.
Tank top Horizontal plating forming the top of a tank.

Towing pennant

A long rope used to tow a ship.

Topside tank

A tank that normally extends in the lengthwise direction of a ship’s side and occupies
the upper corners of the cargo hold in bulk carriers, etc.

Transom

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

Transverse bulkhead

A bulkhead placed in the transverse direction of a ship.
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Terms

Definition

Transverse framing system

A mode of construction in which frames are arranged transversely.

Transverse girder

A generic term for any girders arranged transversely.

Transverse ring

All transverse material appearing in a cross section of a ship’s hull in the way of a
floor, vertical web on a longitudinal bulkhead, or deck transverse girder.

Transverse web frame

The primary transverse girders that join a ship’s longitudinal structure.

Tripping bracket A bracket used to prevent a girder, web, or similar object from falling sideways.

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

Tween deck A deck placed between the upper deck and the inner bottom plating in a cargo hold.

Ullage The d.ist'flnce from the datum line of an ullage opening cut in the deck to the liquid
level inside a tank.

Upper Deck The uppermost continuous deck forming the main part of a hull.

Vertical web

A primary supporting member fitted vertically to a bulkhead.

Void An enclosed empty space in a ship.
Wash bulkhead A perforated or partial bulkhead in a tank.
Waterticht A watertight means capable of preventing the passage of water through a structure
aterti
& under the head of water for which the surrounding structure is designed.
Weather deck A deck or section of deck exposed to the elements that has a means of closing
(Exposed deck) weathertight all hatches and openings (attached thereto).
Weathertight Weathertight means that in any sea conditions water will not penetrate into the ship.
Web The section of a stiffening member attached perpendicular to the plated surface.

Wind and water strakes

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

Windlass A winch for lifting and lowering the anchor chain.

Wing tank The space bounded by the inner hull longitudinal bulkhead and side shell.
1.4.5 Naming Convention
1.4.51 Structural Nomenclature

Fig. 1.4.5-1 to Fig. 1.4.5-9 show the common structural nomenclature used in Part C.
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Fig. 1.4.5-1

Container Carrier

Upper deck

Hatch side coaming ~

—r

 Longitudinal bulkhead |

- (Inner hull) i — T Deck IongltEdlnaI ==

Side stringer

| A
| 1 ]l ‘ =i =i
Side transverse =R ERC R e | ‘f i“‘
= ‘ ‘
|
|
I

1 (i H i I - = :*1 =
8 | = | Cell guide = |
Side longitudinal [ ’ 1 ‘ i I

At Inner bottom plating |~ <A

Bilge plating

g
“

4

Side girder x
Bottom longitudinal
Centre girder
Bottom shell

Floor

Fig. 1.4.5-2  Bulk Cargo Ship with Box-Shaped Holds

Hatch end coaming

Hatch side coaming

PR R

== —r—I=

~ Inner bottom longitudinal 722~

Side shell

Under deck passage

Longitudinal on
longitudinal bulkhead

Step in cargo hold

Upper deck

Hatch side girder

Deck longitudinal
Side transverse

Side stringer

Side longitudinal

L ' '
W

Inner bottom plating T TG

T T L4277 7 7 nner bottom longitudinal
B g

e
IIIII.

Bilge plating

By

S, 477k

LY BTIETT

A
E gV 7

iE|

AN A =
‘-A--“---‘-‘i‘.

Side girder
Bottom longitudinal

Bottom shell  Floor

Centre girder

O 4
TSEWN 5okt y

Side shell

Longitudinal on
longitudinal bulkhead

\
4




2023 Rules for the Survey and Construction of Steel Ships (Part C Partl Chapter 1) CIaSSNI(

Fig. 1.4.5-3  Ore Carrier
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Fig. 1.4.5-5  General Cargo Ship
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Fig. 1.4.5-7  Car Carrier
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Fig. 1.4.5-9  Chemical Tanker
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1.5 Plans and Documents To Be Submitted
1.5.1 General
1.5.1.1

1  For ships to be built under classification survey, prior to the commencement of shipbuilding, plans and documents
specified in 2.1.2 and 2.1.3, Part B are to be submitted to the Society.
2 In addition to -1 above, when a finite element analysis is carried out in the application of Part C, a report
containing the following detailed information is to be submitted to the Society:
(1) Documents describing the analysis procedures
(a) Detailed description of the structural modelling, including all modelling assumptions.
(b) Any deviations in the geometry and arrangement of the structure compared with plans.
(c) Name and version of the analysis system used, such as a finite element analysis program.
(d) Details of the boundary conditions.
(e) Distributions of shearing force, bending moment, and torsional moment and the details of the load conditions
used for their calculation.
(f) Documents showing details of the applied loads and confirmation of their correctness.
(2) Documents containing the analysis results
(a) Plots and results that demonstrate the correct behaviour of the structural model under the applied loads.
(b) Summaries and plots of global and local deflections.
(c) Summaries and sufficient plots of stresses to demonstrate that the strength criteria are not exceeded in any
member.
(d) Summaries and sufficient plots to demonstrate that the buckling criteria are not exceeded in any of plating
and stiffening members.
(e) Summaries and sufficient plots to demonstrate that the fatigue criteria are not exceeded in any discontinuous
structure.
(3) Documents separately specified in Part 2
(4) Where any advanced analysis is required, documents specified in the “Guidelines for Direct Load Analysis and
Strength Assessment”.
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Annex 1.1 SPECIAL REQUIREMENTS FOR RESTRICTED SERVICE

Anl General

Anl.1 Wave Loads in Restricted Service

Anl.1.1 General

This Annex specifies the requirements of wave loads to be considered for ships to which 1.2.2, Part A is applied
in maximum load condition. Notwithstanding the requirements in this Annex, the “Guidelines for Direct Load
Analysis and Strength Assessment” issued separately by the Society may be applied, and wave loads based on the
data of sea state, etc. of the intended service area may be used.

Anl.1.2  Application
Wave loads to which the requirements in this Annex are applicable are to be in accordance with Table Anl1.

Table Anl Applicable Wave Loads for Restricted Service

Applicable to Relevant rules

Vertical wave induced bending
4.3.2.3,4.4.2.9-1 and 4.6.2.10
moment

Vertical wave induced shear force 4.3.2.4

Wave induced horizontal bending
4.3.2.6, 4.4.2.9-2 and 4.6.2.10

moment

Wave induced torsional moment 4.3.2.6

Hydrodynamic pressure 4.4.2.3-2 and 4.6.2.4-2

Dynamic pressure, Dynamic load, | 4.4.2.4-2, 4.4.2.5-2, 4.4.2.6, 4.4.2.7-2, 4.6.2.5-2, 4.6.2.6-
etc. 2,4.6.2.7-2, 4.6.2.8 and 4.6.2.9

Notes:

(1) For ships where the wave loads specified in Part 2 are applied, the requirements in this table

may be applied.

Anl.1.3 Wave Loads in Coastal Area
For ships subject to 1.2.2(1), Part A (ships for service in coastal area), values multiplying the wave loads shown
in Table Anl by 2/3 are to be used.

Anl.1.4 Wave Loads in Calm Water Area
For ships subject to 1.2.2(2), Part A (ships for service in calm water area), values multiplying the wave loads
shown in Table An1 by 1/3 are to be used.

Anl.1.5  Others

For ships subject to 1.2.2(3) and (4), Part A, the “Guidelines for Direct Load Analysis and Strength
Assessment” are to be followed with necessary modifications when specifying wave loads based on oceanographic
and other data for the intended service area. However, direct load analysis may be omitted, provided that proper study
materials are submitted and deemed appropriate by the Society.
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Anl.2 Impact Loads in Restricted Service

Anl.2.1 General
Scantlings of members obtained from the requirements of bottom slamming (4.8.2.2), bow impact (4.8.2.3) and
green sea loads (4.4.2.8, 4.9.2.2, 4.9.2.3) may be decreased based on the ratio specified in Table An2. However, the
scantlings are not to be less than the minimum thickness.
Table An2 Scantling Deduction and Minimum Scantling

Items Coasting Smooth Water Minimum
thickness
Green sea loads Minimum thickness of decks 1 mm 1 mm 5 mm
Section modulus of beams 15% 15 % -
Section modulus of deck girders 15 % 15 % -
Thickness of plate and section modulus of 10 % 10 % -
stiffeners of superstructure end bulkhead
Bottom slamming Outer shell 5% 10 % 6 mm
and bow impact Section modulus of stiffeners attached to 10 % 20 % 30 cm?

outer shell

Thickness of members forming double 1 mm 1 mm 5.5 mm
bottom structures

10 % or 1 mm,

Thickness of members forming single . .
0.5 mm whichever is -

bottom structure

smaller

Notes:
For ships engaged in international voyages, the thickness of the superstructure end bulkhead and the cross section modulus
of stiffeners are not to be reduced.

Anl.3 Other Requirements in Restricted Service

Anl.3.1 General

1  Reduction of scantlings of members and Equipment of ships to be classed for Coasting Service

(1) Heights of hatchway coamings, sills of doors, etc. may be reduced to the heights specified in Table An3.

(2) The design pressure of the rectangular windows specified in 14.11.1.4, including the minimum design pressure
specified in Table 14.11.1-1, may be reduced by 10 %.

(3) Anchors, chains, towing and mooring arrangements, as well as equipment number and emergency towing
arrangements are to be in accordance with the requirements of Chapter 23, Part CS.

(4) Notwithstanding the provision in (3) above, the mass of one of the two anchors may be reduced to 85 % of the
mass required in the Table CS23.1, Part CS.

(5) The design pressure P. for the doors specified in 14.10.1.4-1 and Table 14.10.2-2 may be reduced to 80 %.

(6) Ships not engaged on international voyages need not apply the requirements of 14.13.2.1-2.

(7) Ships not engaged on international voyages need not apply the requirements of 14.5.3.1.

(8) Ships not engaged on international voyages need not apply the requirements of 3.3.5.2-2, 3.8.2.3 and Annex 1.1,
Chapter 1, Part 2-2 “Additional Requirements for Bulk Carriers in Chapter XII of the SOLAS Convention”.

(9) Ships not engaged on international voyages need not apply the requirements of 14.16.3.

2 Reduction of scantlings of members and equipment of ships to be classed for Smooth Water Service

(1) Heights of hatchway coamings, sills of doors, etc. may be reduced to the heights specified in Table An3.

(2) The hatchway covers may be of a shelter type.

(3) The thicknesses of steel hatchway covers, on which cargoes are not carried, may be 4.5 mm.

(4) Stiffeners are to be provided at suitable intervals for steel hatchway covers, and the section modulus of stiffeners,
on which cargoes are not carried, may be reduced from the value obtained from the formula in 19.2.6-2, Part CS.

(5) The design pressure of rectangular windows specified in 14.11.1.4, including minimum design pressure specified
in Table 14.11.1-1 may be reduced by 10 %.
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(6) Equipment is to be accordance with the requirements in -1(3) and (4). However, the equipment letter in Table
CS23.1, Part CS may be downgraded one rank from the requirements in 23.1.2.

(7) The design pressure P. for the doors specified in 14.10.1.4-1 and Table 14.10.2-2 may be reduced to 50 %.

(8) Ships not engaged on international voyages need not apply the requirements of 14.13.2.1-2.

(9) Ships not engaged on international voyages need not apply the requirements of 14.5.3.1.

(10) Ships not engaged on international voyages need not apply the requirements of 3.3.5.2-2, 3.8.2.3 and Annex 1.1
in Chapter 1, Part 2-2 “Additional Requirements for Bulk Carriers, Chapter XII of the SOLAS
Convention”.

(11) Ships not engaged on international voyages need not apply the requirements of 14.16.3.

Table An3 Heights of Hatchway Coamings, Sills of Doors, etc. (mm)

. . Kind of Hatchways, etc.

Service Area Position of Hatchways, etc.
[A] [B] [C] (D] [E]
. I 600 450 450 380 900

Coasting
1I 450 380 300 300 760
I 450 380 300 300 760
Smooth Water
11 300 230 100 100 450
Where,

[A]=General hatchways

B]=Small hatchways, the area of which is not bigger than 1.5 m?
C]=Companionways

D]=Doors of superstructure end bulkheads

E]= Ventilators

— = =

3 For ships not engaged on international voyages and not specified in -1 and -2 above, where deemed appropriate
by the Society taking account of various conditions of such ships related to navigation, the requirements of 3.8.2.3
need not be applied.

4  Ships not engaged on international voyages need not apply the requirements of 3.3.5.2-2 and 3.8.2.3.

5 The bulk carriers defined in 1.3.1(13), Part B not engaged on international voyages need not apply the
requirements of 14.16.3.

6  Ships not engaged on international voyages need not apply the requirements of 14.4.

7  Ships not engaged on international voyages need not apply the requirements of 14.5.3.
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Chapter 2 GENERAL ARRANGEMENT DESIGN

2.1 General
2.1.1 Overview
2.1.1.1

This Chapter specifies the requirements shown in Table 2.1.1-1 as the general requirements for the structural
configuration.

Table 2.1.1-1 Overview of Chapter 2

Section Title Overview
2.1 General Overview of this Chapter
) Subdivision Arrangement | Requirements for bulkhead arrangement and watertight doors provided in
watertight bulkheads
2.3 Damage Stability Requirements for damage stability

4 Structural Arrangement | Requirements for the arrangements of structures, such as double bottom

structures
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2.2 Subdivision Arrangement

221 Arrangement of Watertight Bulkheads

2.2.1.1 Collision Bulkheads

1  All ships are to have a collision bulkhead at a position not less than 0.05 Ly or 10 m, whichever is less, from the
forward terminal of the freeboard length, but not more than 0.08 Lror 0.05 Ly + 3.0 (m), whichever is greater, unless
for special structural reasons which are approved by the Society. (See Fig. 2.2.1-1)

2 Where any part of the ship below the waterline at 85 % of the least moulded depth extends forward beyond the
forward terminal of the freeboard length, the distance specified in -1 above is to be measured from the point that gives
the smallest measurement from the following:

(1) The mid-length of such an extension

(2) Adistance 0.015 L, forward from the above-mentioned forward terminal

(3) A distance 3 m forward from the forward terminal

3 “Special structural reasons that are approved by the Society” as specified in -1 above are reasons approved on the
basis that an application is submitted together with calculations verifying that no part of the bulkhead deck will be
immersed even when the compartment forward of the collision bulkhead is flooded under loaded conditions (without
trim) corresponding to the load line.

4  The bulkhead may have steps or recesses within the limits specified in -1 above. (See Fig. 2.2.1-2)

5 Any access openings, doors, manholes or ducts for ventilation, etc. are not to be cut into the collision bulkhead
below the freeboard deck. Where a collision bulkhead extends up to a deck above the freeboard deck in accordance
with the requirements of 2.2.1.5(2), the number of openings in the extension of the collision bulkhead is to be kept to
the necessary minimum and all such openings are to be provided with weathertight means of closing.

6  In ships with bow doors, the collision bulkhead under the deck just above the freeboard deck is to comply with
the requirements mentioned in -1 and -4 above and 2.2.1.5(2). However, where a sloping ramp forms a part of the
collision bulkhead above the freeboard deck, the part of the ramp that is more than 2.3 m above the freeboard deck may
extend forward of the limit specified in -1 above. In this case, the ramp is to be weathertight over its complete length.
However, ramps not meeting the above requirement are not to be regarded as an extension of the collision bulkhead.

7  The probability of survival (s;) calculated in accordance with requirements in 2.3.2.3 is not to be less than 1 at the
deepest subdivision draught load condition, level trim or any forward trim load conditions, if any part of the ship
forward of the collision bulkhead is flooded without vertical limits.

Fig. 2.2.1-1
|
L,
Collision bulkhead — --»
Max, seerrees 0.08L, _ T o
Min. I a 85% of the least
Ly= 200m -»+» 0.05L, |47, }moulded depth
L,> 200m «-- 10m 1
[ ]

Forward end of L,

(Notes)
a:  Lesser of the following:
| £
m = o

(2) 0.015L; (m)for Ly < 200 m

3.0 mfor Ly > 200 m
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Fig. 2.2.1-2
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2.2.1.2 Aft Peak Bulkheads

1  All ships are to have an aft peak bulkhead situated at a suitable position.

2 The stern tube is to be enclosed in a watertight compartment by the aft peak bulkhead or other suitable
arrangements. Measures to minimise the danger of water penetrating into the ship in case of damage to the stern tube
arrangements are to be taken.

2.2.13 Machinery Space Bulkheads
A watertight bulkhead is to be provided at each end of the machinery space. However, the bulkhead at the aft end
of the machinery space may be the aft peak bulkhead.

2.2.14 Hold Bulkheads

1  For ships in the following (1) to (4) to satisfy the applicable damage stability requirements, watertight hold
bulkheads are to be fitted at reasonable intervals, in addition to the watertight bulkheads specified in 2.2.1.1 to 2.2.1.3:
(1) Ships complying with the requirements in 2.3 (including ships specified in 2.3.1.1(1) to (3))

(2) Tankers in compliance with the requirements of 3.2.2, Part 3 of the RULES FOR MARINE POLLUTION

PREVENTION SYSTEMS

(3) Ships carrying liquefied gases in bulk or ships carrying dangerous chemicals in bulk
(4) Ships in compliance with the requirements in An2.1, Part 2-2, Annex 1.1 “ADDITIONAL REQUIREMENTS

FOR BULK CARRIERS UNDER SOLAS CHAPTER XII”

2 Ships other than those listed in -1 above are to have watertight hold bulkheads at reasonable intervals, in addition
to the watertight bulkheads specified in 2.2.1.1 to 2.2.1.3, so that the total number of watertight bulkheads will be no
less than that specified in Table 2.2.1-1. Where the distance between two neighbouring bulkheads is less than 0.7\/L_C
(m), these two bulkheads are not counted as two bulkheads.

3 Where it is impracticable to adhere to -2 above due to the requirements for the ship’s trade, the number of hold
bulkheads may be reduced in accordance with one of the following (1) to (3), taking into account the effect of the
smaller number of bulkheads on the transverse strength of the hull. Where the number of watertight bulkheads is
decreased from that required according to the following (2), an application for the omission of bulkheads stating the
reasons for such omission is to be submitted by the shipowner to the Society:

(1) The number of bulkheads specified by the requirements of Note (1) or (2) in Table 2.2.1-1.

(2) For ships of special types, the number is in accordance with (a), (b) or (c):

(a) Ships carrying long cargoes (rails, sheet piles or similar long cargoes), train ferries and car carriers may omit
one bulkhead where the required number is 5 or less, and 2 bulkheads where the required number is 6 or
more.

(b) Ships having conveyor systems for handling cargoes may omit all hold bulkheads, if necessary.

(c) Ships other than those specified above are, as a rule, not regarded as special type ships.

(3) Where special consideration is given for improving the safety of ships by means such as that of a double hull, the
arrangement of watertight bulkheads may be different from that required in the Rules.
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Table 2.2.1-1 Number of Watertight Bulkheads

Lc (m) Total number of watertight bulkheads
not less less
than than
90 102 5
102 123 6
123 143 7
143 165 8
165 186 9
186 200 The number of bulkheads arranged in accordance with Notes (1) and (2)
200 The number of bulkheads arranged in accordance with Note (2)
(Notes)

(1) The ship has sufficient transverse strength of the hull.

(2) The final waterline does not exceed the upper surface of the bulkhead deck at the side of the
ship even after any compartment, except the engine room, has been flooded under the load
condition corresponding to the summer load water line. The permeability used in flooding
calculations is to be in accordance with Table 2.2.1-2 or 2.2.1-3.

Table 2.2.1-2 Permeability of Cargo Holds

Cargo hold condition Permeability
Empty 0.95
Loaded with general cargo 0.60
Loaded with timber 0.55
Loaded with ore 0.50
Loaded with cars or containers 0.95 — 0.35 X —
0
(Notes)
V¢: Volume (m*) occupied by cars and/or containers
Vy: Moulded volume () of the compartment

Table 2.2.1-3 Permeability of Deep Tanks

Tank condition Permeability
Empty 0.95
Filled 0

(Note)

For spaces loaded with special kinds of cargo, a suitable permeability is

used depending on the kind of cargo.

2.2.1.5 Height of Watertight Bulkheads
The watertight bulkheads specified in 2.2.1.1 to 2.2.1.4 are to extend to the freeboard deck with the following

exceptions (1) to (3):

(1) A watertight bulkhead in way of the raised quarter or the sunken forecastle deck is to extend up to the said deck.

(2) Where a forward superstructure having openings without closing appliances leads to a space below the freeboard
deck, or a long forward superstructure (with a length of no less than 0.25 L) is provided, the collision bulkhead is
to extend up to the deck next above the freeboard deck and to be made weathertight. However, where all parts of
the extension, including any part of the ramp attached to it are located within the limits specified in 2.2.1.1 and
the part of the deck that forms the step is made effectively weathertight, it need not be fitted directly above the
collision bulkhead.

(3) The aft peak bulkhead may terminate at a freeboard deck above the designed maximum load line, provided that
this deck is made watertight to the stern of the ship.
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2.2.1.6 Cofferdams

1  Oiltight cofferdams are to be provided between tanks carrying oil and those carrying fresh water, such as for
personnel use or boiler feed water, to prevent the fresh water from being contaminated by oil.

2 Crew spaces and passenger spaces are not to be directly adjacent to bulkheads or tops of tanks carrying fuel oil.
Such compartments are to be separated from the fuel oil tanks by cofferdams that are well ventilated and accessible.
Where the top of fuel oil tanks has no opening and is coated with incombustible coverings of not less than 38 mm in
thickness, the cofferdam between such compartments and the top of the fuel oil tanks may be omitted.

2.2.2 Watertight Door

2.2.2.1 General
1  All openings in the watertight bulkheads and the part of the deck that forms the step of the bulkheads are to be
closed by watertight closing appliances (hereinafter referred to as “watertight doors™). Watertight doors are classified
as follows according to their purpose and frequency of use:
(1) Watertight doors that are to be permanently closed at sea
Such doors are open in port and closed before the ship leaves port (e.g. bulkhead doors for loading/unloading).
The time of opening/closing such doors is to be recorded in the log-book.
(2) Watertight doors that are to be normally closed at sea
Such doors are kept closed at sea but may be used if authorised by the officer of watch and are to be closed again
immediately after use.
(3) Watertight doors that are used at sea
Kept closed but may be opened during navigation when authorised by the Administration to permit the passage of
passengers or crew, or when work in the immediate vicinity of the door necessitates it being opened. The door,
however, is to be immediately closed after use.
2 Watertight doors as specified in -1 above are to be normally closed at sea, except where deemed necessary for the
ship’s operation by the Society. Watertight doors or ramps fitted to internally subdivided cargo regions are to be
permanently closed at sea.
3 The requirements of 2.2.2 apply to watertight doors required by other regulations regarding damage stability
requirements. Watertight doors located above the bulkhead deck are to also comply with the requirements for doors
provided for means of escape specified in Chapter 13, Part R.
4  The general requirements for watertight doors are shown in Tables 2.2.2-1 and 2.2.2-2.
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Table 2.2.2-1 Requirements for Watertight Doors for Internal Openings

Position
relative to Audible or
Referenced Frequency of use Remote [Open/close i )
bulkhead or i Type of door . visual Notices | Notes
requirement at sea closure | indicators
freeboard alarms
deck
2.2.2.4-3,2.2.2.5,
Power-operated Yes
2.2.2.6 and Used o Yes Yes No -
sliding door (Local)
2.2.3.1-2(2)
2.2.2.5,2.2.2.8-1 Slidi 1li
’ Normally Closed 1ng, roing No Yes No Yes | *176
and 2.2.3.1-2(3) or hinged door
Bel P tl
SOV 1222482228 | Crmanenty
Closed
2 and 2.2.3.1-2(4) ( ons) | Slidi 1L
cargo regions ng, rollin o w3 gk
sereg ' 1 & & | Prohibited No No Yes |77
Permanently or hinged door
2.2.2.8-2 and
2.2.3.1-2(5) Closed
o (others)
2.2.2.4-3,2.2.2.5,
Power-operated Yes .
2.2.2.6 and Used L Yes Yes No "3
sliding door (Local)
2.2.3.1-2(2)
At or above |2.2.2.5,2.2.2.8-1 Sliding, rolling o
Normally Closed ) No Yes No Yes 1,76
and 2.2.3.1-2(3) or hinged door
2.2.2.8-2 and Permanently Slidi.ng, rolling Prohibited No No Yes |47
2.2.3.1-2(4) Closed or hinged door
*1: If hinged, this door is to be of a single-action type.

*2:

Under the /CLL, doors separating the main machinery space from a steering gear compartment may be hinged single-

action types, provided that the lower sill of such doors is above the Summer Load Line and the doors remain closed at

sea while not in use.

*3:

the case of doors in watertight bulkheads subdividing cargo regions.

*4:
*5:
*6:
*7:

Notices are to state “7o be kept closed at sea”.
Notices are to state “Not to be opened at sea”.

Doors are to be fitted with devices that prevent unauthorised opening.

Under MARPOL, hinged watertight doors may be acceptable in watertight bulkheads of the superstructure.

The time of opening such doors in port and closing them before the ship leaves port is to be entered into the log-book in




2023 Rules for the Survey and Construction of Steel Ships (Part C Partl Chapter 2) CIaSSNI(

Table 2.2.2-2 Requirements for Watertight Doors for External Openings

Position
lative t Audibl
rerative 1o Referenced Frequency of Remote | Open/close i .1 ¢ )
bulkhead or i Type of door . or visual | Notices | Notes
requirement use at sea closure | indicators
freeboard alarms
deck
2.2.2.8-2,2.2.3.2-2 Permanently Sliding, rolling or o w1 %
Below ) No Yes No Yes |*>"3%
and 2.2.3.2-3 Closed hinged door
2.2.2.5-1 and Sliding, rolling or
N 1ly Closed N Y N Y "1, 4
2.2.2.8-1 ormary L10se hinged door ° ° ° °
At or above . .
2.2.2.8-2 and Permanently Sliding, rolling or o %3 5
. No Yes No Yes 2
2.2.3.2-2 Closed hinged door

*1: Ifhinged, this door is to be of a single-action type.

*2:  The time of opening such doors in port and closing them before the ship leaves port is to be entered into the log-book in the case of doors in watertight

*3:
*4:
*5:

bulkheads subdividing cargo regions.
Doors are to be fitted with devices that prevent unauthorised opening.
Notices are to state “7o be kept closed at sea”.

Notices are to state “Not to be opened at sea”.

2.2.2.2
1  Watertight doors are to be of a sliding type.

Types of Watertight Doors

2 Notwithstanding the requirements -1 above, watertight doors provided at small access openings, which are
approved by the Society, may be of a hinged type or rolling type, except where the doors are required to be capable of
being operated remotely by the requirements for crew use may be of a hinged type or rolling type unless required by
the provision of 2.2.2.4-3.

3 Notwithstanding the requirements -1 above, watertight doors or ramps fitted to internally subdivided cargo regions
may be of a type other than the sliding type.

4  Doors that are closed by dropping or by the action of a dropping weight are not permitted.

2.2.23
1  Watertight doors are to be of ample strength and watertightness for water pressure to a head up to the bulkhead

Strength and Watertightness

deck and door frames are to be effectively secured to the bulkheads. In cases other than the following (1) to (3),

watertight doors are to be tested by water pressure before they are fitted:

(1) The prototype of such watertight doors has been tested by design water pressure.

(2) The design of such doors has been verified to have enough strength and watertightness by direct structural analysis.
Where watertight doors utilise gasket seals, a prototype pressure test to confirm that the compression of the gasket
material is capable of accommodating any deflection is to be carried out.

3)

2 Where hydraulic tests are carried out as specified in -1 above, the following are to be complied with:

)

Such doors are compliant with JIS F 2314 or a standard deemed appropriate by the Society.

The head of water used for the hydraulic test is to correspond at least to the head measured from the lower edge
of the door opening (at the location in which the door is to be fitted in the ship) to 1 m above the freeboard deck.
However, for watertight doors subject to 2.2.3.1, the head is not to be less than the height of the final damage
waterline or the intermediate waterline, whichever is greater.

(2) The acceptable leakage rate at the test is not to be greater than the following values:
(a) Doors with gaskets: No leakage
1 I/min

Notwithstanding (2) above, the following leakage rate may be accepted for hydraulic tests on large doors located

(b) Doors with metallic sealing:
3
in cargo regions employing gasket seals or guillotine doors located in conveyor tunnels:
(a) For doors of the design head exceeding 6.10 m:
(P +4.572) - h®

568 (U/min)
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P: Perimeter of door opening (m)
h: Test head of water (m)
(b) For doors with a design head not exceeding 6.10 m, the acceptable leakage rate is the value calculated by the
formula specified in (a) above or 0.375 I/min, whichever is greater.
3 Where watertight doors are provided in cargo regions, such doors are to be protected by suitable means against
damage from items such as cargoes.

2.2.24 Control

1  All watertight doors, except those that are to be permanently closed at sea, are to be capable of being opened and

closed by hand locally, from both sides of the doors, with the ship listed 30 degrees to either side. Their operation

capability with the ship listed at 30 degrees to either side is to be verified by tests such as the prototype test.

2 Inapplying -1 above, power operated doors are also to be capable of being opened and closed by power, in addition

to by hand.

3 Inaddition to the requirements of -1 above, watertight doors that are used at sea or are normally open at sea are to

be capable of being remotely closed by power from the bridge. The “bridge” meant here refers to the place where the

watch officer is always present and normally implies the navigation bridge deckhouse.

4  Where it is necessary to start the power unit for remote operation of the watertight door required by -3 above,

means to start the power unit is also to be provided at remote control stations.

5 Remote controls required by -3 above are to be in accordance with the following:

(1) The operating console at the bridge is to have a “master mode” switch with the following two modes of control.
This switch is normally to be in the “local control” mode. The “doors closed” mode is only used in an emergency
or for testing purposes. Special consideration is to be given to the reliability of the “master mode” switch.

(a) “Local control” mode
This mode is to allow any door to be locally opened and locally closed after use without automatic closure.
(b) “Doors closed” mode
This mode is to permit doors to be opened locally and automatically re-close the doors upon release of the
local control mechanism.

(2) The operating console at the bridge is to be provided with a diagram showing the location of each door, with visual
indicators to show whether each door is open or closed. A red light is to indicate that a door is fully open and a
green light is to indicate that a door is fully closed. When the door is closed remotely, the red light is to indicate
the intermediate position by flashing. The indicating circuit is to be independent of the control circuit for each
door.

6  Where remote control is required by -3 above, signboards/instructions are to be placed in way of the door advising

how to act when the door is in the “doors closed” mode mentioned in -5 above.

7  Where a watertight door is located adjacent to a fire door, both doors are to be capable of independent operation,

remotely if required and from both sides of each door.

8  Watertight doors are not to be able to be opened remotely. In addition, watertight doors complying with the

requirements of 2.2.2.2-3 are not to be remotely controlled.

2225 Indication

1 Watertight doors are to be provided with position indicators the bridge and at all operating positions showing
whether the doors are open or closed, unless such doors are “watertight doors or ramps fitted to internally subdivided
cargo region” as stated in 2.2.3.1-2(4). “Position indicators on the bridge showing whether the doors are open or closed”
are to be in accordance with 2.2.2.4-5(2).

2 For watertight doors with dogs/cleats for securing watertightness, position indicators are to be provided to show
whether all dogs/cleats are fully and properly engaged or not.

3 Where it is easy to confirm on either side of doors whether they are open or closed and, if -2 above is applicable,
whether all dogs/cleats are fully and properly engaged, a position indicator need not be provided for such doors.

4  The door position indicating system is to be of a self-monitoring type, and the means for testing it are to be
provided at the position where the indicators are fitted.

2.2.2.6 Alarms
1  Failure of the normal power supply of alarms required to be installed by 2.2.2.6 is to be indicated by an audible
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and visual alarm. This alarm is to be located on the bridge.

2 Watertight doors that are capable of being remotely closed are to be provided with an audible alarm that will sound
at the door position whenever such doors are remotely closed.

3 Anaudible alarm required by -2 above is to have a sound distinctive from any other alarms in the area, which will
sound whenever the door is remotely closed.

4  All watertight doors (including sliding doors) operated by hydraulic door actuators, irrespective of whether their
control positions are a central hydraulic unit or local operating position, are to be provided with either a low fluid level
alarm, a low gas pressure alarm or some other means as applicable for monitoring the loss of stored energy in the
hydraulic accumulators. Such alarms are to be both audible and visible and located on the bridge.

2.2.2.7 Source of Power

1  The remote controls, indications and alarms required in 2.2.2.4 to 2.2.2.6 are to be operable in the event of main
power failure.

2 Electrical installations for devices specified in -1 above, except those of a water-proof type approved by the Society,
are not to be under the freeboard deck. “Electrical installations” meant here refer to electrical motors for opening and
closing the doors and their control components, indicators that show whether the doors are opened or closed, audible
alarms, limit switches for ensuring the door position and their associated cables.

3 Cables for devices specified in -1 above are to comply with the requirements of 2.9.11-2, Part H.

2.2.2.8 Notices

1  Watertight doors that are to be normally closed at sea but not provided with a means of remote closure are to have
notices fixed to both sides of the doors stating, “To be kept closed at sea”.

2 Watertight doors that are to be permanently closed at sea are to have notices fixed to both sides of the door stating,
“Not to be opened at sea”. Such doors accessible during the voyage, a device that prevents unauthorised opening is to
be provided, such as a lock that prevents access to the closing and/or operating apparatus.

2.2.29 Sliding Doors

1  Where a sliding watertight door is operated by rods, the lead of the operating rods is to be as direct as possible and
the screw is to work in a nut of brass or other approved materials.

2 The frames of vertically sliding watertight doors are not to have a groove at the bottom in which dirt might lodge
and prevent the door from closing.

2.2.2.10  Hinged Doors and Rolling Doors

1  For hinged and rolling watertight doors, the hinge pins and the wheel axle of these doors are to be of brass or other
approved materials.

2 Hinged and rolling watertight doors except those that are to be permanently closed at sea are to be of the quick-
acting or single-action type which is capable of being closed and secured from both sides of the doors.

223 Openings

2.2.3.1 Internal Openings
1 Internal openings below the final damage waterline or the intermediate waterline and considered to prevent
progressive flooding in the calculation of the subdivision index in 2.3.2 are to be watertight. The “watertight” meant
here refers to watertight integrity that is sufficient against a water head corresponding to the opening in question at the
final equilibrium state and intermediate waterline.
2 The number of internal openings required to be watertight under the requirement of -1 above is to be minimised,
and their watertight doors are to comply with the following (1) to (5). Relaxation of the requirements regarding
watertight openings above the freeboard deck may be considered, where deemed by the Society that the safety of the
ship is not impaired.
(1) Watertight doors are to be of ample strength and watertightness for water pressure to the equilibrium/intermediate
waterplane.
(2) Those used while at sea are to be sliding watertight doors complying with the following requirements (a) to (e):
(a) Capable of being remotely closed by power from the bridge
(b) Capable of being opened and closed by hand locally from both sides of the opening, with the ship listed 30
degrees to either side
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(c) Provided with position indicators on the bridge and at all operating positions showing whether the doors are
open or closed
(d) Provided with an audible alarm that will sound at the door position whenever such a door is remotely closed
(e) Power, control and indicators that are to be operable in the event of main power failure. Particular attention
is to be paid to minimising the effect of control system failure.
(3) Those normally closed at sea are to be watertight doors complying with the following requirements (a) to (d):
(a) Capable of being opened and closed by hand locally from both sides of the opening with the ship listed 30
degrees to either side. If hinged, it is to be of the quick-acting or single-action type.
(b) Provided with position indicators showing whether the door are open or closed on the bridge and at all
operating positions. Such indicators are to be operable in the event of main power failure.
(¢c) Provided with notices affixed to both sides of the watertight doors stating, “To be kept closed at sea” unless
provided with means of remote closure
(d) To be in accordance with (2)(d) and (e) above, if operable remotely.
(4) Watertight doors or ramps fitted to internally subdivided cargo regions are to be permanently closed at sea and are
to comply with the following requirements (a) to (c):
(a) Not to be remotely controlled
(b) Provided with notices affixed to both sides of the watertight doors stating, “Not to be opened at sea”
(c) Fitted with a device that prevents unauthorised opening where accessible during the voyage
(5) Other watertight doors that are kept permanently closed at sea are to comply with (4)(a) and (b) above.
3 Details of the functions and specifications for the power, controls, indicators, alarms, notices, etc., for watertight
doors specified in -2 above are to be in accordance with 2.2.2.
4  With respect to the requirements of -2 above, watertight doors above the bulkhead deck are to comply with the
requirements for doors provided for means of escape specified in Chapter 13, Part R.
5 The requirements in -2 above for watertight doors are not applicable to bolted watertight manholes kept
permanently closed at sea.
6  Watertight doors for internal openings required to be watertight under the requirement of -1 above are to comply
with the requirements of 2.2.2, unless otherwise provided in -2 above.

2.2.3.2 External Openings

1  All external openings below the final damage waterline in the calculation of the subdivision index are to be

watertight.

2 The watertight doors for external openings required to be watertight under the requirements of -1 above are to be

permanently closed at sea, and are to comply with the following requirements (1) to (4). The “bridge” meant here refers

to the place where the watch officer is always present and normally implies the navigation bridge deckhouse.

(1) Watertight doors are to be of ample strength and watertightness for water pressure to the equilibrium/intermediate
waterplane.

(2) Indicators showing whether the watertight doors are open or closed are to be provided on the bridge. Such
indicators are to be operable in the event of main power failure. However, such indicators are not required for
cargo hatch covers, fixed side scuttles and bolted manholes.

(3) Watertight doors are to be provided with a notice affixed at their operating positions stating, “To be kept closed at
sea”. However, such notices are not required for cargo hold hatch covers, fixed side scuttles and bolted manholes.

(4) Watertight doors for external openings in the shell plating below the bulkhead deck accessible during the voyage
are to be fitted with a device that prevents unauthorised opening, except where specially approved by the Society.

3 Watertight doors for external openings above the equilibrium/intermediate waterplane but below the bulkhead

deck are to be normally closed at sea, and are to comply with the following requirements (1) to (4):

(1) Watertight doors other than those permanently closed at sea are to be capable of being opened and closed by hand
locally, from both their sides with the ship listed 30 degrees to either side. If hinged, it is to be of the quick-acting
or single-action type.

(2) Indicators showing whether the watertight doors are open or closed are to be provided on the bridge. Such
indicators are to be operable in the event of main power failure. However, such notices are not required for fixed
side scuttles.

(3) Watertight doors are to be provided with a notice affixed at their operating positions stating, “To be kept closed at
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sea”. Those permanently closed at sea are to be provided with a notice stating, “Not to be opened at sea”. However,
such notices are not required for fixed side scuttles.

(4) Watertight doors accessible during the voyage are to be fitted with a device that prevents unauthorised opening,
except where specially approved by the Society.

4  Details of indicators for the watertight doors specified in -2 and -3 above are to be in accordance with 2.2.2.5.

5  Watertight doors for external openings required to be watertight under the requirement of -1 above are to comply

with the requirements of 2.2.2, unless otherwise provided in -2 and -3 above.
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2.3

231

231

Damage Stability

General

A Application
Unless otherwise specified, the requirements in 2.3 apply to cargo ships of not less than 500 gross tonnage engaged

in international voyages and 80 m in freeboard length (L,) and upwards, except for the following ships:

)

2

)
2.3.1

Tankers, ships carrying liquefied gases in bulk and ships carrying dangerous chemicals in bulk to which Part C
applies

Bulk carriers having freeboards of type B-60 or B-100 as specified in the requirements of Part V

However, when carrying deck cargoes, the requirements in 2.3 apply.

Special purpose ships complying with the requirements of /MO Resolution MSC.266(84).

2 Definitions

For the purpose of 2.3, the following definitions apply:

M
2

(€))

“

&)

Q)

O]
®)
(€))
(10)

(11)

(12)
(13)

(14)

(15)
(16)

“Compartment” is a part of the hull formed by shells, decks and bulkheads that are to be watertight as a rule.
“Group of compartments” is a part of the hull formed by two or more compartments that are adjacent with each
other.

“Deepest subdivision draught” (d;) is the summer draught assigned to the ship in accordance with the requirements
of Part V.

“Light service draught” (d)) is the service draught corresponding to the lightest anticipated loading and associated
tankage, including, however, such ballast as may be necessary for stability and/or propeller immersion. The value
d; corresponds, in general, to the ballast arrival condition with 10 % consumables.

“Partial subdivision draught” (d,) is the draught that corresponds to the summation of light service draught
specified in (4) above and 60 % of the difference between light service draught and the summer draught assigned
to the ship in accordance with the requirements of Part V.

“Subdivision length of the ship” (L) is the greatest projected moulded length in metres (m) of the ship at or below
deck or decks limiting the vertical extent of flooding with the ship at the deepest subdivision draught.

“Deck or decks limiting the vertical extent of flooding” meant here refers, in principle, to the weather deck.
However, when the ship has multiple decks above d; + 12.5 (m) at the deepest subdivision draught, the deck just
above d, + 12.5 (m) is implied.

“Amidships” is at the middle of the freeboard length (Zy).

“Aft terminal” is the aft limit of Lj.

“Forward terminal” is the forward limit of Lj.

“Trim” is the difference between the draught forward and the draught aft, where the draughts are measured at the
perpendiculars for the forward and aft ends of the freeboard length (L)), disregarding any rake of the keel.
“Breadth of ship” (B") is the greatest moulded breadth in metres () of the ship at or below the deepest subdivision
draught.

“Draught” (d') is the vertical distance in metres (m) from the keel line to the waterline in question at amidships.
“Permeability of space” (u) is the proportion of the immersed volume of that space (a compartment or group
of compartments) that can be occupied by water. The value p is to comply with Table 2.3.1-1 or Table 2.3.1-2
depending on the purpose of the space. The volume of spaces under consideration here is to be taken as the
moulded volume. However, in spaces intended for the carriage of liquid, the more stringent value of u is to be
taken when calculating the subdivision index in 2.3.2. Notwithstanding the provision above, where substantiated
by calculations or where timber and wood chips are carried in cargo holds, permeability values other than those
in Tables 2.3.1-1 and 2.3.1-2 may be used. For the carriage of timber and wood chips in cargo holds, the
permeability values in Table 2.3.1-3 may be used.

“Internal opening” is the opening provided in decks or bulkheads forming a compartment, excluding those
completely exposed.

“External opening” is the opening provided in shells, exposed decks or bulkheads forming a compartment.
“Timber” means all types of wooden material covered by the Code of Safe Practice for Ships Carrying Timber
Deck Cargoes, 2011 (IMO resolution 4.1048(27)), including both round and sawn wood but excluding wood pulp
and similar cargo.
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(17) “Timber deck cargo” means a cargo of timber carried on an uncovered part of a freeboard or superstructure deck.

(18) “Machinery spaces” are spaces between the watertight boundaries of a space containing the main and auxiliary

propulsion machinery, including boilers, generators and electric motors primarily intended for propulsion.

Table 2.3.1-1 Permeability of General Compartments
Space for Locker Accommodation| Machinery Void Liquids
Permeability 0.60 0.95 0.85 0.95 0 or 0.95
Table 2.3.1-2 Permeability of Cargo Compartments
Permeability at Permeability at Permeability at
Space for
draught d; draught d, draught d;
Dry cargo spaces 0.70 0.80 0.95
Container spaces 0.70 0.80 0.95
Ro-ro spaces 0.90 0.90 0.95
Cargo liquids 0.70 0.80 0.95

Table 2.3.1-3 Permeability of Compartments Regarding Timber Cargo
Permeability at Permeability at Permeability at
Space for
draught d; draught d, draught d;
Timber cargo in holds 0.35 0.70 0.95
Wood chip cargo 0.60 0.70 0.95

232

2.3.2.1

Subdivision Index

Subdivision Index

1  The value of the Required Subdivision Index (R) for a ship is to be given by the following formula:

(1) IncaseLs;>100m
128

R=1

(2) Incase 100 m > L

R=1—[1/(1+

Ly + 152

Ls

100

X

=0

Ro: The value R as calculated in accordance with the equation in (1) above.

2 The Attained Subdivision Index (A) for the ship is to be not less than the Required Subdivision Index (R),
calculated in accordance with -1 above. 4 is obtained by the summation of the partial indices 4y, 4, and 4;, weighted
as shown and calculated for the draughts d,, d, and d; specified in 2.3.1.2(3) to (5) in accordance with the following

formula:

A=0.44,+0.44,+0.24;

Each partial index is a summation of contributions from all damage cases taken in consideration, using the

following formula:
Ax=Lp; - s

Where each partial index is to be not less than 0.5 R.

Ay Each partial index corresponds to the draughts, specified in 2.3.1.2(3) to (5).
pi:  Probability that only a compartment or a group of compartments in question may be flooded (hereinafter
referred to as “compartment flooding probability””), which is to be in accordance with the requirements in
2.3.2.2.
si:  Probability of survival after the flooding a compartment or a group of compartments in question (hereinafter
referred to as “probability of survival”) , which is to be in accordance with the requirements in 2.3.2.3.
i Indication of each compartment or group of compartments in question.
Partial index (4,) is to be calculated under the following conditions:
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(1) As a minimum, the calculation of 4, is to be carried out at level trim for the deepest subdivision draught and the
partial subdivision draught. The estimated service trim may be used for the light service draught. If, in any
anticipated service condition within the draught range from d; to d;, the trim variation in comparison with the
calculated trim is greater than 0.005 L;, one or more additional calculations of A4, are to be performed for the same
draughts but including sufficient trims to ensure that, for all intended service conditions, the difference in trim in
comparison with the reference trim used for one calculation will be not more than 0.005 L. Each additional
calculation of 4, is to comply with -2 above.

(2) All flooding in compartments and groups of compartments over the entire ship’s length is to be taken into account.

(3) Assumed extent of hull damage is as follows:

(a) The vertical extent is to be up to d' + 12.5 (m) from the baseline. However, if a lesser extent gives a more
severe result, then such an extent is also to be assumed.

(b) Horizontal extent of damage is measured inboard from the ship's side at a right angle to the centreline at
the level of the deepest subdivision draught, excluding the transverse extent of damage exceeding one-half
of the breadth (B' /2) of the ship. Where the ship has compartments formed by longitudinal watertight
bulkheads off the ship's centreline, it is to be assumed that damage extends over the group of compartments
from the outmost one (hereinafter referred to as the “wing compartment”) to the ship’s centreline.

(4) In the flooding calculations carried out, only one breach of the hull damage needs to be assumed and only one free
surface needs to be considered.

(5) In the case of unsymmetrical arrangements, the calculated 4 value is to be the mean value obtained from
calculations involving both sides. Alternatively, it may be taken as that corresponding to the side that evidently
gives the least favourable result.

(6) When determining the positive righting lever (GZ) of the residual stability curve in the intermediate and final
equilibrium stages of flooding, the displacement for the intact load condition is to be used. All calculations are to
be done with the ship freely trimming.

4  If pipes, ducts or tunnels are provided within an assumed damaged compartment or group of compartments, they

are to be arranged in such a way as to prevent flooding progressing to other compartments, or they are to be fitted with

devices that can easily control the progress of flooding to other compartments. However, where the attained subdivision
index takes into account flooding to other compartments through the pipes, ducts or tunnels, and satisfies the

requirements in 2.3.2.

5 Notwithstanding the requirements of -4 above, minor progressive flooding may be permitted if it is demonstrated

that the effects of progressive flooding of other compartments through these pipes, ducts or tunnels can be easily

controlled and the safety of the ship is not impaired. However, for ships up to Lr= 150 m the provision for allowing

“minor progressive flooding” is to be limited to pipes penetrating a watertight subdivision with a total cross-sectional

area of not more than 710 mm? between any two watertight compartments. For ships of Ly = 150 m and upwards the

total cross-sectional area of pipes is not to exceed the cross-sectional area of one pipe with a diameter of L;/5000 m.

6  Where penetrations for piping, ventilation, electrical cables, etc. are provided in the bulkheads, decks and shells

forming a compartment, the watertight integrity of the penetrations are to be at least equivalent to the parts they

penetrate.

7  With the same intent as wing tanks, the summation of the attained subdivision index 4 is to reflect the effects

caused by all watertight bulkheads and flooding boundaries within the damaged zone. It is not correct to assume damage

only to one-half of the ship’s breadth (B') and ignore changes in the subdivision that would reflect lesser contributions.

8 In the forward and aft ends of the ship where the sectional breadth is less than the ship’s breadth (B'), transverse

damage penetration may extend beyond the centreline bulkhead.

9  Where, at the extreme ends of the ship, the subdivision exceeds the waterline at the deepest subdivision draught,

the damage penetration b or B'/2 is to be taken from the centreline. Fig. 2.3.2-1 illustrates the shape of the B' /2 line.
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Deepest subdivision

waterline \

Damage
penetration b

cL - I
i \ -
. - -
Maximum damage v

penetration B'/2 \ ". (
\
s

\ B'/2 Line

10 Where longitudinal corrugated bulkheads are fitted in wing compartments or on the centreline, they may be treated

as equivalent plane bulkheads provided the corrugation depth is of the same order as the stiffening structure. The same
principle may also be applied to transverse corrugated bulkheads.

11 Pipes and valves directly adjacent or situated as close as practicable to a bulkhead or to a deck can be considered
to be part of the bulkhead or deck, provided the separation distance on either side of the bulkhead or deck is of the same
order as the bulkhead or deck stiffening structure. The same applies for small recesses, drain wells, etc.

12 In setting the trim and GoM used to calculate the subdivision index, reference is also to be made to 1.3.10-11 and
-12, Annex U1.2.1 “GUIDANCE FOR STABILITY INFORMATION FOR MASTER?”, Part U of the Guidance.

2.3.2.2 Compartment Flooding Probability (p))
1  The Compartment Flooding Probability (p;) for a compartment or group of compartments is to be determined by
the following (1), (2) or (3) according to the number of damaged compartments:
(1) Where the damage involves a single zone only:

pi = p(x1),x2;) - [r(xlj,ij, by) — r(x1;,x2;, bi_1)]

Where:

x1: The distance (m) from the aft terminal of L, to the aft end of the zone in question

x2: The distance (m) from the aft terminal of L to the forward end of the zone in question

b: The mean transverse distance (m) measured at right angles to the centreline at the deepest subdivision
draught between the shell and an assumed vertical plane extended between the longitudinal limits used in
calculating the factor p; and which is a tangent to, or common with, all or part of the outermost portion of
the longitudinal bulkhead under consideration. (See Fig. 2.3.2-2) This vertical plane is to be so orientated
that the mean transverse distance to the shell is a maximum, but not more than twice the least distance
between the plane and the shell. In any case, b is not to be taken as greater than B'/2.
The aftmost damage zone number involved in the damage starting with No. 1 at the stern.

k:  The number of a particular longitudinal bulkhead as a barrier for transverse penetration in a damage zone
counted from shell towards the centreline. The side shell has k£ = 0.
p(xl, x2): Ttis specified in -2 below.
r(x1, x2, b):1t is specified in -3 below. However, r(x/, x2, bo) is to be taken as zero.
(2) Where the damage involves two adjacent zones:
D = p(xlj,x2j+1) . [r(xlj,ijH,bk) - r(xlj,ijH,bk_l)]
—p(xlj,ij) . [r(xlj,ij,bk) - r(xlj,ij, bk—l)]
_P(X1j+1' x2j+1) ’ [r(x1j+1, X241, bk) - r(x1j+1, X241, bk—l)]

(3) Where the damage involves three or more adjacent zones:
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D = p(xlj,x2j+n_1) . [r(xlj,x2j+n_1,bk) — r(xlj,x2j+n_1,bk_1)]
—p(xlj,x2j+n_2) . [r(xlj,x2j+n_2,bk) - r(xlj, x2j+n_2,bk_1)]
_p(x1j+1'x2j+n—1) : [r(x1j+1'x2j+n—1: bk) - r(x1j+1'xzj+n—1t bk—l)]
+p(x1j+1'x2j+n—2) : [r(x1j+1'x2j+n—2v bk) - T(x1j+1:x2j+n—2’ bk—l)]

n: The number of adjacent damage zones involved in the damage

Fig. 2.3.2-2  Examples of Assumed Vertical Plane (In Case of Single Damage Zone)
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2 The Compartment Flooding Probability p(x/, x2) is to be determined by the following (1), (2) or (3) according to
the longitudinal position of the compartment under consideration:
(1) Where neither the limits or the groups of compartments under consideration coincide with the aft or forward

terminals:
Incase | < Ji:
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1
p(x1,x2) =p; = g]z(bn] + 3b;3)

Incase | > Ji:

1 3 1 2 1 3 3
p(x1,x2) =p, = _§b11]k +§(b11] = bi2)]i” + bz JJk _§b21(]n —Jk )

1 2 2
5 (o1 = b22)Un® = 1i?) + b2 Un = i)

J:  Non-dimensional damage length given below:

_ (x2—x1)

= I
x1 and x2: As specified in -1 above.
Jx: As given by the following equations:

In case Ly <260 m:

o 1= 1=, 12
Je=75 11
10 60
Jm _mm<§'Ls)
In case Ly > 260 m:
260
Je=Jk- L
e 1151
Je =7t 11
Where: J,, =3/13
60
Jm =L_s

b, b1, by1 and by Coefficients given by the following:

b _l<#_£>
16 Um — i)k ]kz

by, = 11 (If L, < 260(m))
- 1<E 1 ) (If L, > 260(m))
6\Jk Jm—Jk
b = 1 1
T 6 Um—I)?
1 _Im
b
276 Um—J1)?

Jn: Normalised length of a compartment or group of compartments is to be taken as the lesser of / and J,,.

ere the aft limit of the compartment or group of compartments under consideration coincides wi e aft

2) Where the aft limit of th partment or group of p ts und d d th the aff
terminal or the forward limit of the compartment or group of compartments under consideration coincides with

the forward terminal:
Incase | < Ji:

1
p(x1,x2) =5 (P1 +))
Incase | > Ji:
1
p(x1,x2) =5 (p2 +J)

xl,x2,p1,p2, ] and J,: As specified in (1) above.
(3) Where the compartment or group of compartments under consideration extends over the entire subdivision length

(Ly):
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pxl, x2)=1
x1 and x2: As specified in (1) above.
3 The factor (x/, x2, b) is to be determined by the following formulae:

G
r(x1,x2,b)=1-(1-C)- [“m]

x1,x2 and b: As specified in -1 above.
C: Coefficient given by the following:
C=12-J,-(—45-], +4)
Jp: Coefficient given by the following:
b

.] = /
" 15.8
G: As given by the following equations:

Where the compartment or group of compartments under consideration extends over the entire subdivision
length (Ly):

1
G=0G = Ebn]bz + b1y Jp

Where neither limits of the compartment or group of compartments under consideration coincides with the
aft or forward terminals:

1 1
G=G; = _§b11]03 + E(bu/ — bi2))o® + b1z J]o
Where the aft limit of the compartment or group of compartments under consideration coincides with the aft

terminal or the forward limit of the compartment or group of compartments under consideration coincides
with the forward terminal:

1
G=5 (646 ))

b1, bi2 and J: As specified in -2 above.
Jo: Coefficient given by the following:
Jo =min(J, /)

2.3.23 Probability of Survival (s:)
1  The Probability of Survival (s;) for any damage case at any initial load condition is to be obtained from the
following formulae:
Si = min(sintermediate,i or Sf‘mal,i)
Sintermediate,i: Probability to survive all intermediate flooding stages until the final equilibrium stage. It is
calculated in accordance with -2.
Stinal,i: Probability to survive in the final equilibrium stage of flooding. It is calculated in accordance with
-3.
2 The factor Sintermediate,i 1S to be obtained from the following formulae:
(1) For cargo ships fitted with cross-flooding devices, the factor Sinwermediate,i 1S taken as the least of the values obtained
from all flooding stages including the stage before equalisation, if any, and is to be calculated as follows. Where
the intermediate heel angle exceeds %0", Sintermediate,i 1S t0 be taken as 0.

GZ,.x Range\s
Sintermediate,i — (W 7 )
GZmax: Maximum positive righting lever (m) up to angle 6,,. However, in calculations of Siniermediate,i, it 1S N0t
to be taken as more than 0.05 m.

0,: Angle (deg), at any stage of flooding, where the righting lever becomes negative, or the angle (deg) at

which an opening incapable of being closed weathertight becomes submerged.
An “opening incapable of being closed weathertight” meant here includes ventilators provided with
weathertight closing appliances in accordance with the requirements of 14.12.3.1-3 that for operational
reasons have to remain open to supply air to the engine room, emergency generator room, or closed ro-ro
and vehicle spaces (if the same is considered buoyant in the stability calculation or protecting openings
leading below) for the effective operation of the ship. Where it is not technically feasible to treat some
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closed ro-ro and vehicle space ventilators as unprotected openings, an alternative arrangement that
provides an equivalent level of safety may be used, provided that it is deemed appropriate by the
Administration.
Range: Range of positive righting levers (deg) measured from angle 6,. However, the positive range is to
be taken up to angle 6, and, in the calculations of Sintermediate,is it is not to be taken as more than 7°.
0,: Equilibrium heel angle (deg) at any stage of flooding.
(2) Where cross-flooding fittings are required, the time for equalisation is not to exceed 10 minutes.
(3) For cargo ships not fitted with cross-flooding devices, the factor sSintermediatei 1S taken as 1, except if the
Administration considers that the stability in intermediate stages of flooding may be insufficient, it is to require
further investigation thereof.

3 The factor sfnaii is to be obtained from the following formula:
1

GZnhax Range\#

St = K- ( 012 16 )

K: Coefficient given by the following:
K=1.0 if 0, < O
K=0 if 8, = Oy«
K= M otherwise

emax ~ Ymin

Where, Op;n is 25° and 0, is 30° for cargo ships.
0,: Final equilibrium heel angle (deg)

GZmax:  As specified in -2 above. However, in the calculations of sfnal, it is not to be taken as more than 0.12
(m).

0,: Angle (deg), at any stage of flooding, where the righting lever becomes negative, or the angle (deg) at

which an opening incapable of being closed weathertight becomes submerged.

Range:  As specified in -2 above. However, the positive range is to be taken up to angle 6, and, in

calculations of sfinali, it is not to be taken as more than 16°.
4  Where horizontal watertight boundaries are fitted above the waterline under consideration, the factor (s) calculated
for the lower compartment or group of compartments is to be obtained by multiplying the value as determined in -1
above by the factor v, given by the following formula:

Uy = U(ijn,m, d) - v(H]-_n‘m_l, d")

Hjnm:  Itis the least height (m) above the baseline within the longitudinal range of x1j) ... X2(j1n_1) of the
m-th horizontal boundary which is assumed to limit the vertical extent of flooding for the damaged
compartments under consideration.

Hjnmr:  Itis the least height (m) above the baseline within the longitudinal range of x1jy ... x2(j4n_1) of the
m-1-th horizontal boundary which is assumed to limit the vertical extent of flooding for the damaged
compartments under consideration.

J,n,xI and x2: As specified in 2.3.2.2-1.

m: It is each horizontal boundary counted upwards from the waterline under consideration.

V(Hjnm, d') and V(Hjum-1, d'):  Coefficients given by the following:

N _ o H=d)
v(H,d") = 085

ifH,—d <7.8m
(H—d')-7.8
4.7

v(Hjnm, d") is to be taken as 1, if H,, coincides with the uppermost watertight boundary of the ship within
the range (x1jy ... X2(j1n-1)), and v(H;n0, d') is to be taken as 0.

v(H,d") =0.8+0.2 [ ]; otherwise,

vm 18 to be taken as 0, if v,, determined by the above formula is taken as less than 0, and v,, is to be taken
as 1, if v, determined by above formula is taken as more than 1.
5  Where the requirement in -4 above is applied, in general, each contribution d4 to the Attained Subdivision Index
A is obtained from the following formula:
dA = pi[ViSmin1 + (V2 = V1)Sminz + -+ (1 — V1) Sminml

vm:  The value calculated in accordance with -4 above.
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smin: The least factor of s for all combinations of damage obtained when the assumed damage extends from the
assumed damage height H,, downwards.

6 Probability of survival (s;) is to be taken as 0 in those cases where, taking into account sinkage, heel and trim,

the openings in accordance with the following (1) and (2) immerse at the final waterline:

(1) The openings through which progressive flooding may take place and such flooding is not accounted for in the
calculation of the probability of survival (s;)

(2) Air pipes, ventilators and the openings which are closed by means of weathertight doors or hatch covers

7  Openings (e.g. access openings provided in the end bulkhead of the superstructure and cargo hatchways), air pipes

and ventilators which are provided only with the weathertight closing apparatus specified in Part C are to be treated

as allowing the progress of flooding when the waterline at the final equilibrium state immerses their lower edge.

8  The probability of survival (s;) is to be taken as 0 if, taking into account sinkage, heel and trim, any of the following

(1) to (3) occur in any intermediate stage or in the final stage of flooding:

(1) Immersion of any vertical escape hatch in the freeboard deck.

(2) Any controls intended for the operation of watertight doors, valves on piping or on ventilation ducts intended to
maintain the integrity of watertight bulkheads from above the freeboard deck become inaccessible or inoperable

(3) Immersion of piping or ventilation ducts located within the assumed extent of damage and carried through a
watertight boundary if this can lead to the progressive flooding of compartments not assumed as flooded.

9  Notwithstanding the requirements given in -8 above, where compartments are assumed to be flooded due to

progressive flooding in the damage stability calculations, s; may be taken as Sinermediatei for the flooding of those

compartments under consideration.

10 Unsymmetrical flooding is to be in accordance with the following (1) and (2).

(1) Unsymmetrical flooding is to be kept to a minimum consistent with efficient arrangements.

(2) Where it is necessary to correct large angles of heel, the means adopted is to, where practicable, be self-acting,
but in any case where controls to equalisation devices are provided they are to be operable from above the
freeboard deck. These fittings together with their controls are to be acceptable to the Society. With respect to
equalisation devices, reference is to be made to the /MO Res. MSC.362(92) “Revised Recommendation on a
Standard Method for Evaluating Cross-flooding Arrangements”’, as amended.

11 Tanks and compartments taking part in such equalisation are to be fitted with air pipes or equivalent means of

sufficient cross-section to ensure that the flow of water into the equalisation compartments is not delayed.

12 Where the ship carries timber deck cargo, the probability of survival (s;) is to be calculated as follows:

(1) Where the buoyancy of the timber deck cargo is taken into account, the cargo is to be in compliance with the
following (a) to (d):

(a) The timber deck cargo is to be stowed in accordance with the requirements of Section 2.9, Part A of the
Code of Safe Practice for Ships Carrying Timber Deck Cargoes, 2011 (IMO resolution 4.1048(27)).

(b) The timber deck cargo is to be secured by lashings, uprights or both.

(c) Lashings and uprights are to comply with the requirements of Section 2.10, Part A of the Code of Safe
Practice for Ships Carrying Timber Deck Cargoes, 2011 (IMO resolution 4.1048(27)).

(d) The height and extent of the timber deck cargo is to be in accordance with Section 3.3.2 of Chapter 3, Part
A of the International Code on Intact Stability, 2008 (2008 IS Code) and is to be at least stowed to the
standard height of one superstructure.

(2) The permeability of the timber deck cargo is not to be less than 25 % of the volume occupied by the cargo up to
one standard superstructure height.

(3) When the buoyancy of any timber deck cargo is taken into account, the timber deck cargo in way of a damaged
zone is deemed ineffective to all areas in an athwartships direction. However, when the vertical extent of the
damage stops at the upper deck and the coefficient (v,) specified in -4 above is used in the calculations, the
buoyancy of the timber deck cargo may be taken into account in accordance with (2) above even if it is directly
above the damaged area.

13 If the final waterline immerses the lower edge of any opening through which progressive flooding takes place, the

factor “s” may be recalculated taking such flooding into account. However, in this case the s value is also to be

calculated without taking into account progressive flooding and corresponding opening. The smallest s value is to be
retained for the contribution to the attained index.
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2.33 Closing Appliances for Moving Parts Penetrating the Shell Plating

2331

Moving parts penetrating the shell plating below the deepest subdivision draught specified in 2.3.1.2(3), are to be
fitted with a watertight sealing arrangement acceptable to the Society. The inboard gland is to be located within a
watertight space of such volume that, if flooded, the freeboard deck is not to be submerged. The Society may require
that if such a compartment is flooded, essential or emergency power and lighting, internal communication, signals or
other emergency devices remain available in other parts of the ship.

234 Damage Control

2.34.1 Application
The requirements in 2.3.4 apply to cargo vessels of not less than 500 gross fonnage which are engaged in
international voyages.

2.3.4.2 Damage Control of Cargo Ports and Other Similar Openings

For bow doors, stern doors or shell doors required to be watertight, indicators showing whether the doors are
opened or closed are to be provided on the navigation bridge. However, this requirement may be dispensed with as
deemed appropriate by the Society in circumstances where the doors are located high enough above the freeboard deck
and their opening areas are considered small enough.

2343 Damage Control Plan

1 A damage control plan approved by the Society is to be permanently exhibited or readily available on the
navigation bridge, for the guidance of the officer in charge of the ship.

2 The damage control plan is to show clearly for each deck and hold, the boundaries of the watertight compartments,
the openings therein with their means of closure (including the position of any controls thereof), and the arrangements
for the correction of any list due to flooding. The damage control plan to be provided on-board the ship is to include
the contents shown in Table 2.3.4-1.

3 The damage control plan is recommended to be prepared in the working language of the ship. Where the language
used in the preparation of the plan is not English, a translation into English is to be included.
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Table 2.3.4-1 Ttems and Contents of the Damage Control Plan

Items

Contents

)

Boundaries of compartments

Boundaries of watertight compartments

)

Watertight closing appliances for openings in the

boundaries of compartments

Positions of the watertight closing appliances, indicators
and alarms for openings and their control positions

€)

Weathertight closing appliances for openings in boundary
walls

Positions of openings, however these are to be
distinguished from the watertight ones mentioned above
in (2).

(4)

Cross-flooding appliances, if provided

Cross-flooding appliances and their control positions

)

Valves etc. remotely operated in order to control flooding
through pipes, ducts and tunnels into other compartments

Positions of the bilge and ballast pumps and their control
positions and associated valves, etc. and control

positions

(6)

Doors in the shell of the ship

Positions of the doors, including the positions of
indicators, leakage detection and surveillance devices

(7

Weathertight closing appliances in local subdivision
boundaries above bulkhead decks and exposed weather
decks, if provided

Positions of weathertight closing appliances, including
the positions of their controls and indicators

(Note)
Closing appliances provided with non-weathertight openings (e.g. gastight) for flooding calculations need not be shown in the damage
control plan.
2344 Booklet
1  The Booklet is to contain the information shown in the damage control plan. The damage control plan to be

provided onboard ships is to include the contents shown in Table 2.3.4-2. The Booklet is to contain the following (1)
and (2).
(1) General precautions

General precautions are to consist of a list of equipment conditions and operational procedures, considered by the

Society to be necessary to maintain watertight integrity under normal ship operations.

Specific precautions are to consist of a list of elements (i.e. closures, sounding of alarms, etc.) considered by the

The Booklet is to be provided at a suitable place that is made available to the officers of the ship.

(2) Specific precautions

Society to be vital to the survival of the ship.
2
3

The Booklet is recommended to be prepared in the working language of the ship. Where the language used in the

preparation of the Booklet is not English, a translation into English is to be included.
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Table 2.3.4-2 Items and Contents of the Booklet

Items Contents

(1) Boundaries of compartments Same as Table 2.3.4-1(1) (A reduced scale may be accepted.)

(2) Watertight closing appliances for | In addition to Table 2.3.4-1(2), it is clearly to be stated that closing
openings in the boundaries of | appliances not used during navigation are to be kept closed and that
compartments closing appliances to be used during navigation are to be closed

immediately after passage.

(3) Weathertight closing appliances for | In addition to Table 2.3.4-1(3), it is clearly to be stated that closing

openings in boundary walls

appliances are to be closed immediately after passage.

“4)

Cross-flooding appliances, if provided

In addition to Table 2.3.4-1(4), operating procedures and an operating
time to reach equilibrium conditions for cross-flooding appliances are to
be included.

)

Valves, etc. remotely operated in order to
control flooding through pipes, ducts and
tunnels into other compartments

In addition to Table 2.3.4-1(5), it is clearly to be stated that valves, etc.
are to be closed during navigation unless they are being used, and that
valves, etc. being used at the time of collision are to be closed

immediately.
(6) Ballast line with hydraulic control line | It is clearly to be stated that valves, etc. are to be closed during
along the pipe navigation unless they are being used.
(7) Non-automatic closing appliances for | Positions of openings. In addition, it is clearly to be stated that closing

non-watertight openings through which
progressive flooding might occur, if
applicable

appliances to be used during navigation are to be closed immediately
after passage.

®)

The results of the subdivision and damage
stability analyses, if included

In addition to the results of subdivision and damage stability analyses,
additional guidance is to be provided to ensure that the ship’s officers
referring to that information are aware that the results are included only
to assist them in estimating the ship’s relative survivability.

)

Miscellaneous

(a) The Booklet is to contain additional details regarding the following
information shown on the damage control plan, if required:
* Positions of flooding detection systems, sounding devices, tank
vents and overflows that do not extend above weather decks
* Pump capacities and piping diagrams
* Means of accessing and escaping from watertight compartments
below bulkhead decks
* Alerting ship management and other organisations to stand by and
co-ordinate assistance
(b) The Booklet is to include general instructions for controlling the
effects of damage, such as the following:
* Establishing the locations and safety of persons on board
* To ascertain the extent of damage by sounding tanks and
compartments
* To determine rates of flooding by repeated soundings
* Cautionary advice regarding the cause of any list
* Cautionary advice regarding the cause of liquid transfer operations
to lessen list or trim
* Effects of creating additional free surfaces
* Effects of initiating pumping operations to control the ingress of
water




CIaSSNI( 2023 Rules for the Survey and Construction of Steel Ships (Part C Partl Chapter 2)

2.3.4.5 Damage Stability Information
Ships subject to 2.3 or Chapter 4, Part CS, are to be provided with damage stability information containing the
following (1) and (2):
(1) The following information for providing a master a simple and easily understandable way of assessing a ship’s
survivability in damage cases:

(a) The diagram of the results of the damage stability calculation required in 2.3.2 or Chapter 4, Part CS as a
rapid means to evaluate the consequences of any ship damage (e.g. such as a damage consequence diagram
categorised by the probability of survival as shown in Fig. 2.3.4-3).

(b) A notice regarding the use of this information, which states that different results may be seen in cases where
flooding occurs under actual load conditions because the damage stability calculations given as reference are
based on the assumed conditions.

(2) In cases where a ship voluntarily enters into a contract to use a shore-based emergency response system, the
information needed for making a damage stability assessment as well as the contact information for the shore-
based facility are to be included as part of damage stability information.
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Fig. 2.3.4-3

Damage: Horizontal Extent from outside shell = 1.500 () Vertical Extent from base line = 9.000 (1)

: No Calculation

16
: Level lll
15 26 Critical Survivability (S=0)
:Level ll
Limited Survivability (0<S<1)
-4 25 6 : Level |
Reasonable Survivability (S=1)

APT Heeling Tank(S) No. 1 Cargo Hold FPT

ER Store
No. 2 WBT(S) No. 1 WBT(S)

FPT
No. 2 Cargo Hold No. 1 Cargo Hold Store
ER /
No. 2 WBT(S) No. 1 WBT(S)
Damage Zone Damaged Compartment Horizontal Vertical S-value
Extent (m) Extent (m)
1 Compartment flooding
1 APT Max Max 1.000
2 ER Max Max 1.000
3 No. 2 WBT(S) 1.500 9.000 1.000
4 No. 1 WBT(S) 1.500 9.000 1.000
5 Store Max Max 1.000
6 FPT Max Max 1.000
2 Compartments flooding
1-2 APTER Max Max 1.000
23 E/R No. 2 WBT(S) 1.500 9.000 0.785
34 No. 1 WBT(S) No. 2 WBT(S) 1.500 9.000 0.458
4-5 No. 1 WBT(S) Store 1.500 9.000 0.882
5-6 Store  FPT Max Max 1.000
3 Compartments flooding
1-3 APT E/R No .2 WBT(S) 1.500 9.000 0.0000
24 E/R No. 1 WBT(S) No. 2 WBT(S) 1.500 9.000 0.0000
35 No. 1 WBT(S) No. 2 WBT(S) _ Store 1.500 9.000 0.0000
4-6 No. 1 WBT(S) Store FPT 1.500 9.000 0.0000

Note: The above damage compartments are the flooding case of the least safety factor within the damage zone.
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2.4 Structural Arrangements

24.1 Bottom Structures

24.1.1 Extent of Double Bottom

1  Ships are to be provided with watertight double bottoms extending from the collision bulkhead to the aft peak

bulkhead. The longitudinal system of framing is, in general, to be adopted. The inner bottom is to be continued out to

the ship’s sides in such a manner as to protect the bottom to the turn of the bilge, and is not to be lower at any part than

a plane parallel with the keel line and which is located not less than a vertical distance /4 (m) measured from the keel

line specified in 2.1.48, Part A.

h=B'20
B': As specified in 2.3.1.2(11).
However, in no case is the value of % to be less than 0.76 m, and need not be taken as more than 2.0 m.

2 Notwithstanding -1 above, part or all of double bottoms may be omitted from ships falling under either the

following (1) or (2) or ships deemed appropriate by the Society that are less than 500 gross tonnage or which are not

engaged in international voyages and less than 100 m in length.

(1) Ships complying with Part N or Part S

(2) Ships complying with 3.2.2, Part 3 of the “Rules for Marine Pollution Prevention Systems”

3 For ships other than ships specified in -2 above, double bottoms may be omitted in the way of watertight tanks on

the condition that the safety of the ship is not impaired in the event of bottom or side damage.

4  Where a double bottom is omitted according to -3 above or where an unusual bottom arrangement is adopted, the

following (1) and (2) are to be complied with. For example, arrangements in which parts of the double bottom do not

extend for the full width of the ship or in which the inner bottom is located higher than the partial subdivision draught

(dp) defined in 2.3.1.2(5) are to be considered unusual bottom arrangements.

(1) When it is assumed that such spaces are subject to bottom damage, compartments are to be arranged to demonstrate
that the factor s;, when calculated in accordance with 2.3.2.3, is not less than 1 for those service conditions which
are the three loading conditions used to calculate the Attained Subdivision Index (A4) specified in 2.3.2.1-2.
Assumed extent of damage is to be in accordance with the following Table 2.4.1-1 instead of the requirements in
2.3.2.1-3(3). If any damage of a lesser extent than the maximum damage would result in a more severe condition,
such damage is to be considered.

(2) The flooding of such spaces is not to render emergency power and lighting, internal communication, signals or
other emergency devices inoperable in other parts of the ship.

Table 2.4.1-1 Assumed Extent of Damage

For 0.3 L¢ from the forward
perpendicular of the ship

Any other part of the ship

Longitudinal extent

1/3L,*" or 14.5m,

whichever is less

1/3L,*" or 14.5m,

whichever is less

Transverse extent

B'/6 or 10 m, whichever is less

B'/6 or 5 m, whichever is less

Vertical extent,

line

measured from the keel

B'/20, to be taken not less than
0.76 m and not more than 2 m

B'/20, to be taken not less than
0.76 m and not more than 2 m

(Notes)

1. Keel line is to be in accordance with 2.1.48, Part A.
2. Ship breadth (B') is to be in accordance with 2.3.1.2(11).

24.1.2

Structures and Arrangements of Centre Girders and Side Girders

1  Centre girder is to extend as far forward and afterward as practicable.

2 Centre girder plates are to be continuous for 0.5 Lc¢ amidships.
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3 Where double bottoms are used for the carriage of fuel oil, fresh water or water ballast, the centre girders are to

be watertight.

4  The depth of the centre girder is to be no less than B/16. However, except where the approval of the Society is
obtained in accordance with either of the following (1) or (2).

(1) Strength assessment by cargo hold analysis as specified in Chapter 8.

(2) Where the height of the centre girder is less than B /16, the thicknesses of the inner bottom plating and bottom
shell plating are to be increased so that the moment of inertia of the double bottom obtained from the following
formula may be equivalent to that corresponding to when the centre girder has the required height.

Where:

dy: Height (m) of centre girder

t, : Thickness (mm) of bottom shell plating

t, : Thickness (mm) of inner bottom plating
5  The requirement in -3 above may be suitably modified in narrow tanks at the end parts of the ship or where other
watertight longitudinal girders are provided at about 0.25B8 from the centreline or where deemed appropriate by the
Society.
6  The spacing of side girders provided on a double bottom in a cargo region is to be in accordance with the following
(1) and (2), unless finite element analysis is used for the calculations involved. Such side girders are to extend as far
afterwards as practicable.
(1) The spacing of side girders is not to exceed 0.2 X Lpp.

Lpg: Length (m) of double bottom as specified in 7.3.1.5-1.
(2) Where the spacing specified in (1) is unavoidably exceeded, adequate strengthening is to be made in accordance
with 7.3.2.1(2).

7  Where side girders are unable to extend forward and/or aft due to a decrease in the breadth of the double bottom
at the fore and/or aft parts, the side girders are to lap sufficiently with adjacent girders in order to keep the continuity
of strength.
8 In the bottom forward of ships, girders are to be provided as required by 10.6.
9  Adequate strengthening is to be made under main engines and thrust seating by means of additional full- or half-
height girders.
10 Girders are to be provided under longitudinal bulkheads to properly strengthen the double bottom.
11 Where a duct keel is arranged, the centre girder may be replaced by two girders spaced no more than 3 m apart.
Otherwise, for spacing wider than 3 m, the two girders are to be provided with support of the adjacent structure and
demonstrated to have sufficient structural strength on the basis of supporting data submitted to the Society for approval.
The structures in way of the floors are to provide sufficient continuity of the latter.

24.13 Arrangements of Floors

1  The spacing of floors provided on a double bottom in a cargo region is to be in accordance with the following (1)

and (2), unless finite element analysis is used for the calculations involved:

(1) The spacing of floors is not to exceed 0.2 X Bpp.
Bpg: Breadth (m) of the double bottom specified in 7.3.1.5-2.

(2) Where the spacing specified in (1) is unavoidably exceeded, adequate strengthening is to be made in accordance
with 7.3.2.1(2).

2 Notwithstanding the requirement in -1 above, floors are to be provided at the following locations:

(1) Atevery frame in the main engine room. Floors may, however, be provided at alternate frames outside the engine
seating, if the double bottom is framed longitudinally.

(2) Under thrust seating and boiler bearers

(3) Under transverse bulkheads

(4) At the locations specified in 10.6.2.2 or 10.6.3.2, between the collision bulkhead and the after end of the
strengthened bottom forward specified in 10.6.1.2.

3 Watertight floors are to be so arranged that the subdivision of the double bottom generally corresponds to that of

the ship.
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4  Where a transverse bulkhead is provided with a lower stool, floors are to be fitted in line with both sides of the
lower stool.

24.1.4 Single Bottom*

1  For ships with double bottoms that may be omitted partially or wholly in according with the requirements 2.4.1.1-
2 or -3, their single bottoms are to be as deemed appropriate by the Society.

2 The bottom constructions in way of fore and aft peaks are to be as specified in Chapter 11.

24.2 Side Structures

24.2.1 Arrangements of Side Transverses
The spacing of side transverses fitted on a double side structure in a cargo region is to be in accordance with the
following (1) and (2), unless finite element analysis is used for the calculations involved:
(1) The spacing of side transverses is not to exceed 0.2 X Bg.
Bps: Breadth (height) (m) of the double side structure specified in 7.3.1.5-4.
(2) Where the spacing specified in (1) is unavoidably exceeded, adequate strengthening is to be made in accordance
with 7.3.2.1(2).

2.4.2.2 Arrangements of Side Stringers
The spacing of side stringers fitted on a double side structure in a cargo region is to be in accordance with the
following (1) and (2), unless finite element analysis is used for the calculations involved:
(1) The spacing of side stringers is not to exceed 0.2 X L.
Lps: Length (m) of the double side structure specified in 7.3.1.5-3.
(2) Where the spacing specified in (1) is unavoidably exceeded, adequate strengthening is to be made in accordance
with 7.3.2.1(2).

243 Fore and Aft Peaks

24.3.1 Compartments Forward of the Collision Bulkhead
Oils or other flammable liquids are not to be carried in tanks forward of the collision bulkhead.

2.4.3.2 Structures and Arrangements of Fore and Aft Peaks
The structures and arrangements of fore and aft peaks are to be as specified in Chapter 11.
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Chapter 3 STRUCTURAL DESIGN PRINCIPLES
31 General
3.1.1 Overview
3.1.1.1
This Chapter specifies the requirements for structural design principles in Table 3.1.1-1.
Table 3.1.1-1 Overview of Chapter 3
Section Title Overview
3.1 General Overview of this Chapter
3.2 Materials Requirements for shipbuilding materials
: Requirements for the net scantling approach, corrosion additions and
33 Net Scantling Approach : )
corrosion protection
. Requirements for the principles of structural details, such as structural
3.4 Structural Detail Principles L. )
continuity and structural member end connections
3.5 Minimum Requirements Requirements for minimum thickness and slenderness
16 Idealisation of Stiffeners and Requirements for member idealisation to be considered in strength
) Primary Supporting Members assessment, such as effective span and width of members
3.7 Load Calculation Point Load calculation point requirements for strength assessment
Loading Manual and Loadin
3.8 g . 8 Requirements for the loading manual and loading instruments
Instruments
A Guidance for the Use of
nnex
12 Fibre-reinforced Plastic Requirements for the use of fibre-reinforced plastic (FRP) products
) (FRP)
Annex | Items to be Included in Loading | Requirements for the loading manual, such as structure and items to be
3.8 Manual included
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3.2 Materials

3.2.1 General

3.2.1.1 Application

1  The requirements in this Part C are based upon the use of materials which comply with the requirements in Part
K, unless otherwise specified.

2 Where materials other than those specified in Part K are to be used, the required structural arrangement and
scantlings in accordance with the requirements in this Part C are to be determined considering the properties of the
materials.

3 Unless otherwise specified, the thicknesses in 3.2 are to be gross scantling.

3.2.1.2 Hull Structural Steel

1  The extent of the use of the hull structural steels specified in Chapter 3, Part K is to be limited to deckhouses
and superstructures up to the third tier deck above the freeboard deck. As for the deckhouses above the third tier, the
extent of the use of the hull structural steels are to be as deemed appropriate by the Society.

2 The material factor K for the hull structural steels specified in Chapter 3, Part K is as given in Table 3.2.1-1
according to the specified minimum yield stress.

3 Where hull structural steels other than those specified in Table 3.2.1-1 are to be used, data corresponding to the
standard of steels used (e.g. extent of use, location of structural members, section rigidity, fatigue strength, minimum
thickness, etc.) is to be submitted to the Society and approved.

Table 3.2.1-1
Specified minimum yield stress
Steel grade (N/mm?) Material factor K
KA, KB, KD and KE 235 1.00
KA32, KD32, KE32 and KF32 315 0.78
KA36, KD36, KE36 and KF36 355 0.72
KA440, KD40, KE40 and KF40 390 0.68()
KE47® 460 0.62

(Notes)
(1) 0.66 may be taken where a fatigue assessment of the structure is performed to verify compliance with the
requirements of the Society.

(2) Only when used for longitudinal hull girder structural members for ships subject to Part 2-1.

3.2.1.3 Rolled Steels for Low Temperature Service

1  Where steels for low temperature service specified in Chapter 3, Part K, the material factor K of those with
specified minimum yield stress exceeding 235 N/mm? is to be as given in Table 3.2.1-2 corresponding to the specified
minimum yield stress.

2 Where steels for low temperature service other than those specified in Table 3.2.1-2 are to be used, data
corresponding to the standard of steels used (e.g. extent of use, location of structural members, section rigidity, fatigue
strength, minimum thickness, etc.) is to be submitted to the Society and approved.
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Table 3.2.1-2
Specified minimum yield stress
Steel grade (N/mm?) Material factor K
KL27 265 0.90
KL33 325 0.76
KL37 360 0.71

3.2.14 Rolled Stainless Steel Members or Stainless Clad Steel Plates
1  The material factor K for stainless steels or stainless clad steels specified in Chapter 3, Part K is to be the value
obtained from the following formulae. However, the factor (K) is to be rounded to three decimal places and not less
than 0.63.
K = f{8.81(0,/1000)2 — 7.56 (3,/1000) + 2.29 } (for g, < 355 (N/mm?))
K = frfc( 235/Jy) (for rolled stainless steel with ay > 355 (N/mm?))
fc: Determined as follows:
fc =3.04 (o, /1000) 2 — 1.09 (0, / 1000 ) + 1.09
oy: The minimum value of yield strength or proof stress of stainless steel or stainless clad steel specified
in Chapter 3, Part K (N/mm?)
fr:  Determined as follows:
fr =0.0025(T — 60) + 1.00
If T is more than 100 °C, the value of fr is at the discretion of the Society.
T: The maximum temperature in (°C) of cargo in contact with the materials. If the temperature is less
than 60 °C, T is to be taken as 60 °C.
2 Inthe application of -1 above, where deemed necessary by the Society, data corresponding to the standard of steels
used (e.g. extent of use, location of structural members, section rigidity, buckling strength, minimum thickness, etc.) is
to be submitted to the Society and approved.

3.2.15 Aluminium Alloys

Where aluminium alloys specified in Chapter 8, Part K are used for the main hull structure, data corresponding
to the standard of the materials used (extent of their use, location of structural members, section rigidity, fatigue strength,
weldability, corrosion protection, etc.) is to be submitted to the Society and approved. However, aluminium alloys
whose material grade is 600545, 6061P, or 6061S, or is an alloy that does not have suitable anti-corrosion
characteristics as deemed by the Society are not to be used for parts likely to come into contact with sea water during

normal operation, unless approved otherwise by the Society.

3.2.1.6 Fibre-reinforced Plastic (FRP)

Where it has been deemed appropriate by the Society, fibre reinforced plastic (FRP) may be used for equipment
specified in this Part C. In this case, such usage is subject to the requirements given in Annex 3.2 “Guidance for the
Use of Fibre Reinforced Plastic (FRP)”.

3.2.2 Application of Steels

3.2.2.1 General

1 The steels used for hull structures are to be of the grades provided in Part K in accordance with the
requirements given in Table 3.2.2-1 and 3.2.2-2. In applying these requirements KB, KD or KE may be substituted
for KA4; KD or KE for KB; KE for KD; KD32, KE32 or KF32 for KA32; KE32 or KF32 for KD32; KF32 for KE32;
KD36, KE36 or KF36 for KA36; KE36 or KF36 for KD36; and KF36 for KE36; KD40, KE40 or KF40 for KA40; KE40
or KF40 for KD40; KFA0 for KE40, respectively.

2 The ships referred to as “Container carriers and other ships with similar hatch openings configuration” stated in
the row for “Strength deck at cargo hatch corner” in the “Deck plating” sections of Tables 3.2.2-1 and 3.2.2-2 are ships
that have a hatch opening over 0.7 B in width amidships.

3 Within 0.4 Lc¢ of amidships, the widths of the single strakes of sheer strakes, stringer plates, bilge strakes
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(excluding ships of less than 150 m in length Lc¢ having double bottom structures), strength deck plates adjoined to
longitudinal bulkhead plating (excluding deck plates subject to Note 2 in Tables 3.2.2-1 and 3.2.2-2) and other
members of grades KE, KE32, KE36, KE40, KF32, KF36 and KF40 are to be not less than the value given by the
following expression. However, such widths need not exceed 1,800 mm.

5L; + 800 (mm)
4  In the application of steels to hull structures in -3 above, rounded gunwales are to be treated as sheer strakes. The
minimum width of the strake is to be 1,300 mm for Lcup to 100 m and 2,600 mm for L¢ equal to and exceeding 250 m
with the minimum width being determined by interpolation for intermediate lengths.
5  Where stainless clad steels specified in Chapter 3, Part K are to be used for hull structures, the thickness of the
base steel is to be used as the thickness of the plate member in Tables 3.2.2-1 and 3.2.2-2.
6  The steels with thicknesses from 50 mm up to 100 mm used for the stern frame may be of the grades KE, KE32
and KE36, KEAO0.
7  The application of steels with a thickness from 50 mm up to 70 mm to hull structural members other than the stern
frame is to be in accordance with the following (1) and (2). the application of steels more than 70 mm in thickness is to
be considered by the Society based on their specifications and properties which are to be submitted for approval.
(1) For mild steels, steel grades in the 40 < ¢ < 50 (mm thickness) column of Table 3.2.2-1 may be used.
(2) For high tensile steels, the steel grades are to be in accordance with Table 3.2.2-3.
8  Where steel to be used has properties other than specified in Table 3.2.2-1 or 3.2.2-2, the application of those
steels is to be specially considered based on their specification and properties which are to be submitted to the Society
for approval.
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Table 3.2.2-1 Application of Mild Steels for Structural Members

Structural member Application Thickness of plate: ¢ (mm)
<15 15<t | 20<¢ | 25<¢t | 30<¢ | 40<¢
<20 <25 <30 <40 <50
Within 0.4 L¢ L, <250 AT B D E
amidships Lo > 250 E
Sheer strake at Within 0.6 L¢ amidships .
) AT B D E
strength deck excluding the above
Other than those mentioned .
b AT B D
above
Within 0.1 D
from the lower e B D z
surface of
Within 0.4 L strength deck
Side shell i 2.4 L £
amidships Other than
those e B D
2 mentioned
% above
< Lc > 250 D E
<=
n Double bottom
Within 0.4 Le structures with
. 250=L; = s
amidships : AT B D E
150; and single
Bilge strake bottom
structures
Within 0.6 Lc amidships e B D g
excluding the above
Other than those mentioned s
b A B D
above
Bottom plating
(including keel Within 0.4 Lc amidships B D E
plate)
Within 0.4 L¢ L, <250 A" B D E
amidships Lc > 250 E
Stringer plate in Within 0.6 L¢ amidships B D g
strength deck excluding the above
Other than those mentioned 4 B D
above
Within 0.4 Lc amidships A B D E
o0 Strength deck . .
g o Within 0.6 Lc amidships
£ | strake adjoining to . B D E
= O excluding the above
= longitudinal X
) . Other than those mentioned
8 bulkhead plating A B D
above
Strength deck other
than mentioned Within 0.4 L¢ amidships A3 B D E
above
Side corners in cargo region for
Strength deck at container carriers and other ships .
R . A7 B D E
cargo hatch corner with similar hatch openings
configuration
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Bulk carriers, Within 0.6 L¢
. A7 B
ore carriers, amidships
combination
carriers and )
other ships Cargo region
with similar excluding the A
hatch openings above
configuration
Other than those mentioned 4"
above within 0.4 L¢ amidships
Other exposed deck Within 0.4 L amidships y
plating, in general
%‘3 Upper strake in
g| [longitudinal Within 0.4 Lc amidships y
2| bulkhead adjoining
% to strength deck
3
g
g| Other than those Within 0.4 L amidships 4
g,) mentioned above
3
Upper strake in
sloping plate of
topside tank Within 0.4 L¢ amidships A
adjoining to strength
deck
Corners of
dome openings | Within 0.6 L¢ v
on trunk deck amidships 4 B
and inner deck
plating above
strength deck in
2 ships with Cargo region
._g membrane excluding the A
=t tanks carrying above
%D o . liquefied gases
— | Longitudinal plating i bulk
members above Longitudinal
strength deck i
girders Within 0.4 Lc
(including end o A
brackets and amidships
face plates)
Longitudinal
plating
members other | Within 0.4 L¢ 43
than those amidships
mentioned
above
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Longitudinal
coamings over | Within 0.4 L¢
0.15 L¢ amidships
(including top

plate and its
flange, but

Within 0.6 L¢
amidships

g Hatch coaming excluding other |  excluding the
g, stiffeners; See above
S Fig. 3.2.2-1)
and end
brackets and Other than those D
deckhouse mentioned above
transition
Hatch cover Top plates, bottom plates and y B D
primary supporting members
Stern frame, rudder
LE’ horn, rudder trunk, - y 3 D P
2 shaft bracket
5 Rudder plate
(]
= - 4 B D E
~
5 Structural members other than mentioned above
g (including stiffeners) and members to be applied at AT
locations other than mentioned above
(Remarks)

*1 For ships with length of L¢ exceeding 150 m and a single strength deck, single side strakes for ships without inner
continuous longitudinal bulkheads between the bottom and the strength deck within the cargo region are not to be less
than Grade KB as specified in Part K.

*2 For ships with length of L¢ exceeding 150 m and a single strength deck, longitudinal strength members of the strength
deck plating within 0.4 L¢ amidships are not to be less than Grade KB as specified in Part K.

*3 For ships with length of L¢ exceeding 150 m and a single strength deck, continuous longitudinal plating of strength
members above the strength deck within 0.4 L amidships is not to be less than Grade KB as specified in Part K.

*4 For ships with ice strengthening area conforming to Chapter 8, Part I, shell strakes in the way of an ice strengthening
area for plates are not to be less than Grade KB as specified in Part K.

*5 For ships with membrane tanks carrying liquefied gases in bulk with length of L¢ exceeding 150 m having deck
structures comprising a trunk deck and inner deck (See Fig. 3.2.2-2), the following structural members within 0.4 L¢
amidships are not to be less than Grade KB as specified in Part K.

(1) Strength deck

(2) Inner deck above strength deck

(3) Longitudinal strength member plating between trunk deck and inner deck above strength deck
The above structural members for ships having similar deck structure are not to be less than grade KB where
deemed necessary by the Society.
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(Notes)

1

A, B, D and F refer to the following grades of steels:

A: KA

B: KB

D: KD

E:KE

Where the strength deck strake adjoined to the inner skin bulkhead of double hull ships is not a deck stringer plate,

the deck strake may be treated as an ordinary strength deck strake.

Applicable areas of bilge strakes are as follows:

(1) If the point where the bottom flat line stops being parallel to the centreline of the ship is within 0.6 L¢ amidships,
the applicable part is to be taken as 0.6 L¢ amidships.

(2) If the point where the bottom flat line stops being parallel to the centreline of the ship is outside 0.6 L¢ amidships,
the applicable part is to be taken as is.

The types of rudders and rudder plates used in way of the lower pintle for Type D and Type E rudders specified in

Chapter 13 and in way of upper part of Type C rudder specified in Chapter 13 are to be in accordance with Table

3.2.2-4.

Continuous longitudinal plating of strength members above the strength deck (including trunk deck, inner deck and

longitudinal strength member plating between trunk deck and inner deck) are to be treated as longitudinal plating

members above the strength deck.

Fig.3.2.2-1 Example of Cross Section of Longitudinal Hatch Coaming Area
Top plate

Flange

I / Stiffe
tiffener
A/
~—_

\ Longitudinal hatch
coaming
Side —
T~ Longitudinal bulkhead

Fig. 3.2.2-2  Typical Deck Structure of Ships with Membrane Tank Carrying Liquefied Gases in Bulk

Strength deck

Trunk Deck

Stringer Plate I I

Sheer Strake Inner Deck |
|

j/ ¢ |

Strength Deck :
|

|

|

|

|

|

|

|

|

|

N |

Bilge Strake
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Table 3.2.2-2 Application of Tensile Steels for Structural Members

Structural member Application Thickness of plate: ¢ (mm)
<15 15<t [ 20<¢t | 25<¢t | 30<¢ | 40<¢
_ <20 <25 <30 <40 <50
Within 0.4 L¢ Lc £250 AH DH EH
amidships Lo > 250 EH
Sheer strake at Within 0.6 L¢ amidships
. AH DH EH
strength deck excluding the above
Other than those mentioned
AH DH
above
Within 0.1 D
from lower
AH DH EH
surface of
Within 0.4 L strength deck
Side shell i 0. e £
amidships Other than
those AH DH
2 mentioned
% above
= Lc > 250 DH EH
=
n Double bottom
Within 0.4 Le structures with
i 250 =L =
amidships . AH DH EH
150 and single
Bilge strake bottom
structures
Within 0.6 L¢ amidships
. AH DH EH
excluding the above
Other than those mentioned
AH DH
above
Bottom plating
(including keel Within 0.4 Lc amidships AH DH EH
plate)
Within 0.4 L¢ L, <250 AH DH EH
amidships L, > 250 EH
Stri late i ithin 0.6 L idshi
ringer plate in Within 0.6 ¢ amidships AH DH EH
strength deck excluding the above
Other than those mentioned
AH DH
above
Within 0.4 Lc amidships AH DH EH
o0 Strength deck . .
g o Within 0.6 L¢ amidships
& | strake adjoining to . AH DH EH
= O excluding the above
= longitudinal Other than th tioned
B bulkhead er than those mentione AH DH
A above
Strength deck
other than Within 0.4 L¢ amidships AH DH EH
mentioned above
Side corners in cargo region for
Strength deck at | container carriers and other ships
AH DH EH

cargo hatch corner

with similar hatch openings

configuration
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Bulk carriers,

Within 0.6 L¢
ore carriers, amidships AH DH EH
combination
carriers and
other ships Cargo region
with similar excluding the AH DH EH
hatch openings above
configuration
Other than those mentioned
s s AH DH EH
above within 0.4 L¢ amidships
Other exposed
deck plating, in Within 0.4 Lc amidships AH DH
general
%D Upper strake in
= longitudinal
g bulkhead Within 0.4 Lc amidships AH DH EH
% adjoining to
= strength deck
O
=
g
E | Other than those o L
= ) Within 0.4 Lc amidships AH DH
2| mentioned above
3
Upper strake in
sloping plate of
topside tank Within 0.4 L¢ amidships AH DH EH
adjoining to
strength deck
Corners of
dome openings Within 0.6 L¢
on trunk deck . AH DH EH
amidships
and inner deck
plating above
strength deck
TE n shlr;s with Cargo region
"g rr;(em ran.e excluding the AH DH EH
E t.an s carrying above
g Longitudinal liquefied gases
— plating members in bulk
above strength Longitudinal
deck girders o
. . Within 0.4 L¢
(including end . AH DH EH
amidships
brackets and
face plates)
Longitudinal
plating
th Within 0.4 L
members other i %n 4Le AH DH o
than those amidships
mentioned
above
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Longitudinal | Within 0.4 Lc¢
coamings over amidships DH EH
, (i'lj, Le Within 0.6 Lc
(including Fop amidships
plate and its . DH EH
= excluding the
S : flange, but
S| Hatch coaming : above
< excluding
g0
s other Other than
o stiffeners) and those
end brackets mentioned DH
and deckhouse above
transition
Hatch cover Top plates, bottom plates and AH DH
primary supporting members
Stern frame,
g rudder horn, 4H DH o
@ | rudder trunk, shaft
bracket
. Rudder plate
Q
= AH DH EH
a4
5 Structural members other than mentioned above
g (including stiffeners) and members to be applied at AH
locations other than mentioned above
(Notes)

1 AH, DH and EH refer to the following grades of steel:
AH: KA32, KA36 and K440
DH: KD32, KD36 and KD40
EH: KE32, KE36 and KE40

2 Where the strength deck strake adjoining to the inner skin bulkhead of double hull ships is not a deck stringer plate,

the deck strake may be treated as an ordinary strength deck strake.

3 Applicable areas of bilge strakes are as follows:

(1) Ifthe point where the bottom flat line stops being parallel to the centreline of the ship is within 0.6 L¢ amidships,

the applicable part is to be taken as 0.6 L¢ amidships.

(2) If the point where the bottom flat line stops being parallel to the centreline of the ship is outside 0.6 L¢

amidships, the applicable part is to be taken as is.

4 The types of rudder and rudder plates used in way of the lower pintle for Type D and Type E rudders specified in

Chapter 13 and in way of upper part of Type C rudder specified in Chapter 13 are to be in accordance with Table

3.2.2-4.
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Table 3.2.2-3 Application of Tensile Steels with Thickness of More than 50 mm and Not More than 70 mm

Structural member Application Thickness of plate: ¢ (mm)
50<i<60 | 60<¢<70
Within 0.6 L¢ amidships EH
Sheer strake at strength X
Other than those mentioned
deck DH
above
5 Within 0.1 D from the
< E lower surface of the EH
(e}
2 Side shell R strength deck
5 = g Other than those
= = . DH
= mentioned above
% Within 0.6 Lc amidships EH
Bilge strake Other than those mentioned DH
above
. ) Within 0.4 L¢ amidships EH
Bottom shell (including — .
Within 0.6 L¢ amidships
keel plate) ) AH DH
excluding the above
) . Within 0.6 Lc amidships EH
Stringer plate in strength i
Other than those mentioned
deck DH
above
Strength deck strake Within 0.6 Lc amidships EH
of adjoining to longitudinal Other than those mentioned
=] . DH
= bulkhead plating above
= Within 0.4 Lc amidships EH
5 Strength deck at cargo -
o Other than those mentioned
A hatch corner DH
above
Within 0.4 L amidships EH
Strength deck other than Within 0.6 L - dshi
those mentioned above rhun . c amidships AH DH
excluding the above
Exposed deck plating, etc. Within 0.4 Lc amidships DH EH
o Upper strake in Within 0.4 L¢ amidships EH
S| longitudinal bulkhead Within 0.6 L¢ amidships
= adjoining to strength deck luding the ab AH b
g adjoining to strength dec excluding the above
(5]
=
=
O
e Other than those o D
3 . Within 0.4 L¢ amidships DH EH
E mentioned above
B0
=)
Q
|
Upper strake in sloping Within 0.4 Lc amidships EH
S| plate of topside tank ithin 0.6 L¢ amidshi
g .p .a .e of topside tan Within 0'6 ¢ amidships AH DH
S| adjoining to strength deck excluding the above
gﬂ Longitudinal on strength Within 0.4 L¢ amidships EH
S| deck (including brackets Within 0.6 L¢ amidships T D
and face plates) excluding the above
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Longitudin
1 i .
a Coarglffs Within 0.6 L¢ .
S| Face plate and web of over®: amidships
= . Lc and end
= cargo hatch coaming
o . brackets
20 longitudinally extended on
s and Other than
© the strength deck deckh .
ec .o.use ?se DH
transition mentioned
above
5 Structural members other than those mentioned above and
g members to be applied at locations other than those AH
mentioned above
(Notes)

1 Where the strength deck strake adjoining to the inner skin bulkhead of double hull ships is not a deck stringer
plate, the deck strake may be treated as an ordinary strength deck strake.

Table 3.2.2-4 Special Requirements for Application of Steels for Rudders and Rudder Plates

Thickness: ¢ t<15 1I5<t<20| 20<t<25 | 25<t<30 | 30<t<40 | 40<t<50
(mm)

Mild steels A B D E

Tensile steels AH DH EH

3.2.2.2 Application of Steels for Ships Intended to Operate in Areas with Low Air Temperature

1  For ships designed to a specific design temperature (7p) for operation in areas with low air temperatures (e.g.
Arctic or Antarctic waters), the application of steels used for hull structures is to be suitable for the design temperature,
regardless of the requirements specified in Tables 3.2.2-1 and 3.2.2-2.

2 The design temperature (7p) specified in -1 above is to be taken as the lowest daily average air temperature over
one year in the ship’s service area (See Fig. 3.2.2-3) and is to be classified in accordance with Table 3.2.2-5. For
seasonally restricted services, the lowest daily average temperature within the relevant period of operation may be
taken.

3  Notwithstanding the requirements in -2 above, for the ships specified in 1.1.1-2, Part I, the design temperature
(Tp) is not to be greater than either the lowest daily average air temperature over a period of one year in the ship’s
service area (See Fig. 3.2.2-3) or 13 °C higher than the polar service temperature (See 1.2.1(21), Part I) of the ship,
whichever is lower, and the design temperature is to be classified in accordance with Table 3.2.2-5. For seasonally
restricted services, the design temperature may be taken as either the lowest daily average temperature within the
relevant period of operation or 13 °C higher than the polar service temperature, whichever is lower. The above-
mentioned lowest daily average air temperature over a period of one year is to be determined based upon measurement
data taken over at least 10 years.

4  The application of steels exposed to the atmosphere used on ships intended to operate in areas with low air
temperatures specified in -1 above is subject to Table 3.2.2-6 corresponding to the structural member category. The
details of the material classes are subject to Figs. 3.2.2-4 and 3.2.2-5 corresponding to the design temperature category.
However, the application of steels for structural members not specified in Table 3.2.2-6 may be subject to Tables 3.2.2-
1 and 3.2.2-2, regardless of the design temperature (7p).

5  Ships subject to the requirements in -1 above are registered with the relevant notations.
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Table 3.2.2-5 Design Temperature Categories

Range of Design Design Temperature
Temperature (7p) (°C) Category

-15<T, <-10 Tpa

-25<T, <-15 Tp»

-35<T, <-25 Tpe

—45 < T, <-35 Tpa

—55 < Tp < —45 Ipe

Table 3.2.2-6 Application of Steels Exposed to the Atmosphere used on Ships Intended to Operate in Areas of Low
Temperatures or Cold Liquid Cargo

Structural member Material class
Within 0.4 L¢ Outside 0.4 L¢
amidships amidships

* Deck plating exposed to weather (in general)
* Side plating above BWL®

* Transverse bulkheads above BWL() @ I |
* Cargo tank boundary plating exposed to cold liquid
cargoes®

* Strength deck plating

» Strength deck plating at corners of hatches (except for
large hatch openings)

* Longitudinal members above strength deck m I
(including brackets and face plates, except for those of
continuous longitudinal hatch coamings)

* Longitudinal bulkheads above BWL®" ®

* Top side tank bulkheads above BWL(!) @

* Stringer plates in strength deck

* Sheer strakes at strength deck

» Strength deck plating at corners of hatch with large
hatch openings I II
* Deck strakes at longitudinal bulkhead

* Face plates and webs of continuous longitudinal hatch

coamings
(Notes)
(1) BWL: Ballast waterline is the waterline at the lowest draught condition during navigation and

includes single strakes that cross it.

(2) Applicable to plating attached to hull envelope plating exposed to low air temperatures. At least
one strake is to be considered in the same way as exposed plating with the strake width of at
least 600 mm.

(3) Ships other than liquefied gas carriers.
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Fig. 3.2.2-3

Example for Determination of Design Temperature

30
20
10

Temperature("C)

Example of Design Temperature

- - # - - High Temperature
B Average Temperature

— - - Low Temperature

The lowest daily average temperature (=T)p)

Fig. 3.2.2-4  Details of Material Classes for Mild Steels Corresponding to Design Temperature Categories

(Material symbols in this figure are indicated in Note (1) of Tables 3.2.2-1 and 3.2.2-2.)

Design temperature category Thickness: ¢ (mm)

Tpa | Tos | Tpe | Toa | Tpe t<10 10<t<20|20<t<30|30<t=<40| 40 45 <t
<t <50
<45

I B D
II I
Sl ||
@)
= o | oI o| oI
S
<
s 111 II
111
(Notes)

*1 The web and face plate of continuous longitudinal hatch coamings above the strength deck except within 0.4 L¢ amidships are to be of Grade D

or higher.

*2  Stringer plates and sheer strakes within 0.4 L amidships for ships with a length exceeding 250 m are to be of Grade E or higher.
*3  For Material Class I, Grade D may be used up to the thickness of 45 mm.
*4 For Material Class I, Grade D may be used up to the thickness of 35 mm.
*S For Material Class I, Grade D may be used up to the thickness of 25 mm.
*6 For Material Class I, Grade D may be used up to the thickness of 15 mm.
*7 For Material Class I, Grade E may be used up to the thickness of 45 mm.
*8 For Material Class I, Grade E may be used up to the thickness of 35 mm.

*9 Steels to the satisfaction of the Society may be used.
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Fig. 3.2.2-5 Details of Material Classes for Tensile Steels Corresponding to Design Temperature Categories
(Material symbols in this figure are indicated in Note (1) of Tables 3.2.2-1 and 3.2.2-2.)
Design temperature category Thickness ¢ (mm)
Tpa | Tos | Tpe | Tpa | Tpe t<10 10<t<20|20<t<30|30<t<40|40<t |45<t
< 45 <50
I AH DH
I I AH DH EH™
Elm | mo| AH! DH EH"™
s m | m | 1
8
< 2
s 111 1I I DH"
11 I
111 EH
(Notes)

*1 The web and face plate of continuous longitudinal hatch coamings above strength deck except within 0.4 Lc amidships are to be of Grade DH or

higher.

*2  Stringer plates and sheer strakes within 0.4 Lc amidships for ships with a length exceeding 250 m are to be of Grade EH or higher.

*3  For Material Class I, Grade DH may be used up to the thickness of 45 mm.

*4  For Material Class I, Grade DH may be used up to the thickness of 35 mm.

*5 For Material Class I, Grade DH may be used up to the thickness of 25 mm.

*6 For Material Class I, Grade DH may be used up to the thickness of 15 mm.

*7 For Material Class I, Grade EH may be used up to the thickness of 45 mm.

*8 For Material Class I, Grade EH may be used up to the thickness of 35 mm.

*9 Steels to the satisfaction of the Society may be used.

3.2.23

Application of Steels for Ships Intended to Carry Cargoes with Low Temperature
For ships carrying cargoes with low temperatures, the application of steels used for longitudinals in the cargo hold
is to be in accordance with Table 3.2.2-7, regardless of the requirements specified in Tables 3.2.2-1 and 3.2.2-2. In this
case, the design temperature (7p) of the cargo hold is to be determined. Steel materials other than given in Table 3.2.2-
7 may be applied if the structure is such that thermal stress can be released and is deemed appropriate by the Society.

Table 3.2.2-7 Application of Materials Exposed to Low Temperatures for Ships Intended to Carry Cargoes with Low

Temperature ()

Design Thickness of material ¢ (mm)
temperature

T»(°C) t<10 |10<t<15]|15<t<20|20<t<25|25<t<30|30<t<40|40<¢t<50
—20<T<-10| KB KD KE
—30<T < —20 KE | KL244 KL24B
—40< T < —30 K1244 K124B @
—50 <T < —40 KL24B @
(Notes)

(1)For members exposed to a design temperature lower than -50 °C or for strength decks exposed to low temperatures, the Society may require higher

grade materials with a higher notch toughness depending on the thickness and the type of structure.

(2)Materials deemed appropriate by the Society.

3.2.24

Application of Steels for Ships Intended to Be Loaded with Cold Liquid Cargoes Other than
Liquefied Gas Carriers

For ships other than liquefied gas carriers, intended to be loaded with cold liquid cargoes, the application of steels
used for cargo hold boundary plating is to be in accordance with Table 3.2.2-6, regardless of the application of steels
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specified in Tables 3.2.2-1 and 3.2.2-2. In this case, the design minimum cargo temperature (7¢) of the cold liquid
cargoes is to be determined, and the details of material classes are subject to Fig. 3.2.2-4 or Fig. 3.2.2-5, depending on
the design minimum cargo temperature (7¢), which category is subject to Table 3.2.2-5. The design minimum cargo
temperature (7¢) is to be specified in the Loading Manual.
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33 Net Scantling Approach

Symbols

For symbols not defined in this Section, refer to 1.5.
t: Net thickness (mm)

te: Corrosion addition (mm)

tgr: Gross thickness (mm)

hgtr: Height (mm) of stiffener or primary supporting member

hy: Web height (mm) of stiffener or primary supporting member

ty: Web thickness (mm) of stiffener or primary supporting member

by Face plate width (mm) of stiffener or primary supporting member

tr: Face plate thickness (mm) of stiffener or primary supporting member

ty: Thickness (mm) of the plating attached to a stiffener or to a primary supporting member (hereinafter referred

to as “attached plating”)

d,: Distance (mm) from the upper edge of the web to the top of the flange for L3 profiles (See Fig. 3.3.3-1)

dy: Distance (mm) for the shorter extension of flange for L2 profiles (See Fig. 3.3.3-1)

tas—puilt: As-built thickness (mm), taken as the actual thickness provided at the newbuilding stage specified in

3.3.2.1

tgr off: Gross offered thickness (mm) as specified in 3.3.2.2

tgr req: Gross required thickness (mm)

torr:  Net offered thickness (mm) as specified in 3.3.2.3

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

treq:  Netrequired thickness (mm)

tyor aaq: Thickness (mm) for voluntary addition, taken as the thickness voluntarily added as the owner's extra margin

or builder's extra margin for corrosion wastage in addition to t,
tres:  Reserve thickness (mm), taken equal to 0.5 mm
te1, tez:  Corrosion addition (mm) on one side of the considered structural member, to be obtained from Table 3.3.4-
1 depending on the compartment

3.3.1 General

3.3.1.1 Net Scantling Approach

The net thickness t of a structural member is required for structural strength in compliance with the design basis.
The corrosion addition t. for a structural member is equivalent to the amount of corrosion expected to occur during
the service life of the ship and is added independently from the net thickness (See Fig. 3.3.1-1). This approach clearly
separates the net thickness from the corrosion addition and serves as a method of clearly ascertaining the status of the
structure with respect to corrosion throughout the life of the ship.

3.3.1.2 Local and Global Corrosion

The net scantling approach distinguishes between local and global corrosion. Local corrosion is defined as uniform
corrosion of local structural members, 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.

3.3.1.3 Exceptions to Gross Scantlings
Items that are determined in terms of gross scantlings do not follow the net scantling approach. In other words,
they include corrosion addition but without any owner’s extra margin t,,; 544. Gross scantlings are presented with the

suffix “gr”. For example, the following requirements are intended for structural strength assessment based on gross

scantlings:
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(1) Longitudinal strength requirements (requirements other than those for hull girder ultimate strength)
(2) Scantlings of superstructures and deckhouse (11.3.2.3)
(3) Scantlings of massive pieces made of steel forgings and steel castings

33.14 Rounding of Net Thicknesses
Net required thickness t,.q is obtained by rounding the net thickness calculated according to the requirements to
the nearest half a millimetre. For example:
(1) For 10.75 <t < 11.25 mm, the net required thickness is 11.0 mm.
(2) For 11.25 <t < 11.75 mm, the net required thickness is 11.5 mm.

Fig. 3.3.1-1  Net Scantling Approach Scheme
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3.3.2 Definitions

3.3.2.1 As-built Thickness
The as-built thickness, t;s puie, is the thickness obtained from the following formula:

tas buitt = treq T tc + tam + tyoi_ada

3.3.2.2 Gross Offered Thickness
The gross offered thickness, tg, ,ff, is the gross thickness provided at the newbuilding stage, which is obtained

by deducting any thickness for voluntary addition from the as-built thickness as follows:

tgroff = tas_buitt — tvol_add

3.3.23 Net Offered Thickness
The net offered thickness, t,¢f, is obtained by subtracting the corrosion addition from the gross offered thickness,

as follows:
borf = tgroff — te = Laspyy, ~ tvolgaq ~ Le

333 Corrosion Model for Strength Assessment

3.3.341
The scantlings to be considered in this Part C are as follows:

(1) Net offered thickness of plating is to be equal to or greater than the net required thickness of plating.

(2) 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 as specified in Fig. 3.3.3-1. The net cross-sectional area, the moment of inertia about the
axis parallel to the attached plate and the associated neutral axis position are to be determined through applying a
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corrosion magnitude of 0.5 tc deducted from the surface of the profile cross section. The required section modulus
and required web thickness are to apply to areas clear of the end brackets. Local supporting members other than
shown in Fig. 3.3.3-1 are to be at the Society’s discretion.

(3) The offered net sectional properties of primary supporting members are to be equal to or greater than the required
net sectional properties that are to be based on the gross offered scantling with a reduction of the applicable
corrosion addition as specified in Table 3.3.3-1, applied to all component structural members.

(4) The strength assessment and fatigue strength assessment by the cargo hold analysis specified in Chapters 8 and
9 are to be carried out by deducting the corrosion addition specified in Table 3.3.3-1 from the offered gross
scantlings.

(5) Corrosion additions are not to be less than those specified in 3.3.4.
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Table 3.3.3-1 Assessment for Corrosion Applied to Gross Scantlings

Applied corrosion

Structural requirement Property/analysis type ..
addition
Minimum thickness assessment )
. . . . Thickness te
(all members including primary supporting members)
Thickness/sectional properties t.
Local strength assessment Stiffness/ tions/buckli " .
iffness/proportions/buckling capaci
(plates, stiffeners and hold frames) prop £ capacty <
Hull girder sectional properties 0.5t,
Sectional properties 0.5¢t,
Strength assessment of primary supporting structures | Stiffness/proportions of web and ;
(prescriptive) flange/buckling capacity ¢
Hull girder sectional properties 0.5¢t,
Finite element model" 0.5¢,
Strength assessment by cargo hold analysis
Buckling strength te
Other than container
Sectional | .arriers 0
properties
Container carriers 0.5¢t,
Longitudinal strength assessment
Other than container
Buckling | .arriers 0
capacity
Container carriers t,
Finite element model" 0.5¢,
Torsional strength assessment by whole ship analysis
Buckling strength te
Other than container carriers 0
Torsional strength assessment by formula calculation
Container carriers 0.5¢t,
Sectional properties 0.5t
Hull girder ultimate strength/residual strength
Buckling/collapse capacity 0.5t
Fatigue strength assessment (simplified stress Hull girder sectional properties 0.25 ¢
analysis) Local supporting members e
Fatigue strength assessment (finite element analysis) | Finite element model" 0.25 ¢,
Torsional fatigue strength assessment by whole shi
. £ g y P Finite element model™® 0.25 t,
analysis
Whole ship analysis (other than torsional yield
p analysis ( Y Finite element model® 0.5t

strength assessment and fatigue strength assessment)

(Notes)

(1) No consideration of corrosion addition is required for members not affecting strength assessment results.
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Fig. 3.3.3-1
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Fig. 3.3.3-1  Net Sectional Properties of Local Supporting Members (Continued)

b

fgr
| b |

f-gr tf

| =11

dy

w-gr t
h w-gr T h w

hstf t

L2-profile

hstf y

w-gr t

Bulb or similar profiles

3.34 Corrosion Additions

3.34.1 Application

1  The corrosion additions specified in this Part C are applicable to carbon-manganese steels, stainless steels,
stainless clad steels and aluminium alloys.

2 The corrosion additions for steels other than specified in -1 above are to be deemed appropriate by the Society.

3.34.2 Corrosion Addition Values
1  Corrosion additions for carbon-manganese steels are to be in accordance with the following (1) and (2):
(1) The total corrosion addition for both sides of the structural member, t., is to be obtained from the following
formula:
tc = Roundups(tey + tez) + tres (mm)
(2) For an internal member within a given compartment, the total corrosion addition is to be obtained from the
following formula:
tc = Roundup5(2tc1) + tres (mm)
2 Notwithstanding the requirement in -1 above, the corrosion addition for both sides of hatch cover or hatch coaming,
tc, is to be in accordance with Table 3.3.4-2.
3 The corrosion addition for a structural member made of stainless steel or aluminium alloy is to be taken as follows:
tc = tres (mm)
4  The corrosion addition for structural members in which the corrosion addition for stainless clad steels is applied
is to be obtained from the following formula:
tc = Roundups(tee + tes) + tres (mm)
t..: Corrosion addition (mm) for the carbon steel side, to be obtained from Table 3.3.4-1 according to the
compartment
t.s: Corrosion addition for the stainless-steel side, to be taken as 0 mm.
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3.3.4.3 Corrosion Addition Determination

1 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.

2 The corrosion addition of a stiffener is to be determined according to the location of its connection to the attached

plating.
Table 3.3.4-1 Corrosion Addition for One Side of a Structural Member
C tment t,y or t
ompartmen Details 1 2
type (mm)
Ballast tank, Within 3 m vertically below the top plate of the tank® 1.0
bilge tank, drain
storage tank,
chain locker® Elsewhere 0.5
Cargo hold or Container carriers | Inner bottom plating 1.5
tank
cargo tan (Part 2-1) Elsewhere 0.5
Dry bulk cargo Inner bottom plating and hopper sloping plating® 3.7
holds (cargo holds . . .
) Lower stool sloping plate and vertical plating 1.6
of bulk carriers
(Part 2-2), ore Transverse and longitudinal bulkheads® 1.0
carriers (Part 2-
3), etc.)® Elsewhere 1.0
Wood chip Inner bottom plating, hopper sloping plating and lower 35
carriers (Part 2-4) | stool sloping and vertical plating '
Elsewhere 0.7
General cargo Inner bottom plating 3.0
ships (Part 2-5)
Elsewhere 0.7
Low temperature cargo holds (refrigerated cargo ships (Part 2-5)) 0.5
Void cargo hold spaces (car carriers (Part 2-6)) 0.5
Tankers® (Part 2-7) 0.7
Hold spaces containing a high temperature cargo tank (for asphalt, molten 0.5
sulphur, etc.) (Part 2-7) '
Independent tanks for high temperature cargo (asphalt, etc.) (Part 2-7) 0.7
Hold spaces containing an independent tank for low temperature cargo
(liquefied gas carriers equipped with independent tanks (Part 2-8 and Part 0
2-9))7?
Independent prismatic low temperature cargo tanks (liquefied gas carriers 0
equipped with independent prismatic tanks (Part 2-9))
Hold spaces of Type C tank liquefied gas carriers (ordinary temperature) 0.5
(Part 2-10) '
Hold spaces of Type C tank liquefied gas carriers (low temperature) (Part 0
2-10)
Hold spaces of liquefied gas carriers with membrane tanks (Part 2-11) 0
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Compartment . ey OF tep
Details
type (mm)
Other cargo holds (including those of ships equipped with a self- 07
unloader(s) in the cargo holds of dedicated cement carriers, etc.) ’
Exposed to Exposed deck plating 0.6
atmosphere Other members 0.5
Shell plating between the minimum design ballast draught waterline and L0
Exposed to the scantling draught waterline '
seawater
Other members 0.5
Fuel oil tank® and lube oil tank 0.5
Fresh water tank 0.5
Void spaces® and dry spaces!?- (1D 0.5
Accommodation spaces 0
Compartment other than those mentioned above 0.5
1) 1.0 mm is to be added to the plate surface within 3 m vertically above the upper surface of the chain locker bottom.
2) Only applicable to tanks with an exposed deck as the tank top. The 3 m distance is to be measured vertically from and parallel to
the top of the tank. Bilge tanks, drain storage tanks and chain lockers are to be taken as “Elsewhere.”
3) Dry bulk cargo holds include holds intended for the carriage of dry bulk cargoes.
4) For ore carriers, only applicable to the range within 3 m vertically above the inner bottom plating. To be taken as 1.0 mm if
more than 3 m1 vertically above the inner bottom plating.
5) 0.2 mm is to be added to plates used for bulkheads within 3 m vertically above the inner bottom plating.
6) 2.0 mm is to be added to the inner bottom plating and suction well in the vicinity of a suction bellmouth within a radius of
approximately one longitudinal space from the outer periphery of the suction bellmouth (See Figs. 3.3.4-1 and 3.3.4-2).
7 Where no environment control such as inerting is applied around the tank, or where the cargo is of corrosive nature, a corrosion
addition deemed appropriate by the Society is to be considered.
®) For compartments containing a gas fuel tank, the corrosion additions for the hold spaces of the same types of liquefied gas carriers
are to be applied.
9) Void spaces refer to spaces accessible only via bolted manhole openings or spaces not normally accessed, such as pipe tunnels.
The internal spaces of pillars with a closed profile are also included.
(10) Dry spaces refer to the internals of machinery spaces, pump rooms, store rooms, steering gear spaces, etc.
(1D 2.0 mm is to be added to the inner bottom plating of the main engine room except if the corrosion protection is carried out with
approval by the Society based on prior submitted data.

Fig. 3.3.4-1 Thickness Increase Range (No Longitudinal Bulkhead in the Vicinity of the Suction Bellmouth)

-~

S R

,-”".Y

pX A

T

L Transverse bulkhead
Stripping line Main line



CIaSSNI( 2023 Rules for the Survey and Construction of Steel Ships (Part C Partl Chapter 3)

Fig. 3.3.4-2  Thickness Increase Range (With Longitudinal Bulkhead in the Vicinity of the Suction Bellmouth)
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Table 3.3.4-2 Corrosion Additions for Both Sides of Hatch Covers and Hatch Coamings

Ship type Framing system te (mm)
Container Hatch covers (in general) 1.0
carrier
Car carrier .

Hatch coamings 1.5
Ships other than | Single skin hatch covers 2.0
the above ) . )
Double skin hatch | Top, side and bottom plating 1.5
covers
Internal structural members 1.0
Hatch coamings, hatch coaming stays and stiffeners 1.5
3.3.5 Corrosion Protection

3.3.51 General

1  All steel works are to be coated with a suitable paint.

2 The surface of steelworks is to be thoroughly cleaned and loose rust, oil and other harmful adhesives are to be
removed before painted. At least the outer surface of shell plating below the waterline is to be sufficiently free from
rust and mill scale before painting.

3  The interiors of dedicated tanks for carrying oils need not be painted regardless of the type of ship.

3.3.5.2 Requirements According to Ship Type, Application of Compartment, Etc.

1  Paints containing greater than 10 % aluminium by weight in the dry film are not to be used in hazardous areas

defined in 4.2.3-1 or -2, Part H in tankers and ships carrying dangerous chemicals in bulk intended to carry crude oil

and petroleum products having a flash point not exceeding 60 °C and a Reid vapour pressure below atmospheric
pressure or other liquid cargoes having similar fire hazards.

2 Cargo holds of bulk carriers are to comply with the following (1) and (2):

(1) Where ships are subject to the requirements of Part 2-2, structural members, hatch coamings and hatch covers in
cargo holds are to have an efficient protective coating (epoxy coating or equivalent) applied in accordance with
the manufacturer's recommendation within the range indicated below (See Fig. C3.3.5-1). In the selection of the
coating, due consideration is to be given by the owner to cargo conditions expected in service.

(a) All internal surfaces of cargo holds, excluding the flat tank top areas and the sloping plating of the hopper
tanks approximately 300 mm below the side shell frame and brackets
(b) All internal and external surfaces of hatch coamings and hatch covers

(2) Where ships are subject to the requirements of Parts 2-2, 2-3 and 2-4, omission of painting is allowed to those
members such as inner bottom plating, slant plating of bilge hopper and slant plate of lower stools of transverse
watertight bulkheads. However, omission of painting is not accepted for areas within the extent of painting
specified in -2(1) above.
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Fig.3.3.5-1  Minimum Coated Areas in Cargo Holds of Bulk Carriers
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3 Notwithstanding the requirements in -2(1) above, ships subject to the requirements of Part 2-4, do not need to
paint the parts where protection from corrosion can be expected due to secretions from the wood chip. However, this
applies only to the parts that are in direct contact with the chips (excluding areas such as the inside of the upper deck).

3353 Protective Coatings in Dedicated Seawater Ballast Tanks and Double-side Skin Spaces

1  For dedicated seawater ballast tanks of all type of ships of not less than 500 gross tonnage engaged on international
voyage and double-side skin spaces arranged in bulk carriers engaged on international voyages of 150 m in length
and upwards as defined in An1.2.1(1), Annex 1.1 of Part 2-2, the requirements are to be complied with /MO
“PERFORMANCE STANDARD FOR PROTECTIVE COATINGS FOR DEDICATED SEAWATER BALLAST
TANKS IN ALL TYPES OF SHIPS AND DOUBLE-SIDE SKIN SPACES OF BULK CARRIERS” (IMO Resolution
MSC.215(82), as may be amended).

2 When applying the requirement in -1 above, the following (1) and (2) are to be complied with:

(1) IACS Unified Interpretation SC223, as may be amended, is to be applied.

(2) The following tanks need not be deemed as dedicated seawater ballast tanks, provided that the coatings applied in
the tanks specified in (b) below are confirmed by the coating manufacturer to be resistant to the media stored in
the tanks and are applied and maintained according to the coating manufacturer's procedures:

(a) Tanks identified as “Spaces Included in Net Tonnage” in the International Convention on Tonnage
Measurement of Ships, 1969.
(b) Seawater ballast tanks in livestock carriers also designated for the carriage of livestock dung.

3 For seawater ballast tanks and the like of ships other than specified in -1 above, full coating is to be applied in
accordance with the following requirements:

(1) Applicable paints are to be of an epoxy type or a type that is as durable and effective against corrosion.

(2) The surfaces of steels are to be properly prepared before coating and the thickness of the coating is to be adequate.

(3) Painting is to be of a hard protective coating unless otherwise approved by the Society.

(4) TItis recommended that cathodic protection be applied together with the coatings as a backup.

(5) Fordedicated seawater ballast tanks and double-side skin spaces, the coatings are preferably to be of a light colour
easily distinguishable from rust.

(6) For tanks with no part consisting of shell plating or exposed deck plating and cargo holds also used as seawater
ballast tanks, coating of certain parts may be dispensed with, provided that alternative measures are taken for the

parts in question.

3.3.54 Coatings for Cargo Oil Tanks

1  Coatings protection in accordance with the following (1) or (2) is to be applied to the cargo oil tanks of crude oil

tankers of not less than 5,000 fonnes deadweight on international voyages:

(1) Coatings in accordance with “PERFORMANCE STANDARD FOR PROTECTIVE COATINGS FOR CARGO
OIL TANKS OF CRUDE OIL TANKERS” (IMO Resolution MSC.288(87), as may be amended).

(2) Alternative means in accordance with “PERFORMANCE STANDARD FOR ALTERNATIVE MEANS OF
CORROSION PROTECTION FOR CARGO OIL TANKS OF CRUDE OIL TANKERS” (IMO Resolution
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MSC.289(87), as may be amended).
2 “Crude oil tankers” in -1 above refers to ships defined in 2.1.1(19), Part 1 of the Rules for Marine Pollution
Prevention Systems and falling under Items 1.11.1 or 1.11.4 of the Supplement to the International Oil Pollution
Prevention Certificate (Form B).
3 The requirements in -1 above need not be applied to “combination carriers” defined in 2.1.1(8), Part 1 of the
Rules for Marine Pollution Prevention Systems and “ships carrying dangerous chemicals in bulk” including ships
certified to carry oils specified in 2.1.1(1), Part 1 of the Rules for Marine Pollution Prevention Systems.
4  In application of -1(1) above, IACS Unified Interpretation SC259, as may be amended, is to be applied.
5 In application of -1(2) above, IACS Unified Interpretation SC258, as may be amended, is to be applied.

3.3.55 Cathodic Protection System
With respect to the requirement in 3.3.5, where a cathodic protection system is adopted as a backup for coating or

the omission of painting, the cargo tanks and their adjacent tanks in tankers and ships carrying dangerous chemicals in

bulk, intended to carry crude oil and petroleum products having a flash point not exceeding 60 °C and Reid vapour
pressure below atmospheric pressure or other liquid cargoes having similar fire hazards are to be in accordance with

the following requirements (1) to (4).

(1) The anodes are to have steel cores and these are to be sufficiently rigid to avoid resonance in the anode support
and be designed so that the anode does not come free when the surroundings become wasted.

(2) The anode is to be provided in accordance with following (a) or (b). When anode inserts and/or supports are
welded to the structure, they are to be arranged so that the welds are clear of stress raisers. The supports at each
end of an anode are not to be attached to separate structure which are likely to move independently.

(a) The steel inserts are to be attached to the structure by means of a continuous weld of adequate section.

(b) The steel inserts are to be attached to separate supports which are attached to the structure by means of a
continuous welding of adequate section, by bolting, provided a minimum two bolts with locknuts are used or
by appropriate mechanical means of clamping deemed as equivalent by the Society.

(3) Where anodes of aluminium or aluminium alloy are used, they are to meet the following requirements (a) and (b):
(a) Anodes are to be located so that their potential energy does not exceed 274.68 N-m. The height of the anode

is to be measured from the bottom of the tank to the centre of the anode, and its weight is to be taken as the
weight of the anode as fitted, including the fitting devices and inserts. However, where anodes are located on
horizontal surfaces not less than Im wide and fitted with an upstanding flange or face flat projecting not less
than 75 mm above the horizontal surface, the height of the anode may be measured from this surface.

(b) Anodes are not to be located under tank hatches or butterworth openings, unless protected from any objects
falling on the fitted anodes by an adjacent structure.

(4) Anodes of magnesium or magnesium alloy are not permitted.
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3.4 Structural Detail Principles

34.1 General Principles

3411 Structural Continuity*

1 At the termination of a structural member, structural continuity is to be maintained by the fitting of a suitable
supporting structure. Abrupt changes in transverse section properties of longitudinal members are to be avoided.
Smooth transitions are to be provided. Attention is to be paid to the structural continuity, in particular in the following
areas (1) to (4):

(1) In the way of changes in the framing system.

(2) Atend connections of primary supporting members or ordinary stiffeners.

(3) In way of the transition zones between the cargo region and fore and aft part and machinery space.

(4) In way of side and end bulkheads of superstructures.

2 Longitudinal members are to be arranged in such a way that structural continuity is maintained. Longitudinal
members contributing to the longitudinal strength are to extend continuously as far as practicable towards fore and aft
direction of the ship.

3 Primary supporting members are to be arranged in such a way that structural continuity is maintained. Abrupt
changes of web heights or cross sections are to be avoided.

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

5  Adequate consideration is to be given to the continuity in the thickness of shell plating and to avoiding remarkable
differences between the thickness of the shell plating under consideration and that of the adjacent shell plating.

6  Butt welded joints of members having a difference in as-built thickness over 4 mm are generally to be tapered
by not more than one-third at the end of the thicker plate.

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

3.4.1.2 Consideration of Vibrations

Due consideration is to be given to vibration in the hull structure of ships.

3413 Reinforcements at Knuckles
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.

3.4.2 Stiffeners

3.4.2.1 General*

1  Longitudinal stiffeners contributing to longitudinal strength are to be structurally continuous or to be connected at
their ends in such a manner as to effectively uphold the sectional area and to have sufficient strength to withstand
bending.

2 Where the angle between the web of stiffeners and the shell plating is extremely small, appropriate measures are
to be taken as necessary to prevent tripping.

3 Struts provided on stiffeners are to be rolled sections other than flat bars or bulb sections and are to sufficiently
overlap the webs of the stiffeners.

3.4.2.2 Spacing of Stiffeners
Stiffeners are to be provided at an appropriate spacing so as to effectively reinforce plating.

3.4.23 End Connections

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.

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 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.

4  Where bracketed end connections of stiffeners are made to members, such as bulkheads, decks or tank top,
effective supporting members are to be attached to the opposite side of such members to provide appropriate
reinforcement thereto.

343 Primary Supporting Members

3431 General
Where the angle between the web of primary supporting members and the shell plating is extremely small,
appropriate measures are to be taken as necessary to prevent tripping.

3.4.3.2 End Connections

1  Brackets or equivalent structures are to be provided at ends of primary supporting members. End brackets likely
to be subject to high stress concentration are generally to be soft-toed.

2 Where the ends of primary supporting members are connected to members such as bulkheads, decks or tank top,
effective supporting members are to be attached to the opposite side of such members to provide appropriate
reinforcement thereto.

3.4.3.3 Web Stiffeners

1  Primary supporting members are to be appropriately reinforced by web stiffeners to prevent buckling.

2 Primary supporting members penetrated by longitudinals are to be appropriately reinforced by web stiffeners to
prevent stress concentration around the penetrations. However, where the load transmitted by a longitudinal is small,
this reinforcement may be dispensed with as appropriate.

3434 Depth of Girders
The depth of girders is not to be less than 2.5 times the depth of slots for stiffener penetration, except where the
slots are provided with collar plates.

3.4.4 Shell Plating

3.44.1 Local Reinforcement of Shell Plating
All openings in the shell plating are to have well-rounded corners and are to be reinforced as necessary. The
reinforcement of openings is to be made in accordance with the following (1) to (3):
(1) Openings in shell plating of 300 mm or more in size are to be reinforced by doubler or thicker plating.
(2) In the fore and aft peaks, suitable modifications may be made to the reinforcement of openings.
(3) The radius R at the corners of openings is to be at least 100 mm.

3.4.5 Openings

3.4.5.1 Slots*

1  Slots 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.

2 The total depth of slots without a collar plate is to be not greater than 50 % of the depth of the primary supporting
member.

3.4.5.2 Openings in Stiffeners

Openings and scallops are to be kept at least 200 mm clear of the toes of end brackets, end connections and other
areas of high stress concentration, measured along the length of the stiffener toward the mid-span, and 50 mm measured
along the length in the opposite direction (See Fig. 3.4.5-1). In areas where the shear stress is less than 60 % of the
permissible stress, alternative arrangements may be accepted.
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Fig. 3.4.5-1 Location of Air and Drain Holes
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3453 Openings in Primary Supporting Members

1  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 strength have been calculated and found satisfactory. Examples of high stress areas

include:

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

(2) Floors or double bottom girders close to their span ends

(3) Primary supporting member webs in way of end bracket toes

(4) Above the heads and below the heels of pillars

2 Where an opening with an unreinforced free edge is provided in the web of a primary supporting member, the size

and location of the opening are generally to be as shown in Fig. 3.4.5-2 unless the yield strength and buckling strength

around the opening have been directly assessed and found satisfactory.

Fig. 3.4.5-2  Size and Location of Opening
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3.5 Minimum Requirements

3.5.1 Minimum Thicknesses

3.5.1.1 Shell Plating
1  The thickness of shell plating below the strength deck is not to be less than that obtained from the following
formula:

235
t=20.8 —Lc330 (mm)
Oy

L¢sso: As specified in 1.4.2.2

oy: Specified minimum yield stress (N/mm?)
2 In ships whose distance between designed maximum load line and the strength deck is far larger, the thickness of
side shell plating from a height twice the height hg above the freeboard deck (or an imaginary freeboard deck in ships
with an imaginary deck deemed as a freeboard deck) to the strength deck is to be not less than that obtained from the
following formula. Here, “ships whose distance between designed maximum load line and the strength deck is far
larger” refers to ships whose freeboard deck is lower than the strength deck. The height h; means the standard height
of superstructures as specified in 1.4.3.3.

235
t =0.56 (_Lc330 + 50) (mm)
Oy

Leszo: As specified in 1.4.2.2
oy: Specified minimum yield stress (N/mm?)

3.5.1.2 Double Bottom, Deep Tanks and Cargo Oil Tanks

1  The minimum thicknesses of girders, struts and their end brackets, bulkhead plates in double bottoms, ballast tanks
and tanks carrying liquids within the cargo hold region are to be in accordance with Table 3.5.1-1.

2 Except for the members specified in -1 above, no structural members in double bottoms, ballast tanks or tanks
carrying liquids within the cargo hold region are to be less than 6 mm in thickness (gross scantling).

3.5.1.3 Structural Members within Cargo Hold Region

1  The minimum thicknesses of girders, struts and their end brackets and bulkhead plates in the cargo hold region
are to be in accordance with Table 3.5.1-1.

2 Except for the members specified in -1 above, no structural members in the bulkhead and side structures within
the cargo region are to be less than 6 mm in thickness (gross scantling).
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Table 3.5.1-1 Minimum Thicknesses

2 90 105 | 120 | 135 | 150 | 165 | 180 | 195 | 225 | 275
Ship length
(m) < 105 | 120 | 135 | 150 | 165 | 180 | 195 | 225 | 275
Girders,
struts and
Double theirend | oo 6 | es | 7 | 75| s | 85| o |95 | 10
bottoms, ballast | brackets and
tanks, and tanks bulkhead
carrying liquids plates
within the cargo Structural
— hold region members
§ other than 6.0 (gross)
E the above
% Girders,
E stru'ts and
theirend 1 sl s | ss| 6 |es| 7 | 75| 8 | 85| o
brackets and
Within the cargo bulkhead
hold region plates
Structural
members
other than 6.0 (gross)
the above
3.5.2 Slenderness Requirements

3.5.21 Application

1  All structural members are to meet the slenderness requirements specified in 3.5.2, except for those listed below:
Bilge plates within the cylindrical part of the ship and the radius gunwale
Structure members in superstructures and deck houses in cases where such members do not contribute to
longitudinal strength.

Pillars in superstructures and deckhouses are to comply with the applicable slenderness and proportion

requirements specified in 3.5.2.

2 Where structural members are deemed by the Society as having an effectiveness equivalent to those compliant

with 3.5.2, such members are to be deemed compliant with 3.5.2.

3  Notwithstanding -1 above, thickness of shell plating, deck, bulkhead and web of girder and stiffness of stiffener

need not to comply with 3.5.2, provided that buckling strength requirements specified in 5.3 and 8.6.2 are satisfied.

3.5.2.2 Thickness of Various Structural Members
1  The thickness t (mm) of various structural members is to satisfy the following criteria:
b [oy
t=>—= ===
CN235
b: For plating, b is to be taken as the plate breadth (mm)
For webs, b is to be taken as the web depth (mm). However, where the stiffener is provided on the web,
b may be taken as the maximum breadth taking the stiffener into account.
For face plates, b is to be taken as the half breadth of the face plate (mm)
For circular section pillars, b is to be taken as their mid-thickness radius (mm)
C: Slenderness coefficient as specified in Table 3.5.2-1
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Table 3.5.2-1 Slenderness Coefficients

Type of structural member C
Shell plating
Upper decks
PP 100

Inner bottom plating

Girder webs
Watertight") and non-tight bulkheads
Watertight decks'! 125
Non-watertight decks within cargo hold regions

Non-watertight decks outside cargo hold regions 150
Angles and T-section stiffener webs 75

Webs of bulb sections 45

Webs of pillars 35

Flat bars 22

Face plates of stiffeners and girders 15

Face plates of pillars 12

Circular section pillars 50

Note:

(1) This includes deep tank boundaries.

2 For b specified in -1 above, the web depth, the half breadth of the face plate and the mid-thickness radius of
circular section pillars are to be gross scantling values.

3.5.23 Face Plate Width of Stiffeners
1  The standard face plate width of stiffener is to be not less than 0.2 times the web depth.
2 The face plate width and web depth specified in -1 above are to be based on the gross scantling approach.

3.5.24 Stiffness of Stiffeners

The scantlings of stiffeners are to comply with one of the following requirements (1) to (3) as applicable depending
on the structure:
(1) For longitudinal stiffeners

The value of the moment of inertia I, (cm?) is to satisfy the following expression:

I > 143024, —
st = L+ eff ﬁ
Agsr: Sectional area (cm?) of stiffeners with attached plating, taking into account the effective breadth

specified in 3.6.3
oy: Specified minimum yield stress (N/mm?) of attached plating
(2) For non-longitudinal stiffeners attached to watertight members
The value of the moment of inertia I, (cm?) is to satisfy the following expression:

I > 0.720%4 7 —
st = Y- eff ﬁ
Agsr: Sectional area (cm?) as specified in (1) above

oy: Specified minimum yield stress (N/mm?) as specified in (1) above
(3) For non-longitudinal stiffeners attached to a non-watertight member

The value of the moment of inertia I, (cm®) is to satisfy (2) above. However, in the case of flat bar stiffeners, it
is also acceptable if gross scantling depth h,,_g, (mm) satisfies the following:

¢ 3
hw—gross = E x 10

3.5.2.5 Tripping Brackets on Primary Supporting Members
1  Arrangement and spacing

The spacing between tripping brackets on primary supporting members S, (m) is to satisfy the following
expression, where S, need not be less than S;,_,in:
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Af—nSO §

Sy < be e
Af_nso + A—Wénso 9y

C: Slenderness coefficient taken as follows:

C =0.022 for symmetrical flanges of primary supporting members
C =0.033 for asymmetrical flanges of primary supporting members
by Flange breadth (mm) of primary supporting members

Ap_nso:  Net cross-sectional area (cm?) of flanges of primary supporting members
Ay_nso:  Net cross-sectional area (cm?) of webs of primary supporting members
Oy: Specified minimum yield stress (N/mm?) of primary supporting members
Sp_min:  Minimum unsupported flange length (m) of primary supporting members taken as follows:
Sp—min = 3.0 (m)  For the cargo tank/hold region, on tank/hold boundaries or the hull envelope
including exposed decks
Sp—min = 4.0 (m)  For other areas
2 Tripping brackets on primary supporting members are to be stiffened by a flange or an edge stiffener if the effective
length of the free edge I, (mm) as given in Table 3.5.2-2 is greater than the following:
l, = 75¢,

tp,: Bracket web thickness (mm)

3.5.2.6 End Brackets
The web thickness t;, (mm) of end brackets subject to compressive stress is to satisfy the following expression:

d, [oy
t, = ? ﬁ
dp: Bracket depth (mm) as specified in Table 3.5.2-2
C: Slenderness coefficient as specified in Table 3.5.2-2
Oy: Specified minimum yield stress (N/mm?) of the end bracket material

3.5.2.7 Edge Reinforcement
The depth of the stiffener web of edge stiffeners in way of bracket edges is not to be less than the following:

Oy
h,, = max (50,Clb ﬁ) (mm)

C: Slenderness coefficient taken as follows:
C =0.075 For end brackets
C =0.05 For tripping brackets
oy: Specified minimum yield stress (N/mm?) of the stiffener material

3.5.2.8 Proportions of edge stiffeners
The thickness of the web plate and flange of the edge stiffener is to satisfy the requirements specified in 3.5.2.2
and 3.5.2.3.
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Table 3.5.2-2 Buckling Coefficient C for Proportions of Brackets
Mode C
Brackets without edge stiffener

dy
C =20 <—) + 16
Ly
where

dp
025 <— <10

‘\"\-}_‘/
Brackets with edge stiffener

d,

3.5.2.9 Edge Reinforcement in Way of Openings
1 The depth of web h,,_g, (mm) of edge stiffeners fitted in way of openings (See Fig. 3.5.2-1) is to satisfy the

following expression:

Oy
hw_gr > max| 50,0.05! 535

l: Length of edge stiffener in way of opening as defined in Fig. 3.5.2-1 (m)

2 The thickness of the web and flange of the edge stiffener is to satisfy the requirements specified in 3.5.2.2 and
3.5.2.3.
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Fig. 3.5.2-1 Typical Edge Reinforcements
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3.6 Idealisation of Stiffeners and Primary Supporting Members

3.6.1 Effective Span

3.6.1.1 General

1  This subsection 3.6.1 specifies the effective spans of stiffeners and girders.

2 The effective spans of structural arrangements not specified in 3.6.1 are to be deemed appropriate by the Society.
3 For curved stiffeners and girder, the span is defined as the chord length between span points to be measured at the
flange for stiffeners and girder (if flanges are attached), and at the free edge for flat bar stiffeners.

3.6.1.2 Effective Bending Span of Stiffeners
1 The effective bending span £,4, of stiffeners is to be as specified in Fig. 3.6.1-1 for single skin structures and

Fig. 3.6.1-2 for double side structures. For deck longitudinals or longitudinals on shell plating of structures other than
double side structures, ¢4, may be in accordance with Fig. 3.6.1-1.

2 In single skin structures, the effective bending span £,,4, 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 (See Fig. 3.6.1-1 a)).

3 Brackets fitted on the side opposite to that of the stiffener with respect to attached plating are not to be considered
in reducing the effective bending span.

Fig. 3.6.1-1  Effective Bending Span of Stiffeners (Single Skin Construction)
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Fig. 3.6.1-2  Effective Bending Span of Stiffeners (Double Skin Construction)
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3.6.13 Effective Shear Span of Stiffeners

1  The effective shear span £, of stiffeners is to be as specified in Fig. 3.6.1-3 for single skin structures and Fig.
3.6.1-4 for double side structures. For deck longitudinals or longitudinals on shell plating of structures other than double
side structures, ¥, may be in accordance with Fig. 3.6.1-3.

2 Regardless of support detail, the effective shear span €, (m) need not be greater than the value obtained from
the following formula (the full length of the stiffener may be reduced by a minimum of s/4000 (m) at each end of
the member): <

fsrr == 5500
£:  Full length (m) of the stiffener
s:  Spacing (mm) between stiffeners

3  For curved and/or long brackets (high length/height ratio), the effective bracket length is to be taken as the
maximum inscribed 1.5:1 right-angled triangle (See Figs. 3.6.1-3 ¢) and 3.6.1-4 c)).
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Fig. 3.6.1-3  Effective Shear Span of Stiffeners (Single Skin Construction)
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Fig. 3.6.1-4  Effective Shear Span of Stiffeners (Double Skin Construction)
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3.6.14 Effective Bending Span of Primary Supporting Members

1 The effective bending span #,4, of a primary supporting member is to be as specified in Fig. 3.6.1-5.

2 The effective bending span £,4, (m) of a primary supporting member without end bracket is to be taken as the
length of the member between supports.

3 The effective bending span ¥4, (m) of a primary supporting member with end bracket is to be taken between
the points where the depth of the effective bracket is equal to half the web height of the primary supporting member
(See Fig. 3.6.1-5 b)). The effective bracket is defined as the maximum size of a right-angled triangular bracket with a
length to height ratio of 1.5 that fits inside the fitted bracket. See Fig. 3.6.1-5 b) for examples.
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4  In case of brackets where the face plate of the primary supporting member is continuous along face of the bracket,
as shown in Fig. 3.6.1-5 a), ¢) and d), the effective bending span 4, (m) is taken between points where the depth of
the effective bracket or the fitted bracket is equal to one quarter the web height of the primary supporting member
(hereinafter, “height £,/4”).

5  For straight brackets with a length to height ratio greater than 1.5, the effective bending span is to be taken to the
height 4,,/4 at the effective bracket. For straight brackets with a length to height ratio less than 1.5, the effective bending
span is to be taken to the height 4,/4 at the fitted bracket as shown in Fig. 3.6.1-5 ¢) and d).

6  For curved brackets, where the tangent point between the fitted bracket and effective bracket is above the height
hy/4, the effective bending span is to be taken to the height 4,/4 at the fitted bracket. Where the tangent point between
the fitted bracket and effective bracket is below the height /,/4, the effective bending span is to be taken to the height
hy/4 at the effective bracket as shown in Fig. 3.6.1-5 a).

7  For structural arrangements where the primary supporting member face plate is carried on to the bracket and
backing brackets are fitted, the effective bending span 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 Fig. 3.6.1-5 e) and f).

8  For arrangements where the height of the primary supporting member is sufficiently 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.

3.6.1.5 Effective Shear Span of Primary Supporting Members

1  The effective shear span £y, of a primary supporting member is to be as specified in Fig. 3.6.1-6.

2 The effective shear span of a primary supporting member may be taken between the toes of the effective brackets
supporting the primary supporting member, where the toes of the effective brackets are as shown in Fig. 3.6.1-6. The
effective bracket used here is given in 3.6.1.4-3.

3 For arrangements where the effective backing bracket is larger than the effective bracket in way of the face plate,
the effective shear span is to be taken as the mean distance between toes of the effective brackets as shown in Fig.
3.6.1-6 f).
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Fig. 3.6.1-5  Effective Bending Span of Primary Supporting Member
a) Integral bracket with continuous b) Separate welded brackets
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Fig. 3.6.1-6
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Primary Supporting Members Fitted on Sloped Surfaces, Etc.
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1  For arrangements where a primary supporting member is fitted, for example, on a sloped surface and its length is
different on the attached plating side and face plate side, the full length ¢ of the member in question is to be the
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distance between supports positioned at h,, /2.

2 Where the member in question is fitted with a bracket, the effective bending span and the effective shear span are
to be in accordance with 3.6.1.4 and 3.6.1.5, assuming an effective bracket with one edge being the line perpendicular
to the line connecting the supports of that member, as shown in Fig. 3.6.1-7.

Fig. 3.6.1-7  Typical Effective Brackets for Primary Supporting Members Fitted on Sloped Surface, Etc.
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3.6.2 Spacing and Load Supporting Breadth

3.6.2.1 Stiffeners
Stiffener spacing s (mm) for the calculation of the effective attached plating of stiffeners is to be taken as the
mean spacing between adjacent stiffeners and taken equal to the following formula (See Fig. 3.6.2-1):
by + by + b + b,
5= 4

Where:
by, by, bs, by: Spacing (mm) between stiffeners at ends

3.6.2.2 Primary Supporting Members
Primary supporting member spacing S (m) 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 the following formula (See Fig. 3.6.2-1):
S_b1+b2+b3+b4

x 1073
4

Where:
by, by, b3, by,: Spacing (mm) between primary supporting members at ends

3.6.2.3 Spacing of Curved Plating
For curved plating, the stiffener spacing or primary supporting member spacing (s or S) is to be measured on the
mean chord between adjacent members.
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Fig. 3.6.2-1  Spacing of Plating
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3.6.3 Effective Breadth

3.6.3.1 Effective Breadth of Attached Plating for Stiffeners and Primary Supporting Members

1  Unless otherwise specified, the effective breadth (mm) used to calculate the section modulus and moment of inertia

for stiffeners and primary supporting members is to be obtained in accordance with the following (1) to (3) where ¢

is the length (m) of the member as specified in the applicable requirements:

(1) Where the plating extends on both sides of the member: 200¢ or the spacing, whichever is lesser.

(2) Where the plating extends on one side of the member: 1004 or half the spacing to the adjacent member,
whichever is lesser.

(3) For a cantilever member: 3004 or spacing, whichever is lesser.

2 Where stiffeners are provided within the effective breadth specified in -1 above, they may be included in the
calculation of the actual moment of inertia and section modulus of girders.

3.64 Shear Area, Effective Shear Depth, Section Modulus and Moment of Inertia for Stiffeners and
Primary Supporting Members

3.6.4.1 Shear Area of Stiffeners
The shear area Agy, (cm?) of stiffeners is to be taken as:
Agpy = dgpyt,, 1072
depr: Effective shear depth (mm) of stiffener as specified in 3.6.4.2
Web thickness (mm) of stiffener as specified in Fig. 3.3.3-1

ty:

3.64.2 Effective Shear Depth of Stiffeners
The effective shear depth dgy, (mm) of stiffeners is to be taken as:
dsnr = (hser — 0.5tc_s5 + tp + 0.5¢,_p;)sing,,
hg s Height (mm) of stiffener as specified in Fig. 3.3.3-1
t,: Thickness (mm) of the stiffener attached plating as specified in Fig. 3.3.3-1
Ceostf: Corrosion addition (mm) of considered stiffener as given in 3.2.5
tepi: Corrosion addition (mm) of attached plate of the stiffener considered as specified in 3.2.5
¢w: Angle (deg) as specified in Fig. 3.6.4-1. ¢y, is to be taken as 90 degrees if the angle is greater than or
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equal to 75 degrees

3.64.3 Section Modulus and Moment of Inertia of Stiffeners
The section modulus Z (cm*) and moment of inertia (cm*) of stiffeners are to be taken as:

Z = Zgssingy,

I = I,sin?¢y,

Zstp:Section modulus (cm®) of stiffener, considered perpendicular to its attached plating, i.e. with ¢y, = 90
deg

Ig;: Moment of inertia (cm*) of stiffener, considered perpendicular to its attached plating, i.c. with ¢y, = 90
deg

dw: Angle (deg) between stiffener web and attached plating as specified in Fig. 3.6.4-1. ¢y, is to be taken as
90 degrees if the angle is greater than or equal to 75 degrees

Fig. 3.6.4-1  Angle Between Stiffener Web and Attached Plating

bw

3.6.4.4 Shear Area of Primary Supporting Members
The shear area Ag,_n50 (cm?) of primary supporting members is to be taken as:
Asn-nso = 10Dgp_nsotw-nso
Dgn_nso:  Effective shear depth (m) of primary supporting member as specified in 3.6.4.5
tw_nso:  Web thickness (mm) of primary supporting member

3.6.4.5 Effective Shear Depth of Primary Supporting Members
The effective shear depth Dgj,_,50 (m) of primary supporting members is to be taken as:
Dgp—nso = (hw —dop ttrpso t+ tp—nSO)Sin¢W x 1073
hy,: Web height (mm) of primary supporting member
dop:Depth (mm) of the opening or slot
tr_nso: Thickness (mm) of face plate
tp_nso: Thickness (mm) of attached plating
¢w: Angle (deg) between the primary supporting member web and the attached plating. ¢, is to be taken as
90 degrees if the angle is greater than or equal to 75 degrees

3.6.4.6 Section Modulus and Moment of Inertia of Primary Supporting Members
The section modulus Z,,5q (cm®) and moment of inertia, I (cm®), of a primary supporting member are to be taken
as:
Znso = Zperp-nsoSindw
Lyso = Iperp—nSOSin2¢W
Zperp-nso: Actual section modulus (cm?) of the primary supporting member, including its attached plating
assumed to be perpendicular thereto
Lyerp-nso: Actual moment of inertia (cm*) of the primary supporting member, including its attached plating
assumed to be perpendicular thereto
¢w: Angle (deg) between the primary supporting member web and the attached plating. ¢y, is to be taken as
90 degrees if the angle is greater than or equal to 75 degrees

—111—



CIaSSNI( 2023 Rules for the Survey and Construction of Steel Ships (Part C Partl Chapter 3)

3.6.5 Bulb Sections

3.6.5.1 Stiffener Profile

1  The properties of bulb profile sections are to be determined by direct calculations.

2 Where direct calculation of properties is difficult, a bulb section may be taken equivalent to a built-up section.
The scantlings (mm) of the equivalent built-up section are to be obtained from the following formulae:

! h’
hwzhw—ﬁ+2
n',

br=alt, +——2
¢ a<w+67 )

n',
tr=—02—2
F 792
ty, =t

h',.t',: Heightand thickness (mm) of a bulb section (See Fig. 3.6.5-1)
a: Coefficient equal to:
a’=11+M for h',, <120
' 3000 W=
a=1.0 for h',, > 120

Fig. 3.6.5-1 Dimensions of Stiffeners

R
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3.7 Load Calculation Point

3.71 Plating

3.7.1.1 Elementary Plate Panel (EPP)

An elementary plate panel (EPP) is the unstiffened part of the plating between stiffeners and/or primary supporting
members. The plate panel length a and breadth b of the EPP are defined, respectively, as the longest and shortest
plate edges, as shown in Fig. 3.7.1-1.

Fig. 3.7.1-1 Elementary Plate Panel (EPP) Definition
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stiffener stiffener stiffener stiffener
Longitudinal/horizontal framing Transverse/vertical framing

3.7.1.2 Strake Required Thickness

1  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 3.7.1-1 are to be applied for the selection of strakes to be considered as shown in Fig.
3.7.1-2.

2 The maximum corrosion addition within a strake is to be applied according to the requirements in 3.3.5.3-1.

Table 3.7.1-1 Strake Considered in a Given EPP

a/b > 2 a/b <2

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

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

a,: Distance (mm) measured inside the considered strake in the direction of the
longer edge of the EPP, between the strake boundary weld seam and the EPP

edge.
Fig. 3.7.1-2  Strake Considered in a Given EPP
EPP
a, /

<>

St1 St2

VAN b

St3 St4

- a h .
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3.7.1.3
1

Load Calculation Point
For the yield strength assessment, the local pressure and hull girder stress used for the calculation of the local

scantlings are to be taken at the Load Calculation Point (LCP) having coordinates x, y and z as specified in Table 3.7.1-
2 unless otherwise specified.

Table 3.7.1-2 LCP Coordinates for Yield Strength Assessment

Vertical transverse structure and transverse

General®V Horizontal plating ,
stool plating
Lep Longitudinal T Horizontal
: ongitudina ransverse
coordinates g Y Longitudinal | Transverse framing Vertical framing
framing (See | framing (See i : . .
. . framing framing (See Fig. 3.7.1- (See Fig. 3.7.1-6)
Fig. 3.7.1-3) | Fig.3.7.1-4) 5)

x coordinate

Mid-length of the EPP

Mid-length of the EPP

Corresponding to y and z coordinates

y coordinate

Corresponding to x and z
coordinates

Outboard y value of the
EPP

Outboard y value of the EPP, taken at z level®

Lower edge of

z coordinate
the EPP

The greater of
lower edge of
the EPP or
lower edge of
the strake

Corresponding to x and y
coordinates

Lower edge of
the EPP

The greater of lower edge
of the EPP or lower edge of
the strake

(1) All structures other than horizontal plating or vertical transverse structures

(2) For transom plates, the y coordinate of the load calculation point is to be taken corresponding to the y value at the side
shell at the z level of the load calculation point for the external dynamic pressure calculation.

Fig. 3.7.1-3  Load Calculation Point (LCP) for Longitudinal Framing
B Strake considered N
1 Y N T IR AT T
& - EPP6 EPP3
—D D :
ko] — _.._..V_ ................. —_ ,-_.‘ ................... ....::,,-_". .............. —_e = .-
£ A LCPG, LCP3.
Z & < EPP5 EPP2’
S .
E — _.._..V_ ................. — +‘.'.'_‘ ..................... PR N [ —] == — -
E “‘ (_ . LCP5 . LCP2.
7y < EPP4 N EPP1’
__D . - D .
I ] e Ne—mem el g B D .
LCP4 LCP1
Cross section PSM or PSM or PSM or
stiffener stiffener stiffener

Global z-axis

L Global x-axis
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Fig. 3.7.1-4  Load Calculation Point (LCP) for Transverse Framing

Strake considered

! I I !
— | b ]
I oI T I T T I
T it i i it Jin
= - R Y
5 - [ [ [ | .o [
s | EPP8| EPP7 : EPP6 ; EPPS ; EPP4 EPP3i EPP2 ; EPPL |
7] P P A P AN
v I Y A . | oo T
—> I R R R Sh= e R I
| Leps] LeP7 ) Lepe ) Leps - Lepa | CLCPa A " LcP2 - 1 Lepe [
| | | | | | |
Cross section PSM . PSM PSM
Global z-axis
T—> Global x-axis
Fig. 3.7.1-5 Load Calculation Point for Horizontal Framing on Transverse Vertical Structure
Strake considered
< > ¢
1 T }i """"""""" _"_""".',_.:'_"_"_"_"_"_"_"T-""‘T. """""""""""" N ‘_"_'I_"'
< T epps” | eppg ] I
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A }{ R B C |
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& | e EPPS]. "'EPP2 |
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II ! LCP5... L. Lee2.., e I
N | [€— ‘e, R
, 3 , EPP4 . EPP1 |
—D : T e B T Y |
YL e S ST EUU J
LCP4 LCP1 I
. |
Cross section PSM or PSM or PSM or |
stiffener stiffener stiffener
Global z-axis
Global y-axis <—T
Fig. 3.7.1-6  Load Calculation Point for Vertical Framing on Vertical Transverse Structure
Strake considered ¢
| | | | | | | |
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2 For the buckling strength assessment of the EPP according to 5.3, the LCPs for the pressure and hull girder stresses
are to be as specified in Table 3.7.1-3 unless otherwise specified. For buckling strength assessment by finite element
analysis, 8.6.2 is applicable.

Table 3.7.1-3 LCP Coordinates for Plate Buckling

LCP for hull girder stress
(See Fig. 3.7.1-7)

LCP

. Bending stress(!
coordinate &

LCP for pressure

Other than horizontal Shear stress

plating Horizontal plating

x coordinate

Same coordinates as
LCP for yielding

y coordinate

Mid-length of the EPP

Corresponding to x and
coordinates

Outboard and inboard
ends of the EPP
(Points A1 and 42)

z

Mid-point of
the EPP
(Point B)

See Table 3.7.1-2
(See ) Both upper and lower

ends of the EPP
(Points A1 and 42)

z coordinate Corresponding to x and y coordinates

(1) The bending stress for curved plate panels is the mean value of the stresses calculated at Points A1 and A2.

Fig. 3.7.1-7  LCP for Plate Buckling — Hull Girder Stress

Considered transverse section Considered transverse section

L - N | | |
- A2| || A2 o
B | s T T 1%
| | = I
A2 | |A2 | ' | |
- ——rr——— .
B Q | ?B | B | 'IFB | | ©
R e s NEE.
| | | R
' | aq | |
__________ Al s 1AL Y
T a N T i T
PSM PSM !
Longitudinal framing Transverse framing
3.7.2 Stiffeners
3.7.21 Reference Point

The requirements of the section modulus for the stiffeners relate to the reference point giving the minimum section
modulus. This reference point is generally located as shown in Fig. 3.7.2-1 for typical profiles.

3.7.2.2
1  The load calculation point LCP for the pressure is located at the following (1) and (2) unless otherwise specified.

Load Calculation Point

For stiffeners located on transom plates, the y coordinate of the load calculation point is to be taken corresponding to
the y value at the side shell at the z level of the load calculation point for the external dynamic pressure calculation.
(1) Middle of the full length £ of the considered stiffener

(2) The intersection point between the stiffener and its attached plate

2 The load calculation point LCP for the hull girder bending stresses is located at the following (1) and (2):

(1) For yielding strength assessment according to Chapter 6:

(a) Atthe middle of the full length £ of the considered stiffener
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(b) At the reference point given in Fig. 3.7.2-1
(2) For prescriptive buckling strength assessment according to 5.3:
(a) At the middle of the full length £ of the considered stiffener
(b) At the intersection point between the stiffener and its attached plate

Fig. 3.7.2-1 Reference Point for Calculation of Section Modulus and Hull Girder Stress for Local Scantling
Assessment

3 Stiffeners other than horizontal stiffener
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 formula:
b Py + P,

2
Py, P,:  Lateral pressure at the upper and lower ends of the vertical stiffener span ¢, respectively

3.73 Primary Supporting Members

3.7.31 Load Calculation Point

1  The load calculation point for the pressure is located at the following (1) and (2) unless otherwise specified:

(1) The intersection between the primary supporting member web and the attached plating at the ends of the full length
£ of the primary supporting member under consideration.

(2) The intersection between the primary supporting member web and the attached plating at the zero pressure point
where the pressure is 0 within the full length £ of the primary supporting member.

2 The load calculation point for the hull girder bending stresses according to 7.2 is located at the intersection between

the primary supporting member web and the face plate at the middle of the full length .
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3.8 Loading Manual and Loading Instruments

3.8.1 General

3.8.1.1 General

1  In order to enable the ship’s master to arrange for the loading of cargo and ballasting to avoid the occurrence of

unacceptable stress in the ship's structure, ships are to be provided with a loading manual approved by the Society.

2 For ships with a length Ly of not less than 100 m, which fall under one of the following conditions, a loading

instrument approved by the Society is to be provided on board the ship:

(1) Ships subject to Part 2-1, Part 2-2, Part 2-3, Part 2-4, Part 2-7, Part N or Part S

(2) Ships with decks containing large openings that need special considerations on the composite stress of vertical
and horizontal bending and torsional moments

(3) Ships on which the cargo and ballast are loaded in uneven distribution

(4) Other ships the Society considers to be required to be equipped with a loading instrument

3 A ship may in actual operation be loaded differently from the loading conditions specified in the loading manual,

provided that limitations for longitudinal and other strength requirements as defined in the loading manual and loading

instrument on-board and applicable stability requirements are not exceeded.

3.8.2 Loading Manual

3.8.21 General

1  Aloading manual describes the loading conditions on which the design of the ship has been based. This document

is to provide the operator with information necessary to carry out such operations as cargo loading/unloading and

ballasting/unballasting.

2 The loading manual is to be prepared in a language understood by the intended users, including the master of the

ship. If this language is not English, a translation into English is to be included.

3 The loading manual is to describe the following (See also Annex 3.8 “Items to be Included in Loading

Manual”):

(1) The standard 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

(2) The results of the calculations of still water vertical bending moment and shear force in each loading condition

(3) The allowable local loading for structures, such as hatch covers, decks or double bottom, as deemed necessary by
the Society

(4) The relevant operational limitations

4  “Standard loading conditions” in -3(1) above refers to the loading conditions specified in Annex 3.8 for each ship

type.

5  For ships undergoing classification survey, longitudinal strength calculations in still water are to be performed in

various operating conditions at the time of completion of the ship, and the necessary data and results of these

calculations are to be included in the loading manual.

6  For ships equipped with a loading instrument, the loading manual is to state that the loading instrument and its

operation manual are provided on board the ship.

3.8.2.2 Condition of Approval

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

2 In applying -1 above, modifications resulting in changes to the main data of the ship require the loading manual
to be updated and re-approved, and subsequently the loading computer system to be updated and re-approved. However,
an updated loading manual need not be resubmitted provided that the resulting draughts, still water bending moments,
and vertical shear forces do not differ from the originally approved data by more than 2 %.

3.8.23 Additional Requirements for Bulk Carriers, Etc.

1  For ships with a length L, of not less than 150 m, which are bulk carriers specified in 1.3.1(13), Part B or in
Anl.2.1(1), Annex 1.1 “Additional Requirement for Bulk Carriers in Chapter XIl of the SOLAS
CONVENTION”, Chapter 1, Part 2-2, the additional requirements for the loading manual and loading instruments
specified in 3.2, Part 2-3 are to be applied.
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2 Notwithstanding -1 above, for bulk carriers specified in An1.2.1(1), Annex 1.1, Chapter 1, Part 2-2, which do
not fall under the bulk carriers specified in 1.3.1(19), Part B or self-unloading ships specified in 1.3.1(19), Part B, the
additional requirements for the loading manual and loading instruments specified in 3.2, Part 2-2 are to be applied.

3 For ships with a length Ly of less than 150 m, which fall under An1.2.1(1), Annex 1.1, Chapter 1, Part 2-2, a
loading manual complying with the requirements in 3.2, Part 2-2 is to be provided on board the ship.

3.83 Loading Instrument

3.8.3.1 General

1  Aloading computer system is a system, which is either analogue or digital, by means of which it can be easily and
quickly ascertained that, at specified read-out points for the ship, relevant operational limitations, such as the still water
vertical bending moments and shear forces, where applicable, in any load or ballast condition do not exceed the
specified permissible values. An approved loading instrument cannot replace an approved loading manual.

2 The loading instrument is to be capable of performing its intended functions in the installed environment. A
loading instrument complying with Part 7, “Guidance for the Approval and Type Approval of Materials and
Equipment for Marine Use” is recommended.

3 An operation manual for the loading instrument is to be provided on board the ship. The operation manual and the
instrument input and output are to be prepared in a language understood by the intended users, including the master of
the ship. If this language is not English, a translation into English is to be included.

3.8.3.2 Functions

1  The loading instrument is to meet the following requirements (1) to (7) regarding its input and output:

(1) The loading conditions of cargo holds, all tanks forming part of the ship's hull and independent cargo tanks are, in
principle, to be inputted individually.

(2) Input data are to be verified.

(3) At least the following items are to be outputted:

(a) Displacement

(b) Draughts and trim

(c) Still water vertical shear force (for ships with longitudinal bulkheads, the respective shear forces acting on
the longitudinal bulkhead and the shell plating considering local loads)

(d) Still water vertical bending moment

(4) Still water vertical bending moments and shear forces are to be outputted at the forward end transverse bulkheads
of the machinery space or cargo pump room, collision bulkhead and the transverse bulkheads located between
them.

(5) Still water vertical bending moments are to be capable of being outputted with the maximum values of hogging
and sagging moments.

(6) Calculated values for the standard loading conditions are to be readily verified.

(7) The calculated values of still water vertical bending moment and shear force for each loading condition are to be
readily compared with the permissible values of the still water vertical bending moment and shear force stated in
the loading manual of the ship.

2 Data verifying the computing accuracy of the loading instrument under not less than four loading conditions

selected from the loading manual are to be submitted to the Society. The values obtained from the calculation method

used to determine the still water vertical bending moment and shear force specified in 4.3.2.2 are to be compared with
the values calculated by the instrument, and it is to be confirmed that the respective errors are within + 3 %.

3 With respect to -2 above, where the absolute values of still water vertical bending moment and shear force are

equal to or less than 50 % of their respective permissible values, the absolute values in question need not be compared

with each other, but it is to be ascertained that the difference in the ratio of the values in question and their permissible
values is within 1.5 %.

4  Any change made to input/output, computing procedures, etc., is to be reported to the Society. Where deemed

necessary by the Society, the tests and inspections specified in 2.1.4-1(10), Part B are to be carried out according to -

2 above on the loading instrument in the installed environment with the attendance of the inspector from the Society.
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Annex3.2  GUIDANCE FOR THE USE OF FIBRE-REINFORCED PLASTIC
(FRP)

Anl General

Anl.1 Overview

Anl.1.1  Application

This Annex provides standards for choosing the appropriate fibre-reinforced plastic (hereinafter, referred to as
“FRP”) products, in cases where their use has been approved by the Society, for each ship design in accordance with
their purpose of use and location of use on a case-by-case basis.

Anl.1.2  Documents to Be Submitted

The following plans and documents (1) to (4) are to be submitted to the Society:
(1) Plans that indicate the location of use, service conditions and arrangement, etc.
(2) Documents describing any special electrical characteristics and service conditions of the FRP products to be used.
(3) Plans and documents regarding the application procedures and joining procedures for the FRP products to be used.
(4) Other drawings and data considered necessary by the Society.

An2 Requirements for FRP Products

An2.1 General Requirements for FRP Products

An2.1.1 General Requirements

1  All FRP products are to be approved by the Society in accordance with Chapter 9, Part 2 of the “GUIDANCE
FOR THE APPROVAL AND TYPE APPROVAL OF MATERIALS AND EQUIPMENT FOR MARINE USE”
and are to be adequate for the service conditions.

2 All FRP products are to be resistant to any substances they are expected to be exposed to during service.

An2.1.2  Strength of Connections

1  The connections of FRP products are to be of sufficient strength.

2 All tightening of joints is to be performed in accordance with the manufacturer’s instructions.
3 All bonding procedure specifications are to be submitted to the Society.

An2.2 Requirements for FRP Products Depending on Service and/or Locations

An2.2.1 Requirements Depending on Service and/or Locations

1  The requirements for fire integrity, fire retardance, flame spread and surface flammability as well as smoke
generation for FRP products are, in principle, to be in accordance with those given in Table Anl. If an FRP product
falls under multiple classifications of service in Table Anl, it is to satisfy the most stringent requirements.

2 Subdivisions other than those specified in Table An1 are to be as deemed appropriate by the Society.

3 Where the fire integrity test and the flame spread test have been approved as the approval tests specified in
Chapter 9, Part 2 of the “GUIDANCE FOR THE APPROVAL AND TYPE APPROVAL OF MATERIALS AND
EQUIPMENT FOR MARINE USE” in accordance with ASTM F 3059-14, notwithstanding Table An1, applicable
requirements for FRP products can be in accordance with ASTM F 3059-14.

4  Notwithstanding the requirements in -1 and -3 above, FRP products used for safe access to bows specified in
14.13.2 are to be tested and approved by the Society in accordance with the fire integrity test specified in 9.4.2-1(4),
Chapter 9, Part 2 of the “GUIDANCE FOR THE APPROVAL AND TYPE APPROVAL OF MATERIALS AND
EQUIPMENT FOR MARINE USE,” the surface flammability test specified in 9.4.2-3(2), the smoke generation test
specified in 9.4.2-4(2), and the toxicity test specified in 9.4.2-5(1).

5 Incase of use in inspection equipment specified in 14.16, FRP products are to be used for ladders, handrails, steps
and small platforms because they are not considered to be part of the hull construction.
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6 In cases where FRP products are installed in the hazardous areas specified in 4.3 and 4.7, Part H, the risk of
electrical charge of the FRP is to be taken into account. In cases where FRP products are installed in cargo tanks, fuel
oil tanks, or the areas deemed necessary by the Society, such FRP products are to have no electrostatic properties.
Generally, in cases where comb-like gratings of personnel walkways are installed in areas except for those mentioned
above, FRP products that have electrostatic properties may be used. Here, “no electrostatic properties” means that the

earth resistance of these products at any point is not greater than 1 MQ.

Table Anl Applicable Requirements for FRP Products
. . Fire Fire Flame Spread Smoke ..
Location Service . and Surface . | Toxicity
Integrity | Retardance o Generation
Flammability
All personnel walkways,
Cargo Pump Rooms | catwalks, ladders, platforms, or Ly O O - -
access areas
Walkways or areas that may be
used for escape, or access for v o B B B
firefighting, emergency !
Cargo Holds operation, or rescue
Walkways, catwalks, ladders,
platforms, or access areas other - O - - -
than those described above
All personnel walkways, S
ee
Cargo Tanks catwalks, ladders, platforms, or O — — —
Note (3)
access areas
All personnel walkways, S
. ee
Fuel Oil Tanks catwalks, ladders, platforms, or O — — —
Note (3)
access areas
All personnel walkways, S
ee
Ballast Water Tanks catwalks, ladders, platforms, or O — — —
Note (4)
access areas
Cofferdams, void All personnel walkways,
spaces, double catwalks, ladders, platforms, or See o B - -
bottoms, pipe access areas Note (4)
tunnels, etc.
Accommodation, All personnel walkways,
service spaces and catwalks, ladders, platforms, or L O O O -
control rooms access areas
Lifeboat embarkation |[All personnel walkways,
or safe refuge stations |catwalks, ladders, platforms, or L, O - - -
in open deck areas access areas
Walkways or areas which may
be used for escape or access for 1,9 o . B .
i firefighting, emergency
Open decks or semi- . 6
operation, or rescue®
enclosed areas
Walkways, catwalks, ladders,
platforms, or access areas other - O - - -
than those described above
(Notes)
(1) Symbols
O: The fire retardance test, flame spread and surface flammability test, smoke generation test and toxicity test specified in 9.4.2,
Chapter 9, Part 2 of the “GUIDANCE FOR THE APPROVAL AND TYPE APPROVAL OF MATERIALS AND
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EQUIPMENT FOR MARINE USE” are to be satisfied.

—: Not applicable

(2) Abbreviations

L,: L, is the abbreviation for Fire Integrity Level 1. FRP products complying with Fire Integrity Level 1 are those specified in 9.1.2(4),
Chapter 9, Part 2 of the “GUIDANCE FOR THE APPROVAL AND TYPE APPROVAL OF MATERIALS AND
EQUIPMENT FOR MARINE USE”.

L,: L, is the abbreviation for Fire Integrity Level 2. FRP products complying with Fire Integrity Level 2 are those specified in 9.1.2(3),
Chapter 9, Part 2 of the “GUIDANCE FOR THE APPROVAL AND TYPE APPROVAL OF MATERIALS AND
EQUIPMENT FOR MARINE USE”.

L;: L; is the abbreviation for Fire Integrity Level 3. FRP products complying with Fire Integrity Level 3 are those specified in 9.1.2(2),
Chapter 9, Part 2 of the “GUIDANCE FOR THE APPROVAL AND TYPE APPROVAL OF MATERIALS AND
EQUIPMENT FOR MARINE USE”.

(3) Fire integrity is not required in principle. However, if these spaces are normally entered and exited when underway, FRP of L, is to be
applied.
(4) Fire integrity is not required in principle. However, if these spaces are normally entered and exited when underway, FRP of Lj is to be
applied.

(5) Vessels fitted with fixed foam fire-extinguishing systems and fixed dry chemical powder type extinguishing systems on deck require

FRP of L, integrity for foam system operational areas and access routes.

(6) Excluding the safe access to the bow specified in 14.13.2.
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Annex 3.8 ITEMS TO BE INCLUDED IN LOADING MANUAL

Anl General

Anl.1 General

Anl.1.1 Composition of the Loading Manual

1  The loading manual is to be composed of the following three parts:

(1) Introduction
This part is to contain explanatory notes that provide general guidance for loading to help understand the ship’s
general features and comprehensively grasp the relationship between loading and hull strength.

(2) Standard loading conditions
This part is to give descriptions of the ship’s standard loading conditions presented in An1.3.

(3) Methods of calculation of longitudinal strength for loading conditions different from the standard loading
conditions

2 The loading manual is to describe the following for ships subject to Part 2-1:

(1) Methods of calculation of the torsional moment (still water torsional moment) of hulls due to uneven cargo
stowage
Methods of calculation to verify that the torsional moment generated in the hull due to uneven cargo stowage
under the loaded condition is within the allowable range.

(2) Allowable value for still water torsional moment

3 Forships with a freeboard length L, of less than 100 m, -1(3) above may be omitted. For reference, see Appendix

C2.

Anl.2 Items to be Included in the Introduction

Anl.2.1  Principal Dimensions
The introduction of the loading manual is to contain general explanatory notes on the construction, arrangement,
characteristics and compartments of the ship, including the principal dimensions.

Anl.2.2  Precautions for Loading

1  The following precautions regarding loading are to be described in the loading manual:

(1) For the standard loading conditions, the results of the general hull strength analysis, including the primary
supporting structure strength and local strength and the operational precautions based on the analysis results.

(2) For loading conditions different from the standard loading conditions, precautions regarding the prevention of
excessive stress on the hull

(3) Precautions regarding weight shifting involving the transfer of ballast water and cargo under the standard loading
conditions or any other loading conditions

(4) Precautions related to the filling level of ballast tanks as specified in An1.2.1-2, Annex 4.3 “Guideline for the
Assessment of Longitudinal Strength Relating to Ballasting/Deballasting”.

2 Although the specific content may differ depending on the ship, a loading manual is generally to be prepared while

carefully noting the following points:

(1) The minimum bow draught required for the structural strength of the strengthened bottom forward

(2) Limitation to the apparent specific gravities of cargoes in cargo holds and the loading heights therein

(3) Acceptability of alternate loading and two-port loading, etc.

(4) Limitation to liquid levels in tanks

(5) Limitation to loading with respect to local strength and primary supporting structure strength (e.g. limitations on
the maximum design cargo weight on deck or hatch covers)

(6) Limitation to loading with respect to longitudinal hull strength

(7) Precautions for ballasting/deballasting, dry-docking and the like
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Anl.2.3  Allowable Values for Still Water Vertical Bending Moment and Still Water Vertical Shear Force

1  Among the allowable values for still water vertical bending moment to be included in the loading manual, those
for ships on voyage are to be Mgy 14 and Mgy 1in, as specified in 4.3.2. The allowable values for ships in harbour
are to be Mpr pmax and Mpr in, as specified in 4.3.3.

2 Among the allowable values for still water vertical shear force to be included in the loading manual, those for
ships on voyages are to be Qsy max and Qsy min, as specified in 4.3.2. The allowable values for ships in harbour are
tobe Qpr max and Qpr min, as specified in 4.3.3.

3 Inapplying -1 and -2 above, the values specified in 4.2.2, Part 2-1 and 4.2.3, Part 2-1, instead of those specified
in 4.3.2 and 4.3.3, are to be used for ships subject to the requirements in Part 2-1.

4 In applying -1 and -2 above, individual allowable values are to be specified following the descriptive examples
1.2 and 1.3, Appendix C2. In this case, the plus and minus directions to be specified for the bending moment and shear
force.

5  The stress levels of longitudinal strength are to be specified following descriptive example 1.4, Appendix C2.

Anl.2.4  Allowable Values for Hull Torsional Moment (Still Water Torsional Moment) Due to Uneven Cargo
Loading
For ships subject to the specifications in 5.5, Part 2-1, the allowable values for still water torsional moment are
to be specified.

Anl.3 Standard Loading Conditions

Anl.3.1 Standard Loading Conditions
1  The loading manual is to contain the following loading conditions upon which the approval of the scantlings of
hull structural members is based:
(1) Container carriers, general cargo ships, roll-on/roll-off ships, refrigerated cargo ships, bulk carriers, ore carriers,
car carriers, wood chip carriers, etc.
(a) Light load condition
(b) Ballast conditions (at arrival and departure)
(c) Homogeneous loading conditions of cargo (at arrival and departure)
(d) All non-homogeneous loading conditions as given in this specifications (at arrival and departure)
(e) Specially approved loading conditions for short voyages or in smooth water, where necessary
(f) Temporary severe loading conditions during cargo loading or unloading, where necessary
(g) Conditions for entering dry dock while afloat
(2) Tankers
(a) Light load condition
(b) Ballast conditions (at arrival and departure)
(c) Homogeneous loading conditions of cargo (at arrival and departure)
(d) All non-homogeneous loading conditions as given in this specifications (at arrival and departure)
(e) Conditions that largely differ from the standard ballast condition due to tank cleaning or other work while
the ship is at sea
(f) Temporary severe loading conditions during cargo loading or unloading, where necessary
(g) Conditions for entering dry dock while afloat
(3) Ships carrying dangerous chemicals in bulk
(a) Light load condition
(b) Ballast conditions (at arrival and departure)
(c) Homogeneous loading conditions of cargo (at arrival and departure)
(d) All non-homogeneous loading conditions as given in this specifications (at arrival and departure)
(e) Conditions that largely differ from the standard ballast condition due to tank cleaning or other work while
the ship is at sea
(f) Temporary severe loading conditions during cargo loading or unloading, where necessary
(g) Conditions for entering dry dock while afloat
(h) Loading conditions specified in the operation manual
(i) Loading conditions for cargo items included in the approved list of cargoes, which are of a high density or
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require heating or isolated stowage.

(4) Ships carrying liquefied gases in bulk
(a) Light load condition
(b) Ballast conditions (at arrival and departure)

(¢) Homogeneous loading conditions of cargo (at arrival and departure)

(d) Loading conditions involving empty or partially loaded tanks

(e) Loading conditions where two or more kinds of cargoes with largely different specific gravity are loaded in
different tanks

(f) Conditions in smooth water where increased vapour pressure is approved

(g) Temporary severe loading conditions during cargo loading or unloading, where necessary

(h) Conditions for entering dry dock while afloat

(5) Combination carriers
(a) The same conditions as specified in (1) and (2) above

2 In addition to those in -1 above, the following loading conditions are to be included in the standard loading

conditions:

(1) For ships with design loading conditions that assume any ballasting and/or deballasting during voyages, the
conditions of individual ballast tanks immediately before and after ballasting/deballasting are to be included as
intermediate conditions between the arrival and departure conditions. For the setting of such intermediate
conditions and the matters to be covered in the loading manual, refer to Annex 4.3 “Guideline for the Assessment
of Longitudinal Strength Relating to Ballasting/Deballasting”.

(2) Any intermediate stage during a voyage, which is considered severe in terms of hull strength due to changes in
the weight and disposition of consumables.

(3) Other loading conditions deemed necessary by the Society.

3 Restrictions imposed for operation of the ship in the standard loading conditions, if any, are to be specified.

Anl.3.2  Relationship with Hull Girder Loads

1  The following results of calculations of longitudinal strength for individual loading conditions are to be included

in the loading manual. However, if included in the Ballast Water Management Plan, the calculation results in (3) need

not to be included in the loading manual.

(1) Still water vertical bending moment and still water vertical shear force and allowable values therefor

(2) Stress levels related to longitudinal strength

(3) Results of calculations of vertical bending moment and vertical shear force in temporary partial loading conditions
during ballast water exchange using the sequential method

(4) Still water vertical bending moment and still water vertical shear force in flooded cargo holds, and the allowable
values therefor, where loads in flooded conditions are design considerations

(5) For ships subject to Part 2-1, still water torsional moment and allowable values therefor

2 To help readily grasp the relationship between loading conditions and hull strength under the standard loading

conditions and to facilitate the planning of the loading operation, the results of calculations of the still water bending

vertical moment (M) and still water vertical shear force (Qg,) in each condition are to be projected into graphical

illustrations, together with the respective allowable values. In this case, the plus and minus directions are also to be

specified for Mg, and Qgyp.

3 The results of calculations of Mg, and Qg for each loading condition are to be concisely shown on a single

page or a double-page spread as far as practicable, together with the arrangement plan of the compartments (tanks and

cargo holds), the cargo stowage table and the results of trim and stability calculations.

4  Descriptive examples of -2 and -3 above are shown in 1.5, Appendix C2.

Anl.3.3  Strength-related Restrictions

1  Where any restrictions, such as those shown by examples (1) to (3) below, are imposed for operation of the ship,

the following matters are to be included in the loading manual:

(1) Restrictions due to the deck load Py, (kN/m?), as specified in 4.4.2.7

(2) Operational and cargo loading restrictions set at the design phase

(3) Maximum permissible cargo mass calculated for cargo holds in accordance with the specifications in Chapter 3,
Part 2-2, Chapter 3, Part 2-3 or Chapter 3, Part 2-4. Maximum and minimum permissible cargo masses
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corresponding to the draught, where the permissible cargo mass varies depending on the draught. Where the
permissible cargo masses concerned are used, a note to the following effect is to be included: Where the ship
engages in a service carrying cargoes such as steel coils or heavy cargoes that may have an adverse effect on the
local strength of the double bottom and that are not described as cargo in the loading manual, special consideration
is to be given to the longitudinal and double bottom strength.
2 Where the slamming impact pressure is to be reduced in accordance with the specifications in 4.8.2.2 in the
examination of the strength of the constituent members for compartments intended to be filled continually with
seawater when in a ballast condition, it is to be stated in the loading manual that the relevant ballast tanks are to be
filled in heavy weather conditions.
3 For ships whose longitudinal strength was assessed on the condition that the times when ballasting/deballasting
operations may be conducted are specified or limited, the time parameters for their ballasting/deballasting and
appropriate instructions regarding their ballasting/deballasting based on these time parameters are to be specified in the
loading manual.
4  For ships without restrictions on ballasting/deballasting in conditions different from those assumed for the
longitudinal strength assessment (e.g. conditions of consumables), it is to be stated in the loading manual that the
longitudinal strength of the ship is to be assessed while carefully noting the filling level of the ballast tanks.
5  For ships other than liquefied gas carriers intended to be loaded with cold liquid cargoes, the design minimum
temperature is to be specified in the loading manual.
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Chapter 4

LOADS

For symbols not specified in this Chapter, refer to 1.4.

x,y,z: X, Y and Z coordinates (m) of a point on which a load acts or for which acceleration is calculated in the

coordinate system specified in 1.4.3.6.

4.1

4.1.1

4.1.1.1

General

Overview

Composition and Overview of this Chapter

The sections of this Chapter specify the requirements shown in Table 4.1.1-1 as formulae for determining the

structural scantlings and loads used in the respective strength assessments specified in the corresponding chapters of

Part C.
Table 4.1.1-1 Overview of Chapter 4
Section Title Overview
4.1 General Requirements related to general principles in Chapter 4
4.2 Ship Motions and Accelerations | Requirements related to ship motions and accelerations
Loads to be Considered in | Requirements for hull girder loads to be considered in the requirements
4.3 Longitudinal Strength of longitudinal strength specified in Chapter 5
Loads to be Considered in Local | Requirements for loads to be considered in the requirements of local
44 Strength strength specified in Chapter 6
Loads to be. Considered | Requirements for loads to be considered in the requirements of strength
4.5 Strength of Primary Supporting of primary supporting structures specified in Chapter 7
Structures p ty supp & P P
Loads to be Considered in Requirements for loads to be considered in the requirements for strength
4.6 Strength Assessment by Cargo assessment by cargo hold analysis specified in Chapter 8
Hold Analysis y cate YSIS sp P
4 Loads to be Considered in | Requirements for loads to be considered in the requirements of fatigue
7 Fatigue strength assessment specified in Chapter 9
Loac}; to be Considered in Requirements for loads to be considered in additional structural
4.8 Additional Structural . . .
Requirements requirements specified in Chapter 10
Loads to be Considered in|Requirements for loads to be considered in the requirements of
4.9 Structures Outside Cargo Region | structures outside cargo region specified in Chapter 11
. .| Requirements for loads to be considered in the requirements of strength
Loads to be Considered in . . . .
4.10 . of hatch covers, etc., among the requirements of equipment specified in
Equipment
Chapter 14
A Guideline for loading conditions to be considered in ships intended to
Guideline for the Assessment of be operated with partially filled ballast tanks during voyage, and in ships
Annex 4.3 | Longitudinal Strength Relating to p p Y g voyage, p

Ballasting/Deballasting

where any ballasting and/or deballasting of ballast tanks is inteded
during voyage
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4.1.2 Design Load Scenarios and Loads to be Considered

4.1.2.1

1  The following loads are, in principle, to be considered corresponding to the design load scenarios specified in

1.3.2.8.

(1) Maximum load condition:Hull girder loads such as vertical still water and wave bending moments acting on the
hull during voyage as well as lateral loads due to seawater, cargoes, etc.

(2) Harbour condition: Hull girder loads such as vertical bending moment acting on the hull in harbour and
sheltered areas, and lateral loads due to seawater, cargoes, etc.

(3) Testing condition: Lateral loads acting on the hull during hydrostatic testing

(4) Flooded condition: Lateral loads and hull girder loads due to flooding which may occur in an accident such

as collision or grounding

(5) Cyclic load condition: ~ Loads representing the load conditions to be considered when assessing fatigue strength,
and hull girder loads such as vertical still water and vertical wave bending moments acting
on the hull and lateral loads due to seawater, cargoes, etc.

2 Consideration of additional design load scenarios and loads not specified in this Chapter may be required where

deemed necessary by the Society.

4.1.3 Definitions

4.1.3.1 Coordinate System
The definition of the coordinate system is as specified in 1.4.3.6.

4.1.3.2 Ship Motions and Accelerations
The definitions of ship motions and accelerations are given in Table 4.1.3-1 and Fig. 4.1.3-1.

Table 4.1.3-1 Sign Convention for Ship Motions and Accelerations

Definition of positive and negative

Surge Positive surge and surge acceleration are translation in the X-axis (positive forward).
Sway Positive sway and sway acceleration are translation in the Y-axis (positive portside).
Heave Positive heave and heave acceleration are translation in the Z-axis direction (positive upwards).
Roll Positive roll and roll acceleration are positive rotation about a longitudinal axis through the centre of
0 .
gravity (starboard downward and port up).
Pitch Positive pitch and pitch acceleration are rotation about a transverse axis through the centre of gravity
itc
(bow downward and stern up).
v Positive yaw and yaw acceleration are rotation about a vertical axis through the centre of gravity
aw

(bow in port side and stern in starboard side).

Fig. 4.1.3-1 Definitions of Positive Ship Motions and Accelerations

Heave

A

Yaw \)

Centre of
gravity
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4133 Hull Girder Loads
The sign conventions for vertical shear force, vertical bending moment, horizontal bending moment and torsional
moment at any transverse section of the hull are given in Table 4.1.3-2 and Fig. 4.1.3-2.

Table 4.1.3-2 Sign Conventions for Vertical Shear Force, Vertical Bending Moment, Horizontal Bending Moment and
Torsional Moment

Definitions of positive and negative

Positive in the case of upward resulting force acting forward of the transverse section
Vertical shear force (kN) of the hull under consideration, and downward resulting force acting aft of the
transverse section of the hull under consideration.

Vertical bending moment Positive (hogging) when inducing tensile stress in the strength deck and negative

(kN-m) (sagging) when inducing tensile stress in the bottom.
Horizontal bending Positive when inducing tensile stress in the starboard side and inducing tensile stress in
moment (kN-m) the port side.

Positive in the case of resulting moment acting aft of the transverse section of the hull
Torsional moment (kN-m) | following negative around the X-axis and resulting moment acting forward of the

transverse section of the hull following positive around the X-axis

Fig. 4.1.3-2 Sign Conventions for Vertical Shear Force, Vertical Bending Moment, Horizontal Bending Moment and
Torsional Moment

Vertical shear force |+ W (+) v ;
Afte Fore:
Vertical bending moment 1 ( + > ;
Afto Fore
Horizontal bending (+)
moment
Afte Fore.
[ R I
Torsional moment

Afto Fore:

4.14 Restricted Navigation

4.14.1 General

Notwithstanding the requirements of this Chapter, for ships registered under the condition that the requirements
of 1.2.2, Part A are applicable and the navigation area is restricted, the wave loads may be given based on the sea state
conditions in the restricted navigation area, in accordance with Annex 1.1 “Special Requirements for Restricted

Service”.
4.1.5 Others
4.1.5.1 Trigonometric Function

The notation of the trigonometric function used in this Chapter is to be in accordance with the circular measure.
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4.2 Ship Motions and Accelerations

4.2.1 General

4.2.1.1 General

1  The six degrees of freedom acceleration at the centre of gravity of the ship and the ship motion in this Chapter are
to be as given in 4.2.2 and 4.2.3 unless otherwise specified.

2 The envelope accelerations at any position in this Chapter are to be as given in 4.2.4 unless otherwise specified.

4.2.2 Ship Motions

4.2.2.1 Roll Motion
Roll period Ty (s) and roll angle 6 (rad) are to be as given in Table 4.2.2-1.

Table 4.2.2-1 Roll Period Ty and Roll Angle 6
Period (s) Roll angle (rad)

T = LeBTucCp 1cKox® + Ag
o 9LcBTycCp 1c - GM

0 = 3.72Cr gCpr CaoRaHs g

Notes:
K,,: Radius of gyration (m) around the X-axis to be taken as follows. However, the value calculated based on the
weight distribution corresponding to the loading condition under consideration may be used.
For the full load condition of ships other than ore carriers, 0.35B
For the full load condition of ore carriers, 0.25B
For the ballast condition, 0.40B
Ag: As given by the formula:

z 0.006B
Ag = LcB*Cyy (%% (—0.0656 +0.013 — )

z; — 0.69B
Zq: Z coordinate (m) at the centre of gravity of the ship. The value!” in the loading condition under
consideration, which is described in the loading manual, is to be adopted.
GM: Metacentric height (m). The value®? in the loading condition under consideration, which is described in the
loading manual, is to be adopted.
Cyr ¢: Coefficient to be taken as:
For the maximum load condition®, C.z g = Cg ¢Cyy g
Cr g: Coefficient considering the effect of ship operation, to be taken as 0.85
Cy1_g: Coefficient considering nonlinear effects, to be taken as 0.8
For the cyclic load condition®, Cyr g = Cpy ¢Cry 0
Cr1 ¢: Coefficient considering speed effects, to be taken as 0.95
Cr; ¢: Conversion coefficient for the exceedance probability level to be considered in the fatigue strength
assessment, to be taken as 0.23
Cgy: Coefficient considering the effect of bilge keel®, to be taken as:

For ’BBK/LC = 0.3, CBK =1.0
24pk
For ’EBK/LC < 0.3, CBK =12——-——
3 L
€k Length of bilge keel (m), but for ships without a bilge keel, to be taken as 0.
C4 @ Conversion factor for short-crested irregular waves, as given by the formula:
Cyo = C41Cy;
C41, C4y : As given by the following formulae:
Cyy =0.12

1 0.04
Cyp =143 ————
2 (LCBTLCCBLC)

R, :  Coefficient representing the ship motion in regular waves, to be taken as:

1 0.3
R, =1.41
! <T923>
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Hg o : Significant wave height (m) given by the following formula, but not to be less than 2.0.
Hs g = —0.21T; g + 5.07T; g — 15.7
Tz : Average zero up crossing wave period (s), as given by the following formula:
T, 9 =0.71T¢ + 1.5

(1) The relevant requirements in Part 2 may be applied where the value is not available.
(2) GM is not to be less than 0.002B2.
(3) To be used for the loads in the maximum load condition among the loads specified in 4.4, 4.5 and 4.6.

(4) To be used for the loads in the cyclic load condition specified in 4.7.

(5) It is assumed that the bilge keel is attached to effective positions for roll damping.

4.2.2.2 Pitch Motion
Pitch period Ty (s) and pitch angle ¢ (rad) are to be as given in Table 4.2.2-2.

Table 4.2.2-2 Pitch Period T, and Pitch Angle ¢

Period (s) Pitch angle (rad)
2.6mL
Ty = 5 < ¢ =3.72C,r $CsoRsHs 4

Notes:
Crr_¢: Coefficient to be taken as:
For the maximum load condition), Cyr ¢ = Cr 4Cpy ¢
Cr_¢ Coeficient considering the effect of ship operation, to be taken as 0.85
Cyi_g: Coefficient considering nonlinear effects, to be taken as 0.9
For the cyclic load condition®, Cpr ¢ = Cpy Crz ¢
Cr1_¢: Coefficient considering speed effects, to be taken as 1.11
Cry_¢: Conversion coefficient for the exceedance probability level to be considered in the fatigue strength
assessment, to be taken as 0.22
Cso: Conversion factor for short-crested irregular waves, to be taken as:
Cso = Cs51Cs;
Cs1,Cs,:  As given by the following formulae:
Csy = 0.12(LeBCy 1)
Cs, = 0.97
Rs: Coefficient representing the ship motion in regular waves, to be taken as:

Ry =Cs3———
57 " LeCw e

Cs3 As given by the following formula:

. . 5( B )0.25
53 = L2\ T 2
LcChic?

Hs ¢ @ Significant wave height (m) given by the following formula, but not to be less than 2.0.
Hg ¢ = —0.21T; 4% 4 5.07T; 4 — 15.7
Ty ¢ : Average zero up crossing wave period (s), to be taken as:

1 0.13
T, =26 — T,
~e (LCBCWLC) ¢

(1) To be used for the loads in the maximum load condition among the loads specified in 4.4, 4.5 and 4.6.

(2) To be used for the loads in the cyclic load condition specified in 4.7.
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4.2.3 Accelerations at the Centre of Gravity of Ships

4.2.3.1 Surge Acceleration
Surge acceleration a, (m/s?) at the centre of gravity of the ship is to be as given in Table 4.2.3-1.

Table 4.2.3-1 Surge Acceleration a, at the Centre of Gravity of the Ship

Surge acceleration a, (m/s%)

al = 3.72CLF_a1C10Ra1HS_a1

Notes:
Cir a1: Coefficient to be taken as:
For the maximum load conditionV), Cpz 41 = Cg 41Cny a1
Cr_a1: Coefficient considering the effect of ship operation, to be taken as 0.85
Cni a1 - Coefficient considering nonlinear effects, to be taken as 0.9
For the cyclic load condition®, Cip 41 = Cpy 01Crz a1
Cr1_a1: Coefficient considering speed effects, to be taken as 0.98
Crz_a1: Conversion coefficient for the exceedance probability level to be considered in the fatigue strength
assessment, to be taken as 0.23.
Ci0: Conversion factor for short-crested irregular waves, to be taken as:
Cio = C11C1
Ci1,C12:  As given by the following formulae:
Ci1 =02
Ci, = 0.94
R,;: Coefficient representing the acceleration in regular waves, to be taken as:

2
Ral = _0'45CB_LCA_LC + 1.32
al

Aq1: Wavelength (m), to be taken as:
Agr = 212LcCp 1c + 29.6
Hyg 44: Significant wave height (m) given by the following formula, but not to be less than 2.0.
Hg gy = —0.21T; g% + 5.07T 41 — 15.7
Tz 41: Average zero up crossing wave period (s), to be taken as:

1 >0.26 27-[/’{(11

TZ_al = 3.23 <E g

(1)  To be used for the loads in the maximum load condition among the loads specified in 4.4, 4.5 and 4.6.

(2)  To be used for the loads in the cyclic load condition specified in 4.7.
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4.2.3.2 Sway Acceleration
Sway acceleration a, (m/s?) at the centre of gravity of the ship is to be as given in Table 4.2.3-2.

Table 4.2.3-2 Sway Acceleration a, at the Centre of Gravity of the Ship

Sway acceleration a, (m/s?)

ay = 3.72CF q2C50Ra2Hs o2

Notes:
Cyr a2 Coefficient to be taken as:
For the maximum load condition"), C;r 45 = Cr 42Cn1 a2
Cr_q2: Coefficient considering the effect of ship operation, to be taken as 0.85
Cnp a2 @ Coefficient considering nonlinear effects, to be taken as 0.9
For the cyclic load condition®, Cpr 4o = Cr1 q2Cr2 a2
Cr1 a2 Coefficient considering speed effects, to be taken as 1.04
Cr,_a2: Conversion coefficient for the exceedance probability level to be considered in the fatigue strength
assessment, to be taken 0.23
C,o: Conversion factor for short-crested irregular waves, to be taken as:
Cy0 = C21C2
Cy1,Cy,:  As given by the following formulae:
C,1 = 0.027(InL;) + 0.06
C,, = 0.68
R,,: Coefficient representing the acceleration in regular waves, to be taken as:

2r

Ry = 6.7

Aq2: Wavelength (m), to be taken as:
A = 3.0(LcBTycCpic)”
Hjg 4,: Significant wave height (m) given by the following formula, but not to be less than 2.0
Hg g = —0.21T; g,* + 5.07Ty 4 — 15.7
Tz 42: Average zero up crossing wave period (s), to be taken as:

P

1
Tz_az = 1.87 <_) g

B

(1)  To be used for the loads in the maximum load condition among the loads specified in 4.4, 4.5 and 4.6.

(2)  To be used for the loads in the cyclic load condition specified in 4.7.
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4.2.3.3 Heave Acceleration

Heave acceleration as (m/s?) at the centre of gravity of the ship is to be as given in Table 4.2.3-3.

Table 4.2.3-3 Heave Acceleration a, at the Centre of Gravity of the Ship

Heave acceleration as (m/s?)

as = 3.72C;F 43C50Ra3Hs o3

Notes:
Cir a3: Coefficient to be taken as:
For the maximum load conditionV), Cir 43 = Cg 43Cny a3
Cr_a3: Coefficient considering the effect of ship operation, to be taken as 0.85
Cn1_q3: Coefficient considering nonlinear effects, to be taken as 0.9
For the cyclic load condition®, Cip 43 = Cpy 43Crz a3
Cr1_g3: Coefficient considering speed effects, to be taken as:
Cr1q3 = 1.1+ 0.18f7

assessment, to be taken as 0.24
C3,: Conversion factor for short-crested irregular waves, to be taken as:
C30 = C31C3
C31,C35:  As given by the following formulae:
0.18
Cs31 = 0.03(LcBCy 1)
C32 = 0.72
R,3: Coefficient representing the acceleration in regular waves, to be taken as:

2n
R, s = 1.29 g

exp(—T G )
BCB_LCO'IZCW_LCO'SS I LC™VP_LC

Aqz - Wavelength (m), to be taken as:
2n ZCW LCZ
= T.cC + 0.11nB ————
Cw Lc ( LemB-Le " Cwrct+1
Hj 43: Significant wave height (m), given by the following formula, but not to be less than 2.0
Hs_a3 = _0'21TZ_G.32 + 5'07TZ_113 - 157
Tz 43: Average zero up crossing wave period (s), to be taken as:

. s 1 0.16 21,3
Zas—m LeBCy 1c g

/‘la3

Cr,_q3: Conversion coefficient for the exceedance probability level to be considered in the fatigue strength

(1) To be used for the loads in the maximum load condition among the loads specified in 4.4, 4.5 and 4.6.

(2) To be used for the loads in the cyclic load condition specified in 4.7.

4.2.3.4 Roll Angular Acceleration
Roll angular acceleration a, (rad/s?) at the centre of gravity of the ship is to be as given in Table 4.2.3-4.

Table 4.2.3-4 Roll Angular Acceleration a, at the Centre of Gravity of the Ship

Roll angular acceleration a, (rad/s?)

2m\?

Notes:
0, Ty: As specified in Table 4.2.2-1
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4.2.3.5 Pitch Angular Acceleration
Pitch angular acceleration as (rad/s?) at the centre of gravity of the ship is to be as given in Table 4.2.3-5.

Table 4.2.3-5 Pitch Angular Acceleration a- at the Centre of Gravity of the Ship

Pitch angular acceleration ag (rad/s?)

2T z
4= “’(ﬁ)

Notes:
¢, Ty: As specified in Table 4.2.2-2

4.2.3.6 Yaw Angular Acceleration
Yaw angular acceleration ag (rad/s?) at the centre of gravity of the ship is to be as given in Table 4.2.3-6.

Table 4.2.3-6 Yaw Angular Acceleration a¢ at the Centre of Gravity of the Ship

Yaw angular acceleration a, (rad/s?)

g = 3.72C1F 46C60Ra6Hs a6

Notes:
Cir a6: Coefficient to be taken as:
For the maximum load condition, Cir g6 = Cr 46Cni as
Cr q6: Coefficient considering the effect of ship operation, to be taken as 0.85
Cn1_ae: Coefficient considering nonlinear effects, to be taken as 0.9
For the cyclic load condition, Crr 46 = Cr1 g6 Cr2 a6
Cr1 g6 Coefficient considering speed effects, to be taken as 1.09
Cr2_a6: Conversion coefficient for the exceedance probability level to be considered in the fatigue strength
assessment, to be taken as 0.23
Ceo: Conversion factor for short-crested irregular waves, to be taken as:
Coo = Co1Cs2
Ce1,Co2 © As given by the following formulae:
Ce1 = 0.18
Cez = 0.7
R, Coefficient representing the angular acceleration in regular waves, to be taken as:

K,,: Radius of gyration (m) around the Z-axis, to be taken as:
K,, = 0.25L;
Hs 46 Significant wave height (m) given by the following formula, but not to be less than 2.0
Hg 46 = —0.21T; 46> + 5.07T; 46 — 15.7
T, 46: Average zero up crossing wave period (s), to be taken as:

2T A g
TZ_a6 = 071 g + 25

Aae: Wavelength (m), to be taken as:
Aaﬁ = O6LC
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4.2.4 Envelope Accelerations

4.2.4.1 Envelope Accelerations at Any Position
Envelope accelerations in the ship’s longitudinal direction ay, (m/s®), those in transverse direction ay, (m/s%)
and those in vertical direction az, (m/s?) at any position are given in Table 4.2.4-1.

Table 4.2.4-1 Envelope Accelerations ay,, ay, and ay, at Any Position

Direction Envelope acceleration ay,, ay, and az, (m/s?)
Longitudinal
or}gl u. na Axye = 0.35\/a12 +[g-sing + as(z — z5)]?
direction
Transverse
L. Qye =\/a22+[g-sin9+a4(z—zc)]2
direction
Vertical > > >
- aze = v as? + {max(0, Css[—g (1 — cos ¢) + as|x — x6[D}? + [max(0, —g(1 — cos ) + a,lyl)]
irection
Notes:

X¢: X coordinate () at the centre of gravity of the ship to be taken as x; = 0.45L.. However, the value calculated
based on the weight distribution corresponding to the loading condition under consideration may be used.

Zg: Z coordinate (m) at the centre of gravity of the ship, the value!) in the loading condition under consideration,
which is described in the loading manual, is to be used.

a,: Surge acceleration (m/s?) at the centre of gravity of the ship, as given in Table 4.2.3-1

a,: Sway acceleration (m/s%) at the centre of gravity of the ship, as given in Table 4.2.3-2

as: Heave acceleration (m/s?) at the centre of gravity of the ship, as given in Table 4.2.3-3

a,: Roll angular acceleration (rad/s?) at the centre of gravity of the ship, as given in Table 4.2.3-4

as: Pitch angular acceleration (rad/s?) at the centre of gravity of the ship, as given in Table 4.2.3-5

0: Roll angle (rad), as given in Table 4.2.2-1

¢: Pitch angle (rad), as given in Table 4.2.2-2

Css: Coefficient to be taken as:

Css = '(03+LC 10)
ss = min . 325, .

(1)  The relevant requirements in Part 2 may be applied where the value is not available.
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4.3 Loads to be Considered in Longitudinal Strength

4.3.1 General

4.3.1.1 General

1  The loads to be considered in the requirements of longitudinal strength specified in Chapter 5 are to be in
accordance with the requirements of this 4.3.

2 The loads in the maximum load condition are to be in accordance with 4.3.2.

3 The loads in the harbour condition are to be in accordance with 4.3.3.

4.3.2 Maximum Load Condition

4.3.2.1 Application

1  The requirements of the wave loads specified in this 4.3.2 are applicable to ships that fall under all of the following
(1) to 3):

(1) L <500

(2) L;/B>5.0

(3) B/D<25

2 For ships which do not fall under any one of (1) to (3) in -1 above or those deemed necessary by the Society, the
vertical wave bending moment and the vertical wave shear force specified in 4.3.2.3 and 4.3.2.4 are to be calculated by
direct load analysis based on the requirements in 1.1.2.4.

3 For ships deemed necessary by the Society, the horizontal wave bending moment and the torsional wave moment
specified in 4.3.2.6 are to be calculated by direct load analysis based on the requirements in 1.1.2.4.

4.3.2.2 Vertical Still Water Bending Moment and Vertical Still Water Shear Force

1  The maximum and minimum values of vertical still water bending moment and vertical still water shear force are

to be the permissible maximum vertical still water bending moment Mgy g, (KN-m), permissible minimum still

water Mgy nin (KN-m), the permissible maximum vertical still water shear force Qgy g, (KN) and permissible
minimum vertical still water shear force Qsy min (kN) during voyage.

2 The values of Mgy 1maxr Msy min, @sv max and Qsy min are, in principle, to be calculated at each transverse

bulkhead in the cargo region, at the middle of cargo hold, at the collision bulkhead, at the machinery space forward

bulkhead and at the mid-point between the forward and aft machinery space bulkheads. The values at any other position
may be obtained by linear interpolation.

3 Msymaxs Msy mins Qsy max and Qsy min at any longitudinal position are to include all the values of the

following (1) and (2):

(1) The maximum vertical still water bending moment and minimum vertical still water bending moment and the
maximum vertical still water shear force and minimum vertical still water shear force in the loading condition
during voyage described in the loading manual specified in 3.8.2

(2) The maximum vertical still water bending moment and minimum vertical still water bending moment and the
maximum vertical still water shear force and minimum vertical still water shear force specified by the designer

4  In the application of -3(2) above, where the ballast conditions in the actual loading plans (including intermediate
conditions specified in An1.3.1-2 of Annex 3.8 “Items to be Included in Loading Manual”) involve partially filled
ballast tanks, such conditions where such ballast tanks are assumed to be empty or full are to be included in the
calculation sheets for longitudinal strength. Where two or more ballast tanks are partially filled simultaneously at
departure, arrival or during the intermediate conditions specified in An1.3.1-2 of Annex 3.8, all possible combinations
with these ballast tanks empty or full are to be considered in the calculation sheet.

5 In the application of -3(2) above, in cargo loaded conditions, the requirements of -4 above may be applied to the

peak tanks only.

6  When ballast water exchange is carried out by the sequential method, the requirements of -4 and -5 above may

not be applied to the conditions at the stage of each ballasting or de-ballasting in the ballast water exchange sequence.

However, bending moment and shear force calculation results in these conditions are to be included in the loading

manual or the ballast water management plan of any vessels that intends to employ the sequential ballast water method.

7 In the application of the requirements of -4 and -5 above, Annex 4.3 “Guideline for the Assessment of

Longitudinal Strength Relating to Ballasting/Deballasting” is to be followed.
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43.2.3
1  The vertical wave bending moment in the hogging condition My,,_, (kN-m) and the vertical wave bending

Vertical Wave Bending Moment

moment in the sagging condition My,,_s (kN-m) at any position are to be obtained from the following formulae:
Myyy_pn = 0.19C,C,L2BCyy
Myy_s = —0.11C,C,L*B(Cy + 0.7)
C,: Coefficient of distribution along the ship length, as specified in Table 4.3.2-1. Intermediate values are to be
obtained by linear interpolation (See Fig. 4.3.2-1).

Table 4.3.2-1 Coefficient of Distribution along the Ship Length, C,

x/L¢ C,

x/Lc <0 0.0

04 <x/L;<0.65 1.0

x/Lc = 1.0 0.0

Fig. 4.3.2-1 Coefficient of Distribution along the Ship Length, C,
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2 In the application of -1 above to ships with high speed and/or large flares, the values specified in Table 4.3.2-2
corresponding to C,, instead of the coefficient C, in -1 above are to be used in the range of 0.65 < x/L. < 1.0.
However, in the sagging condition, the values corresponding to the value of Cf are also to be considered in accordance

with the requirements of Table 4.3.2-2 (See Fig. 4.3.2-2).

Table 4.3.2-2 Coefficient C, (Ships with High Speed and/or Large Flares)

Hogging condition Sagging condition
C, C, £0.28 032<C, €, <0.28 ‘ 032<C, N/A
Cr N/A N/A C; <040 | 050<(f
x/L¢ = 0.65 1.0 1.0 1.0 1.0 1.0 1.0
c,M x/Lc =0.75 5/7 0.8 5/7 0.8 5/7 0.8
x/Lc =1.0 0.0 0.0 0.0 0.0 0.0 0.0
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Notes:

Cyy Cr: As giver(l) l;}]// the following formulae:

C
v \/L—C

02V (Ag — Awr)

Cr = +
4 JLc Lch

Ag: Projected area (m?) onto a horizontal plane of exposed deck forward of 0.2L aft of FE, including the part

forward of FE. Where a forecastle is provided, the horizontal area of the forecastle overlaps the
aforementioned area.

A,,1: Waterplane area (m?) corresponding to the scantling draught, forward of 0.2L. aft of FE.

zg: Vertical distance (/) from the waterline at the scantling draught to exposed deck, measured at FE

(1) Intermediate values of C,, C; and x/L. are to be obtained by linear interpolation.

Fig. 43.2-2  Coefficient of Distribution along the Ship Length C, for Ships with High Speed and/or Large Flares
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C
=
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For 032 <C, or 0.50 < C;

4.3.24 Vertical Wave Shear Force
1 The positive vertical wave shear force Quy_, (kN) and negative vertical wave shear force Quy_,, (kN) at any
position are to be obtained from the following formulae:
Qwv—p = 0.3C;Cy,LcB(Cpy + 0.7)
Qwv-n = —0.3C1C5,LcB(Cpy + 0.7)
Cyp: Coefficient of distribution along the ship length, as specified in Table 4.3.2-3. Intermediate values are to
be obtained by linear interpolation (See Fig. 4.3.2-3).
C,n: Coefficient of distribution along the ship length, as specified in Table 4.3.2-3. Intermediate values are to
be obtained by linear interpolation (See Fig. 4.3.2-4).

Table 4.3.2-3 Coefficient of Distribution along the Ship Length, C,, and C,,

x/L¢ Cop Con
x/Le <0 0.0 0.0
02<x/L,<0.3 0.92C; 0.92
04 <x/L.<0.6 0.7 0.7
0.7 <x/L; <0.85 1.0 Cs
x/Le =2 1.0 0.0 0.0
Notes:
C5: As given by the following formula:
190Cg,
Cg -
110(Cgy + 0.7)
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Fig. 4.3.2-3  Coefficient of Distribution along the Ship Length, C,,
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Fig. 4.3.2-4  Coefficient of Distribution along the Ship Length, C,,
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4.3.2.5 Combinations of Loads
The case where the hogging moment is maximised and the case where the sagging moment is maximised are to

be considered by combining the hull girder loads in still water and waves for the strength assessment (See Table 4.3.2-
4 and Fig. 4.3.2-5).

Table 4.3.2-4 Combinations of Vertical Bending Moments and Vertical Shear Forces in Still Water and Waves

Vertical bending moment Vertical shear force
Load case -
In still water In wave In still water In wave
y For x < 0.5L¢, Qsy max For x < 0.5L¢, Quy—p
Hoggin, My _
seme Svmax wr-n For x > 0.5L¢, Qsy_min For x > 0.5L¢, Quy_n
Sazaing( y y For x < 0.5L¢, Qsy_min For x < 0.5L¢, Quy—n
aggin i -
geing SVmin wv=s For x > 0.5L¢, Qsy max For x > 0.5L¢, Quy—p
Notes:

MSV,maxr MSV,minr QSV,maxr QSV,min: As SpeCiﬁed in4.3.2.2
Myyy_n, My _g: As specified in 4.3.2.3
Qwv —p) Qwy—n: As specified in 4.3.2.4

(1)  Where the minimum value of the vertical still water bending moment is hogging moment, the said hogging moment is taken as Mgy nin-
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Fig. 4.3.2-5 Schematic Diagram of Load Combinations for Determining Load Cases Where Hogging Moment and
Sagging Moments in Table 4.3.2-4 are Maximised
My My Osr

Hogging

AE FE AE

Where the minimum value of

Mgy is hogging, that value is Sagging
used.
4.3.2.6 Horizontal Bending Moment and Torsional Moment

For ships where the breadth of the hatchways exceeds 0.7B in the midship part, horizontal wave bending moment,
torsional still water moment and torsional wave moment are to be considered.

4.3.3 Harbour Condition

4.3.3.1 Vertical Bending Moment in Harbour

1  The vertical bending moments to be considered in the harbour condition are to be the maximum vertical bending
moment in harbour Mpy 1,4, (AN-m) and the minimum vertical bending moment in harbour Mpy i, (KN-m).

2 Mpr max 18 to be not less than 1.1 fimes the permissible maximum vertical still water bending moment during
voyage Mgy max specified in 4.3.2.2. Mpr i is to be not more than 1.1 times the permissible minimum vertical still
water bending moment during voyage Mgy i specified in 4.3.2.2.

3  Notwithstanding -2 above, where the maximum vertical bending moment and the minimum vertical bending
moment in the loading condition in harbour, in consideration of the loading/unloading sequence, are specified by the
designer, the said values are to be considered. In this case, values of Mpr 4, less than that the value in -2 above and
Mpr min greater than the value in -2 above may be used. However, Mpr 4, is not to be less than Mgy .4, and
Mpr min 1S not to be greater than Mgy 1.

4.3.3.2 Vertical Shear Force in Port

1  The vertical shear forces to be considered in the harbour condition are to be the maximum vertical shear force in
harbour Qpr mqy (kN) and the minimum vertical shear force in harbour Qpr i (AN).

2 Qpr max 1s to be not less than 1.1 times the permissible maximum vertical still water shear force during voyage
Qsv max specified in 4.3.2.2. Qpr i is to be not more than 1.1 fimes the permissible minimum vertical still water
shear force during voyage Qsy min specified in 4.3.2.2.

3  Notwithstanding -2 above, where the maximum vertical shear force and the minimum vertical shear force in the
loading condition in harbour, in consideration of the loading/unloading sequence, are specified by the designer, the
values are to be considered. In this case, values of Qpr mqx less than the value in -2 above and Qpr i, greater than
the value in -2 above may be used. However, Qpr 4, isnottobelessthan Qgy gy and Qpr min 1S notto be greater

than Qsv_min-
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4.4 Loads to be Considered in Local Strength

4.4.1 General

4.4.1.1 General

The loads to be considered in the requirements of local strength in Chapter 6 are to be as specified in this 4.4.
The loads in the maximum load condition are to be in accordance with 4.4.2.

The loads in the testing condition are to be in accordance with 4.4.3.

The loads in the flooded condition are to be in accordance with 4.4.4.

N B W N -

Where design loads exceeding the loads specified in -2 to -4 above are given, the said loads are to be considered
additionally (e.g. where the pressure which may occur using the ballast water management system or due to ballasting
in ballast water exchange exceeds the load specified in each requirement).

4.4.2 Maximum Load Condition

4.4.2.1 Load Condition

1  Loads based on the load conditions specified in Table 4.4.2-1 are to be considered.

2 Consideration of load conditions other than those in -1 above may be required where deemed necessary by the
Society.

Table 4.4.2-1 Concept of Load Conditions

Load condition Representative feature (in the midship part)
HF Vertical wave bending moment is maximum.
RP Hydrodynamic pressure is maximum.

4.4.2.2 Lateral Loads
1  External pressure P, (kN/m?) acting on outer shell is to be obtained from the following formula, but not to be
less than 0. The load conditions specified in 4.4.2.1 are to be considered.

Pox = Pexs + Pexw

Py : Hydrostatic pressure (kN/m?), as specified in Table 4.4.2-2

Pow : Hydrodynamic pressure (kN/m?), as specified in Table 4.4.2-2
2 Internal pressure P;, (kN/m?)acting on the hull or tanks due to loaded materials, such as cargo and ballast water,
is to be obtained from the following formula, but not to be less than 0. The load conditions specified in 4.4.2.1 are to
be considered.

Pin = Pins + Pina

P : Static pressure (kN/m?) , as specified in Table 4.4.2-2

Ping : Dynamic pressure (kN/m?) , as specified in Table 4.4.2-2
3 Notwithstanding -2 above, deck load Py, (kN/m?) due to unspecified cargoes and stores in general cargo ships,
etc., is to be obtained from the following formula, but not to be less than 0.

Pax = Paks + Paga

P Static pressure (kN/m?) due to unspecified cargoes and stores in general cargo ships, as specified in Table

4.4.2-2
Pyiq: Dynamic pressure (kN/m?) due to unspecified cargoes and stores in general cargo ships, as specified in
Table 4.4.2-2

4  Green sea pressure Pgy, (kN/m?) is to be as specified in Table 4.4.2-2
5  For members to which the design load is given, that value is to be used. However, the value of the design load is
not to be smaller than any internal pressure derived from the loading condition specified in the loading manual.
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Table 4.4.2-2 Lateral Loads

Internal pressure Py, Deck loads Py, and Pgy,
External Liquid loaded Unspecified
pressure P, (e.g. liquid Dry bulk cargo Other than at cargoes and Green sea
cargo, ballast left stores in general pressure
water) cargo ships, etc.
Pexs PinSZPls PinSZPbs PinSZsz Pdks
(4.4.2.3-1) (4.4.2.4-1) (4.4.2.5-1) (4.4.2.6) (4.4.2.7-1) Pew
Poxw Ping = Pq Ping = Ppa Ping = Pxa Paka (4.4.2.8)
(4.4.2.3-2) (4.4.2.4-2) (4.4.2.5-2) (4.4.2.6) (4.4.2.7-2)
Notes:
The numbers in parentheses () indicate the sections of the referenced requirements.

4.4.2.3 External Pressure due to Seawater

1  Hydrostatic pressure P, (kN/m?) corresponding to the scantling draught T, is to be considered (See Table
4.4.2-3).

Table 4.4.2-3 Hydrostatic Pressure P,

Position under consideration Hydrostatic pressure P, (kN/m?)
z<Ts¢ pg(Tsc — 2)
z > Tsc 0

2 Hydrodynamic pressure P, (kN/m?) specified in Table 4.4.2-4 is to be considered.

Table 4.4.2-4 Hydrodynamic Pressure P,

Position under consideration Hydrodynamic pressure P,,,, (kN/m?)
z T
z < TSC PEXW = O'SCRCNLCWD [(Pd - PL‘) COS ((2 - T_ - CyB)E> + (Pd + PC)
sc
Tsc <z <Tsc+ hy Py, — pg(z — Tsc)
Notes:

Cr: Coefficient considering the effect of ship operation, to be taken as 0.85
Cy: Coefficient considering nonlinear effects, to be taken as 0.9
Cyp: Coefficient for load condition, as given by the following formulae:

In HF,

X
For x/L¢ < 0.2,Cyp = (—2.6 — 1.zcyB)L— +1.0

C

X
For 0.2 < x/L¢ < 0.4,Cyp = (2.6 — 1.8Cy5) L 0.04 4+ 0.12Cy 5
For 0.4 < x/L¢ < 0.5,Cyp = 1.0 — 0.6Cyp
X

For 0.5 < x/Lc < 0.7,Cpp = (—1.9 + 1.1cy3)E +1.95 - 1.15C,5

X
For 0.7 < x/L¢,Cyp = (1.27 + 1.26CyB)L— —0.27 — 1.26C, 5
C

C,p: Ratio of the Y coordinate of the load calculation point or acceleration calculation point to B4, as given
by the following formula but not more than 1.0. Where B,; = 0,to be taken as €,z = 0.
6, =2

B Bxl
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B,1: Breadth of ship (m) at the waterline of draught in the transverse section of the hull under
consideration. Where the waterline does not intersect the transverse section, to be taken as B,; =

0.
In RP,
VA X VA
For x/Lc < 0.3,Cpp = (2.15 —14—— o.zscy3>— +0.32 + 0.13 — + 0.15C,
TSC z LC TSC
For 0.3 <x/L¢ < 0.7,Cyp = 0.75 = 0.157—+ 0.1C,
SC
VA X zZ
For 0.7 < x/L¢, Cyp = (—1.57 +05—+ 0.17cy3>— +1.85 — 0.5 — — 0.02C, 5
TSC LC TSC

P;: As given by the following formulae:

X
For x/Lc < 0.3,P; = 7.292Ts; + 1.109B + 69.68 + (0.7315L, + 146.2) (L— - 0.3)
C

For 0.3 < x/L; < 0.7,P; = 7.292Ts. + 1.109B + 69.68

X
For 0.7 < x/L¢, Py = 7.292Tsc + 1.109B + 69.68 + (—=1223C,, + 1271) (L— - 0.7)
C

P.: As given by the following formulae:

X
For x/L¢ < 0.3,P. = 2.857Ts — 0.5231B + 14.87 + (—0.1572L, — 152.8) (L— - 0.3)
C

For 0.3 < x/L¢ < 0.7, P, = 2.857Ts; — 0.5231B + 14.87

x
For 0.7 < x/L¢,P, = 2.857Tgc — 0.5231B + 14.87 + (—2447Cy, + 2622) (L_ - 0.7)
c

Py..: Hydrodynamic pressure (kN/m?) at the waterline, to be taken as:
Fory = 0, the value of P,,,, aty = B,;/2 and z = Ty,
Fory <0, the value of P,,,, aty = — B, /2 and z = T
hy,: Water head (m) equivalent to the pressure at the waterline, to be taken as:
_bw
Pg
(1) Intherangeof x/L; < 0.0, x/L = 0.0
(2) Inthe range of x/L. > 1.0, x/L. = 1.0

w

4.4.24 Internal Pressure due to Liquid Loaded
1  Static pressure Pj; (kN/m?) acting on tanks or ballast holds loaded with liquids is to be as specified in Table 4.4.2-
5.

Table 4.4.2-5 Internal Static Pressure Pj; in Tanks and Ballast Holds Loaded with Liquids

Static pressure Py (kN/m?)
Type of tank or hold
Z = Ziop Z > Ziop
Cargo tanks fully loaded with liquid cargo (excluding liquefied gas) pLg(Ztop — Z) + Ppy 0
Cargo tanks fully loaded with liquefied gas and liquefied gas fuel
& Y q & a g P19 (Zeop = 2) + Py 0
tanks
Ballast holds L9 (Zeop — 2) 0
Ballast tanks and other tanks pLY (Ztop - Z) — Ppar 0

Notes:

p1: Density of liquid loaded (#/m?), as specified in Table 4.4.2-6

Ztop: Z coordinate of the highest point () of the tank, excluding small hatchways

Ppy: Design vapour pressure (kN/m?), but not to be taken less than 25 kN/m?

Py: Design vapour pressure (kN/m?). For cargo tanks, this value is not to be less than the MARV'S specified in 1.1.4,
Part N. For liquefied gas fuel tanks, this value is not to be less than the MARV'S specified in 2.2.1, Part GF.

Pp .- Hydrostatic pressure (kN/m?) at ballast draught Tp,, (m) considered as a component for offsetting internal

pressure, as specified in Table 4.4.2-7. For members subject to simultaneous external and internal pressures, the

actual hydrostatic pressure value is to be considered. For other members, the value is to be taken as 0.
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Table 4.4.2-6 Density p; of Liquid Loaded

Type of liquid loaded Density p, (¢/m?)
Ballast water 1.025
Crude oil and petroleum products! 0.9
Liquefied gas') Design cargo density
Others’ @ Value deemed appropriate by the Society

Notes:

(1) Where the maximum liquid cargo density in the cargo tank loaded to 98 % of
capacity in any loading condition described in the loading manual is greater than the
value shown in the table, the said density is to be used.

(2) The following values may be used:
Concentrated sulphuric acid: 1.85
Molasses: 1.4
Asphalt: 1.1
Fresh water: 1.0
Heavy oil C: 0.95
Heavy oil A and lubricating oil: 0.9

Table 4.4.2-7 Hydrostatic Pressure Pg,; Considered as Component for Offsetting Internal Pressure

Position under consideration Hydrostatic pressure Pg,, (kN/m?)
z < TgaL P9 (TpaL — 2)

2 Dynamic pressure P; (kN/m?) acting on tanks and ballast holds loaded with liquids is to be as specified in Table
4.4.2-8.

Table 4.4.2-8 Dynamic Pressure P; Acting in Tanks or Ballast Holds Loaded with Liquids

Type of loaded Dynamic pressure P,y (kN/m?)V@

compartment Z = Ztop Z > Ziop

Cargo tanks fully
loaded with liquid
cargo including

2
liquefied gas, ballast pL\/[CWDane—l(xTG -x)]* + [CWDyaYe—l(yTG - Y)] +[Cwpzaze—1(zo — 2)]? 0

holds and liquefied
gas fuel tanks

Others (e.g. ballast
tanks)

2
pL\[[CWDane—l(xO - x)]? + [CWDyaYe—l(yO - )’)] +[Cwpzaze-1(2o — 2)]? 0

Notes:

p1: As specified in Table 4.4.2-6

Cywpy: Coefficient for load condition to be taken as:
For HF, Cyp, = 0.86
For RP, Cyp, = 0.0

Cwpy: Coefficient for load condition to be taken as:
For HF, Cyp, = 0.0
For RP, Cyp, = 1.0

Cypz: Coefficient for load condition to be taken as:

In HF,
X
For 0.0 < x/L¢ <0.3,Cyp, = —273L— + 1.0
c
X
For 0.3 <x/L¢ < 0.7, Cwp, = 2.057——0.435
C
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For 0.7 <x/L; <1.0,Cyp, = 1.0
In RP,

X
For 0.0 < x/L¢ < 0.3, Cyp; = 1.37 7+ 0.59
c

For 0.3 < x/L¢ < 0.7, Cyp, = 1.0

X
For 0.7 < x/L¢ < 1.0, Cyp, = —=1.27 7~ + 1.89
C

Axe_1, Aye—_y, Aze—;: Envelope acceleration (m/s?) in the longitudinal, transverse and vertical directions at the
volumetric centre of gravity of the tank or ballast hold under consideration, to be calculated in
accordance with the requirements in 4.2.4.13®

Xr¢, Yre: X and Y coordinates (m) at the volumetric centre of gravity of the tank or ballast hold under consideration

X0, Yo, Zo: X, Y, and Z coordinates (m) of the reference point®
Ztop: As specified in Table 4.4.2-5

(1) In the range of x/L. < 0.0, to be taken as x/L. = 0.0

(2) Inthe range of x/L; > 1.0, to be taken as x/L; = 1.0

(3) Where the types of loaded compartments are cargo tanks fully loaded with liquid cargo (including liquefied gas) and ballast holds, the values
of K., GM, etc. may be calculated by the following formulae in order to obtain the envelope accelerations to be used for the dynamic pressure.
However, GM is not to be less than 0.002B2. When the values are specified in the relevant requirements of Part 2, the values are to be in

accordance with the requirements of Part 2.

K,, = 0.38B
T, B? 3(, -1
GM ==+ W g
2 T1cCp 1c 24
1 Neg — 1
Ty = n_Tsc + TgaL

CH CH

—(005 ! +02) 5
o =" Ncy . Csic

n¢y: Total number of cargo holds
(4) Where the type of loaded compartment is others (e.g. ballast tank), the values of K,,, GM, etc. may be calculated by the following formulae
in order to obtain the envelope accelerations to be used for dynamic pressure. However, GM is not to be less than 0.002B2. When the values

are specified in the relevant requirements of Part 2, the value are to be in accordance with the requirements of Part 2.

K., = 0.40B
T, B? 3( -1
GM =+ g
2 TycCp 1c 24
Tye =Tpa
0.2 B
z; = 0.
¢ Co.ic

(5) The reference point is to be taken as the point with the highest value of V}, calculated for all points that define the upper boundary of the tank
or the ballast hold excluding the points located at the height equal to or below the volumetric centre of gravity of the said tank and hold.
V]- = CWDXaXe_llx]- - x| + CWDyaye_llyj - Y| + CWDZaZe—llzj - Zl + g(zj - Z)

X;,¥j,%;: X, Yand Z coordinates of point j (1) on the upper boundary of the tank or the ballast hold excluding the points located at the

height equal to or below the volumetric centre of gravity of the said tank and hold

4.4.2.5 Internal Pressure due to Dry Bulk Cargo
1 Static pressure P, (kN/m?) acting on cargo holds loaded with dry bulk cargo is to be as specified in Table 4.4.2-
9.

Table 4.4.2-9 Static Pressure P,¢ in the Cargo Holds Loaded with Dry Bulk Cargo

Position under consideration Static pressure Py, (kN/m*)»
Z < Zc pcKeg(zc — 2)
zZ>Z 0

Notes:
pc: Density of dry bulk cargo (¢/m?), as specified in Table 4.4.2-10®
K.: Coefficient of the earth pressure, to be taken as:
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For inner bottom plating, hopper tanks, transverse bulkheads, longitudinal bulkheads, lower stools, vertical
upper stools and side shells,
K; = cos?a + (1 —siny) sin a
For top side tanks, main deck and sloped upper stools,
Ke=0
a: Inclination angle (rad) to the horizontal plane of the panel under consideration. However, when «
exceeds m/2, a isto be taken as m/2.

: Angle of repose of dry bulk cargo (rad), as given by the formulae:
For iron ore and coal, ¥ = 0.611  (i.e. 35 deg)
For cement, ¥ = 0.436 (i.e. 25 deg)
For others, ¥ = 0.524 (i.e. 30 deg)

z¢: Height of the upper surface of the cargo (m) above the baseline in way of the point on which the load is act, as
given by the following (1) and (2). The value of z. is to be taken as constant in the longitudinal direction of the
cargo hold under consideration.
(1) Where cargo is loaded up to the top of the hatch coaming

zc = zpgp + he cr

Zpg: Height (m) from the baseline to the inner bottom plating at the centreline, measured at the mid-
length in the longitudinal direction of the cargo hold under consideration

h¢ ¢ Height (m) from the inner bottom plating to the upper surface of dry bulk cargo at the centreline,
measured at the mid-length in the longitudinal direction of the cargo hold under consideration (See

Fig. 4.4.2-1), as given by the following formula:
1 Vac

he e = By (Sc + E)

Sc: Area (m?) from the bottom plating of the cargo hold to the lower end of the hatch side coaming,
measured at the mid-length in the longitudinal direction of the cargo hold under consideration
(See Fig. 4.4.2-1)

Vyc: Volume of the hatch coaming of the cargo hold under consideration (n°) from the lower end
to the top of the hatch coaming (See Fig. 4.4.2-2)

£y Length of the cargo hold (m) at the centreline between the transverse bulkheads (See Fig. 4.4.2-
2). As for cargo hold with corrugated bulkheads, € is to be the distance between the mid-
depth of the corrugated bulkheads.

By,;: Breadth (m) of the cargo hold measured at the mid-height between the lower end of the hatch
coaming and the bottom plating of the cargo hold under consideration, determined at the mid-
length in the longitudinal direction of the said cargo hold (See Fig. 4.4.2-1)

(2) For cases other than (1) above (e.g. where high density cargo is loaded)
Z¢ = Zpg + h¢
h¢: Height (m) from the inner bottom plating at the centreline to the upper surface of the dry bulk cargo,
measured at the mid-length in the longitudinal direction of the cargo hold under consideration (See

Fig. 4.4.2-1), to be obtained so that the value of the cargo volume divided by ¥y is equivalent to

the area® of the cargo at the mid-length in the longitudinal direction of the said cargo hold. The

cargo volume is to be as specified in Table 4.4.2-10.

(1) Where the upper surface of the cargo is at the position of the hatch coaming, the loads acting on the said member may not be considered.
(2) Both low density cargo and high density cargo are to be considered where deemed necessary by the Society.
(3) The upper surface of the cargo is to be horizontal in the longitudinal and transverse directions in the range of 1/2 of By on each side of the

centreline, and is to be sloped linearly at each side from the edge of the horizontal plane towards the ship side, with the angle equal to half of

the angle of repose.
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Table 4.4.2-10 Dry Bulk Cargo Mass and Density

Full load condition Full load condition
(homogeneous loading condition) (alternate loading condition)
Other than the left Other than the left
Cargo loaded to the ° ) an e .e Cargo loaded to the ° ) an e .e
) (e.g. high density . (e.g. high density
top of hatch coaming top of hatch coaming
cargo loaded, etc.) cargo loaded, etc.)
Dry bulk cargo mass
Mo M My Miyp Mip
Cargo denSSity Pc Mpuy 300 Mpyp 3,00
(/m?) Veun Veun

Notes:

Mgyy;: Cargo mass (f) when loaded to the top of the hatch coaming

My Cargo mass (f) when loaded in the cargo hold under consideration in the homogeneous loading condition with
scantling draught (all ballast tanks empty)

My Designed maximum cargo mass (¢) to be loaded in the cargo hold under consideration with scantling draught

Veyu: Volume of cargo hold (m°) including the volume around the hatch coaming

(1)  To be taken as 3.0 unless the designed maximum cargo density is specified in the loading manual.

Fig. 4.4.2-1 Cargo Hold Loaded with Dry Bulk Cargo
I I

] | C . R i i

| Bu/2

Zc

F 3

b
A

Y

[l
/ ! By / By
Zpg Zps
Other than the left figure (high density cargo loaded,

Where cargo is loaded to the top of hatch coaming fc)
etc.

Fig. 4.4.2-2  Cargo Hold Loaded with Dry Bulk Cargo
Ve | Ve

tn

Transverse section Longitudinal section

2 Dynamic pressure Pp; (kN/m?) acting on cargo holds loaded with dry bulk cargo is to be as specified in Table 4.4.2-
11.
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Table 4.4.2-11 Dynamic Pressure P,; in Cargo Hold Loaded with Dry Bulk Cargo

Position under .
) ) Dynamic pressure Pog (kN/m?)™"
consideration
2
Z< 7 pC\/(CWDbeane—bxb)z + (CWDbeyaYe—byb) +(CwpzCrzKcaze—p2zp)?
zZ>2Zc 0
Notes:

pc, Kc: As specified in Table 4.4.2-9
Cwpx» Cwpy, Cwpz: As specified in Table 4.4.2-8
Cp,: Coefficient considering the effect of friction between particles of granular cargoes, etc. to be taken as 0.34
Cpy: Coefficient considering the effect of friction between particles of granular cargoes etc. to be taken as 0.34
C,,: Coefficient considering the effect of friction between particles off granular cargoes etc. to be taken as 1.00
Axe—b» Aye—-b, Aze—p: Envelope accelerations (m/5?) in the longitudinal, transverse and vertical directions at the
volumetric centre of gravity of the cargo hold under consideration, calculated in accordance with
the requirements of 4.2.4.12®
Xp, Vp, Zp: As given by the following formulae:
xp = |xyg — x|
Yo = |Yue — VI
Zp =2c—Z
Xne» Yue: X and Y coordinates (m) at volumetric centre of gravity of the cargo hold under consideration
Zc: As specified in Table 4.4.2-9

(1) Where the upper surface of the cargo is at the position of the hatch coaming, the loads acting on the said member may not be considered.
(2) The values of K,,, GM, etc. may be calculated by the following formulae in order to obtain the envelope accelerations to be used for dynamic
pressure in the cargo hold. However, GM is not to be less than 0.002B2. Where the value of GM is specified in the relevant requirements of

Part2, GM isto be in accordance with Part 2.

K. = 0.35B
Tee B? 3C,—1
GM ==5 =v___
2 YT, e %
Ty =Tsc
B
z; = 0.25—

B
(3) Zcoordinate (m) at the volumetric centre of gravity to be taken as:

(a)  When cargo is loaded to the top of the hatch coaming, to be taken as zpp + h¢ ¢ /2.
(b) In other cases, to be taken as zpp + ho/2. he is to be taken as the value at the centreline.

4.4.2.6 Internal Pressure other than Liquid Loaded and Dry Bulk Cargoes

Static pressure P, (kN/m?) due to the loaded material not corresponding to 4.4.2.4 to 4.4.2.5 is to be calculated
by dividing the weight of the loaded material (kN) by the area (m?) in the range subject to the said loaded material.
Dynamic pressure P,; (kN/m?) is to be the pressure for which the envelope accelerations specified in 4.2.4.1 are
considered. A line load or a point load instead of pressure is to be considered depending on the type of the loaded
material.

4.4.2.7 Internal Pressure due to Unspecified Cargoes and Stores on General Cargo Ships, etc.
1  Static pressure Pg,s (kN/m?) due to unspecified cargoes and stores on general cargo ships, etc. is to be in
accordance with the following (1) to (3):
(1) The design maximum cargo weight per unit area of deck (kN/m?) is to be used. However, where the value has not
been obtained beforehand, the following formula may be used:
Pars = 0.71ghg,
hgc : Height of the loaded cargo corresponding to the structural arrangement directly above the place under
consideration, given by taking the tween deck height () at the side of the space, or the height (m) from
the deck concerned to the top of the hatch coaming of the deck above
(2) Where timber and/or other cargoes are intended to be carried on the exposed deck, the design maximum cargo
weight (kN/m?) per unit area of deck
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(3) Where cargoes are suspended from the deck beams or deck machinery is installed, the static pressure Py
(kN/m?) is to be suitably increased.
2 Dynamic pressure Py, (kN/m?) due to unspecified cargoes and stores on general cargo ships, etc. is to be in

accordance with the following formula:
Qze

Pagq = CWDdeks?

Cwpz: As specified in Table 4.4.2-8

az.: Envelope acceleration (m/s?) in the vertical direction specified in 4.2.4.1. In obtaining the dynamic
pressure acting on the cargo hold, the average value between the value of acceleration at the forward
and aft ends, whichever is greater, of the cargo hold at the centreline and the value at the mid-length of
the cargo hold may be taken. In obtaining the dynamic pressure, the values of K., GM, etc. may be
calculated by the following formulae:

K., = 0.35B

TSC BZ 3CW - 1
M =—+ —7——+——

2 "TeC, 24 6
Tc =Tsc

0.25 B

z; = 0.25—
G Cs

4.4.2.8 Green Sea Pressure Acting on Weather Deck
1  Green sea pressure Pgy,, (kN/m?) acting on the exposed freeboard deck is to be in accordance with the following
(1) to (3).
(1) Pgy isnot to be less than the value obtained from the following formula:
a[bf — (z — Tsc)]
a: Value depending on the position of the decks, as specified in Table 4.4.2-13
b: As given by the following formulae:

x 2
0.45 — 7
F L. <04510+ | —%
or x/Le T\ ¢, 702

2

Lx—c —0.45

F Lo >04510+15[ <%

or x/Lc = Al oy

f: As specified in Table 4.4.2-12 (See Fig. 4.4.2-3)
(2) Pgy calculated from line II in Table 4.4.2-13 may not exceed the minimum value of Pg;y, calculated in the range
for line I.
(3) Notwithstanding the requirements of (1) and (2) above, Py, is not to be less than Pgy pin (kN/m?) in Table
4.4.2-13.

Table 4.4.2-12 Value of f

Lc f
L L Lo \?
L- <150 —C <__C> <_C> —-1.0
¢ 10 P\~ 300/ * (150 '
150 < L. < 300 Le ( Le )
= ke < 10 P\ " 300
300 < L, 11.03
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Fig.4.4.2-3  Value of f

f
A |
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6 +— /
5 | //
4 +—
3 | ;/
2 ‘;/
1
0 — L¢ (m)
0 50 100 150 200 250 300
Table 4.4.2-13 Values of a and Minimum Values of Py,
a C
Line Position of deck Stiffener" and Pew min Stiffener” and
deck deck
I x/Lc = 0.85 14.7
4.20
11 0.7 <x/L; <0.85 11.8 C+/L¢y30 + 50
I 02<x/L.<0.7 6.90 2.05
v x/Lc; < 0.2 9.80 2.95
Second tier superstructure deck above freeboard Cy/Lc23o 1.95
deck® )

Notes:
(1) For ships with L, not exceeding 150 m, the values of a and C for stiffeners may be

multipled by the value obtained by the following formula:

055(LC)+0175
~>>\190) 70

(2) The values in line I through line IV are to be used for a on the second tier

superstructure deck above freeboard deck.

2 In application of -1 above, a exposed deck may be regarded as the following (1) to (3) in relation to the vertical
distance Hj (m)from an assumed freeboard deck to the exposed deck at the side. The standard height of superstructure
hg (m) is in accordance with 1.4.3.3.

(1) For hg < Hp < 2hg: Superstructure deck of first tier above the freeboard deck

(2) For 2hg < Hp < 3hg: Superstructure deck of second tier above the freeboard deck

(3) For 3hg < Hp: Superstructure deck of third tier above the freeboard deck

4.4.2.9 Hull Girder Loads
1 Vertical bending moment My _y; (kN-m) acting on the hull is to be in accordance with the absolute value of the
following formulae, whichever is greater:

My_n6 = Msy max + Cwp-vMwy-n

My_ne = Mgy min + Cwp-vMwy—s

Mgy max: Permissible maximum vertical still water bending moment (kN-m) in 4.3.2.2

Mgy min: Permissible minimum vertical still water bending moment (kN-m) in 4.3.2.2

My, _p . Vertical wave bending moment (kN-m) in the hogging condition calculated, obtained from the
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following formula:

Myy—pn = 0.19C,C,L*BCy,

C,: As specified in Table 4.4.2-14. Intermediate values are to be obtained by linear interpolation. For ships with
high speed and/or large flares, use of the values given in Table 4.3.2-2 may be required where deemed
necessary by the Society.

My, _s: Vertical wave bending moment (kN-m) in the sagging condition, obtained from the following formula:
Myy_s = —0.11C,C,L:*B(Cgq + 0.7)

C,: As specified in Table 4.4.2-14. Intermediate values are to be obtained by linear interpolation. For ships
with high speed and/or large flares, use of the values given in Table 4.3.2-2 may be required where
deemed necessary by the Society.

Cyp_y: For the load conditions HF and RP, to be as specified in Table 4.4.2-15. When considered in
combination with green sea pressure, to be taken as 0.9.

2 Horizontal bending moment My_y: (kN-m) acting on the hull is to be in accordance with the following formula:

My_n¢ = Cwp-uMwny

My, : Horizontal wave bending moment (kN-m), to be taken as:

Lc—35

C

MWH = 0.32CRC1C3LCZTSC

Cg: Coefficient considering the effect of ship operation, to be taken as 0.85
C5: As specified in Table 4.4.2-14. Intermediate values are to be obtained by linear interpolation.
Cwp—p: For the load conditions HF and RP, to be as specified in Table 4.4.2-15. When considered in

combination with green sea pressure, to be taken as 0.0.

Table 4.4.2-14 Coefficient of Distribution along the Ship Length, C, and C,

x/L¢ G, Cs
x/Lc <0 0.0 0.0
x/Lc = 0.35 0.875 1.0
x/Lc =04 1.0 1.0
x/Lc = 0.65 1.0 1.0
x/Lc = 1.0 0.0 0.0
Table 4.4.2-15 Coefficients Cy,p_y and Cyp_y for Load Conditions
Load Myy_p or Myy_ Myy
condition Cwp_v Cwp—n
HF 1.0 0.0
RP 0.35 0.35
4.4.3 Testing Condition
4.4.3.1 External Pressure

The following (1) and (2) are to be considered as external pressure acting on the hull.

(1) Case 1 (Pgp_pyq): Hydrostatic pressure (kN/m?) corresponding to the draught described in the test plan at
Classification Surveys during Construction approved by the Society in accordance with 2.1.5, Part B.

(2) Case 2 (Pgr_px2): Hydrostatic pressure (kN/m?) corresponding to the draught Tg,; or 0.33Ts., whichever is
smaller. However, where the draught of pressure tests at Special Surveys is given in the loading manual, the
hydrostatic pressure corresponding to said draught may be considered instead.

4.4.3.2 Internal Pressure
1  Internal pressure Pgr_j,; and Pgr_;n, (kN/m?) acting on the hull and tanks is to be in accordance with Table
4.4.3-1.

— 152 —



2023 Rules for the Survey and Construction of Steel Ships (Part C Partl Chapter 4) CIaSSNI(

2 When a hydrostatic test is conducted under a condition exceeding the pressure specified in -1 above, the actual
pressure which occurs in the test is to be used.

3 When external pressure is considered as a component offsetting the internal pressure in a member subjected to
simultaneous internal and external pressure, the external pressure specified in 4.4.3.1 may be considered, identical
cases are to be combined.

Table 4.4.3-1 Internal Pressure Pgr_;,; and Per_i,, in Testing Condition

Position under consideration Internal pressure Psp_;pq and Psp_ina (AN/m?)
Z < Zst Psr_in1 = pg(zst — 2)
Case 1
z > ZgT 0
Z < Zyop Psr_inz = pg(ztap + hair — Z) +25
Case 2(
z > Ztop 0
Notes:
zgr: Height (m) of water head for hydrostatic test, as specified in Table 4.4.3-2
Ztop: Z coordinate of the highest point () of the tank, excluding small hatchways
hgi: Height (m) of air pipe or overflow pipe above the top of the tank
(1) Compartments to be assessed are ballast tanks only.

Table 4.4.3-2 Design Testing Water Head Height zgr

Compartment Zgr
Double bottom tanks) Zsr = max(Zsop + Rairs Ztop + 2.4, Zpg)
Double side tanks Zsy = max(ztop + Rgiry Zeop + 2.4, Zbd)
Deep tanks not described in this Table Zgr = maX(zmp + Rairs Zeop + 2.4)
Cargo oil tanks Zsr = maX(Ztop + Nairs Zeop + 2.4, Zeop + ZPV)
Ballast holds of bulk carriers Zst = Zpc
Peak tanks (fore and aft peak tanks) Zsr = maX(Ztop + Rairs Zeop + 2.4)
Chain lockers Zst = Z,
Ballast ducts Zgr = max(2yp, Zpy)
Fuel oil tanks Zgy = maX(Ztop + Rairs Zeop + 24, Zeop + Zpy, Zbd)
Cargo tanks of ships carrying dangerous chemicals in bulk® | zsr = max(zmp + 24,240, + ZPV)
Cargo tanks of ships carrying liquefied gas in bulk According to Part N
Low-flashpoint fuel tanks for storing natural gas According to Part GF
Edible liquid tanks (independent tanks) Zst = max(ztop + Rairs Zeop + 0.9)
Notes:

Ztop: Z coordinate of the top of tank (m) (the highest point of the tank excluding small hatchways)
Zpq: Z coordinate of the bulkhead deck (m)

Zpy: Z coordinate of the test water head (m) corresponding to set pressure of pressure relief valve
Zpe: Z coordinate of the top of hatch coaming (m)

Z.: Z coordinate of the top of chain pipe (m)
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Zpp: Z coordinate of the test water head (m) corresponding to maximum pressure of ballast pump

hgir-: Height of the air pipe or overflow pipe (m) above the top of the tank

(1)  For double bottom tanks connected with hopper side tanks, topside tanks or double side tanks, zg; corresponding to “hopper side tanks, topside
tanks, double side tanks, fore and aft peaks used as tanks, and cofferdams” is applicable.

(2)  For tanks loaded with cargoes having specific gravity exceeding 1.0, an additional water head is to be considered.

4.4.3.3 Vertical Bending Moment
In the Testing condition, the vertical bending moment acting on the hull may be assumed to be 0 kN-m.

4.4.4 Flooded Condition

4.4.4.1 Internal Pressure
Internal pressure Ppp_;, (kN/m?) acting on the watertight wall in flooded compartments is to be in accordance
with Table 4.4.4-1 but is not to be less than 0.
Table 4.4.4-1 Internal Pressure Pr,_;, in Flooded Condition

Internal pressure Prp_i,, (kN/m?)

Prp_in = pghep

Notes:
hrp: Assumed draught height (m) at the time of flooding from the position under consideration, as given by the
following formula®:
hgp = max(zgp — z,|y| sin Opp + (zpp — 2) cos Opp)
zpp: Z coordinate (m) of the freeboard deck at side in way of the transverse section of the hullunder
consideration
Zpp: Z coordinate (m) of the greatest value among the deepest equilibrium waterline at the centreline amidships,
excluding flooded conditions where the probability of survival in damage stability calculations is 0.
Orp: The greatest value among the deepest equilibrium heel angle (rad), excluding flooded conditions where
the probability of survival in damage stability calculations is 0.

(1) When the maximum draught was obtained based on the combination of zzz and zgp, in each case to be considered in damage stability

calculations, the said draught may be regarded as the assumed draught height.

4.44.2 Vertical Bending Moment in Flooded Condition
1 The maximum vertical bending moment in the flooded condition Mpp 14, (AKN-m) and the minimum vertical
bending moment in the flooded condition Mpp 1 (KN-m) acting on the hull are to be in accordance with the absolute
value of the following formulae, whichever is greater:

Mgp max = Msy max + 0.45Myy_p,

Mgp_min = Msy_min + 0.45Myy g

Mgy max> Msy min: As specified in 4.3.2.2

Myry—n, Myy—s: As specified in 4.3.2.3
2 For ships where the vertical still water bending moment in the flooded condition is described in the loading manual,
where the maximum vertical still water bending moment is greater than Mpp 1,4, in -1 above and/or where the
minimum vertical still water vertical bending moment is less than Mpp i, in -1 above, the maximum and/or minimum

vertical still water bending moment are to be considered instead of those in -1 above.
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4.5 Loads to be Considered in Strength of Primary Supporting Structures

4.5.1 General

4.5.1.1 General

1  The loads to be considered in the requirements for strength assessments of primary supporting structures in
Chapter 7 are to be as specified in this 4.5.

The loads in the maximum load condition are to be in accordance with 4.5.2.

The loads in the harbour condition are to be in accordance with 4.5.3.

The loads in the testing condition are to be in accordance with 4.5.4.

The loads in the flooded condition are to be in accordance with 4.5.5.

A U A W N

Where design loads exceeding the loads specified in -2 to -5 above are given, the said loads are to be considered
additionally (e.g. where the pressure which may occur using ballast water management system or due to ballasting in
ballast water exchange exceeds the load specified in each requirement).

4.5.2 Maximum Load Condition

4.5.2.1 Application

1  In the requirements for simple girders specified in 7.2, the loads specified in 4.4.2 are to be considered. When

considering the green sea pressure in 4.4.2.8 for deck girders/deck transverses, the value of coefficient a and the

minimum value of Pgy, are to be in accordance with Table 4.5.2-1.

2 In the requirements for double hull in 7.3, the loads specified in 4.6.2 are to be considered. However, the internal

pressure due to dry bulk cargoes, weight of hull structure, etc. are to be in accordance with the following (1) and (2):

(1) The loads specified in 4.6.2.6-3 and 4.6.2.6-4 may not be considered for the internal pressure due to dry bulk
cargoes specified in 4.6.2.6. It is also acceptable to set V = 0 when loading high density cargo in Table 4.6.2-
17.

(2) The weight of hull structure, etc. specified in 4.6.2.9 may not be considered.

3 Theloads specified in 4.4.2 are to be considered in the requirements for pillars in 7.4. Where the green sea pressure

specified in 4.4.2.8 is applied, the values of the coefficient a and Pgy pnare to be in accordance with Table 4.5.2-1.

Table 4.5.2-1 Value of a and Minimum Value of Py,

a C
. .. Deck )
Line Position of deck ) . Pew min Deck girder/deck
girder/deck Pillar )
transverse and pillar
transverse
I x/L; = 0.85 7.35 4.90 137
11 0.7 < x/L; <0.85 5.90 3.90 '
x/Lc Y Cy/Lezzo + 50
I 02<x/L;<0.7 3.450) 2.25 1.18
v x/Lc < 0.2 4.90 3.25 1.47
] Cy/Lc23o
Second tier superstructure deck above freeboard deck® 0.69
Notes:
(1) For deck girders/deck transverses with attached the strength deck, excluding cross deck in the midship part.
(2) For deck girders/deck transverses other than (1) above.
(3) The values in line I through line IV are to be used for a on the second tier superstructure deck above
freeboard deck.

4.5.3 Harbour Condition

4.5.3.1 External Pressure
1  The load due to hydrostatic pressure is to be considered as the external pressure acting on the hull.
2 External pressure Ppr_,, (kN/m?) acting on the outer shell of the hull is to be in accordance with the following
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formula:

Ppr—ex = Pexs
P,,.: Hydrostatic pressure (kN/m?), as specified in 4.4.2.3-1

4.5.3.2 Internal Pressure
1  Loads due to cargoes, ballast and other loaded materials are to be considered as the internal pressure acting on the
hull.
2 Internal pressure Ppy_;;, (kN/m?) acting on tanks loaded with liquids and ballast holds is to be in accordance with
the following formulae:

For ballast tanks, Ppr_i, = Pis + prghair

For other tanks, Ppr_jn = P

Py, Static pressure (kN/m?), as specified in 4.4.2.4-1

py1.: Density of liquid loaded (#/m?), as specified in Table 4.4.2-6

hqir: Height of air pipe or overflow pipe above the top of the tank (m)
3 Internal pressure Ppr_;, (kN/m?) acting on cargo holds loaded with dry bulk cargoes in the fully loaded and
partially loaded conditions is to be in accordance with the following formula:

P PT—in — b bs

Py: Static pressure (kN/m?), as specified in 4.4.2.5-1
4 Internal pressure P (kN/m?) not corresponding to -2 and -3 above is to be the value calculated by dividing the
weight of the loaded material (kN) by the area (m?) in the range subject to said loaded material and is to be considered
as a line load or a point load depending on the type of loaded material.

4.5.3.3 Vertical Bending Moment in Harbour Condition

1 The maximum vertical bending moment in harbour Mpr 14, (AKN-m) and the minimum vertical bending moment
in harbour Mpr i (KN-m) are to be considered for the vertical bending moments in the harbour condition.

2 Mpr max 18 to be not less than 1.1 times the permissible maximum vertical still water bending moment during
voyage Mgy max specified in 4.3.2.2. Mpr i, is to be not greater than 1.1 fimes the permissible minimum vertical
still water bending moment during voyage Mgy i, specified in 4.3.2.2.

3  Notwithstanding -2 above, where the designer has determined the maximum vertical bending moment and the
minimum vertical bending moment in the loading condition in harbour considering the cargo loading/unloading
sequence, those values are to be considered. In this case, values of Mpr 4, less than the value in -2 above and
Mpr min greater than the value in -2 above may be used. However, Mpr 4, is not to be less than Mgy 4, and
Mpr min 1S not to be greater than Mgy 1.

4.5.4 Testing Condition

4.5.4.1 General
The loads to be considered in the testing condition are to be in accordance with 4.4.3.

4.5.5 Flooded Condition

4.5.5.1 General
The loads to be considered in the flooded condition are to be in accordance with 4.4.4.

— 156 —



2023 Rules for the Survey and Construction of Steel Ships (Part C Partl Chapter 4) CIaSSNI(

4.6 Loads to be Considered in Strength Assessment by Cargo Hold Analysis

4.6.1 General

4.6.1.1 General

1  The loads to be considered in the requirements for strength assessments by cargo hold analysis in Chapter 8 are
to be as specified in this 4.6.

The loads in the maximum load condition are to be in accordance with 4.6.2.

The loads in the harbour condition are to be in accordance with 4.6.3.

The loads in the testing conditions are to be in accordance with 4.6.4.

The loads in the flooded condition are to be in accordance with 4.6.5.

A N A W N

Where design loads exceeding the loads specified in -2 to -5 above are given, the said loads are to be considered
additionally (e.g. where the pressure which may occur using ballast water management system or due to ballasting in
ballast water exchange exceeds the load specified in each requirement).

4.6.2 Maximum Load Condition

4.6.2.1 Loading Conditions

1  Among the planned standard loading conditions, the loading conditions of the following (1) to (3) are to be
considered:

(1) Full load condition

(2) Ballast condition

(3) Other loading conditions deemed necessary by the Society

2 The values in each loading condition specified in the loading manual are to be used for the metacentric height GM
(m), the height of the centre of gravity of the ship z; (m), the draught amidships T, (m) and the radius of gyration
K, (m) in the loading conditions under consideration. Where these values are not obtained beforehand, values obtained
from Table 4.6.2-1 corresponding to the loading condition may be used.

Table 4.6.2-1 Simplified Formulae for Parameters

Draught Z coordinate at the . .
. .. D . S Radius of gyration
Loading condition amidships centre of gravity Metacentric height GM (m) K., (m)
m
Ty (m) of the ship z; (m) >
For ships other than
Full load B Tge  B? 3G, —1 ore carriers:
- Tec 0.25— —t % 0.35B
condition Cp 2 TscCyp 24 ;
For ore carriers:
0.25B
T B 3Cy,c—1
iti 0.20 —+ = — )
Ballast condition Tgar Coc 2 " ToeCore 24 Zg 0.40B

4.6.2.2 Wave Conditions

1  The loads based on the equivalent design waves specified in Table 4.6.2-2 are to be considered. The definitions
of weather side down and weather side up are given in Table 4.6.2-3.

2 Consideration of an equivalent design waves other than the waves in -1 above may be required where deemed
necessary by the Society.
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Table 4.6.2-2 Concept of Equivalent Design Wave

Equivalent design : .
Heading Representative feature
wave
HM-1 Head sea Sagging Vertical wave bending r.n(?ment amidships reaches its
M (wave trough) minimum
Hogging Vertical wave bending moment amidships reaches its
HM-2 Head sea .
(wave crest) maximum
FIL Following Sagging Vertical wave bending moment amidships reaches its
M sea (wave trough) minimum
M Following Hogging Vertical wave bending moment amidships reaches its
sea (wave crest) maximum
Port side: . .
BR-1P Beam sea ) Roll angle reaches its minimum
weather side down
Port side: . .
BR-2P Beam sea . Roll angle reaches its maximum
weather side up
BR -
Starboard side: . .
BR-1S Beam sea . Roll angle reaches its maximum
weather side down
Starboard side: : ..
BR-2S Beam sea . Roll angle reaches its minimum
weather side up
Port side: Hydrodynamic pressure at the waterline amidships of
BP-1P Beam sea . . . .
weather side down port side reaches its maximum
Port side: Hydrodynamic pressure at the waterline amidships of
BP-2P Beam sea . . . ..
BP weather side up port side reaches its minimum
Starboard side: Hydrodynamic pressure at the waterline amidships of
BP-18 Beam sea . . . .
weather side down starboard side reaches its maximum
Starboard side: Hydrodynamic pressure at the waterline amidships of
BP-2S Beam sea . . . ..
weather side up starboard side reaches its minimum
Table 4.6.2-3 Definitions of Weather Side Down and Weather Side Up
Port side: Port side: Starboard side: Starboard side:

weather side down

weather side up

weather side down weather side up

A LS

W.S LS

LS WA LS W.S

4.6.2.3 Lateral Loads

1  External pressure P,, (kN/m?) acting on the outer shell of the hull is to be in accordance with the following

formula, but is not to be less than 0.

Pox = Poxs + Poxw

Py : Hydrostatic pressure (kN/m?), as specified in Table 4.6.2-4
Pow : Hydrodynamic pressure (kN/m?), as specified in Table 4.6.2-4

2 Internal pressure P;, (kN/m?) acting on hulls, tanks, etc. due to loaded materials such as cargoes and ballast is to

be in accordance with the following formula in each equivalent design wave, but is not to be less than 0.

P = Pips + Pipa

P : Static pressure (kN/m?), as specified in Table 4.6.2-4
Pina - Dynamic pressure (kN/m?), as specified in Table 4.6.2-4

3 Notwithstanding -2 above, container load F, (kN) acting on cargo holds, hatch coamings, etc. where containers
are stowed is to be in accordance with the following formula, but is not to be less than 0. The direction in which the

container load acts is to be in accordance with the coordinate system in 1.4.3.6.

E,=Fs+Fyq

F,: Static load of container cargo (kN), as specified in Table 4.6.2-4
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F.;: Dynamic load of container cargo (kN), as specified in Table 4.6.2-4
4  Notwithstanding -2 and -3 above, when a design load is given to a specified member, consideration of the load
may be required.

Table 4.6.2-4 Lateral Loads

Internal pressure Py, Container load F,
External Liquid loaded (e.g. Other than the left
pressure liquid cargoes, ballast Dry bulk and container Container cargoes
water) cargo cargoes
Pexs PinSZPls PinSZPbs Pins=sz ch
(4.6.2.4-1) (4.6.2.5-1) (4.6.2.6-1) (4.6.2.8) (4.6.2.7-1)
Pexw Pina = Pig Pina = Ppa Pina = Pxa Feq
(4.6.2.4-2) (4.6.2.5-2) (4.6.2.6-2) (4.6.2.8) (4.6.2.7-2)
Notes:
Numbers in parentheses () indicate the sections of the referenced requirements.

4.6.2.4 External Pressure due to Seawater
1  Hydrostatic pressure P, corresponding to the draught T;. (m) in the loading condition under consideration is
to be considered (See Table 4.6.2-5).

Table 4.6.2-5 Hydrostatic Pressure P,

Position under consideration Hydrostatic pressure P, (kN/m?)
z<Ty pg(Tyc — 2)
z> T 0

2 Hydrodynamic pressure P, specified in the following (1) to (4) is to be considered.

(1) Hydrodynamic pressure in equivalent design wave HM is to be in accordance with Table 4.6.2-6 (See Fig. 4.6.2-
1).

(2) Hydrodynamic pressure in equivalent design wave FM is to be in accordance with Table 4.6.2-7 (See Fig. 4.6.2-
2).

(3) Hydrodynamic pressure in equivalent design wave BR is to be in accordance with Table 4.6.2-8 (See Figs. 4.6.2-
3 and 4.6.2-4).

(4) Hydrodynamic pressure in equivalent design wave BP is to be in accordance with Table 4.6.2-9 (See Figs. 4.6.2-
5 and 4.6.2-6).

Table 4.6.2-6 Hydrodynamic Pressure P,,,, in Equivalent Design Wave HM

Hydrodynamic pressure P,,., (kN/m?)

z < Ty Tye<z<Ty+hy z>Tyc+hy
HM-1 Poyw = max(—Pyu, pg(z — Tic))
Py, —pg(z —Tyc) 0
HM-2 Poyw = max(Pyy, pg(z — Tye))

Notes:

Py As given by the following formula:
Pyy = 0.5Ck ymCni_am CuCrmrHs_am (Pums + Prmz + Pams + Puma)
Cr um: Coefficient considering the effect of ship operation, to be taken as 0.85
Cn1_gm: Coefficient considering nonlinear effects, to be taken as 0.9

Cy: Coefficient for maximum wave height, to be taken as 1.9

Cym1: Correction coefficient for regular wave height, as given by the following formula:
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Cym1 = 0.14L.°28

Hg gy Significant wave height (m), as given by the following formula but not to be less than 2.0
Hs gy = —0.21T; yp® + 5.07Ty gy — 15.7
T; yum: Average zero up crossing wave period (s), as given by the following formula:

2mA
Ty um = 0.71 /%+ 2.5

Aym: Wavelength (m) in the equivalent design wave under consideration, as given by the following
formula:
/‘{HM = (0.91 + 0'24fT)LCCW_LC

Py As given by the following formula:
21 T
Pum1 = pg - exp 1. (z —Tyc) | Cymz * cos (SHM - (=2-f7) g)
HM

Cuu»: Coefficient related to phase difference, as specified in Table 4.6.2-10
eum: Phase of incident wave, as specified in Table 4.6.2-10
Pz As given by the following formula:
Pumz = pg|Rs um|(6.0-107* - Lo Cyy 1 — 1.03)
R3 gy As given by the following formula:
1.95
R3 gy = 116.4 (E)
3 Le
Pyu3: As given by the following formula:
Pyys = _P9|R5_HM|(X — x6)(=0.0024y), + 1.0)
Rs ym: As given by the following formula:
115
Rs yy = 2.08m (E)

X¢: X coordinate (m) at the centre of gravity of the ship, to be taken as x; = 0.45L.. The value calculated
based on the weight distribution corresponding to the loading condition under consideration may
be used.

Pyuas: As given by the following formulae:

For x = xg,
GML\ %48 GML\? GML
Pusa = pg1— 1.48( ) —4.0-10-5-( ) +6.0-10‘3-( )
TLC TLC TLC
0 11] 10m (x _ xG) +1.48 (GML>_OI48 +4.0-1075 (GML)Z 6.0
— U. CoOS| — . .U- . — 0.
3 L¢ Tic Tic
GML
1073 - ( ) +0.11¢ (1 - Cyp)
Tic
For x < x¢,

GML\? GML
Pyms = pg|8.0-107°- ( ) - 0.012( ) +0.22{(1-Cyp)
Tic Tic
GML: Longitudinal metacentric height (m), as given by the following formula:
pLCZCW_LC

12(3 - ZCW_LC)TLCCB_LC
Cyp: Ratio of the Y coordinate of the load calculation point or acceleration calculation point to By, , as

GML =

given by the following formula but not to exceed 1.0. Where By, = 0, to be taken as Cyp = 0.
C. = 12y
7 By

B,1: Moulded Breadth (m) at the waterline of the draught in the transverse section of the hull under

consideration. Where the draught position is not in the section, to be taken as B,; = 0.
Py :  Hydrodynamic pressure (kN/m?) at the waterline in the equivalent design wave considered, to be taken as:
Fory = 0, the value of P,,,, aty = B,,/2 and z = Ty
Fory <0, the value of P,,,, aty = — By, /2 and z = Ty¢
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hy, :  Water head (m) equivalent to pressure at the waterline, as given by the following formula:
P
hy = -
pPg

Fig. 4.6.2-1 Hydrodynamic Pressure in Equivalent Design Wave HM
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Table 4.6.2-7 Hydrodynamic Pressure P, in Equivalent Design Wave FM
Hydrodynamic pressure P,,., (kN/m?)
FM-1 Porw = max (=Ppy, pg(z — Tyc))
Py, —pg(z —Tyc) 0
FM-2 Pexw = max (PFM'pg(Z_TLC))
Notes:

Pys1, byt As specified in Table 4.6.2-6
Prpr: As given by the following formula:
Ppy = 0.5Ck rmCni_rmCrCrmrHs i (Pruy + Pemz + Prus + Prua)
Cr ru: Coefficient considering the effect of ship operation, to be taken as 0.85
Cnirm:  Coefficient considering nonlinear effects, to be taken as 0.9
Cy: Coefficient for maximum wave height, to be taken as 1.9
Cru: Correction coefficient for regular wave height, to be taken as:
Crpr = 0.22L.°2
Hg gy Significant wave height (m), as given by the following formula but not to be less than 2.0
Hg pyy = —0.21T; ppy® + 5.07T; gy — 15.7
T, py: Average zero up crossing wave period (s), as given by the following formula:

21 py

T, py =071 +25
Ary: Wavelength (m) in the equivalent design wave under consideration, as given by the following
formula:
Apy = (113 + 0.12f7)LcCyy 1
Pry1: As given by the following formula:
2 i
Prm1 = pg - exp </1— (z - TLC)) * Cpyz * €OS (SFM = (=13 + 2f7) E)
FM
Cru2: Coefficient related to phase difference as specified in Table 4.6.2-10
ery - Phase of incident wave as specified in Table 4.6.2-10
Pryo: As given by the following formula:
Ppy, = pg|R3_FM| - (—=1.0)
R3 py: As given by the following formula:
R; gy = 0.18
Pry3: As given by the following formula:
Prus = —Pg|Rspy,| (x — x6) - [0.06(1 + f)]
Rs py: As given by the following formula:
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1109
R5 FM — 0.447T <_)
. LC
X¢: As specified in Table 4.6.2-6

Prpa: As given by the following formula:

X —X C
Prya = Pg [—0.29 cos <2n< ¢4 ()_1))] (1 — ﬂ)
L; 2

Cyp: As specified in Table 4.6.2-6

Fig. 4.6.2-2  Hydrodynamic Pressure in Equivalent Design Wave FM
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Table 4.6.2-8 Hydrodynamic Pressure P, in Equivalent Design Wave BR
Hydrodynamic pressure P,,., (kN/m?)
z<Ty Te<z<Ty,+hy z> T+ hy
BR-1P Poxw = max (PBR,PQ(Z - TLC))
BR-2P Poxw = max(_PBR’Pg(Z - TLC))
Py, —pg(z — Tyc) 0
BR-1S Pexw = max (PBR’ PQ(Z - TLC))
BR-2S Poxw = max (_PBR'PQ(Z - TLC))
Notes:

Py, hy: As specified in Table 4.6.2-6
Pggr: As given by to the following formula:
Pggr = 0.5C grCyi_srCMCBr1Hs 5rR(Pr1 + Porz + Ppr3)
Cr pr: Coefficient considering the effect of ship operation, to be taken as 0.85
Cyy pr:  Coefficient considering nonlinear effects, to be taken as 0.8
Cy: Coefficient for maximum wave height, to be taken as 1.9
Cgry: Correction coefficient for regular wave height, to be taken as:

Cpr1 = 4.0Cy,
C,o: As specified in Table 4.2.2-1
Hg pr: Significant wave height (m), as given by the following formula but not to be less than 2.0

HS_BR = _0'21TZ_BR2 + 5'07TZ_BR - 157
T, pr: Average zero up crossing wave period (s), as given by the following formula:

2nA
T, pr = 0.71 /TBRJF 15

Agr: Wavelength (m) in the equivalent design wave under consideration, as given by the following
formula:

gTe?
BR — ZT[

Ty: As specified in Table 4.2.2-1
Pgr1: As given by the following formula:

2n
PBRI = pg - exp <T (Z - TLC)) CBRZ * COS Egpr
BR
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Cggr,: Coefficient related to phase difference as specified in Table 4.6.2-10
eggr: Phase of incident wave as specified in Table 4.6.2-10
Pgro: As given by the following formula:
Pgrz = pg|R3 pr|(=2.0 - 1075 - Agpz; + 1.0)
R3 pr: As given by the following formulae:

For Agg = 13,
Tic\* T,
Ry pp = 173 (i) — 76425 +11
- Ar Ar
For Agg < 43,
ABRZ
R3_BR = 1.29

2
exp (=—T.cC )
ZnA3BCB_LCO.12CW_LC0.55 p (13 LC“VP_LC
A3: As given by the following formula:
9 2Cy 1c Tic CVP_LCZ)

2
B
0.011(——) —0.08——— + 1.24|( =1
(TLCCVP_LCZ> TLCCVP_LCZ (80 CW_LC +1 B

Z: Z coordinate (m) at the centre of gravity of the ship, as specified in Table 4.2.2-1
Pgr3: As given by the following formulae:

For equivalent design waves BR-1P and BR-2P, Pgrs = pg|R4|y

For equivalent design wave BR-1S and BR-2S, Pgpz = pg|R4|(—y)
R,: As specified in Table 4.2.2-1

13 = 2nB

Fig. 4.6.2-3
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Hydrodynamic Pressure Distribution Amidships in Equivalent Design Wave BR
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Fig. 4.6.2-4  Hydrodynamic Pressure Distribution Amidships in Equivalent Design Wave BR
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Table 4.6.2-9 Hydrodynamic Pressure P,,,, in Equivalent Design Wave BP
Hydrodynamic pressure P.,., (kN/m?)
BP-1P Pexw = max(Pgp, pg(z — Tyc))
BP-2P Pexw = max(_PBP: pg(z - TLC))
Py, —pg(z —Tyc) 0
BP-1§ Poxw = max (Pgp, pg(z — Ty))
BP-2S Pexw = maX(_PBP’ ,09(2 - TLC))
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Notes:

Pgp :

Py, hy: As specified in Table 4.6.2-6
As given by the following formula:

Pgp = 0.5Cg ppCn1_ppCuCpp1Hs gpCpp (Ppp1 + Pppy + Ppps + Ppps + Ppps)

Cr pp: Coefficient considering the effect of ship operation, to be taken as 0.85

Cy1_pp: Coefficient considering nonlinear effects, to be taken as 0.9

Cy: Coefficient for maximum wave height, to be taken as 1.9

Cgpq: Correction coefficient for regular wave height, to be taken as:
Cppy = —0.0003fT(BCW_LC)2 +0.024BCy ;¢ + 0.1

Hs pp: Significant wave height (m), as given by the formula but not to be less than 2.0
Hg gp = —0.21T; pp* + 5.07T; gp — 15.7
T; pp: Average zero up crossing wave period (s), as given by the following formula:

2mA
Ty gp = 0.71 /TB”

Agp: Wavelength (m) in the equivalent design wave under consideration, as given by the following
formula:
Agp = (23.5 = 11.0f7)T;cCp ¢
Cpp: Coefficient considering distribution along the ship length, as given by the following formulae:
For x/L < 0.3,
For equivalent design waves BP-1P and BP-2P

10 10(1 — fr)Cys ( B \? z
) _M(_) +0.15 + <0.8+0.3—) a-f
Xap Tic

CPD -

3 1.7 + 1.8
Tic

x
—0.15sgn(—y) | ¢ —
Lc
4l 10(1 — f7)Cyp

B \? z
- - (—) +0.15 + (0.8 +03 T—) 1-f)
7+ 18T— c
LC

ABP L

— 0.15sgn(—y)

For equivalent design waves BP-1S and BP-2S

Cop = —
PD ABP

2
Z
+0.15+ <0.8 + 0.3—) (1—f)
3 1.7 + 1.8Ti ) Tic !
LC

x
— 0.15sgn(y) "
c

10(1 — f7)Cyp [ B \? 2z
N _(—fT)ZYB(_) +0.15 + (0.8 +03 ) (1-fr)
17+ 187~ e Tie
LC

— 0.15sgn(y)
For 0.3 < x/L. < 0.6,

CPD = 1.0
For 0.6 < x/L¢,
2

c _5{ <6 ZZ)C <B>+1<1 Z)}x
2 Toe) 2P \gp/ " 2\ Ty /L

3 (6 ZZ)C (B)2+3 1z +5
2 Toe) Y2 \Agp 2 2T} 2
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Cyp: As specified in Table 4.6.2-6

Pgpq: As given by the following formula:
2 T.c

Pgp1 = pg - exp E (z = Tic) ) Cgpz * cOS (SBP < 27F - 4) 36)

Cgp,: Coefficient related to phase difference as specified in Table 4.6.2-10

egp: Phase of incident wave as specified in Table 4.6.2-10
Pgp,: As given by the following formula:

Pgpa = PppePpp7

Pgpe: As given by the following formulae:

For equivalent design waves BP-1P and BP-2P,
21 2yB
Paps = pg - €Xp (/1— (z - TLC)) [(o.7scB_LC 0.3) BZ’“

BP

For equivalent design waves BP-1S and BP-2S,

+ 1.0]
TLC

2m 2yB,, z
Ppps = pg - €xp E(z —Tyc) [(—0.7SCB_LC +0.3) BT, + 1.0]
C

Pgpy: As given by the following formulae:
For equivalent design waves BP-1P and BP-2P,

ForyZO,PBP7=< 09+19——35@)[— <065+011——016@)]
Tic B )| 2sp Tic B
+ 1.0
Fory<0,PBP7=< 0.9 — 43——35@)[— <065+002——037M)]
Tyc B ) |4gp Tic B
+ 1.0
For equivalent design waves BP-1S and BP-2S,
Fory = 0, Pgp =< 0.9 - 43__35@) __<065+002__037@)]
Tic Agp Tyc B
+ 1.0
_< IZ)’|) < |2y|)]
Fory < 0,Pgp; = 09+19——35— —— 065+011——016—
Tyc Agp Tyc
+ 1.0

Pgp3: As given by the following formula:

|2 yI
Pgp3 = Pg /1 |R2 BP| <0 143: +0.082 —— | T1.cCp 1cPrps

R, gp: To be taken as:

2
Ry pp _017%

Pgpg: As given by the following formulae:

For equivalent design waves BP-1P and BP-2P,

11
Pgpg = cos| —m [0.66 + (—0.17sgn(— y)+001)—

[2y]
+0. 16M] Cs 1c 04]~sgn(-»rr - (1‘7)])
For equivalent design waves BP-1S and BP-2S,
11 z
Pgpg = cos m[0.66 + (—0.17sgn(y) + 0.01) —
18 Tyc

+ 0.16 | gl] CB_LCOA[—Sgn(y)TZ?_(I_%)])

Pgp,: As given by the following formula:

Pgpy = PppoPppio
Pgpg: As given by the following formula:

2
Pgpo = pg - |R3 sp| [(0 052 +0016T——0024|}Ty|)BCVP Lc +003—01|]Ty|

LC
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R3 pp: As given by the following formula:
ABP 1.07
R = 0.33 (—)
3_BP B
Pgp1o: As given by the following formula:
12y|

z
097r({1—-0.11—-0.26——
+ 7T< To B )

z |12y
Pgpig = cos| 317w | —-1.21 /—+ 0.21 ——
Tic B

Cw 1c Tic
App

Pgps: As given by the following formula:
Pgps = P9|R3_BP|

Fig. 4.6.2-5 Hydrodynamic Pressure Distribution Amidships in Equivalent Design Wave BP

Port Starboard Port Starboard

Wave

BP-1P BP-1S8

Fig. 4.6.2-6  Hydrodynamic Pressure Distribution Amidships in Equivalent Design Wave BP

Port Starboard Port Starboard

Wave Wave

BP-2P BP-2S
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Table 4.6.2-10 Phase of Incident Wave in Equivalent Design Wave

CRE > 0 CRE < 0 CRE = 0 and CIM 2 0 CRE = 0 al’ld CIM < 0
CHMZ' CFMZlCBRZ' CBPZ 1 _1 1 _1
Cim T
€My EFmy €BR) EBP arctan (@) E

Notes:
Cri: As given by the following formulae:

2
For equivalent design wave HM, Cgrp = cos (n + F (x — x6)>
HM

2m
For equivalent design wave FM, Crp = cos <7r -1 (x — xG)>
FM

2m
For equivalent design waves BR-1P and BR-2P, Cr = cos (n + . y)
BR

2
For equivalent design waves BR-1S and BR-2S, Cpp = cos (n - Ty)
BR

2n
For equivalent design waves BP-1P and BP-2P, Crr = cos (n + F )
BP

2m
For equivalent design waves BP-1S and BP-2S, Czz = cos (n . y)
BP

Aym: As specified in Table 4.6.2-6
Arm: As specified in Table 4.6.2-7
Aggr: As specified in Table 4.6.2-8
Agpp: As specified in Table 4.6.2-9
x¢: As specified in Table 4.6.2-6
Cpy: As given by the following formulae:

2m
For equivalent design wave HM, C;,, = sin <— F. (x — xG)>
HM
. . [ 2m
For equivalent design wave FM, C;,, = sin F (x —x¢)
FM

2m
For equivalent design waves BR-1P and BR-2P, C;), = sin (— Ty)
BR

2
For equivalent design waves BR-1S and BR-2S, Cj,, = sin (/1— y)
BR

2m
For equivalent design waves BP-1P and BP-2P, C;), = sin (— Ty)
BP

2m
For equivalent design waves BP-1S§ and BP-2S, C;); = sin (A_ y)
BP

4.6.2.5 Internal Pressure due to Liquid Loaded
1 Static pressure P (kN/m?) acting on tanks and ballast holds loaded with liquids is to be in accordance with Table

4.6.2-11.

Table 4.6.2-11 Static Pressure P;; in Tanks and Ballast Holds Loaded with Liquid

Static pressure P, (kN/m?)
Type of tank or hold
Z < Ziop Z > Ziop
Cargo tanks fully loaded with liquid cargo
& y o d g L9 (2top = 2) + Pry 0
(excluding liquefied gas)
Cargo tanks fully loaded with liquefied gas and liquefied
g y d £ q pLg(Ztop - Z) + PO 0
gas fuel tanks

Ballast holds P19 (Ztop — 2)

Ballast tanks and others tanks ,DLg(Zmp - Z) 0
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Notes:

p..: Density of liquid loaded (#/m?), as specified in Table 4.6.2-12

Ztop: Z coordinate of the highest point (m) of tank excluding small hatchways

Ppy: Design vapour pressure (kN/m?), not to be less than 25 kN/m?

P,: Design vapour pressure (kN/m?). For cargo tanks, this value is not to be less than the MARVS specified in 1.1.4,
Part N. For liquefied gas fuel tanks, this value is not to be less than MARV'S specified in 2.2.1, Part GF.

Table 4.6.2-12 Density p; of Liquid Cargoes

Type of liquid cargo Density p; (t/m?)
Ballast water 1.025
Crude oil and petroleum products! 0.9
Liquefied gas') Design cargo density
OthersV @ Value deemed appropriate by the Society

Notes:

(1) Where the maximum liquid cargo density in a cargo tank loaded at 98 % is
greater than the value shown in the Table in any loading condition described in
the loading manual, the said value is to be used.

(2) The following values may be used:
Concentrated sulphuric acid: 1.85
Molasses: 1.4
Asphalt: 1.1
Fresh water: 1.0
Heavy oil C: 0.95
Heavy oil A and lubricating oil: 0.9

2 Dynamic pressure P,; (kN/m?) acting on tanks and ballast holds loaded with liquid is to be as specified in Table
4.6.2-13.

Table 4.6.2-13 Dynamic Pressure P;; Acting on Tanks and Ballast Holds Fully Loaded with Liquid

Dynamic pressure P,y (kN/m?)
Type of cargo compartment < L =
Z = Ziop Z > Ziop
Cargo tanks fully loaded with
liquid cargo including liquefied
_ —x)+ay_ -y +as - 0
gas, ballast holds and liquefied pulax-r¢(xrg — %) + ay_rc(Yre — ¥) + az_16(2 — 2)]
gas fuel tanks
Other than the above
(c.¢. ballast tanks) prlax—r¢(xo — %) + ay_rc (Vo — ¥) + az_rc (20 — 2)] 0

Notes:

p1: As specified in Table 4.6.2-12

Ax_16, Ay—16, Az—1¢ - Acceleration at the volumetric centre of gravity of tank or ballast hold under consideration, as
specified in Table 4.6.2-14

X0, Yo, Zo: X, Y and Z coordinates of reference point ()
Ztop: As specified in Table 4.6.2-11

(1)  The reference point is to be taken as the point with the highest value of V}, calculated for all points that define the upper boundary of the tank
or the ballast hold excluding the points located at the height equal to or below the volumetric centre of gravity of the said tank and hold.
Vi = ax_re(%; = X76) Fay—r6(¥; — Y1) + (@z—r6 + 9)(2 = Zr6)
Xj,¥;,2;: X, Yand Z coordinates of point j (72) on the upper boundary of the tank or the ballast hold excluding the points located at the
height equal to or below the volumetric centre of gravity of the said tank and hold

X7¢, Vre, Zrg: X, Y and Z coordinates (77) at the volumetric centre of gravity of the tank or ballast hold under consideration
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Table 4.6.2-14 Acceleration ay, ay and a, at Any Position

Equivalent Longitudinal acceleration ay Transverse acceleration ay Vertical leration @, (m/s?)
ertical acceleration m
design wave (m/s*) (m/s) i
—0.6g - sin ¢
—-0.15+ 0.5
HM-1 +(=0.2fr + 0.3)a, 0 (+o 7as(x —f;)? 3
—0.7a5(z — z o ’
.y ~ 5( : ¢G)
.6g * sin
g (015 - O.SfT)a3
HM-2 +(0.2fr — 0.3)a, 0 —0.7as(x — x;)
+0.7a5(Z - ZG) . ’ ‘
0.1g -sin¢g 0.075a
FM-1 +(—0.4f; +0.2 0 . )
(—0.4f; Jay —(0.02T,c — 0.14)as(x — xg)
+(0.02T;c — 0.14)as(z — z;)
FM .
—0.1g -sin¢ —0.075a
FM-2 +(0.4f; — 0.2 0 ' ;
(0.4fr )ay —(—0.02T;¢ + 0.14)as(x — x;)
+(=0.02T,. + 0.14)as(z — z;)
—g - sinf
g(cos6 —1)
BR-1P 0 +(—0.2f; + 0.2)a,
+(0.7-0.4 +
—au(z — 20) ( fr)as + ay
g-sinf
g(cos6 —1)
BR-2P 0 +(0.2f; — 0.2)a,
+(-0.7+0.4 -
tay(z — 20) ( frlas — asy
BR in@
g " sin
g(cosf —1)
BR_IS 0 +(0'2fT - 0.2)(12
+(0.7 - 0.4 -
tay(z — 20) ( fr)as — asy
—g-sinf
g(cosf —1)
BR_ZS 0 +(_O'2fT + 0.2)(12
+(-0.74+04 +
—ay(z — 20) ( fr)as + a,y
p1p . —0.002Azpg * sin 6 [1 — 1.6exp(—0.0124pp)]as
—0.3a, — 0.3a,(z — z;) +0.3a,y
pap . 0.0021zpg - sin O [-1 + 1.6exp(—0.0124pp)]as
o +0.3a, + 0.3a,(z — z;) —0.3a,y
pis 0 0.0021zpg - sin O [1— 1.6exp(—0.0121zp)]az
+0.3a, + 0.3a,(z — z;) —0.3a,y
pas 0 —0.00213pg - sin @ [-1 + 1.6exp(—0.01245p)]a;
—0.3a, — 0.3a,(z — z;) +0.3a,y
Notes:

aq,a,,as,a,,as: As specified in 4.2.3
0, ¢: As specified in 4.2.2
X¢: X coordinate (m) at the centre of gravity of the ship to be taken as x; = 0.45L.. However, the value calculated

based on the weight distribution corresponding to the considered loading condition may be used.

Z¢: Z coordinate (m) at the centre of gravity of the ship in the loading condition under consideration
Agp: As specified in Table 4.6.2-9

4.6.2.6
Static pressure P, (kN/m?) acting on cargo holds loaded with dry bulk cargo is to be in accordance with Table

1

4.6.2-15.

Internal Pressure due to Dry Bulk Cargo

Table 4.6.2-15 Static Pressure P, in Cargo Holds Loaded with Dry Bulk Cargo

Position under consideration Static pressure P, (AN/m*)M

Z=Zc pcKeg(z¢ — 2)
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zZ>Zc 0

Notes:
pc: Density of dry bulk cargo (#/m?), as specified in Table 4.6.2-16®
K.: Coefficient of the earth pressure, as given by the following formulae:
For inner bottom plating, hopper tanks, transverse bulkheads, longitudinal bulkheads, lower stools, vertical
upper stools and side shells,
K. = cos?a + (1 —siny) sin? a
For top side tanks, main decks and sloped upper stools,
K.=0
a: Inclination angle (rad) to the horizontal plane of the panel under consideration, but where a exceeds
m/2, a istobe w/2.
: Angle of repose of dry bulk cargo (rad), as given by the following formulae:
For iron ore and coal, ¥ = 0.611  (i.e. 35 deg)

For cement, 1 = 0.436 (i.e. 25 deg)
For others, 1 = 0.524 (i.e. 30 deg)
Ze : Height (m) from the baseline to the top surface of the cargo in way of the point on which the load is act, as

given by the following (1) and (2). The value of z. is to be taken as constant in the longitudinal direction of
the cargo hold under consideration.
(1) Where cargo is loaded up to the top of the hatch coaming
zc = zpgp + he oy
Zpg: Height (m) from the baseline to the inner bottom plating at the centreline, measured at the mid-
length of the cargo hold under consideration
h¢ c: Height (m) from the inner bottom plating to the upper surface of dry bulk cargo at the centreline,
measured at the mid-length in the longitudinal direction of the cargo hold under consideration (See
Fig. 4.6.2-7) as given by the following formula:

heeL = B, (Sc + Z)

Sc: Area (m?) from the bottom plating of the cargo hold to the lower end of the hatch side coaming,
measured at the mid-length in the longitudinal direction of the cargo hold under consideration
(See Fig. 4.6.2-7)

Vyc: Volume of the hatch coaming of the cargo hold under consideration (m*) from the lower end
to the top of the hatch coaming (See Fig. 4.6.2-8)

£,;: Length of the cargo hold () at the centreline between the transverse bulkheads (See Fig. 4.6.2-
8). As for cargo hold with corrugated bulkheads, €, is to be the distance between the mid-
depth of the corrugated bulkheads.

By: Breadth of the cargo hold (m) at the mid-height between the lower end of the hatch coaming
and the bottom plating of the cargo hold under consideration, determined at the mid-length in
the longitudinal direction of the said cargo hold (See Fig. 4.6.2-7)

(2) For cases other than (1) above (e.g. where high density cargo is loaded)
Z¢ = Zpg + h¢
h¢: Height (m) from the inner bottom plating at the centreline to the upper surface of the dry bulk cargo,
measured at the mid-length in the longitudinal direction of the cargo hold under consideration (See

Fig. 4.6.2-7), to be obtained so that the value of the cargo volume divided by €, is equivalent to

the area® of the cargo at the mid-length in the longitudinal direction of the said cargo hold. The

cargo volume is to be as specified in Table 4.6.2-16.

(1) Where the upper surface of the cargo is at the position of the hatch coaming, the loads acting on the said member may not be considered.
(2) Both low density cargoes and high density cargoes are to be considered where deemed necessary by the Society.
(3) The upper surface of the cargo is to be horizontal in the longitudinal and transverse directions in the range of 1/2 of By on each side of the

centreline, and is to be sloped at each side linearly from the edge of the horizontal plane towards the ship side, with the angle equal to half of

the angle of repose.
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Table 4.6.2-16 Dry Bulk Cargo Mass and Density

Homogeneous loading condition and others Alternate loading condition
Cargo loaded up to Other than the left Cargo loaded up to Other than the left
the top of hatch (e.g. high density the top of hatch (e.g. high density
coaming cargo loaded, etc.) coaming cargo loaded, etc.)
Dry bulk cargo mass M
R My My Miyp My
M M
Cargo density p. (#/m?) full 3.0 = 3.0
VFull VFull

Notes:

Mpy,;;: Cargo mass (f) when loaded to the top of the hatch coaming
My Cargo mass (f) to be loaded in the cargo hold under consideration in the homogeneous loading condition with

scantling draught (all ballast tanks empty)

My p: Designed maximum cargo mass () to be loaded in the cargo hold under consideration with the scantling draught
Veyn: Volume of the cargo hold () including the volume of the hatch coaming

(1)

To be taken as 3.0 unless the designed maximum cargo density is specified in the loading manual.

Fig. 4.6.2-7

C_

Zc

< } £
/" Bx
Zpgp

Cargo Hold Loaded with Dry Bulk Cargo
|

. | Bu/2

E-‘-‘-‘-""----.

Y

A

By
Zpgp

Other than the left figure (high density cargo loaded,

When cargo is loaded to the top of hatch coaming

Fig. 4.6.2-8

VH C

By

Transverse section

etc.)

Cargo Hold Loaded with Dry Bulk Cargo
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2 Dynamic pressure Pp; (kN/m?) acting on cargo holds loaded with dry bulk cargo is to be in accordance with Table
4.6.2-17.

Table 4.6.2-17 Dynamic Pressure P,; Acting on Cargo Holds Loaded with Dry Bulk Cargo

Position under consideration Dynamic pressure Py, (kN/m?)®
Ve
z <z Pc [Cban—HG (Xpe —x) + ﬁcbyaY—HG e —¥) + CpzKcaz_pc(zc — Z)]
c—Vr
z> 7 0
Notes:

pc: As specified in Table 4.6.2-16

K¢, zc: As specified in Table 4.6.2-15

Cp,: Coefficient considering the effect of friction between particles of granular cargoes, etc. to be taken as 0.34

Cpy: Coefficient considering the effect of friction between particles of granular cargoes, etc. to be taken as 0.34

C,,: Coefficient considering the effect of friction between particles of granular cargoes, etc. to be taken as 1.00.

Ax_pe) Ay—ne» Az—pg: Acceleration (m/s?) in the longitudinal, transverse and vertical directions at the volumetric
centre of gravity of the cargo hold under consideration, calculated in accordance with Table
4.6.2-14?

Xye, Vue: X, Y coordinates (m) at the volumetric centre of gravity of the cargo hold under consideration

V¢: When cargo is loaded up to the top of the hatch coaming, to be taken as V. = V,;;. For other cases, to be taken as

Ve =M/3.0

Vew, M: As specified in Table 4.6.2-16
Vr: Volume of cargo (m*) above the horizontal plane including the upper surface of the cargo at the position of the
side shell (longitudinal bulkhead for double hull construction) for high density cargoes (See Fig. 4.6.2-9).

However, where cargo is loaded to the top of the hatch coaming, to be taken as 0.
(1) Where the upper surface of the cargo is at the position of the hatch coaming, the loads acting on the said member may not be considered.
(2) The Z coordinate (m) at the volumetric centre of gravity is to be taken as:
(a) When cargo is loaded to the top of the hatch coaming, to be taken as zpp + h¢ ¢ /2.
(b) In other cases, to be taken as zpz + he/2. he is to be taken as the value at the centreline.

3 Where the height of the point on which the load is act z is equal to or less than z., the following shear loads (1)
and (2) are to be considered for inner bottom plating and sloping plate in contact with the dry bulk cargo, in addition
to the internal pressure acting on the cargo hold loaded with the dry bulk cargo in -1 and -2 above:

(1) Static shear load P,,_, (kN/m?) as specified in Table 4.6.2-18

(2) Dynamic shear loads Ppg_y, Ppq—y and Pyq_, (kN/m?)as specified in Table 4.6.2-19

Table 4.6.2-18 Static Shear Load P,,_, of Dry Bulk Cargo

Member on which load acts and direction of load Static shear load Py,_, (kN/m?) of dry bulk cargo
1-K,
Parallel to bilge hopper plating and lower stool sloping plate(" Pps_y = pcg(zc — 2) . ¢
an a
Notes:

pc: As specified in Table 4.6.2-16
K., z¢, a: As specified in Table 4.6.2-15

(1)  Defined as positive when the load acts downward on the plating.

Table 4.6.2-19 Dynamic Shear Loads Ppq_y, Prq—, and P,g_, of Dry Bulk Cargo

Member on which load acts and direction of load Dynamic shear load (kN/m?) of dry bulk cargo
Ve
Longitudinal direction of inner bottom plating" Ppg_x = —(1 = Cpx)PcAx—ne Bl
BLiB
Ve
Transverse direction of inner bottom plating® Pya—y = _(1 - be)PC Ay-HG Bl
1BliB
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Parallel to bilge hopper plating and lower stool sloping 1-K

Ppa_, = pcaz_pc(zc — 2
plate(3) bd-z Pclz HG( C ) tana

Notes:

pc : As specified in Table 4.6.2-16

Cpx> Cpy: As specified in Table 4.6.2-17

Ve: As specified in Table 4.6.2-17

K¢, z¢, a: As specified in Table 4.6.2-15

Ax_ne» Ay—ne, Az—pe: As given in Table 4.6.2-17

B,p: Breadth of inner bottom plating (m) measured at the mid-length in longitudinal direction of the cargo hold (See
Fig. 4.6.2-9)

£,5: Length of inner bottom plating (m) measured at the centreline of the cargo hold (See Fig. 4.6.2-9)

(1)  Defined as positive when the load acts forward direction on the plating.

(2)  Defined as positive when the load acts to portside on the plating.

(3)  Defined as positive when the load acts downward on the plating.

Fig. 4.6.2-9  Parameters for Dynamic Shear Load of Dry Bulk Cargo
I

_— i S

/2 AP

| C

F 3
h

‘FIB

Transverse section Longitudinal section

4  Where the static load due to dry bulk cargo, in vertical direction, acting on the cargo hold in analysis is different
from the load equivalent to the mass M (¢) specified in Table 4.6.2-16 for reasons related to the analysis software and
structure model, the pressure is to be corrected so as to be equivalent to the mass considering the density of the dry
bulk cargo p. (¢/m?).

4.6.2.7 Container Cargo Loads

1  Static load of container cargoes F.; (kN) acting on cargo holds, hatch coamings, etc. is to be in accordance with
Table 4.6.2-20.

Table 4.6.2-20 Static Load F,; of Container Cargo

Member on which load acts" Static load F.¢ of container cargo (kN)

F,
Inner bottom plating, step in cargo hold, deck, etc. T af
C

Notes:

F,: Permissible stack weight (kN) in holds and on the deck specified by the designer
n.r: Number of locations where one container cargo is in contact with the hull; in principle, to be 4

(1)  To be given as a point load at the point of contact with the bottom of the container stack.

2 Dynamic load of container cargoes F.; (kN) acting on cargo holds, hatch coamings, etc. is to be in accordance
with Table 4.6.2-21.
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Table 4.6.2-21 Dynamic Load F.; of Container Cargo

Direction under consideration!) Dynamic load of container cargo F.; (kN)
K,
Longitudinal direction —Cc———ax_¢¢
& NtierNe f g
L E,
Transverse direction —Cc————ay_¢cq
NtierNc f g
F,
Vertical direction - az—cc
ne f g

Notes:
Cc: Coefficient related to lashing of container cargo; to be taken as 0.5 for dynamic load in the cargo hold and as 1.0
for dynamic loads on decks and hatch covers
Fy,ngs: As specified in Table 4.6.2-20
Nyier: Number of container tiers
Ax_cg> Ay —ce» Az—cg: Acceleration (m/s?) in the longitudinal, transverse and vertical directions at the centre of gravity
of the container under consideration, to be calculated in accordance with Table 4.6.2-14?%

(1)  The vertical dynamic load is given at the point of contact with the bottom of the container stack, and the longitudinal and transverse dynamic
loads are given at the position where the container supporting arrangements are installed as point loads.
(2) In container carriers, the acceleration at the hold volumetric centre of gravity is used considering the container cargo in the hold as one

assembly. Container cargoes loaded on hatch covers may also be regarded as one assembly, and the centre of gravity of the assembly may be

used.

4.6.2.8 Internal Pressure due to Loaded Materials other than Liquid Loaded, Dry Bulk Cargoes and
Container Cargoes
Static pressure P, (kN/m?) due to loaded materials not corresponding to 4.6.2.5 to 4.6.2.7 is to be calculated by
dividing the weight of the loaded materials (kN) by the area (m?) in the range subject to the said loaded materials.
Dynamic pressure P,4 (kN/m?) is to be the pressure for which the acceleration specified in Table 4.6.2-14 is considered
and is to be considered as a line load or a point load depending on the type of the load.

4.6.2.9 Weight of Hull Structure, Etc.

1  Self-weight of hull structure and the dynamic load due to ship motions are to be considered. It is to be noted that
the dynamic load due to ship motions acts in the direction opposite to the accelerations specified in Table 4.6.2-14.

2 Consideration of loads generated by equipment, etc. may be required where deemed necessary by the Society.

4.6.2.10  Hull Girder Loads
Vertical bending moment My,_y; (kN-m) and horizontal bending moment My_y, (kN-m) acting on the hull are
to be in accordance with the following formulae:
My_p¢ = Mgy + CapMyy
My—ne = CanMwn
Mgy : Permissible maximum or permissible minimum vertical still water bending moment (kN-m) as specified
in 4.3.2.2. However, instead of the permissible maximum or permissible minimum vertical still water bending
moment, the maximum or minimum vertical still water bending moment for each loading condition considered
may be used in consideration of all physically possible combinations of loading conditions, e.g. such as filling
consumed tanks, empty tanks, etc.
My Vertical wave bending moment (kN-m) in the hogging and sagging conditions, as given by the following
formulae:

For the hogging condition, Myy_, = 0.19C;C,L-*BCyq

For the sagging condition, Myy,_s = —0.11C;C,L:*B(Cy + 0.7)

C,: As specified in Table 4.6.2-22. Intermediate values are to be obtained by linear interpolation. For ships
with high speed and/or large flares, use of the values specified in Table 4.3.2-2 may be required where
deemed necessary by the Society.

M,y : Horizontal wave bending moment (kN-m) , as given by the following formula:
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LC_35

c

Myy = 0.32CxC,C5Lc*Tyc

Cg: Coefficient considering the effect of ship operation, to be taken as 0.85

C5: As specified in Table 4.6.2-22. Intermediate values are to be obtained by linear interpolation.
C,,,: Superposition coefficient as specified in Table 4.6.2-23
C,p: Superposition coefficient as specified in Table 4.6.2-23

Table 4.6.2-22 Coefficient of Distribution along the Ship Length, C, and C;
x/L¢ G Gy
x/Lc <0 0.0 0.0
x/Lc =035 0.875 1.0
x/Lc =04 1.0 1.0
x/Lc = 0.65 1.0 1.0
x/Lc = 1.0 0.0 0.0
Table 4.6.2-23 Coefficients C,,, and Cy,y
Equivalent v Myy—p ot Myy_s Myy
design wave v Cyy Condition Cun Condition
HM-1 Sagging -
HM 1.0 0.0
HM-2 Hogging -
FM-1 Sagging
M 0.4fr + 0.6 0.0 -
FM-2 Hogging
) Port side
BR-1P Sagging 1.2 -1.1f7 )
(compression)
Port sid
BR-2P Hogging 11fyp — 1.2 ort Sice
" 02f, — 0.1 (tension)
BRLS Mgy max T Saced L1fy — 12 Starboard side
] or/and ageine T (compression)
BR-2S mm Hogging 12— 1.1f; arboat@sice
(tension)
. Port side
BP-1P Sagging 0.7—-0.7fr )
(compression)
Port sid
BP-2P Hogging 0.7fy — 0.7 ort Sice
(tension)
BP 0.5f7 — 0.15 ;
. Starboard side
BP-18 Sagging 0.7f+ — 0.7 )
(compression)
Starboard sid
BP-2S Hogging 0.7 — 0.7fr arboat@sice
(tension)
Notes:
Mgy max» Msy min: Permissible maximum vertical still water bending moment and minimum permissible
vertical still water bending moment in 4.3.2.2
(1)  To be selected according to loading condition under consideration.

4.6.3 Harbour Condition

4.6.3.1 Loading Conditions
1  The loading condition in which the difference between the internal and external pressures acting on the bottom
structure or side structure reaches the maximum and the loading condition in which the internal pressure acting on the
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bulkhead structure reaches the maximum are to be considered.
2 Notwithstanding -1 above, the loading condition is to be considered separately for ships where deemed necessary
by the Society.

4.6.3.2 External Pressure

1  Hydrostatic pressure is to be considered as external pressure acting on the hull.

2 External pressure Ppr_,, (kN/m?) acting on the outer shell is to be in accordance with the following formula:
Ppr_ex = Pexs
P,,.: Hydrostatic pressure (kN/m?), as specified in 4.6.2.4-1

4.6.3.3 Internal Pressure
1  Loads due to cargoes, ballast and other cargoes are to be considered as internal pressure acting on the hull.
2 Internal pressure Ppr_;, (kN/m?) acting on tanks and ballast holds loaded with liquids is to be in accordance with
the following formulae:

For ballast tanks, Ppr_in = Pis + prghair

For other tanks, Ppr_;;, = Pjg

Py, Static pressure (kN/m?), as specified in 4.6.2.5-1

p..: Density of liquid loaded (#/m?), as specified in Table 4.6.2-12

hgir: Height of air pipe or overflow pipe above the top of the tank (m)
3 Internal pressure Ppr_;, (kN/m?) acting on cargo holds loaded with dry bulk cargoes in the full and partial load
conditions is to be in accordance with the following formula:

Ppr_in = Pps

P,: Static pressure (kN/m?), as specified in 4.6.2.6-1
4  The container load Fj; poiq (KN) acting on cargo holds and the container load F,;, jecx (KN) acting on hatch
coamings, etc. loaded with container cargoes are to be in accordance with the following formulae:

Fin_nota = Fes

Fon_deck = Fes

F.s: Static load (kN) as specified in 4.6.2.7-2
5 Internal pressure P, (kN/m?) due to loaded materials not corresponding to -2 to -4 above is to be calculated by
dividing the weight of the loaded material (kN) by the area (m?) in the range subject to said loaded material and is to
be considered as a line load or a point load depending on the type of loaded material.

4.6.3.4 Weight of Hull Structure, Etc.
1  The effect of gravitational acceleration acting on the hull structure in still water is to be considered.
2 Consideration of the loads due to equipment, etc., may be required where deemed necessary by the Society.

4.6.3.5 Vertical Bending Moment in Port

1  The vertical bending moments considered in the harbour condition are to be the maximum vertical bending
moment in harbour Mpr 4, (KN-m) and the minimum vertical bending moment in harbour Mpy i, (KN-m).

2 Mpr max 18 to be not less than 1.1 times the permissible maximum vertical still water bending moment during
voyage Mgy max specified in 4.3.2.2. Mpr i, 18 to be not greater than 1.1 #imes the permissible minimum vertical
still water bending moment during voyage Mgy n;, specified in 4.3.2.2.

3  Notwithstanding -2, when the designer determined the maximum vertical bending moment and the minimum
vertical bending moment in the loading condition in harbour considering the cargo loading/unloading sequence, those
values are to be considered. In this case, values of Mpr 1,4, less than the value in -2 above and Mpr ,,,;,, greater than
the value in -2 above may be used. However, Mpr 4, is not to be less than Mgy 4, and Mpr i, is not to be
greater than Mgy 1in.

4.6.4 Testing Condition

4.6.4.1 General

As the testing condition, a condition reproducing the hydrostatic test (structure test) according to the requirements
in 2.1.5, Part B is to be considered. The external and internal pressures are to be in accordance with the planned
pressures or those in the hydrostatic test.

— 176 —



2023 Rules for the Survey and Construction of Steel Ships (Part C Partl Chapter 4) CIaSSNI(

4.6.4.2 External Pressure
The external pressure Pgr_,, (kN/m?) acting on the hull is to be the hydrostatic pressure corresponding to the
draught described in the test plan approved by the Society according to the requirements in 2.1.4-5, Part B.

4.6.4.3 Internal Pressure

1  Internal pressure Pgr_;, (kN/m?) acting on the hull and tanks is to be in accordance with Table 4.6.4-1.

2 Where the hydrostatic test is conducted under conditions exceeding the pressure specified in -1 above, the said
test pressure is to be used.

Table 4.6.4-1 Internal Pressure Pgr_;, in Testing Condition

Position under consideration Internal pressure Por_i, (kN/m?)
Z =< Zgr Psr_in = pg(zsy — 2)
Z > Zgr 0
Notes:
zgr: Height (m) of water head in hydrostatic test, as specified in Table 4.6.4-2

Table 4.6.4-2 Design Testing Water Head Height zer

Compartment Zgr
Double bottom tanks) Zsr = max(Zsop + Rairs Ztop + 2.4, Zp4)
Double side tanks Zgy = max(ztop + Rgirs Zeop + 2.4, Zbd)
Deep tanks not described in this Table Zgy = maX(Ztop + Rgiry Zeop + 2.4)
Cargo oil tanks Zgr = max(zmp + Rairs Zeop + 2.4, Zeop + zPV)
Ballast holds of bulk carriers Zsr = Zpc
Peak tanks (fore and aft peak tanks) Zgr = max(zmp + Rairs Zeop + 2.4)
Chain lockers Zgr = Z,
Ballast ducts Zgr = max(zyy, Zpy )
Fuel oil tanks zer = max(Zyop + hairs Zop + 2.4, Zeop + Zpy, Zpa)
Cargo tanks of ships carrying dangerous chemicals in bulk® | zsr = max(zmp + 24,240, + ZPV)
Cargo tanks of ships carrying liquefied gas in bulk According to Part N
Low-flashpoint fuel tanks storing natural gas According to Part GF
Edible liquid tanks (independent tanks) Zgy = maX(Ztop + Rairs Zeop + 0.9)
Notes:

Ztop: Z coordinate of the top of tank () (highest point of tank excluding small hatchways)

Zpa: Z coordinate of the bulkhead deck (m)

Zpy: Z coordinate of the test water head (m) corresponding to set pressure of pressure relief valve
Zpe: Z coordinate (m) at the top of the hatch coaming

Z.: Z coordinate (m) at the top of chain pipe

Zyy,: Z coordinate of the test water head (m) corresponding to maximum pressure of ballast pump

hir: Height of the air pipe or overflow pipe (m) above the top of the tank

(1)  For double bottom tanks connected with “hopper side tanks, topside tanks or double side tanks, zg; corresponding to hopper side tanks, topside
tanks, double side tanks, fore and aft peaks used as tanks, and cofferdams” is applicable.

(2)  For tanks to be loaded with cargoes having specific gravity exceeding 1.0, an additional water head is to be considered.
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4.6.4.4 Weight of Hull Structure, Etc.
The effect of gravitational acceleration acting on the hull structure in still water is to be considered.

4.6.4.5 Vertical Bending Moment
Vertical bending moment acting on the hull may be taken as 0 AN-m in the testing condition.

4.6.5 Flooded Condition

4.6.5.1 Loading Condition and Flooded Compartment

The compartment to be flooded is to be determined so as to maximise the stress in the member being evaluated.
The water head of the compartment to be flooded is to be set so as to obtain Z coordinate where the deepest equilibrium
waterline is the greatest. However, flooded conditions in which the survival probability is 0 may not be considered.

4.6.5.2 External Pressure
External pressure Ppp_o, (kN/m?) acting on the outer shell is to be in accordance with Table 4.6.5-1, but is not
to be less than 0.

Table 4.6.5-1 External Pressure Pgp_., in Flooded Condition

External pressure Prp_p, (kN/m?)

FD1® Prp_ex = pgheps
FD21)@ Prp_ex = Pghrp2
FD3® Prp—ex = pg(Zpp — 2)

Notes:
hrp1, hpps: Assumed draught height (m) in the flooded condition from the position under consideration, as given by
the following formulae ©:
hgpy = ysin@pp + (zgp — z) cos Opp
hgpy = =y sin Oy + (zpp — 2z) €Os Opp
Zpp - Z coordinate (m) of the greatest value among deepest equilibrium waterline at the centreline
amidships, excluding flooded conditions where the probability of survival in damage stability
calculations is 0.
Orp : Greatest value among the deepest equilibrium heel angle (rad), excluding flooded conditions where
the probability of survival in damage stability calculations is 0.
Zpp : Z coordinate (m) of the freeboard deck at side in way of the transverse section under consideration

(1) Incaseof zgp = zzg, FD3 may not be considered.
(2)  For ships with structure symmetrical about centreline, either FD1 or FD2 may be considered.

(3) When the maximum draught was obtained based on the combination of zzp, and 6, in each case to be considered in damage stability

calculations, the said draught may be regarded as the assumed draught height.

4.6.5.3 Internal Pressure
Internal pressure Pgp_;, (kN/m?) acting on watertight walls in a flooded compartment is to be in accordance with
Table 4.6.5-2, but is not to be less than 0.

Table 4.6.5-2 Internal Pressure Pr,_;,, in Flooded Condition

Internal pressure Prp_; (AN/m?)

FD1V® Prp_in = pghrp1
FD2(H@ Pep_in = Pghrp2
FD3" Prp_in = pg(Zrp — 2)

Notes:
hep1, hppy: As specified in Table 4.6.5-1 )
Zpp : As specified in Table 4.6.5-1
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(1) Incaseof zgp = zpg, FD3 may not be considered.
(2)  For ships with structure symmetrical about centreline, either FD1 or FD2 may be considered.

(3) When the maximum draught was obtained based on the combination of zzp, and 6, in each case to be considered in damage stability

calculations, the said draught may be regarded as the assumed draught height.

4.6.5.4 Weight of Hull Structure, Etc.
The effect of gravitational acceleration acting on the hull structure is to be considered. In case of FD1 and FD2,
the effect of heel angle is to be considered.

4.6.5.5 Vertical Bending Moment in Flooded Condition
1 The maximum vertical bending moment in the flooded condition Mpp g, (KN-m) and the minimum vertical
bending moment in the flooded condition Mgp i, (AN-m) acting on the hull are to be in accordance with the following
formulae:

Mgp max = Msy max + 0.45Myy _p,

MFD_mL'n = MSV_min + 0'45MWV—S

Mgy max> Msy min: As specified in 4.3.2.2

Myrv_n, Myy_s: As specified in 4.3.2.3
2 For ships where the vertical still water bending moment in the flooded condition is described in the loading manual,
where the maximum vertical still water bending moment is greater than Mpp 4, specified in -1 above and/or where
the minimum vertical still water vertical bending moment is less than Mgp ,;, specified in -1 above, the maximum

and/or minimum vertical still water bending moment are to be considered instead of those in -1 above.

—179—



CIaSSNI( 2023 Rules for the Survey and Construction of Steel Ships (Part C Partl Chapter 4)

4.7 Loads to be Considered in Fatigue

4.7.1 General

4.7.1.1 General

1  The loads to be considered in the requirements for fatigue strength assessments in Chapter 9 are to be as specified
in this 4.7.

2 The loads in the cyclic load condition are to be in accordance with 4.7.2.

4.7.2 Cyclic Load Condition

4.7.2.1 Loading Conditions

1  Among the planned standard loading conditions, the loading conditions of the following (1) and (2) are to be
considered.

(1) Full load condition

(2) Ballast condition

2 Where a loading condition other than -1 above is planned to continue for an extended time, the said condition is
to be considered.

3 The values in each loading condition specified in the loading manual are to be used for the metacentric height
GM (m), height of the centre of gravity of the ship z; (m), draught amidships T,. (m) and the radius of gyration
K, (m) in the loading conditions under consideration. Where these values are not obtained beforehand, values obtained
from Table 4.6.2-1 corresponding to the loading condition may be used.

4.7.2.2 Wave Conditions

1 In the fatigue strength assessment, the loads based on the equivalent design wave specified in Table 4.6.2-2 are to
be considered. The definitions of weather side down and weather side up are given in Table 4.6.2-3.

2 Consideration of equivalent design waves other than the waves in -1 above may be required where deemed
necessary by the Society.

4.7.2.3 Lateral Loads
1  External pressure P,, (kN/m?) acting on the outer shell is to be in accordance with the following formula, but is
not to be less than 0.

Fox = Pexs + Pexw

P,,: Hydrostatic pressure (kN/m?), as specified in Table 4.7.2-1

P,..,: Hydrodynamic pressure (kN/m?), as specified in Table 4.7.2-1
2 Internal pressure P, (kN/m?) acting on the hull, tanks, etc. due to loaded materials such as cargoes and ballast is
to be in accordance with the following formula in each equivalent design wave, but is not to be less than 0.

Py = Pins + Ping

P;.s: Static pressure (kN/m?), as specified in Table 4.7.2-1

P;,4: Dynamic pressure (kN/m?), as specified in Table 4.7.2-1
3  Notwithstanding -2 above, the container load F. (kN) acting on cargo holds, hatch coamings, etc. where
containers are stowed is to be taken as the following formula, but is not to be less than 0. The direction in which the
container load acts is to be in accordance with the coordinate system in 1.4.3.6.

Fe = Fes + Feq

F,,: Static load of container cargo (kN), as specified in Table 4.7.2-1

F_4: Dynamic load of container cargo (kN), as specified in Table 4.7.2-1
4  Notwithstanding -2 and -3 above, where the design load is given to a specified member, consideration of the said
load may be required.
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Table 4.7.2-1 Lateral Loads

Internal pressure Py, Container load F,
External pressure Liquid loaded Other than the left
Pex (e.g. liquid cargoes, Dry bulk cargo and container Container cargoes
ballast water) cargoes
Pexs PinSZPls PinSZPbs Pins=sz ch
(4.7.2.4-1) (4.7.2.5-1) (4.7.2.6-1) (4.7.2.8) (4.7.2.7-1)
Pexw Ping = Pig Ping = Ppq Ping = Pyq Fea
(4.7.2.4-2) (4.7.2.5-2) (4.7.2.6-2) (4.7.2.8) (4.7.2.7-2)

Notes:
Numbers in parentheses () indicate the section of the referenced requirements.

4.7.2.4

1

External Pressure due to Seawater
Hydrostatic pressure P, corresponding to the draught T;. (m) in the loading condition under consideration is

to be considered (See Table 4.7.2-2).

Table 4.7.2-2 Hydrostatic Pressure P,
Hydrostatic Pressure P, (kN/m?)

Position under consideration

z<Ty pg(Tyc — 2)
z>Tc 0
2 Hydrodynamic pressure P,,,, specified in the following (1) to (4) is to be considered.
(1) Hydrodynamic pressure in equivalent design wave HM is to be in accordance with Table 4.7.2-3 (See Fig. 4.7.2-
1).
(2) Hydrodynamic pressure in equivalent design wave FM is to be in accordance with Table 4.7.2-4 (See Fig. 4.7.2-
2).
(3) Hydrodynamic pressure in equivalent design wave BR is to be in accordance with Table 4.7.2-5 (See Figs. 4.7.2-
3 and 4.7.2-4).
(4) Hydrodynamic pressure in equivalent design wave BP is to be in accordance with Table 4.7.2-6 (See Figs. 4.7.2-
5 and 4.7.2-6).
Table 4.7.2-3 Hydrodynamic Pressure P,,,, in Equivalent Design Wave HM
Hydrodynamic Pressure P, (kN/m?)
HM-1 Poxw = maX(_PHM’PQ(Z - TLC)) 1
PWL_Epg(Z_TLC) 0
HM-2 Poxw = maX(PHM: PQ(Z - TLC))
Notes:

Py As given by the following formula:

Py..: Hydrodynamic pressure (kN/m?) at the waterline in the equivalent design wave under consideration, as given by

Pypy = 0.5Cr_ymCrCumiHs_ am (Pumy + Pumz + Prms + Prma)
Cr um: Coefficient for fatigue, as given by the following formula:
Cr im = Cr1_umCra_nm
Cr1 gum: Coefficient considering speed effects, to be taken as 0.93
Crz gm: Conversion coefficient for exceedance probability level considered in the fatigue strength
assessment, to be taken as 0.22
Cu» Camas Hs g As specified in Table 4.6.2-6

Py Pumzs Pumz, Puma: As specified in Table 4.6.2-6
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the following formula:
Fory > 0, the value of P,,,, aty = B,;/2 and z = Ty
Fory <0, the value of P,,,, aty = — B,,/2 and z = Ty
B,1: Moulded Breadth of ship (m) at the waterline of the draught in the transverse section of the hull under
consideration. Where the draught position is not in the section, to be taken as B,; = 0.
hy,: Water head (m) equivalent to the pressure at the waterline, as given by the following formula:

P
hy = _wL
Py
Fig. 4.7.2-1 Hydrodynamic Pressure in Equivalent Design Wave HM
T T
. T .
I (z-Tic) ’4 I \
pr— + < Pum 2 —
= ! v ! =
! A\ I T,
! ! Lc
|
HM-1 HM-2
Table 4.7.2-4 Hydrodynamic Pressure P,,., in Equivalent Design Wave FM
Hydrodynamic pressure P,,., (kN/m?)
FM-1 Poyw = maX(_PFM'Pg(Z - TLC)) 1
PWL_E,Dg(Z_TLC) 0
FM-2 Pexw = maX(PFM’pg(Z_TLC))

Notes:
Pys1, byt As specified in Table 4.7.2-3
Pry: As given by the following formula:
Pey = 0.5Cr gy Cry Comr Hs i (Pem + Prmz + Prus + Prua)
Cr py: Coefficient for fatigue, as given by the following formula:
Cr_rm = Cp1_rmCra_rm
Cr1 rm: Coefficient considering speed effects, to be taken as 0.96
Cr, py: Conversion coefficient for probability level considered in fatigue strength assessment, to
be taken as 0.23
Cu» Craas Hs pyc As specified in Table 4.6.2-7
Peats Peazs Peus, Prua: As specified in Table 4.6.2-7

Fig. 4.7.2-2  Hydrodynamic Pressure Distribution Amidships in Equivalent Design Wave FM
I
pg(z-Tc) \

e —

FM-1 FM-2
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Table 4.7.2-5 Hydrodynamic Pressure P, in Equivalent Design Wave BR

Hydrodynamic pressure P, (kN/m?)

ZSTLC TLC<ZSTLC+2hW Z>TLC+2h’W
BR-1P Pexw = max (PBRﬂ pg(Z - TLC))
BR-2P Poxw = maX(_PBR’Pg(Z - TLC)) 1
PWL_Epg(Z_TLC) 0
BR-1S Py = max(Pgg, pg(z — Tic))
BR-2S Poxw = maX(_PBR’Pg(Z - TLC))
Notes:

Py, hy: As specified in Table 4.7.2-3
Pggr: As given by the following formula:
Pgr = 0.5Cr prCyCpr1Hs pr(Ppr1 + Ppra + Por3)

Crpr :

Cr Br = Cr1.8rCr2. R
Cr1 pr: Coefficient considering speed effects, to be taken as 0.93
Cr» gr: Conversion coefficient for probability level considered in fatigue strength assessment, to

Cy, Cgr1, Hs pr: As specified in Table 4.6.2-8
Pgr1, Pgra2, Pgr3: As specified in Table 4.6.2-8

Coefficient for fatigue, as given by the following formula:

be taken as 0.23

Wave

Fig. 4.7.2-3  Hydrodynamic Pressure Distribution Amidships in Equivalent Design Wave BR

Port Starboard Port Starboard

Wave

TTTITT]

|

BR-1P BR-2P

Fig. 4.7.2-4  Hydrodynamic Pressure Distribution Amidships in Equivalent Design Wave BR

Port Starboard Port Starboard

D

Wave

BR-1S8 BR-2S

Table 4.7.2-6 Hydrodynamic Pressure P,,,, in Equivalent Design Wave BP

Hydrodynamic pressure P, (kN/m?)

ZSTLC TLC<ZSTLC+2hW Z>TLC+2hW

1
PWL_Epg(Z_TLC) 0

BP-1P Pexw = max(Pgp, pg(z — Tyc))

BP-2P Pow = max(—PBP, pg(z — TLC))
BP-1S Perw = max (Pgp, pg(z — Tyc))
BP-2S Perw = max(—Pgp, pg(z — Ty())
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Notes:
Py, hy - As specified in Table 4.7.2-3
Pgp: As given by the following formula:
Pgp = 0.5C gpCyCpp1Hs ppCpp(Pppy + Pppy + Ppps + Ppps + Ppps)
Cr pp: Coefficient for fatigue, as given by the following formula:
Cr gp = Cr1 8pCr2 P
Cr1 gp: Coefficient considering speed effects, to be taken as 0.96
Cr, gp: Conversion coefficient for probability level considered in fatigue strength assessment, to be
taken as 0.22
Cu, Cgp1, Hs gp: As specified in Table 4.6.2-9
Cpp: Coefficient considering distribution along the ship length, as specified in Table 4.6.2-9
Pgp1, Pgpo, Pgp3, Pgpa, Pgps: As specified in Table 4.6.2-9

Fig. 4.7.2-5 Hydrodynamic Pressure Distribution Amidships in Equivalent Design Wave BP

Port Starboard Port Starboard
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BP-1P BP-2P

Fig. 4.7.2-6  Hydrodynamic Pressure Distribution Amidships in Equivalent Design Wave BP
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Wave Wave
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4.7.2.5 Internal Pressure due to Liquid Cargoes
1 Static pressureP;; (kN/m?) acting on tanks and ballast holds loaded with liquids is to be in accordance with Table
4.7.2-7.

Table 4.7.2-7 Static Pressure Pj; in Tanks and Ballast Holds Loaded with Liquids

Static pressure P, (kN/m?)
Types of tank and hold
Z = Ziop Z > Ziop
Cargo tanks fully loaded with liquid cargo (excludin
8 Yo q go ( g 09 (Zeop = 2) + Ppy 0
liquefied gas)
Cargo tanks fully loaded with liquefied gas and liquefied
g y d £ q pLg(Ztop - Z) + PO 0
gas fuel tanks
Ballast holds pL9(Ztop — 2) 0
Ballast tanks and other tanks pLg(Zmp - Z)
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Notes:

p..: Density of liquid loaded (#/m?), as specified in Table 4.6.2-12

Ztop: Z coordinate of the highest point () of the tank, excluding small hatchways

Ppy: Design vapour pressure (kN/m?) but not to be less than 25 kN/m?

P,: Design vapour pressure (kN/m?). For cargo tanks, this value is not to be less than the MARVS specified in 1.1.4,
Part N. For liquefied gas fuel tanks, this value is not to be less than the MARVS specified in 2.2.1, Part GF.

2 Dynamic pressure P,; (kN/m?) acting on tanks and ballast holds loaded with liquids is to be as given in Table
4.7.2-8.

Table 4.7.2-8 Dynamic Pressure P;; Acting on Tanks and Ballast Holds Loaded with Liquids

T fload et Dynamic pressure P, (kN/m?)
ype of loading compartmen 7 < 20y 2> Zigg
Cargo tanks fully loaded with
liquid cargo (including liquefied
_ —x)+ay_ -y +as - 0
gas), ballast holds and liquefied prlax_rc(erg — %) + ay_r6 (Y16 — ¥) + az_16(2o — 2)]
gas fuel tanks
Other than the above
(c.¢. ballast tanks) prlax—rc(xo — %) + ay_rc (Vo — ¥) + az_16(zo — 2)] 0

Notes:

pr: As specified in Table 4.6.2-12

ax_rc> Ay_rc, Az_t¢: Acceleration at volumetric centre of gravity of tank or ballast hold under consideration, as
specified in Table 4.7.2-9

X0, Vo, Zo: X, Y and Z coordinates of reference point (7))

Ztop: As specified in Table 4.7.2-7

(1)  The reference point is to be taken as the point with the highest value of V}, calculated for all points that define the upper boundary of the tank
or the ballast hold excluding the points located at the height equal to or below the volumetric centre of gravity of the said tank and hold.
Vi = ay_r6(% = xr¢)+ay—re(¥; — Y1) + (z—r6 + 9)(2 — 215)
X;,¥j, Z: X, Yand Z coordinates of point j (772) on the upper boundary of the tank or the ballast hold excluding the points located at the height
equal to or below the volumetric centre of gravity of the said tank and hold

X76, Vre, Zrg: X, Y and Z coordinates (1) at volumetric centre of gravity of the tank or ballast hold under consideration

Table 4.7.2-9 Accelerations ay,ay and a,at Any Position

Equivalent Longitudinal acceleration ay Transverse acceleration ay . . 5
: ) , Vertical acceleration a; (m/s*)
design wave (m/s%) (m/s*)
—0.6g - sin¢
—0.15+ 0.5
HM-1 +(=02f; + 03)a, 0 ( frias
—07a.(z — 2,) +0.7as(x — x¢)
HM 0- p s\ ¢G
.6g - sin
g (0.15 — 0.5f;)as
HM-2 +(0.2fr — 0.3)a, 0
—0.7as(x — x¢)
+0.7a:(z — z¢)
0.1g - sing 0.075a5
FM-1 +(—=0.4f; +0.2)a, 0 —(0.02T,; — 0.14)as(x
+(0.02T; — 0.14)a<(z — z;) —Xc)
FM —0.1g - si
g:sing ~0.075a,
FM-2 T(0Afr = 02)a, 0 —(—0.02T,¢ + 0.14)ag(x
i +(=0.02T;c + 0.14)as(z mee TS
—xg)
— )
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—g - sin6
g(cos6 —1)
BR-1P 0 +(—=0.2fr + 0.2
(=0.2/r +0.2)a, +(0.7 — 0.4f;)as + agy
—a,(z — z5)
g -sinf
g(cos6 —1)
BR-2P 0 +(0.2f+ — 0.2
(+af(TZ . ;az +(=0.7 + 0.4f;)as — a,y
BR 417 9(;
g - sin
g(cos6 —1)
BR-18 0 +(0.2f; — 0.2)a,
+(0.7-0.4 -
ta,(z — 7¢) ( fr)az —asy
—g - sin6
g(cos6 —1)
BR-2S 0 +(—=0.2fr + 0.2
(=0.2fr +02)a, +(=07 + 0.4f;)as + a,y
—a4(z — z5)
BPLP 0 —0.00245pg - sin B [1—1.6exp(—0.01225p)]a;
—0.3a, — 0.3a,(z — z;) +0.3a,y
. -1
0.0024gpg - sin @
BP-2P 0 + 1.6 —0.0124
+0.3a, + 03a,(z — 2) exp( sp)1as
BP —0.3a,y
BP1S 0 0.002A5p9 - sin 6 [1—1.6exp(—0.01245p)]as
i 4+0.3a, 4+ 0.3a,(z — z;) —0.3a,y
. -1
—0.0021 . 6
BP-2S 0 5P " S + 1.6exp(—0.0122,p)]as
—0.3a, — 0.3a,(z — z;)
+0.3a,y
Notes:

aq,a,,as,a,,as: As specified in 4.2.3

0, ¢: As specified in 4.2.2

X¢: X coordinate () at the centre of gravity of the ship, to be taken as x; = 0.45L.. The value calculated based on
the weight distribution corresponding to the considered loading condition may be used.

Z;: Z coordinate (m) at the centre of gravity of the ship in the loading condition under consideration

App: As specified in Table 4.6.2-9

4.7.2.6 Internal Pressure due to Dry Bulk Cargo
1  Static pressure P,s (kN/m?) acting on cargo holds loaded with dry bulk cargoes is to be in accordance with Table
4.7.2-10.

Table 4.7.2-10 Static Pressure P, Acting on Cargo Hold Loaded with Dry Bulk Cargo

Position under consideration Static pressure P, (kN/m?)™)
Z<sZc pcKeg(z¢ — 2)
zZ>Zc 0

Notes:
pc: Density of dry bulk cargo (¢/m?), as specified in Table 4.7.2-11?)
K., z: As specified in Table 4.6.2-15

(1) When the upper surface of the cargo is at the position of the hatch coaming, the loads acting on the said member may not be considered.

(2) Both low density cargoes and high density cargoes are to be considered where deemed necessary by the Society.

Table 4.7.2-11 Dry Bulk Cargo Mass and Density for Fatigue Assessment

Homogeneous loading condition Alternate loading condition

Other than the left

Cargo loaded up to top of hatch coaming (e.g. high density cargo loaded, etc.)
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Dry bulk cargo mass M
vy & Mpuy Mup
O}
M
Cargo density p. (t/m?) full 3.0
VFull

Notes:

Mpy,;;: Cargo mass (f) when loaded up to the top of the hatch coaming

My p: Designed maximum cargo mass (¢) to be loaded in the cargo hold under consideration with the scantling draught
Ve : Volume of the cargo hold (m°) including the volume of the hatch coaming

(1)  To be taken as 3.0 unless the designed maximum cargo density is specified in the loading manual.

2 Dynamic pressure P,; (kN/m?) acting on cargo holds loaded with dry bulk cargoes is to be in accordance with
Table 4.7.2-12. As for the fatigue strength assessment by simplified stress analysis specified in 9.3, V; = 0 may be
considered when loading density gravity cargo, etc.

Table 4.7.2-12 Dynamic Pressure P,,; in Hold Loaded with Dry Bulk Cargo

Position under consideration Dynamic pressure P,y (kN/m?*))
Ve
z <z Pc [Cban—HG (g —x) + mcbyaY—HG ue —y) + CpKecaz_pe(zc — Z)]
c—Vr
zZ>Zc 0
Notes:

pc: As specified in Table 4.7.2-11
K¢, z¢: As specified in Table 4.7.2-10
Gy, Coefficient considering the effect of friction between particles of granular cargoes, etc. to be taken as 0.34
Cpy: Coefficient considering the effect of friction between particles of granular cargoes, etc. to be taken as 0.34
C,,: Coefficient considering the effect of friction between particles of granular cargoes, etc. to be taken as 1.00
Ax_per Ay—ne» Az—pg: Acceleration (m/s?) in the longitudinal, transverse and vertical directions at the volumetric
centre of gravity of the cargo hold under consideration, to be calculated in accordance with
Table 4.7.2-9?
Xne, Vue: X and Y coordinates (m) at the volumetric centre of gravity of the cargo hold under consideration
V¢ When cargo is loaded to the top of the hatch coaming, to be taken as V, = Vg
For other cases, to be taken as V. = M /3.0
Vew, M: As specified in Table 4.7.2-11
Vr: As specified in Table 4.6.2-17

(1) Where the upper surface of the cargo is at the position of the hatch coaming, the loads acting on the said member may not be considered.

(2) Z coordinate () at the volumetric centre of gravity, to be taken as:
(a) Where cargo is loaded to the top of the hatch coaming, to be taken as zpp + h¢ /2
(b) In other cases, zp5 + hc/2. h. is to be taken as the value at the centreline.

3 Where the height of the point on which the load is act z is equal to or less than z., the following shear loads (1)
and (2) are to be considered for inner bottom plating and sloping plate in contact with the dry bulk cargo, in addition
to the internal pressure acting on the cargo hold loaded with the dry bulk cargo in -1 and -2 above.

(1) Static shear load P,,_, (kN/m?), as specified in Table 4.7.2-13

(2) Dynamic shear loads Ppq_y, Pog—y and Ppq_, (kN/m?), as specified in Table 4.7.2-14

Table 4.7.2-13 Static Shear Load P,;_, of Dry Bulk Cargo

Direction of member and acting load Static shear load P,,_, of dry bulk cargo (kN/m?)
Parallel to bilge hopper plating and lower stool sloping 1-K¢
platet) Pys—z = pcg(zc — 2) ana
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Notes:

pc: As specified in Table 4.7.2-11

K¢, z¢:As specified in Table 4.7.2-10

a: Inclination angle (rad) to the horizontal plane of the panel under consideration, but where a exceeds /2, a is
tobe m/2.

(1) Defined as positive when the load acts downward on plating.

Table 4.7.2-14 Dynamic Shear Loads P,4_y, Ppg—, and P,,_, of Dry Bulk Cargo
Direction of member and acting load Dynamic shear load of dry bulk cargo (kN/m?)
V,
Longitudinal direction of inner bottom plating” Ppg_x = —(1 = Cpx)pcax-ne ﬁ
1BT1B
Ve
transverse direction of inner bottom plating® Pya—y = —(1 = Chy)pcay_pg 5.
IBYIB
Parallel to bilge hopper plating and lower stool sloping 1-K¢
3) Pya—z = pcaz-ue(zc — 2)
plate tan a

Notes:

pc: As specified in Table 4.7.2-11

Cpx> Cpy: As specified in Table 4.7.2-12

V¢: As specified in Table 4.7.2-12

K¢, z¢: As specified in Table 4.7.2-10

a: As specified in Table 4.7.2-13

Ax_pe» Ay—ne, Az_pe: As specified in Table 4.7.2-12
B;g,€;5: As specified in Table 4.6.2-19

(1) Defined as positive when load acts forward on the plating.

(2) Defined as positive when load acts to portside on the plating.

(3) Defined as positive when load acts downward on the plating.

4  Where the static load due to dry bulk cargo, in vertical direction, acting on the cargo hold in analysis is different
from the load equivalent to the mass M (¢) specified in Table 4.7.2-11 for reasons related to the analysis software and
structure model, the pressure is to be corrected so as to be equivalent to the mass considering the density pc (¢/m*) of
the dry bulk cargo.

4.7.2.7 Container Cargo Loads
1  Static load of container cargoes F.; (kN) acting on cargo holds, hatch coamings, etc. is to be in accordance with
Table 4.7.2-15.

Table 4.7.2-15 Static Load F.; of Container Cargo

Member on which load acts (V Static load of container cargo F.; (kN)

F,
Inner bottom plating, step in cargo hold, deck, etc. e af
C

Notes:
F,: Permissible stack weight (kN) in holds and on deck specified by the designer
n.r: Number of places where one container cargo is in contact with the hull; in principle, to be 4.

(1)  To be given as a point load at the point of contact with the bottom of the container stack.

2 Dynamic load of container cargoes F.; (kN) acting on cargo holds, hatch coamings, etc. is to be in accordance
with Table 4.7.2-16.
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Table 4.7.2-16 Dynamic Load F.; of Container Cargo

Direction under consideration ") Dynamic load of container cargo F.; (kN)
K,
Longitudinal direction —Cc———ax_¢¢
& NtierNe f g
L E,
Transverse direction —Cc————ay_¢cq
NtierNc f g
F,
Vertical direction - az—cc
ne f g

Notes:
Cc: Coefficient related to lashing of container cargo; to be taken as 0.5 for dynamic load in cargo hold and as 1.0 for
dynamic loads on decks and hatch covers
Fy,ngs: As specified in Table 4.7.2-15
Nyier: Number of container tiers
Ax_cer Ay —cg» Az—cg: Acceleration (m/s?) in the longitudinal, transverse and vertical directions at the centre of gravity
of the container under consideration, to be calculated in accordance with Table 4.7.2-9?®

(1)  The vertical dynamic load is given at the position of contact with the bottom of the container stack and the longitudinal and transverse dynamic
loads are given at the position where the cell guide is installed as point loads.

(2) In container carriers, the acceleration at the hold volumetric centre of gravity is used considering the container cargo in the hold as one

assembly. Container cargoes on hatch covers may also be regarded as one assembly, and the centre of gravity of the assembly may be used.

4.7.2.8 Internal Pressure due to Loads other than Liquid Loads, Dry Bulk Cargoes and Container Cargoes

Static pressure P, (kN/m?) due to loaded materials not corresponding to 4.7.2.5 to 4.7.2.7 is to be calculated by
dividing the weight of the materials (kN) by the area (m?) in the range subject to the materials. Dynamic pressure P, 4
(kN/m?) is to be the pressure for which the acceleration specified in Table 4.7.2-9 is considered, and is to be considered
as a line load or a point load depending on the type of load.

4.7.2.9 Weight of Hull Structure, Etc.

1  Self-weight of hull structure and the dynamic load due to ship motions are to be considered. It is to be noted that
the dynamic load due to ship motions acts in the direction opposite to the accelerations specified in Table 4.7.2-9.

2 Consideration of loads generated by equipment, etc. may be required where deemed necessary by the Society.

4.7.2.10  Hull Girder Loads
Vertical bending moment M_y. (kN-m) and horizontal bending moment My _p, (kN-m) acting on the hull are
to be in accordance with the following formulae:
My_pe = Mgy + CapMyy
Myt = CanMwy
Mgy, . Vertical still water bending moment (kN-m). The value in the loading condition under consideration
described in the loading manual is to be used.
My, Vertical wave bending moment (kN-m) in the hogging and sagging conditions, as given by the following
formulae:
In the hogging condition, My, _;, = 0.19CF_WVC1C2LCZBC31/CR
In the sagging condition, My,,_s = —O.19CF_WVC1(32LCZBC31/CR
Cr wy: Coefficient for fatigue, as given by the following formula:
Crwv = CriwvCrawy
Cr1 wy: Coefficient considering speed effects, as given by the following formula:
Cr1 wy = 1.45 — 0.34f7
Cr2 wy: Conversion coefficient for exceedance probability level considered in the fatigue strength
assessment, to be taken as 0.22
C,: As specified in 4.6.2.10
Cg: Coefficient considering the effect of ship operation, to be taken as 0.85
M,y : Horizontal wave bending moment (kN-m), as given by the following formula:
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2 LC - 35
Myy = 0.32C; wyCiC3Lc Tie .
c

Cr wy: Coefficient for fatigue, as given by the following formula:
Crwn = Cr1wnCr2wh
Cr1 wy: Coefficient considering speed effects, to be taken as 0.94
Cr2 wy: Conversion coefficient for exceedance probability level considered in the fatigue strength
assessment, to be taken as 0.24
C3: As specified in 4.6.2.10
C,,: Superposition coefficient as specified in Table 4.7.2-17
C,p: Superposition coefficient as specified in Table 4.7.2-17

Table 4.7.2-17 Coefficients C,, and Cyy

Equivalent y Myy_p or Myy_s My y
design wave sV Cyy Condition Can Condition
HM-1 Sagging —
HM 1.0 0.0
HM-2 Hogging —
FM-1 Sagging
FM 0.75fr + 0.2 0.0 -
FM-2 Hogging
Port sid
BR-1P Sagging 11— f; ort side
(compression)
Port sid
BR-2P Hogging fr—11 or §1 e
. (tension)
BR Value in the 0.2f; — 0.1
. ) Starboard side
BR-1S loading Sagging fr—11 )
condition under (compressm.)n)
BR-2S consideration Hogging 11— fr Starboa.rd side
(tension)
Port sid
BP-1P Sagging 0.6 — 0.6f7 ort sice
(compression)
Port sid
BP-2P Hogglng O6fT — 0.6 or .Sl (§]
(tension)
BP 0.5fr — 0.15 .
. Starboard side
BP-1S Sagging 0.6fr — 0.6 )
(compression)
Starboard sid
BP-2S Hogging 0.6 — 0.6f7 ar oa‘r side
(tension)

—190 —



2023 Rules for the Survey and Construction of Steel Ships (Part C Partl Chapter 4) CIaSSNI(

4.8 Loads to be Considered in Additional Structural Requirements

4.8.1 General

4.8.1.1 General

1  Loads to be considered in additional structural requirements in Chapter 10 are to be as specified in this 4.8.
2 Load in the maximum load condition is to be in accordance with 4.8.2.

3 Helicopter load is to be in accordance with 4.8.3.

4.8.2 Maximum Load Condition

4.8.2.1 General

1  Slamming loads acting on the bottom structure are to be in accordance with 4.8.2.2.
2 Loads due to bow impact are to be in accordance with 4.8.2.3.

3 Sloshing loads are to be in accordance with 4.8.2.4.

4.8.2.2 Bottom Slamming
1  In ships having a bow draught less than 0.037L.,3, in the ballast condition, the bottom slamming load specified
in the following (1) to (3) is to be considered. Here, “ballast condition” means the ordinary condition where only ballast
tanks such as clean ballast tanks, segregated ballast tanks and ballast holds are ballasted. When multiple ballast
conditions are planned, it is permissible to consider only the ballast condition specified for heavy weather conditions,
limited to the case where the loading manual specifies a ballast condition for heavy weather. This ballast condition,
however, excludes exceptional cases where cargo tanks are ballasted in heavy weather conditions to ensure the safety
of the ship.

(1) In ships having a bow draught equal to or less than 0.025L.,3, in the ballast condition, the bottom slamming
load Pg;; (kN/m?) specified in Table 4.8.2-1 is to be considered. In ships having a bow draught greater than
0.025L¢y39 but less than 0.037L,30 in the ballast condition, the requirements specified in 10.6.2.3-2 are to be
satisfied.

(2) Notwithstanding (1) above, in ships of which L. is equal to or less than 150 m, where V /\/E is not less than
1.4 and Cp is not more than 0.7, the bottom slamming load Ps;,, (kN/m*) and Pg,5 (kN/m?) are to be as
specified in Table 4.8.2-2. However, (1) above may be applied for ships that can be expected to carry a certain
amount of cargo regularly such as container carriers.

(3) Notwithstanding (1) above, in ships of which L. is equal to and greater than 150 m and Cp 1is not less than 0.7,
the bottom slamming load Pg;5 (kN/m?) specified in Table 4.8.2-3 is to be considered.

2 Notwithstanding the requirements of (1) to (3) in -1 above, where the strengthened bottom forward is of structural

arrangement other than that specified in 10.6.2.2(1) and 10.6.3.2, the bottom slamming loads P 4, (KN/m?), Pgpap

(kN/m?) and P4 (kN/m?) specified in Table 4.8.2-4 are to be considered.

Table 4.8.2-1 Bottom Slamming Impact Pressure Pg; 4

Structural member under consideration Bottom slamming impact pressure P ; (kN/m?)
Stiffeners attached to outer shell and bottom _ LcCs114Cs12
o Pgj, =248 —————
longitudinals" B

Notes:
Cs114: Coefficient, as specified in Table 4.8.2-5
Cs;,: Coefficient, as given by the following formula:
4
For —<1.0, 04
Lc
% %4
For 1.0 < —< 1.3, 0.667 —— 0.267

Vic Vi

%4 %4
For —>1.3, 1.5——1.35

L¢ L¢
B1: Coefficient, as given by the following formula: @
~ 0.0025L¢
1~ b1
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b, : Distance (m) from the centreline to the intersection of the outer shell and the horizontal line where the height from
the top of the keel equals 0.0025L., measured at the transverse section of the hull 0.2L. aft from the fore
end (See Fig. 4.8.2-1)

(1)  Formula for ships where the bow draught is not more than 0.025L,3, in the ballast condition. For ships where the bow draught is more than
0.025L (530 but less than 0.037L.,3, in the said ballast condition, the scantlings of members are to be determined in accordance with the

requirements in 10.6.2.3-2.

(2)  Where the value of Cg,,/f; is 11.43 or more, Cg,/f; is to be taken as 11.43.

Table 4.8.2-2 Bottom Slamming Impact Pressures Pg;,4 and Pg,p

. . Bottom slamming impact pressures Pg;,4 and Pg;,p
Structural member under consideration ,
(kN/m?*)
Stiffeners attached to outer shell and bottom _ LcCsp1pCs12Cs13
. . PSLZA - 2-48 E—
longitudinals B
LcCs115Cs12C
Floor® Pgop = 2 48 _-¢ SL1B ~SL2 #SL3
B
Notes:
Cs1.2, By: As specified in Table 4.8.2-1
Cs115: Coefficient, as specified in Table 4.8.2-5
Cs;3: Coefficient, as given by the following formula:
TBALemp
Cs13=19—-09——
SL3 0.025L,
Tgaremp: Minimum bow draught () in the ballast condition
B, :  Coefficient, as given by the following formula®:
ﬁz = 0.0025Lc/b2
b, : Distance (m) from the centreline to the intersection of the outer shell to the horizontal line where the height

from the top of the keel equals 0.0025L, at the transverse section of the hull 0.2L. aft from the fore end.
Where the bow draught is greater than 0.025L, but less than 0.037L. in ballast condition, the bow
draught in the actual condition is to be used to calculate the horizontal line (See Fig. 4.8.2-1).

(1)  Formula for ships where the bow draught is not more than 0.025L. in the ballast condition. For ships where the bow draught is more than
0.025L. but less than 0.037L. in the ballast condition, the scantlings of members are to be determined in accordance with the requirements
in 10.6.3.3-2.

(2)  Formula for ships where the bow draught is less than 0.037L. in the ballast condition.

(3)  Where the values of C,, /8, and Cg;, /B, are 11.43 or more, to be taken as 11.43.

Table 4.8.2-3 Bottom Slamming Impact Pressure Ps; -

Structural member under consideration Bottom slamming impact pressure Pg; 5 (kN/m?)
Stiffeners attached to outer shell and bottom 5%
. . D2 PSL3 =1.14—
longitudinals"® 3

Notes:
B5: Coefficient, as given by the following formula®. However, where 1/8; is 11.43 or more, to be taken as 11.43.
B3 = 0.0025L/b;
b; : Distance (m) from the centreline to the intersection of the outer shell and the horizontal line where the
height from the top of the keel equals 0.0025L, at the transverse section of the hull under consideration
Vs..: Relative speed (m/s) between ship’s bottom and sea surface for the position under consideration, as given by the
following formula:

2 ) .
VSL = CSL4— [m (,[ CSLS + 045HSL COoS ¢)SL1 + 018251‘ Sin d)SLl) + 0'51CSL6V Sin ¢)SL1

Cs1.4: Coefficient, as given by the following formula:
Cs1 = 1—0.015 (LC _ 150)
SL4 — . 150
Cs;5: Coefficient, as given by the following formula, but when 0 or less, to be taken as 0
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Cops = (x — 0-45Lc)2¢5L22 - (0-025L6230)2

¢s12: Pitch angle (rad), as given by the following formula:
_ 3.3(CseV + 5)02

sL2 = L2 G, SL
Hg;: As given by the following formula, but not to be greater than 0.055L, or 11.5, whichever is
smaller.
LC + )'SL - 25
Hy = C; [
c

Cs16: As given by the following formula, but in any case, to be not less than 0 but not more than 1

2.5V
CSL6 =—-2.75

NI
Agr: Wave length (m), as given by the following formula:
0.0075L; + 0.025L(530
ASL = 06LC (15 + )

2Ts¢
Ty_s.: Period (s) , as given by the following formula:
2mAgy,
T =
$_SL g

¢s11: Angle (rad) , as given by the following formula, but the value may not be greater than 0.015 + ¢,

¢SL1 = 0.015 + arctan (m)

(1)  Formula for ships where the bow draught is not more than 0.025L,3, in the ballast condition. For ships where the bow draught is more than
0.025L(,30 but lessthan 0.037L.,3, in the ballast condition, the scantlings of members are to be determined in accordance with the
requirements in 10.6.2.3-2.

(2)  For the examination of positions within ballast tanks which are fully loaded with sea water in the ballast condition, the bottom slamming load
may be reduced by APs; (kPa), as given by the following formula. In this case, it is to be stated in the loading manual that the said ballast
tank is to be filled up in the heavy weather condition.

AP, = 5hy,
h,,: Ballast tank depth (m)

Table 4.8.2-4 Bottom Slamming Impact Pressures Ps; 44, Psiap and Pgp 4 for Special Types of Construction

Ship and structural member Bottom slamming impact pressure (kN/m?)

. . Floor of longitudinal
Ships where L. is not greater than 150

m, V/\/Lc isnotless than 1.4 and Cp -
Girder of transverse

is not greater than 0.7 . Pspaa = Psi2p
framing system

A . Psiaa = Cs17Psi2p
raming system

General Ps4p = max (CspgPsr1, Pmin)

Ships where L. is not greater than 150

m, V/,/L¢ is not less than 1.4 and Cy Floors and girders() Ps; 45 = max (Cs gPsi25, Pmin)
is not greater than 0.7

Ships where L. is not less than 150 m

P. = max (Cs;gPs;3, Pi
and Cp is not less than 0.7 SLAB (C518P513: Pmin)

General Psp4¢c = max (Csp7Psp1, Prin)

Ships where L. is not greater than 150 | Stiffeners attached to outer

m, V/,/L¢ is not less than 1.4 and Cy shell or bottom Ps;ac = max (Cs;7Psi24, Pmin)
is not greater than 0.7 longitudinals®

Ships where L is not less than 150 m

Ps4¢c = max (Cgp7Ps;3, Py
and Cy is not less than 0.7 Skac (C517Ps13, Prin)
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Notes:
Cs.7: As given by the following formula, but in any case, to be not less than 0.1 but not more than 1.0

Cor7 = ?
£: As specified in 10.6.2.3-1
Cs15: As given by the following formula but the value is to be 0.1 or more and 1.0 or less.
3

Csrg = 2
SL8

Agg: Atea to be considered (m?), as given by the following formula:
Asrg = Ssiefsis
Ss1g:Spacing (m) of solid floors (or girders) when solid floors (or girders) are under consideration
£s15:Spacing (m) of primary supporting members such as girders (or solid floors) when solid floors (or
girders) are under consideration
P11, Psioa, Psiop and Pgp3: As specified in Tables 4.8.2-1, 4.8.2-2 and 4.8.2-3
Prin: As given by the following formula:
Ppin = 1.015L, (kN/m?)

(1)  For ships having bow draught of more than 0.025L:,3, but less than 0.037L.,3, in the ballast condition, to be obtained by linear

interpolation assuming the bottom slamming impact pressure is Pp,;, when the bow draught is 0.037L,53,.

(2)  Formula for ships having bow draught of not more than 0.025L.,3, in the ballast condition. Where the bow draught is more than 0.025L,3,
but less than 0.037L,5, in the ballast condition, the scantlings of members are to be determined in accordance with the requirements in
10.6.2.3-2 and 10.6.3.3-2.

Table 4.8.2-5 Values of Cg;14 and Cg 15
V/\/L_C 1.0 or 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 or
less more
Cor1a 0.12 0.18 0.23 0.26 0.28 0.29
Csiap NA 0.31 0.33 0.36 0.38 0.40
Notes:
Intermediate values of Cs; 14 and Cg qp are to be obtained by linear interpolation.

Fig. 4.8.2-1. Measuring Method of b; and b,
/ Centreline / Centreline
g T
e . DOLL e Bow draught in
) T Y o~~~ b - ballast condition
gt B, 1 i B, v
b, Keel top b; Keel top

4.8.2.3
1  For ships with large bow flares that operate at high speed (e.g. car carriers, container carriers, Ro-Ro ships, LNG

carriers and refrigerated LPG carriers), the bow impact pressure Prg;, (kN/m?) specified in Table 4.8.2-6 is to be
considered.

Bow Impact Pressure

Table 4.8.2-6 Bow Impact Pressure Prg,q

Positions under consideration Bow impact pressure Prg; (KN/m?)

Positions forward of 0.2L, from the fore end and

1 Veg \°
Ppg, = EpCFBlcFBZ <—>

positions with large flare above the load line cos f3y

Notes:

Bo: Relative impact angle (rad) between the hull surface and wave surface, as given by the following formula:
Bo=®—
¢: Angle (rad), as given by the following formula:
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¢ = arctan (é)

tan B cosy
Br: As given by the following formulae:

T 180
Forﬁ< B = B — —0/45—37

TL' 180
For[»’> Br = Bra + zﬁ—_45

B: Inclination angle (rad) of outer shell at the section under consideration (See Fig. 4.8.2-2)
Br1: As given by the following formula:

By = {45 [0.95 <0.8 - Lx—c> (1 2— —) + 1] —0.02(z — Ts)(z — Tse — 20)} 50

y: Inclination angle (rad) of the outer shell at the section under consideration (See Fig