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RULES FOR THE SURVEY AND CONSTRUCTION OF STEEL SHIPS

Part C HULL CONSTRUCTION AND EQUIPMENT

Part 2-1 CONTAINER CARRIERS

Chapter 1 GENERAL

1.1 General

1.1.1 Application

1.1.11 Application of this Part

1  The hull construction and equipment of ships intended to be registered as container carriers, affixed with the
notation “Container Carrier” (abbreviated as CNC), are to be in accordance with the requirements in Part 2-1 in
addition to Part 1.

2 The requirements in Part 2-1 are for ships which are intended solely for the carriage of containers and which have
large openings in the deck, double bottoms in cargo holds, and decks and bottoms framed longitudinally.

3 Container carriers with a different construction from that specified in -2 above, to which the requirements in this
Part are considered to be not applicable, are to be at the discretion of the Society.

1.2 Definitions
1.2.1 Naming Convention
1.2.1.1 Structural Nomenclature

Fig. 1.2.1-1 show the common structural nomenclature used in Part 2-1.
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Fig. 1.2.1-1  Container Carriers
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Chapter 2 GENERAL ARRANGEMENT DESIGN

2.1 Structural Arrangements

2.1.1 Double Bottoms

2.1.11 General
Side girders or floors are to be provided in the double bottoms under corner fittings, or double bottoms are to be
constructed so as to effectively support the loads of the containers.

2.1.2 Double Side Construction

2.1.2.1 General

1  The side construction of holds is to be of double hull construction as far as practicable and is to be thoroughly
stiffened by providing side transverses and side stringers within the double hull.

2 Side transverses are to be provided at floors in double bottoms.
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Chapter 3 STRUCTURAL DESIGN PRINCIPLES

3.1 Net Scantling Approach
3.1.1 Corrosion Addition
3.1.11

1  The corrosion addition when applying 5.1 to 5.4 is to be in accordance with this 3.1.1 instead of 3.3.4.2, Part 1.
2 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 = Roundupgs(tey + tep) + 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)

Table 3.1.1-1 Corrosion Addition for One Side of a Structural Member

Compartment type One side corrosion addition t.q, t., (mm)

Exposed to sea water 1.0
Exposed to atmosphere 1.0
Ballast tanks 1.0
Void and dry spaces 0.5
Fresh water, fuel oil and lube oil 0.5
tanks
accommodation space 0.0
Container holds 1.0
Compartment types not mentioned 0.5
above

3.2 Loading Manual and Loading Instruments

3.21 Loading Instruments

3.2.1.1 General
The loading instruments are to be able to easily calculate the still water torsional moment at the specified
calculation point and confirm that it does not exceed the specified permissible value.

3.2.1.2 Function
The loading instruments are to satisfy the following functions.

(1) Still water torsional moment is to be outputted at the forward end transverse bulkheads of the machinery space,
collision bulkhead and those transverse bulkheads located between them.

(2) The calculated values of still water torsional moment for each loading condition are to be easily compared with the

permissible values of the still water torsional moment stated in the loading manual.



2023 Rules for the Survey and Construction of Steel Ships (Part C Part2-1) ClassNK

Chapter 4 LOADS

4.1 General

4.1.1 Overview

4.1.1.1 Structure and Overview of this Chapter

Each section of this Chapter defines the additional requirements shown in Table 4.1.1-1 as the loads used for each
formula and each strength assessment to determine the structural dimensions specified in each chapter of Part 2-1 and
Part 1.

Table 4.1.1-1 Overview of Chapter 4

Section Title Overview

Requirements for the general principles of Chapter
4

4.1 General

Additional requirements for hull girder loads to be
4.2 | Loads to be Considered in Longitudinal Strength considered in the longitudinal strength requirements
specified in Chapter 5 and Chapter 5, Part 1.

Additional requirements for various loads to be
4.3 | Loads to be Considered in Local Strength considered in the local strength requirements
specified in Chapter 6, Part 1.

Additional requirements for various loads to be
Loads to be Considered in Strength of Primary | considered in the primary supporting structural

4.4
Supporting Structures strength requirements specified in Chapter 7 and
Chapter 7, Part 1.
Additional requirements for various loads to be
45 Loads to be Considered in Strength Assessment by | considered in the requirements for strength

Cargo Hold Analysis assessment by cargo hold analysis specified in
Chapter 8 and Chapter 8, Part 1.

Additional requirements for various loads to be
. . . considered in the fatigue strength assessment
4.6 | Loads to be Considered in Fatigue : ) )
requirements specified in Chapter 9 and Chapter 9,

Part 1.

4.2 Loads to be Considered in Longitudinal Strength

4.2.1 General

4.2.1.1 General

1  The loads to be considered in the longitudinal strength requirements specified in Chapter 5 and Chapter 5, Part
1 are also to be in accordance with the requirements of 4.2.

2 Additional requirements for loads in the maximum load condition are to be in accordance with the requirements
0f4.2.2.

3 Additional requirements for loads in the harbour condition are to be in accordance with the requirements of 4.2.3.
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4.2.2 Maximum Load Condition

4.2.2.1 General

1 Loads in maximum load condition are to be in accordance with this 4.2.2 instead of the requirements of 4.3.2,
Part 1.

2 The requirements of 4.2.2 are to be applied to ships that fall under all of the following (1) to (4).

(1) 90 <L, <500

2) 5<L;/B<9

(3) 2<B/Tsc <6

(4) 055<Cz <09

3 The vertical still water bending moment and the vertical still water shear force are to be in accordance with the
requirements of 4.2.2.2.

4  The vertical wave bending moment is to be in accordance with the requirements of 4.2.2.3, and the vertical wave
shear force is to be in accordance with the requirements of 4.2.2.4.

5  The horizontal bending moments and torsional moment are to be in accordance with the requirements of 4.2.2.6.
6  For ships that do not fall under any of -2 above, or for ships deemed necessary be the Society, special consideration
is to be given to the vertical wave bending moment, the vertical wave shear force, the horizontal wave bending moment,
and the wave torsional moment by direct load analysis, etc.

4.2.2.2 Vertical Still Water Bending Moment and Vertical Still Water Shear Force

1  Vertical still water bending moments and vertical still water shear forces are to be calculated at each section along

the ship length for, in principle, the design cargo and ballast conditions, based on amount of bunker, fresh water and

stores at departure and arrival. In principle, the values are calculated at each transverse bulkhead of the cargo area, the

centre of each cargo hold, the collision bulkhead, the front bulkhead of the engine room, and the intermediate position

between the front bulkhead and the rear bulkhead of the engine room. The values at any other positions may be obtained

by linear interpolation.

2 Where the amount and disposition of consumables at any intermediate stage of the voyage are considered more

severe, calculations for such intermediate conditions are to be performed in addition to those for departure and arrival

conditions.

3 Where any ballasting and/or de-ballasting is intended during voyage, calculations of the intermediate condition

just before and just after ballasting and/or de-ballasting any ballast tank are to be performed. In this calculation, the

requirements of Annex 4.3, Chapter 4, Part 1 “Guideline for the Assessment of Longitudinal Strength Relating

to Ballasting/Deballasting™ are to be used.

4  As the maximum and minimum values of the vertical still water bending moment and vertical still water shear

force, the permissible maximum vertical still water bending moment Mgy a0, (KN-m), the permissible minimum

vertical still water bending moment Mgy ,;, (KN-m), the permissible maximum vertical still water shear force

Qsv max (kN), and the permissible minimum vertical still water shear force Qgy i, (AN) are to be considered. These

values are to envelop the following (1) and (2).

(1) The maximum and minimum vertical still water bending moments and shear forces for the seagoing loading
conditions defined in the loading manual

(2) The maximum and minimum vertical still water bending moments and the maximum and minimum vertical still
water shear forces determined by the designer

4.2.23 Vertical Wave Bending Moment
1  The vertical wave bending moment in hogging condition My,,_, (kN-m) and vertical wave bending moment
My _s (kN-m) in sagging condition are to be in accordance with Table 4.2.2-1.



2023 Rules for the Survey and Construction of Steel Ships (Part C Part2-1) ClassNK

Table 4.2.2-1 Vertical Wave Bending Moments My,,_, and My, _

The vertical wave bending moment in hoggin B\%®
" s seime Myy_p (kN-m) Myy_p = 1-5CRCVhLCSCCW (_) Cni-n
condition L¢
e .V?I‘ 1cal wave bending moment 1n sagging My (N-m) Myy_s = 1.5CCye Lc3 CCy (_) Crpos
condition L¢
Notes:
Cg: Coefficient considering the effect of ship operation, taken as 0.85

Cyi—n: Non-linear correction factor for hogging condition, as given by the following formula. However, not to be
greater than 1.1.

Cp
Cni-n =103 C_\/ Tsc
w

Cyi—s:  Non-linear correction factor for sagging condition, as given by the following formula. However, not to be

less than 1.0.
1+ 0.2Cgow

Cyps =45———
NL-s CW ,—CB . LCO'3

Cgow: Bow flare shape coefficient, as given by the following formula:
Coow = Apk — Awy
0.2Lczf
Apk: Projected area in horizontal plane of uppermost deck (m?) including the forecastle deck, if any,
extending from 0.8L.. Any other structures, e.g. plated bulwark, are to be excluded (See Fig. 4.2.2-
1)
Ay Waterplane area (m?) at the scantling draught extending from 0.8L, forward
zg: Vertical distance (m) from the waterline at the scantling draught to the uppermost deck (or forecastle

deck), measured at FE. Any other structures, e.g. plated bulwark, are to be excluded. (See Fig.

4.2.2-1).
Cyn, Cys: Distribution coefficient, as specified in Table 4.2.2-2 (See Fig. 4.2.2-2).
C: Wave parameter, as given by the following formulae:
2.2
L¢
C=1-150(1- for Lg < Lo
ref
1.7
L¢
C=1-045 -1 for Lc > Lyef
ref

L,cr: Reference length (im), as given by the following formula:
Lyos = 315G, °

Fig.4.2.2-1 Projected Area Apg and Vertical Distance z¢
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Table 4.2.2-2 Distribution Coefficient of Vertical Wave Bending Moment

x/L, Cyn Cys

x/L, = 0.00 0.00 0.00

x/L, = 0.10 0.15 -2/7

x/L. =0.35 1.00 -1.00

x/L. = 0.55 1.00 -1.00

x/L, = 0.60 0.85 -1.00

x/L, = 0.80 0.25 -0.50

x/L. =1.00 0.00 0.00

Note:

Where x/L. is in the middle of the table, it is determined by linear interpolation.

Fig. 4.2.2-2  Distribution Shape of Vertical Wave Bending Moment
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2 Notwithstanding the requirements in -1 above, where torsional strength assessments specified in 5.5 are carried
out, the vertical wave bending moment in hogging condition My,,_, (kN-m) and vertical wave bending moment in
sagging condition My,,_s (kN-m) are to be in accordance with Table 4.2.2-3.

Table 4.2.2-3 Vertical Wave Bending Moments My,,_, and My, _
for Torsional Strength Assessments

The vertical bendi t in hoggi B\%®
e Ve ical wave bending moment in hogging Myy_n GN-m) | Myy_p = 1.5CaConLcCCy (_) Cuin
condition L.
Th tical bendi ¢ ; 0.8
e .V.e 1cal wave bending moment In sagging My, (kN-m) Myy—. = 1.5CxCys Lc3 cCy (_) Crpes
condition L.
Notes:
Cr, Cni—n> Cyni—s» C: Asspecified in Table 4.2.2-1.
Cyn, Cys - Distribution coefficient, as given by the following formulae, to be taken as 0 in the ranges of x/L; <

0 and x/L; > 1 (See Fig. 4.2.2-3):

x x
Cyn = 3.165 cos| 0.1m (— + 3.5) sin? (T[ —)
L¢ L¢

x x
Cys = —3.165 cos (0.17‘[ <— + 3.5)) sin? <7‘[ —)
LC LC
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Distribution Shape of Vertical Wave Bending Moment
for Torsional Strength Assessment

0.2 0.4

Vertical Wave Shear Force

ClassNIK

The positive vertical wave shear force Quy_, (kN) and the negative vertical wave shear force Qyy_, (KN) are
to be in accordance with Table 4.2.2-4.

Table 4.2.2-4 Positive Vertical Wave Shear Force Qy,,,_,, and Negative Vertical Wave Shear Force Qyy_p

x/L. =

0 0.0

0.15 < x/L, < 0.3

0.8

C

B
Qwv—p-ast = +5.2CxLc*CCy (L—> (0.3 4 0.7Cyy-p)

Positive vertical wave
shear force Qyy_, (kN)

04 <x/L, <055

B 0.8
Quv-p-ia = +40CL*CCy ()
C

B 0.8
0.65 < x/L. <0.85 Qwv-p-Fore = +5.7CxLc2CCyy (L_> (0.25 4 0.75Cy;_s)
c
x/L.=1.0 0.0
x/L.=0 0.25Qwv —n—ast
B\08
0.15 S x/LC S 0.3 QWV—TL—Aft = _S.ZCRLCZCCW <L_) (0.3 + 0'7CNL—S)
o
Negative vertical wave ) B\08
shear force Qyy_, (kN) 04 <x/L.<05 Qwv-n-mia = —40CRLc"CCy <E)
B\08
0.6 <x/L.<0.75 Qwv-n—rore = —5.7CrL:2CCy, (L—> Cni-n
c
x/L.=1.0 0.0

Notes:
Where x/L. is in the middle of the

table, it is determined by linear interpolation. (See Fig. 4.2.2-4)

Cr, Cyi—n, Cni_s: As specified in Table 4.2.2-1.
C: As specified in Table 4.2.2-1. However, L, is replaced with the following formula:

Lyor = 330C, "°
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Fig 4.2.2-4  Distribution Shape of Vertical Wave Shear Force
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4.2.2.5 Load Combination
In the strength assessment, the case where the hogging moment is the maximum and the case where the sagging

moment is the maximum are to be considered by combining the hull girder loads in still water and in waves. (See Table
4.2.2-5 and Fig. 4.2.2-5)

Table 4.2.2-5 Combination of Still Water and Wave Bending Moments and Shear Forces

Vertical bending moment Vertical shear force
Load case In still
In waves In still water In waves
water
Qsv max for x < 0.5L¢ Qwv—p for x < 0.5L¢
Hogging MSV_max MWV—h
QSV_min for X > OSLC QWV—TL fOI‘ x> OSLC
Qsv min for x < 0.5L¢ Quwy_n for x < 0.5L;
Sagging Mgy min Myyy g
Qsv max for x > 0.5L¢ Qwy-p for x > 0.5L¢

Notes:

MSV_maxa MSV_mina QSV_maxa QSV_min: As SpeCiﬁed in4.2.2.2.
Myv_n, Myy_s: As specified in 4.2.2.3.

Qwy—p, Qwy—n: As specified in 4.2.2.4.




2023 Rules for the Survey and Construction of Steel Ships (Part C Part2-1) ClassNK

Fig. 4.2.2-5 Schematic Diagram of the Load Combination for Finding Cases where the Hogging Moment is the
Maximum and Cases where the Sagging Moment is the Maximum Shown in Table 4.2.2-5

Msy My Qsy Qv
/\ Hogging
AE FE AE FE AE
Msy My
AE FE AE\ FE A
Sagging
4.2.2.6 Horizontal Bending Moment and Torsional Moment

1  Where torsional strength assessment are carried out by whole ship analysis specified in 5.5.2, the horizontal
bending moment and torsional moment of the following (1) to (3) are to be considered. (See Table 4.2.2-6)

(1) Horizontal wave bending moments My, (KN-m) and My,y, (kN-m)

(2) Still water torsional moments Mgy (kN-m) and Mgp, (KN-m)

(3) Wave torsional moments My, (kN-m)and My, (KN-m)

Table 4.2.2-6 Horizontal Bending Moment and Torsional Moment when Assessing Torsional Strength
by Whole Ship Analysis

L.—35
Le

Mypy (kN-m) | My, = 0'32CRCICH1LC2TSC
Horizontal wave bending

moments 5 ¢c—35
My, (KN-m) | Mypy = 0.32CRC1ChpLc ™ Tse L
c

Mgry (kN-m) | Msr1 = Msr max * Cr1

Still water torsional moments

Mgry, (kN-m) | Msrz = Msr max * Cr2

Myry (kN-m) | Mygy = CxCry - [1.3C,LeTscCp(0.65Tse + €) + 0.2C, LeB2Cyy]

Wave torsional moments

MWTZ (kN-m) MWTZ = CRCTZ . [1'3C1LCTSCCB(O'65TSC + 6) + 02C1LCBZCW]

Notes:

Cr: Coefficient considering the effect of ship operation, taken as 0.85

Cy1, Cy: Distribution coefficient, as given by the following formulae, to be taken as 0 in the ranges of x/L; < 0
and x/L; > 1 (See Fig. 4.2.2-6):

) X Lx\ 1 —exp(—6x/L¢)

Cyy = — cos (0.77n (E - O.52>> sin <7T E) [ 1 —exp(—3) ]
o X Lx\ 1 —exp(—6x/L¢)

Cy, = —sin (0.7711’ <E - 0.52)) sin (nz) [ 1— exp(—3)

Mgt max: Largest value of the permissible maximum still water torsional moment in the longitudinal direction as

described in the loading manual (kN-m).
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Cr1, Cro: Distribution coefficient, as given by the following formulae, to be taken as 0 in the ranges of x/L. < 0
and x/L; > 1 (See Fig. 4.2.2-7):

10[' (2 x)+01_2( x)] (035x> 8(2x 1)10
.0 [sin nLC .1sin rrLC exp 35 exp L

Cry = 05[ '(3 x)+065'3( x)] <04x> 8(2x 1)10
2 = —0. sin nLC .65sin nLC exp A exp L

e: Distance from baseline to shear centre at the midship cross section ()"

CTl

(1) The position of the shear centre can be calculated by finding the point of action of the shearing force where a torsional moment does not occur

in the cross section when the shearing force in the horizontal direction acts on the traverse section of the hull. For example, the position can be

calculated by applying Annex 5.2, Part 1 “Calculation of Shear Flow”.

Fig. 4.2.2-6  Distribution Shape of Horizontal Wave Bending Moments Cy; and Cy,
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2 Where torsional strength assessment is carried out by the formula specified in 5.5.3, the horizontal bending
moment and torsional moment of the following (1) to (3) are to be considered.

(1) Horizontal wave bending moment My, y; (kN-m) (See Table 4.2.2-7)

(2) Still water torsional moment Mgr5 (kN-m) (See Table 4.2.2-7)

(3) Wave torsional moment My,5 (kN-m) (See Table 4.2.2-7)

Table 4.2.2-7 Horizontal Bending Moment and Torsional Moment when Assessing Torsional Strength by Formula

L.—35

Horizontal wave bending moment Mz (kKN-m) Myyz = 0.32CxCy CoysLc?Toe | == I

[
Still water torsional moment Mgr3 (kN-m) Mgrs = 0.23L Nz W,

e
Wave torsional moment Myrs (KN-m) Myrs = 7.0K,Cy*B® (1-75 +15 D_)

s
Notes:
Cg: Coefficient considering the effect of ship operation, taken as 0.85

Cys:  As given by the following formulae. The mean value is calculated by linear interpolation.
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For x/Ls <0, Cys; =0.0
For 0.35 < x/L; £0.65, Cy3=1.0
For x/LC > 10, CH3 =OO

Ng: Maximum number of rows of containers to be loaded in the cargo hold
We: Average weight per 20 f¢ container to be loaded, taken as 100 kN
K,: As given the following formula:
300 — L\ 2
k=1 ( 300 )
e: Distance from baseline to shear centre at the midship section (m), according to the requirements of Table
4.2.2-6 or the following formula:
do
e=e ——

e, dy:  As specified in 5.5.3.2(4).

4.2.3 Harbour Condition

4.2.3.1 Vertical Bending Moment in Harbour

1  The vertical bending moment to be considered in the harbour condition is to be the maximum vertical bending
moment in harbour Mpy 4, (kN-m) and the minimum vertical bending moment in harbour Mpy i (AN-m).

2 Mpr max isto be greater than or equal to the value obtained by multiplying the permissible maximum vertical still
water bending moment during voyage Mgy 14, specified in 4.2.2.2 by 1.1. Moreover, Mpr i, 15 to be less than the
value obtained by multiplying the permissible minimum vertical still water bending moment during voyage Mgy min
specified in 4.2.2.2 by 1.1. However, if Mgy i, is a positive value, Mpr i, is to be taken as 0.

3  Notwithstanding the requirements of -2 above, where the designer determines the maximum vertical bending
moment and the minimum vertical bending moment in the loading conditions in harbour, in consideration of the cargo
loading/unloading sequence, etc., the values are to be considered. The value Mpr 4, that is less than the value
specified in -2 above, and the value Mpr ,,;;, thatis greater than the value specified in -2 above may be used. However,
Mpr max 1s not to be less than Mgy 4, and Mpr i, is not to be greater than Mgy .

4.2.3.2 Vertical Shear Force in Harbour

1  The vertical shear force to be considered in the harbour condition is to be the maximum vertical shear force in
harbour Qpr gy (kN) and the minimum vertical shear force in harbour Qpr i (AN).

2 Qpr_max s to be greater than or equal to the value obtained by multiplying the permissible maximum vertical still
water shear force during voyage Qsy mqy specified in 4.2.2.2 by 1.1. Moreover, Qpr min is to be less than or equal
to the value obtained by multiplying the permissible minimum vertical still water bending moment during voyage
Qsv min specified in 4.2.2.2 by 1.1.

3  Notwithstanding the requirements of -2 above, where the designer determines the maximum vertical shear force
and the minimum vertical shear force in the loading conditions in harbour, in consideration of the cargo
loading/unloading sequence, etc., the values are to be considered. The value Qpr 4, that is less than the value
specified in -2 above, and the value Qpr i, thatis greater than the value specified in -2 above may be used. However,
Qpr max are not to be less than Qgsy max and Qpr iy are not to be greater than Qgy min.

4.3 Loads to be Considered in Local Strength

4.3.1 General

4.3.1.1 General

1  The loads to be considered in the local strength requirements specified in Chapter 6, Part 1 are also to be in
accordance with the requirements of 4.3.

2 Additional requirements for loads in the maximum load condition are to be in accordance with the requirements
0f4.3.2.

3 Additional requirements for loads in the flooded conditions are to be in accordance with the requirements of 4.3.3.
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4.3.2 Maximum Load Condition

43.2.1 Lateral Loads

1  Where the contact point between the container cargo and the hull structure is located directly above the connection
between primary supporting members and plate members, the internal pressure of the cargo may not be considered.

2 Inapplying 4.3.2.4, Part 1, the parameters (GM, z; etc.) required to calculate the dynamic pressure due to ballast
water are to be the values in the ballast condition. The same parameters are to be applied where the dynamic pressure
due to liquid other than ballast water, such as the pressure due to fuel oil tank, is considered. However, the values in
Table 4.3.2-1 may be used if the parameters are not available.

Table 4.3.2-1 Simple Formulae for Parameters

Z coordinate Zzg

Draught T, f th t Radius of t

Loading condition raug. r c(m) (m) 0 . © cente Metacentric height GM (m) adius of gyration
amidships of gravity of the Ky (m)
ship
TLC + BZ 3CW_LC - 1
Ballast condition TgaL 0.20 c 2 TyCgyc 24 0.40B
B_LC
-z

4.3.2.2 Hull Girder Loads

1  Inapplying 4.4.2.9, Part 1, the vertical bending moment in still water and in waves are to be in accordance with

the following (1) and (2).

(1) Mgy max and Mgy i, are to be the values of the permissible maximum vertical still water bending moments
and the permissible minimum vertical still water bending moments in seagoing conditions specified in 4.2.2.2.

(2) Myy_p and My,,_ are to be the values of the vertical wave induced bending moments in the hogging condition

and sagging condition specified in 4.2.2.3.

2 For load condition RP, combination of Mgy g, and Mgy p,;, does not need to be considered.

4.3.3 Flooded Condition

4.3.3.1 Vertical Bending Moments in Flooded Conditions
In applying 4.4.4.2, Part 1, the vertical bending moments in flooding condition, Mpp ey and Mgp pip, are to

be in accordance with the following (1) and (2).

(1) Mgy max and Mgy i, are to be the values of the permissible maximum vertical still water bending moment and
the permissible minimum vertical still water bending moment during voyage specified in 4.2.2.2.

(2) 0.45Myy_, and 0.45My,,_ are to be the values obtained by multiplying the vertical wave bending moments
in the hogging condition and sagging condition specified in 4.2.2.3 by 0.45.

4.4 Loads to be Considered in Strength of Primary Supporting Structures

4.4.1 General

44.1.1 General

1  The loads to be considered in the requirements for strength of primary supporting structures specified in Chapter
7 and Chapter 7, Part 1 are to be in accordance with the requirements of 4.4.

2 Additional requirements for loads in the maximum load condition are to be in accordance with the requirements
of4.4.2.

3 Additional requirements for loads in the harbour condition are to be in accordance with the requirements of 4.4.3.
4  Additional requirements for loads in the flooded condition are to be in accordance with the requirements of 4.4.4.



4.4.2

4.4.2.1

General
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Maximum Load Condition

1  The requirements for simple girders are also to be in accordance with the relevant requirements of 4.3.
2 For the requirements of double hull, the loads specified in Table 4.4.2-1 are to be considered. However, if deemed
necessary by the Society, additional loading patterns considering the loading condition described in the loading manual

may be required.

Table 4.4.2-1 Loads to be Considered in Maximum Load Condition

Loading patterns , Difference between
Structures Equivalent ternal and internal
Vertical still t . €xternal and mterna
to be er 1c.a still water Loaded to be design csure to be
assessed Draught(m) | bending moment dered wave p
(kN-m) considere considered (kN/m?)
Double HM-1
S1 T M Container cargo
bottom s¢ SV max ' g / HM-2
Double bottom: Ppp
Double S2 Tsc Mgy min Container cargo Bp-1p, | Doubleside: Ppg
side S3 Tsc Mgy min Container cargo BP-1§
4.4.2.2 External Pressure

For the requirements of double hull structures, the hydrostatic pressure at the draught and the hydrodynamic
pressure at the equivalent design wave specified in Table 4.4.2-2 are to be considered.

Table 4.4.2-2 External and Internal Pressure to be Considered

Structures to be

PDB(kN/mz) (O] PDs(kN/mz) H@

assessed
Double bottom Sl Pexs + Pexw - Pin_sl Pexs + Pexw
S2 PCXS + PCXW - Pin_Sl PE.X'S + PEXW
Double side
S3 PEJCS + PEJCW - Pin_s3 PCXS + Pexw
Notes:

Hydrostatic and Hydrodynamic pressures (kN/m?) acting on bottom shell in the case of Ppg, and the
values acting on side shell in the case of Ppg. Each value is to be calculated in accordance with

4.6.2.4, Part 1.
The values considering the effect of container cargo (kN/m?), as given by the following formula:

PexS7 Pexw:

Pin_sla Pin_s3:
however, said values are to be taken as 0 when the number of bays in the cargo hold is only one.
Pin_s1 = 0.15p9Tsc
Py s3 = 0.3pgTsc

(1) Load calculation points are to be in accordance with 7.3.1.5, Part 1 for all loading conditions.

(2) When calculating loads, Ty = Tsc.

4.4.2.3
For the requirements of double hull, the internal pressure specified in Table 4.4.2-2 is to be considered.

Internal Pressure

4.4.2.4 Vertical Bending Moment

1  For the requirements of double hull, the vertical still water bending moment and the vertical wave bending moment
in the equivalent design wave specified in Table 4.4.2-2 are to be considered.

2 The vertical wave bending moment considered for each equivalent design wave is to be in accordance with
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4.6.2.10, Part 1. However, My,,_, and M,,,_; are to be the values of the vertical wave bending moments in the
hogging condition and sagging condition specified in 4.2.2.3.

4.4.3 Harbour Condition

4.4.3.1 General

For the requirements of double hull, the loads specified in Table 4.4.3-1 are to be considered. However, where
deemed necessary by the Society, additional loading patterns considering the loading condition described in the loading
manual may be requested.

Table 4.4.3-1 Loads to be Considered in Harbour Condition

Struct Loading patterns Difference between
ructures )
to be Vertical still water bending external and internal
: Loaded to be pressure to be
assessed Draught(m) moment in harbour dered
(kN-m) consiaere considered (kN/m?)
Double
N Pl 0.6Tyc Mpr max None
bottom Double bottom: Ppp
Double Double side: Ppg
S;e P2 0.6Tyc Mpr max None
4.4.3.2 External Pressure

For the requirements of double hull, the hydrostatic pressure at the draught specified in 4.4.3-1 are to be considered.

Table 4.4.3-2 External and Internal Pressure to be Considered

Stm::;l:ssez’ be P (kN/m?) Pps(kN/n?)
Double bottom P1 Pexs Pexs
Double side P2 Poxs Pexs
Notes: P, : Hydrostatic pressure (kN/m?) act on bottom shell in case of Ppg. That value act on side shell in

case of Ppg. Each value is calculated in accordance with 4.6.2.4, Part 1.

(1) Load calculation points is in accordance with 7.3.1.5, Part 1 for all loading conditions.

4.4.3.3 Vertical Bending Moment in Harbour
For the requirements of double hull, the vertical bending moment in harbour is to be in accordance with the
requirements of 4.4.3.1.

4.4.4 Flooded Condition

4.4.4.1 Vertical Bending Moments in Flooded Conditions
In applying 4.5.5, Part 1, the vertical bending moment in flooded condition is to be in accordance with the
following (1) and (2).
(1) Mgy max and Mgy i are to be the values of the permissible maximum vertical still water bending moments
and the permissible minimum vertical still water bending moments in seagoing conditions specified in 4.2.2.2.
(2) 0.45Myy_;, and 0.45My,,_ are to be the values obtained by multiplying the vertical wave bending moments
in the hogging condition and sagging condition specified in 4.2.2.3 by 0.45.
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4.5 Loads to be Considered in Strength Assessment by Cargo Hold Analysis

4.5.1 General

4.5.1.1 General

1  The loads to be considered in the strength assessment by the cargo hold analysis specified in Chapter 8 and
Chapter 8, Part 1 are also to be in accordance with the requirements of 4.5.

2 Additional requirements for loads in the maximum load condition are to be in accordance with the requirements
0f4.5.2.

3 Additional requirements for loads in the harbour condition are to be in accordance with the requirements of 4.5.3.
4  Additional requirements for loads in the flooded condition are to be in accordance with the requirements of 4.5.4.

4.5.2 Maximum Load Condition

4.5.2.1 Loading Conditions

1  The loading conditions specified in Table 4.5.2-1 are to be considered instead of those specified in 4.5.2.1, Part
1. The loading conditions specified in the loading manual may be required where deemed necessary by the Society.

2 As for tow-island type container carriers, where deemed necessary to carry out structural strength assessment of
fuel oil tanks located below the bridge, the loading conditions under consideration are to be determined based upon the
tank arrangement, etc. and the loading conditions are to be submitted beforehand to the Society for Approval. An

example is shown in Table 4.5.2-2.

Table 4.5.2-1 Loading Conditions to be Considered in Maximum Load Condition

Vertical .
. . Equivalent
Loading ) ) ) still water )
. Loading pattern and container cargo in the target hold Draught . design
condition bending
wave
moment
A B
HM-2
40’ containers FM-2
loadi S1 : - T, M BR-1P
Oa. .lng(l) A% A-Asection  B-B section s¢ SV_max BR-1S
condition Container: 40’ containers @ BP-1P
Ballast and fuel oil tanks: Empty BP-1§
7L
— HEHTE HM-2
Light 40’ FM-2
containers e M BR-1P
loading 52 AFig> A-Asection  B-B section Tsc SV_max BR-1S
condition (V Container: Light 40’ containers ®®® BP-1pP
Ballast and fuel oil tanks: Empty BP-1§
HM-1
20’ containers FM-1
: M BR-1P
loadmg ( S3 A-Asection  B-B section 0'9TSC SV_min BR-1S
dition V
condition Container: 20’ containers ®© g}’; - ip
Ballast and fuel oil tanks: Empty -5
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One bay empty |
condition D A B A-A section  B-B section

HM-2

S4 TS C M SV_max FM-2

Container: 40’ containers @
Ballast and fuel oil tanks: Empty

Bl 40’ containers
E3: 20’ containers
[Ei: Light 40’ containers

(1)

2

3)
4)

)

(6)
(7

Notes:

The radius of gyration (/) around the X-axis is taken as 0.38B in the 20-foot container cargo loading condition,
and is taken as 0.35B in other loading conditions. In any condition, GM is the value in the full load condition.
However, the value calculated based on the weight distribution according to the loading condition to be
considered can be used.

Container unit weight is to be calculated as the permissible stacking weight divided by the maximum number of
tiers planned.

Light container unit weight in hold is to be taken as 50 % of its related container unit weight.

Light container unit weight on deck is to be taken as 50 % of its related container unit weight or 17 ¢, whichever
is the lesser.

It is assumed that cargo holds other than the target hold are loaded with 40-foot container cargo. The definition
of target hold is in accordance with the requirements of Chapter 8, Part 1.

It is assumed that cargo holds other than the target hold are loaded with 40-foot lightweight container cargo.

For one bay empty condition, if the cargo hold consists of two or more bays, then each bay is to be considered

entirely empty in hold and on deck (other bays full) in turn as separate load cases.

Table 4.5.2-2 Loading Conditions to be Considered in the Assessment of Fuel Oil Tanks
under the Deckhouses in Two-island Design Ships

Loadi Vertical still Equivalent
oadin
condi tiogn Loading pattern Draught | Wwater bending design
moment wave
ﬂ HM-1
FM-1
BR-1P
SIT TBAL MSV_min BR-1S
Container: Empty l;];—_ll};
Ballast tank: Full
Ballast Fuel oil tank: Full
condition"
L-----. _'_'_J
HM-1
FM-1
BR-1P
200 - w TpaL MSV_mL'n BR-1S
BP-1P
Container: Empty BP-1S
Ballast tank: Full
Fuel oil tank: Full and Empty ©®
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—
(m— [
HM-2
EE BEE FM-2
Full load ‘ ‘ ‘I BRLP
M
condition @ 3T Tsc SV_max BR-1S
Container: 40’ containers 121; - 111;
Ballast tank: Empty
Fuel oil tank: Empty

B As specified in Table 4.5.2-1.
Bl Fuel oil
ESSS: Ballast water

Notes:

(1) The radius of gyration (m) around the X-axis is taken to be 0.40B. However, the value calculated based on the
weight distribution according to the loading condition to be considered can be used.

(2) The radius of gyration (m) around the X-axis is taken to be 0.35B. However, the value calculated based on the
weight distribution according to the loading condition to be considered can be used.

(3) Loading condition such that horizontal pressure acts on one side of each longitudinal bulkhead that divides the

fuel oil tank is to be considered.

4.5.2.2 Container Load

In applying 4.6.2.7, Part 1, as for containers stowed on decks or hatchway covers, loads in the vertical direction
are to be applied to the position of the top of the hatch coaming, and loads in the longitudinal direction are to be applied
to the position of the locking devices of the hatch covers.

4.5.23 Hull Girder Loads

In applying 4.6.2.10, Part 1, the vertical still water bending moment for the loading condition to be considered is
to be in accordance with the requirements of 4.5.2.1. My,,_,, and My,,_s are to be the values of the vertical wave
bending moment in the hogging and sagging conditions specified in 4.2.2.3.

4.5.3 Harbour Condition

4.5.3.1 Loading Conditions
In applying 4.6.3.1, Part 1, the loading conditions specified in Table 4.5.3-1 are to be considered.

Table 4.5.3-1 Loading Conditions to be Considered in Harbour Condition

Loading ) Draugh | Vertical bending moment
.. Loading pattern )
condition t in harbour

One bay [eins|
empty Pl A*B A-A section  B-B section TSC MPT max
condition (V Container: 40’ containers »

Ballast tank: Empty
Fuel oil tank: Empty

B As specified in Table 4.5.2-1.

Notes:
(1) For one bay empty condition, if the cargo hold consists of two or more bays, then each bay is to be considered
entirely empty in hold and on deck (other bays full) in turn as separate load cases.

(2) Container unit weight is to be calculated as the permissible stacking weight divided by the maximum number of

tiers planned.
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4.5.3.2 Vertical Bending Moment in Harbour

1  The vertical bending moment in harbour is to be in accordance with the requirements of 4.2.3.1 instead of the
requirements of 4.5.3.3, Part 1.

2 The vertical bending moment in harbour for the loading condition to be considered is to be in accordance with the
requirements of 4.5.3.1.

4.5.4 Flooded Condition

4.5.4.1 Vertical Bending Moment in Flooded Conditions
In applying 4.6.5.5, Part 1, the vertical bending moment in the flooded conditions is to be in accordance with the

following (1) and (2).

(1) Mgy max and Mgy i, are to be the values of the permissible maximum vertical still water bending moments
during voyage specified in 4.2.2.2.

(2) 0.45Myy_p, and 0.45My,,_, are to be the values obtained by multiplying the vertical wave bending moments
in the hogging condition and sagging condition specified in 4.2.2.3 by 0.45.

4.6 Loads to be Considered in Fatigue

4.6.1 General

4.6.1.1 General

1  The loads to be considered in the fatigue strength assessment specified in Chapter 9 and Chapter 9, Part 1 are
also to be in accordance with the requirements of 4.6.

2 Additional requirements for loads in the cyclic load condition are to be in accordance with the requirements of
4.6.2.

4.6.2 Cyclic Load Condition

4.6.2.1 General

1  The loads to be considered in the assessment of torsional fatigue strength by whole ship analysis specified in 9.3
are to be in accordance with the requirements of 4.6.3 instead of the requirements of 4.7.2, Part 1. However, where
deemed necessary by the Society, consideration of loads not in accordance with 4.6.3 may be required.

2 The loads to be considered in the simplified stress analysis and finite element analysis specified in 9.3, Part 1 and
9.4, Part 1 are to be in accordance with 4.6.4 in addition to the requirements of 4.7, Part 1.

4.6.3 Loads to be Considered in Torsional Fatigue Strength Assessment by Whole Ship Analysis

4.6.3.1 Loading Conditions

1  Inassessing fatigue strength, loading conditions to be considered in which the most important stress state that acts
on the hull for a long period of time are to be selected.

2 The requirements of 4.6.3.2 specify the loads corresponding to the loading condition of -1 above in general
container carriers. It is assumed that the container cargo is loaded almost homogeneously in each cargo hold, and the
draught is the value obtained by multiplying the scantling draught by 0.82.

4.6.3.2 Hull Girder Loads
1  Vertical still water bending moment Mg, is to be calculated in accordance with the following formula.
Mgy = Cr_syMsv_max
Cr sy: Coefficient considering the effects of the loading condition, to be taken as 0.8.
Mgy max: Permissible maximum vertical still water bending moment (kN-m) specified in 4.2.2.2
2 The vertical wave bending moment My, _, (kN-m) in the hogging condition and the vertical wave bending
moment My, _s (kN-m) in the sagging condition are to be in accordance with Table 4.6.3-1.
3 The horizontal wave bending moments My, y,; and My,y, (kN-m) are to be in accordance with Table 4.6.3-2.
4  The wave torsional moments My, and My, (kN-m) are to be in accordance with Table 4.6.3-3.
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Table 4.6.3-1 Vertical Wave Bending Moments My,,_, and My, _

The vertical wave bending moment in hogging B\°®
" Myy—p (kN-m) Myy_p = 1-5CF_WVCVhLCSCCW <_>
condition L¢
The vertical wave bending moment in sagging 08
) Mios (N-m) | My = 15Cy sl CC ()
condition L¢
Notes:

Cr wy: Fatigue coefficient, as given by the following formula.
Cewv = Cr1wvCrawvCrs wy
Cr1 wy: Coefficient considering speed effects, to be taken as 1.2.
Cr, wy: Conversion coefficient for the exceedance probability level to be considered in fatigue strength
assessment, to be taken as 0.22.
Crs_wy: Coefficient considering the effects of the loading condition, to be taken as 0.82.
Cyn, Cys: Distribution coefficient as given by the following formulae, to be taken as 0 in the ranges of x/L. < 0
and x/L; > 1 (See Fig. 4.6.3-1):

x x x
Cyn = 1.044 sin <n L_> sin? <0.457rL— + 0.357t) sin? (0.61‘[L— + 0.21n>

% % %
Cys = —1.044 sin (n —) sin? (0.4571— + 0.357‘[) sin? <0.67r— + 0.217r)
Lc Lc Lc
C: Wave parameter, as specified in Table 4.2.2-1.

Fig. 4.6.3-1 Distribution Shape of Vertical Wave Bending Moment

1.00

/ \ cn
0.50 -

0.00 . v r r X/L¢

-0.50

\ / Cy
-1.00 -

Table 4.6.3-2 Horizontal Wave Bending Moments My, ;;; and My,

L.—35
Horizontal wave bending moment My, (AN-m) My, = 0.32CF_WHC1CH1LCZTSC < I
[
. . N L.—35
Horizontal wave bending moment My, (KN-m) My, = 0.32Ck yyCiCypLeTee I
[
Notes:

Cr wr: Fatigue coefficient, as given by the following formula.
Cr wi = CprwnCrz wnCrs wa
Cr1 wy: Coefficient that considering speed effects, to be taken as 0.94.
Cr, wr: Conversion coefficient for the exceedance probability level to be considered in fatigue strength
assessment, to be taken as 0.24.
Cr3 wy: Coefficient considering the effects of the loading condition, to be taken as 0.82.
Cy1, Cyy: Distribution coefficient, as specified in Table 4.2.2-6.
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Table 4.6.3-3 Wave Torsional Moments My, and My,

Wave torsional moment My, (kN-m) Myr1 = Cp yrCry - [1.3C1 L TscC5(0.65Tge + €) + 0.2C, LB*Cy/]

Wave torsional moment My, (kN-m) Myry = Cp wrCry - [1.3C1 L TscC5(0.65Tsc + €) + 0.2C; LeB*Cy]

Notes:
Cr wr: Fatigue coefficient, as given by the following formula:
Cryr = Cr1wrCrzwrCrs wr
Cr1 wr: Coefficient considering speed effects, to be taken as 1.03.
Cr, wr: Conversion coefficient for the exceedance probability level to be considered, to be taken as 0.23
Cr3 wr: Coefficient considering the effects of the loading condition, to be taken as 0.82.
Cr1, Cry: Distribution coefficients, as given by the following formulae, to be taken as 0 in the ranges of x/L, < 0
and x/L; > 1:

Cri = 11[' (2 x)+01'2< x)] (O7x) 8<2x 1)10
1 = —1.1sin nLC .1sin nLC exp o exp L

oo = 05 [-sin (31.2) + 0610 (15 )| e (0.6 xp (-8 (225 - 1)
2 = —0. sin nLC .8sin nLC exp o exp L,

e: Distance from baseline to shear centre at the midship section (m), as specified in Table 4.2.2-6

Fig. 4.6.3-2  Distribution Shape of Torsional Moments Cr; and Cy,

Crrand Crz

4.6.4 Loads to be Considered in Fatigue Strength Assessment by Simplified Stress Analysis and Finite
Element Analysis Using Partial Structural Model

4.6.4.1 Loading Conditions

1 In assessing fatigue strength, loading conditions to be considered the most important stress state that acts on the
hull for a long period of time are to be selected.

2 The requirements of 4.6.4.2, 4.6.4.3 and 4.6.4.4 are the loads corresponding to the loading condition of -1 above
in general container carriers. It is assumed that the container cargo is loaded almost homogeneously in each cargo hold,
and the draught is the value obtained by multiplying the scantling draught by 0.82.

4.6.4.2 External Pressure due to Seawater
In applying 4.7.2.4, Part 1, the draught T, (m) is to be the value obtained by multiplying the scantling draught
by 0.82.

4.6.4.3 Internal Pressure due to Ballast, Container Cargo, Etc.
When calculating the acceleration in applying 4.7.2.5, Part 1 and 4.7.2.7, Part 1, various parameters such as the
metacentric height GM are to be determined based on the loading condition specified in 4.6.4.1-2.

4.6.4.4 Hull Girder Loads

1 Vertical still water bending moment Mgy, is to be in accordance with the requirements of 4.6.3.2-1 instead of the
requirements of 4.7.2.10, Part 1.

2 The vertical wave bending moment in hogging condition My, _, (kN-m) and vertical wave bending moment



2023 Rules for the Survey and Construction of Steel Ships (Part C Part2-1) ClassNK

My _s (kKN-m) in sagging condition are to be determined in accordance with the requirements of 4.6.3.2-2 instead of

the requirements of 4.7.2.10, Part 1.
3 The horizontal bending moment My, is to be calculated by multiplying the value according to the formula

specified in 4.7.2.10, Part 1 by 0.82.
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Chapter 5 LONGITUDINAL STRENGTH

5.1 General
5.1.1 Application
5.1.1.1

Container carriers to which Part 2-1 applies are to comply with the requirements specified in this Chapter.
5.1.2 Continuity of Structure

5.1.2.1
1  Continuity of structure is to be maintained throughout the length of the ship.
2 Where significant changes in structural arrangement occur, adequate transitional structure is to be provided.

5.1.3 Evaluation Area

5.1.3.1

1  The stiffness, yield strength , buckling strength , and hull girder ultimate strength assessment specified in 5.1 are
to be applied to the full length of the ship from AE to FE.

2 Notwithstanding the requirement in -1 above, evaluation areas near AE and FE and with an extremely small depth
of the evaluation cross section need not be assessed.

3 The following locations (1) to (5) are to be assessed with adequate care:

(1) In way of the for/aft ends of engine room

(2) The fore and aft ends of the forward bridge block in case of two-island designs

(3) At any locations where there are significant changes in hull cross section

(4) In way of forward end of the foremost cargo hold

(5) In way of aft end of the aft most cargo hold

5.14 Hull Girder Stress

5.1.4.1 Vertical Bending Moment

1  Vertical bending moment oy, (N/mm?) is to be obtained from the following formula:
G = YsMs ‘|1'yVWMW (z —2,) x 10°
¥s, Yw:. Partial safety factors, to be taken as 1.0
Mg, My,: Vertical still water bending moment and vertical wave bending moment (kN-m) for the load cases
“hogging” and “sagging” as specified in 4.2.2.5
I,:  Moment of inertia (cm*) for the cross section under consideration
z:  Vertical coordinate of the location under consideration ()
z,: Distance from the baseline to the horizontal neutral axis (m)
2 Vertical shear stress Ty (N/mm?) is to be obtained from the following formula:
e = (rsQs + \t’WQW)Qv % 103

Ys, Yw: Asspecified in 1 above.

Qs, Qw: Vertical still water shear force and vertical wave shear force (kN) for the load cases “hogging” and
“sagging” as specified in 4.2.2.5
qy: Shear flow (N/mm) at any location when shear force acts along the cross section under consideration,
to be determined according to the calculation method which are specified in Annex 5.2, Part 1
“CALCULATION OF SHEAR FLOW”.
t:  Thickness of plate considered (mm)



2023 Rules for the Survey and Construction of Steel Ships (Part C Part2-1) ClassNK

5.2 Yield Strength Assessment

5.21 Bending Strength and Shear Strength

5.2.1.1 Evaluation Area
1 For each of the load cases “hogging” and “sagging” as defined in 4.2.2.5, the equivalent hull girder stress g,
(N/mm?) is to be in accordance with the following formula:
aeq < o-perm
Oeq =/ 0x% + 372
Where o, and t are combination of hull girder stresses, to be taken as the following formulae according to the
bending strength assessment and shear strength assessment, and where oy, and Ty, are to be in accordance
with 5.1.4.1.
0y = Oyg, T = 0, for bending strength assessment
o, = 0, T = 1y, for shear strength assessment

Operm: Permissible stress (N/mm?), to be taken as
Oy

Y1Y2
oy: Specified minimum yield stress of the material (N/mm?)

Operm =

y;1: Partial safety factor for material, to be taken as

Oy
1=K 235
y,: Partial safety factor for load combinations and permissible stress, to be taken as follows:
¥, = 1.24, for bending strength assessment
¥, = 1.13, for shear strength assessment
2 The assessment locations of the bending stress and shear stress are to be in accordance with the following (1) and
2):
(1) The assessment locations of the bending stress are the following locations of cross section shown in (a) to (d):
(a) at bottom
(b) atdeck
(c) attop of hatch coaming
(d) atany point where there is a change of steel yield strength
(2) The assessment locations of the shear stress are all structural elements that contribute to the shear strength
capability.

5.2.1.2 Minimum Section Modulus

1 The gross section modulus of the transverse section of the hull amidship is not to be less than the value of Zg, i
(cm®) obtained from the following formula:

Zgr min = KCiLc*B(Cpy +0.7) (cm?)

2 The scantlings of longitudinal members in way of the midship part are not to be less than the scantlings of
longitudinal members at the midship which are determined by the requirement in -1 above, excluding changes in the

scantlings due to variations in the sectional form of the transverse section of the hull.

5213 Minimum Moment of Inertia of Hull Transverse Section
The moment of inertia of the transverse section of the hull I (cm*) is not to be less than the value obtained from
the following formula.
Ipin = 1.55Lc|Mg + My, | X 10
M, My,: Vertical still water bending moment and vertical wave bending moment (kN-m) for the load cases
“hogging” and “sagging” as specified in 4.2.2.5

5.2.14 Calculation of Section Modulus and Moment of Inertia of Hull Transverse Section
The calculation of the section modulus and the moment of inertia of the hull transverse section is to be in
accordance with the requirements specified in 5.2.1.4, Part 1.
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5.3 Buckling Strength Assessment

5.3.1 General

5.3.1.1 Buckling Strength Assessment Judgment
For the plate panels and longitudinal stiffeners subject to vertical bending and vertical shear stresses, the following
formula is to be applied.

Nacr < 1

Nace:Buckling utilisation factor, to be obtained according to the requirements of Annex 5.3.

5.3.1.2 Hull Girder Stress Used in Buckling Strength Assessment

During the buckling strength assessment, the following stress combinations described in (1) and (2) are to be
considered for each of load cases “hogging” and “sagging” as specified in 4.2.2.5. Where oy; and 7, are to be in
accordance with 5.1.4.1.
(1) ong, 0.7ty¢
(2) 0.70u6, Tue

5.4 Hull Girder Ultimate Strength

5.4.1 General

54.1.1 Application
The requirements in 5.4 apply to ships with a length L. of 150 m or more.

5.4.1.2 Assessment Range
The hull girder ultimate strength is to be assessed in the cargo region and engine region.

5.4.2 Hull Girder Ultimate Strength Assessment

The following formula is to be satisfied.

My
YsMs + yywMy, <

YmYpB
ys: Partial safety factor for the vertical still water bending moment, to be taken as follows.

s = 1.0
yw: Partial safety factor for the vertical wave bending moment, to be taken as follows.
Yw = 1.2
Mg, M,,: Vertical still water bending moment and vertical wave bending moment (kN-m) for the load cases
“hogging” and “sagging” as specified in 4.2.2.5
My;: The hull girder ultimate bending moment capacity (kN-m), which is to be obtained by the method specified
in Annex 5.4, Part 1. However, instead of the load-end shortening curves formula o-z5 — € specified in

A2.3.8 of Annex 5.4, Part 1, the following is to be used.
oyp®

— mi s(225 1.25 s 1\*
ers = MM g5 | (— - ) +0.1(1-5) (1 + —2)
! BE BE ! ,35

oyp: Standard minimum yield stress of plate material (N/mm?)
@, Bg, s, I:  Asprescribed in A2.3.8 in Annex 5.4, Part 1.
yum: Partial safety factor for the hull girder ultimate strength, to be taken as follows.
yu = 1.05
ypg: Partial safety factor for the hull girder ultimate bending moment capacity, considering the effect of double

bottom bending given by the following formula. However, for cross sections where the double bottom
breadth of the inner bottom is less than that at amidships or where the double bottom structure differs from
at amidships (e.g. engine rooms), the factor ypp for hogging condition may be reduced subject to approval
by the Society.

For hogging condition, ypp = 1.15

For sagging condition, ypz = 1.0
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5.4.3 Hull Girder Ultimate Strength Assessment Considering Effect of Whipping Response and Lateral
Load
For ships not less than 300 m in length L. or which exceed 32.26 m in breadth B, in addition to the requirements
specified in 5.4.2, the hull girder ultimate bending moment capacity is to satisfy the following formula for the hogging
condition. Notwithstanding the requirements under this paragraph, the effect of whipping and the hull girder ultimate
strength considering the effect of lateral loads can be calculated more directly where deemed appropriate by the Society.
This requirement applies to the transverse section located in the vicinity of the centre of the cargo hold at midship.

YsMsy_max + YwnMwv-n—mia < My ps

Ys: Partial safety factor for the vertical still water bending moment, to be taken as follows.
]/S = 1.0
Ywh' Partial safety factor for the vertical wave bending moment, considering the effect of whipping, to be

taken as follows:
Ywn = 1.5

Mgy _max: Permissible maximum vertical still water bending moment (kN-m) at the cross section under
consideration while at sea prescribed in 4.2.2.2.

Myy_n_mia: Vertical wave bending moment (kN-m) in the amidship calculated according to the
provision of 4.2.2.3.

My pp:  Hull girder ultimate bending moment capacity (kN-m), considering the effect of lateral loads, to be

obtained according to the requirements of Annex 5.4.
5.5 Torsional Strength

5.5.1 General

5.5.1.1 Application

1  For ships meeting the criteria in the following (1) to (3), the torsional strength is to be assessed by the finite
element analysis specified in 5.5.2.

(1) Ships not less than 200 m in length L.

(2) Ships exceeding 32.26 m in breadth B

(3) In cases where deemed necessary by the Society

2 For ships that do not meet all of the criteria specified in -1(1) to (3) and the widths of the hatchway amidship
exceed 0.7B, the torsional strength is to be assessed based on the formulae specified in 5.5.3.

3 Notwithstanding the requirements in -1 and -2 above, the torsional strength assessments may be carried out based
on direct load analyses or direct strength calculations when deemed appropriate by the Society.

5.5.2 Torsional Strength Assessments Based on Finite Element Analysis

5.5.21 General

1  The procedure for the torsional strength assessments based on a finite element analysis is given in the following

(1) to (3). (See Fig. 5.5.2-1)

(1) Vertical still water bending moments, vertical wave bending moments, horizontal wave bending moments, still
water torsional moments and wave torsional moments are to be considered as applied loads.

(2) Stresses due to vertical still water bending moments, vertical wave bending moments, and horizontal wave bending
moments are to be calculated according to a beam theory or a finite element analysis using a whole ship structural
model.

(3) Warping stresses due to vertical still water torsional moments and vertical wave torsional moments are to be
calculated according to a finite element analysis using a whole ship structural model.

(4) Yielding strength assessments and buckling strength assessments are to be carried out based upon evaluated
stresses determined by combining the stress components.

2 Analysis programs are to have the following functions:

(1) The influences of bending, shearing, axial, and torsional deflections can be effectively taken into account.

(2) The behaviours of plan or space structures can be effectively expressed and or displayed under reasonable
boundary conditions.
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3 Analysis programs are to have sufficient accuracy. If deemed necessary, the Society may require the submission
of details regarding the analysis method, verification of accuracy, etc.

Fig. 5.5.2-1  Evaluation Procedure
Structural Models (5.5.2.3)

|

Load Conditions and Boundary Conditions (5.5.2.4)

jmTEEmmmm——————— 1mEmmEmmmm—————— LI il T AT T E Watar | I et |
I Vertical Still Water : 1 Vertical Wave : 1 Horlzlontal Wave : 1 S,It‘ﬂ} Watelr : 1 Wave Torsional :
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I L B e [ P —— |
Calculation of Evaluated Stress
Vertical and Horizontal Bending Stresses (5.5.2.5) Warping Stresses (5.5.2.6)
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L Beam Theory or Structural Analysis : { Structural Analysis :
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| Superposition of Stresses (5.5.2.7) |
|
¥ I ¥
| Yield Strength Assessment (5.5.2.8) | | Buckling Strength Assessment (5.5.2.9) |

Note: Numbers in parentheses indicate sub-section number

5.5.2.2 Assessment Target Members
The following members (1) to (7) are to be assessed along the length of ship.
(1) Hatch side coamings (including top plates)
(2) Strength decks
(3) Sheer strakes
(4) Topmost strakes of inner hulls/bulkheads
(5) Bottom shell plating, bilge plating
(6) Longitudinal stiffeners attached to (1) to (5) above
(7) Other members deemed necessary by the Society

5.5.23 Structural Models

1  The scope and members for modelling are to be in accordance with the following (1) and (2):

(1) The entire ship, both port and starboard sides

(2) All longitudinal members, primary supporting members and longitudinal stiffeners

2 The plate thickness and scantling of the stiffeners of the structural model are to be made in accordance with 3.3.3,

Part 1.

3 Notwithstanding the requirement in -2 above, where deemed appropriate by the Society, assessment using the

gross scantling approach may be applied.

4  The types and properties of the elements used for modelling are to be in accordance with the following (1) and

(2). Note that the definitions of element types are specified in Table 5.5.2-1.

(1) For plate members, shell elements are to be used.

(2) When modelling a general rolled steel for hull, Young’s modulus is to be 206,000 (N/mm?) and Poisson’s ratio is
to be 0.3.



2023 Rules for the Survey and Construction of Steel Ships (Part C Part2-1) ClassNK

Table 5.5.2-1 Types of Elements

Element type Definition

Line element with axial stiffness only and a constant cross-sectional area along
Rod element
the length of the element

Line element with axial, torsional, and bi-directional shear and bending stiffness
Beam element . .
and with constant properties along the length of the element

Shell el ¢ Quadratic element with in-plane stiffness and out-of-plane bending stiffness and
ell elemen . .
with constant thickness

5  The meshing of elements is to be in accordance with the following (1) and (2) (See Fig. 5.5.2-2):
(1) Be performed so as to reproduce the structural responses of the whole ship accurately. In principle, meshing is to
be in accordance with the following (a) to (¢):
(a) The size of mesh is not to be greater than floor space in general.
(b) The aspect ratio of shell elements is to be kept as close to 1 as possible.
(c) Variation of the mesh size and the use of triangular elements are to be kept to a minimum.
(2) Separate finite element model that uses a finer mesh than usual may be used by applying the boundary conditions
obtained from the structural model.
6  When modelling the stiffener, several stiffeners may be modelled complied together depending on the mesh size.
However, the section modulus of hull in this case is to be equivalent to the actual section modulus of hull.
7  The validity of the structural model is conducted by checking that the stresses obtained when vertical bending
moments and horizontal bending moments are each applied to the structural model is to be equivalent to the values
calculated using beam theory.

Fig. 5.5.2-2  Structural Models

W

(a) Overall View (b) Near the Transverse Bulkheads

5.5.24 Load Conditions and Boundary Conditions

1  As load conditions, vertical still water bending moments, vertical wave bending moments, horizontal wave

bending moments, and still water torsional moments caused by unbalanced loading of containers and wave torsional

moments carrier are to be considered.

2 When applying the load, it is not to affect the axial stress caused by hull girder loads at the point of reference.

3  Torsional moments are, as a standard, to be applied in accordance with the following (1) to (3):

(1) Torsional moments acting on hull girders are to be applied to structural models as a series of bulkhead torsional
moments resulting in a stepped curve. An approximated torsional step moment curve is shown in Fig. 5.5.2-3.

(2) Torsional moments applied to bulkheads are the net change in torsional moment over the effective range of the
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bulkhead. The effective range of a bulkhead is the distance between the midpoints of the two adjacent bulkheads.
The torsional moments at bulkhead i (kN-m) are specified as the following formulae (See Fig. 5.5.2-4):

oM, i =M — Myr

WT1i WT1|;(xi Xit1) w 1|§(xi—1+xi)
oM i =M — Myr

WT2i WTZl;(xi Xit1) w 2|§(xi—1+xi)

x;:  x-coordinate of bulkhead i
(3) The torsional moment at each bulkhead is to be reproduced by two equivalent shear forces on each side. An
example of a method for applying shear force is shown in Fig. 5.5.2-5.

Fig. 5.5.2-3  Torsional Moments Acting on Hull Girders (Approximated Torsional Step Moment)
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Fig. 5.5.2-4  Torsional Moment Applied to Bulkhead i
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Fig. 5.5.2-5 Torsional Moment Reproduction Due to Shear Force
Port Starboard

4  When analysing the vertical and horizontal bending moments applied, a method applying unit moments is to be
used as the standard. Stresses corresponding to the moments prescribed in 4.4.2 are to be calculated based on the
stresses obtained through structural analysis with unit moments applied.

5 Boundary conditions is to constrain the displacement of the structure at positions where the reaction force is
considered to be small. Standard boundary conditions are to be given in Table 5.5.2-2.
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Table 5.5.2-2 Boundary Conditions at Model Ends

Translation Rotation
Location X . 7 Around | Around | Around
L L L. the the the
direction | direction | direction . . .
X-axis y-axis Z-axis
Boundary conditions of Aftend of L. Fix Fix Fix - - -
torsional moment
(See Fig. 5.5.2-6 (a)) Fore end of L. - Fix Fix - - -
Boundary conditions of Aft end of L. Fix Fix Fix - - -
vertical bending moment
(See Fig. 5.5.2-7) Fore end of L. - Fix Fix - - -
Aftend of L Fix Fix Fix - - -

Boundary conditions of

horizontal bending moment Fore end of L. Fix } Fix ] ) )
(See Fig. 5.5.2-8) Transverse
- - Fi - - -
bulkheads of L. .

Notes:
[-] means no constraint applied (free).
The position of a constraint is to be the position in which the reaction force is thought to be small.

This table may not be applied for some load applying methods and stress calculation methods

Fig. 5.5.2-6  Boundary Conditions of Torsional Moment
(a) Example 1

Aft end of L,

(b) Example 2

Aft end of L,
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Fig. 5.5.2-7 Boundary Conditions and Loads Application of Vertical Bending Moment

Fig. 5.5.2-8 Boundary Conditions and Loads Application of Horizontal Bending Moment
6,=0 6,=0

0 I

8x=8y=62=0 82=0
* apply to each transverse bulkhead

5.5.25 Calculation of Stresses due to Vertical Bending Moment and Horizontal Bending Moment

1  Stresses due to vertical bending moments and horizontal moments are to be in accordance with the following (1)
to (3). The sign convention for tension stress is to be positive, while the sign convention for compressive stress is to be
negative. When assessing based on the gross scantling in accordance with 5.5.2.7-2, Iy _,50, Zn_nso and Iy_nso
specified in the following (1) to (3) are replaced to Iy_gy, Zy_gr and Iy_g,., respectively.

(1) The stress due to vertical still water bending moment og, (N/mm?) is to be obtained from the following formula:

Oy = ——— (Z = Zp_pso) X102 (N/mm?)
V-n50
Mgy: Permissible maximum vertical still water bending moment Mgy .4, and permissible minimum
vertical still water bending moment Mgy ,,;, (KN-m) specified in 4.2.2.2 at the cross section under
consideration
Iy_nso:  Moment of inertia around horizontal neutral axis (m*) of the cross section

z: Z coordinate at the location under consideration (Vertical distance from base line) (m)
Zn_nso:  The distance from base line to horizontal neutral axis (m) of the cross section

(2) The stress due to horizontal wave bending moment oy, (N/mm?) is to be obtained from the following formula:
wv

Owy = ——— (Z — Zy_p50)X1073  (N/mm?)
Iy_nso

Myy: Vertical wave bending moments under the hogging condition My,,_, and vertical wave bending
moment under the sagging condition My,,_s (kN-m) specified in 4.2.2.3 at the cross section under
consideration. The combination of Mg, and My, specified in (1) above are based on load

combination of hogging and sagging conditions specified in Table 4.2.2-5.

Iy_nso:  Moment of inertia around horizontal neutral axis (m*) for the cross section

z:  Z coordinate at the location under consideration (Vertical distance from base line) (m)
Zn-nso:  The distance from base line to horizontal neutral axis (m) for the cross section
(3) The stresses due to horizontal wave bending moments oy, and oy, (N/mm?) are to be obtained from the
following formulae:

M
Owrs = ——22 . yx 1073 (N/mm?)
IH—nSO
Oy = — e yx 1073 (N/mm?)
IH—nSO
Myyq: First component of horizontal bending moment (kN-m) at the cross section under consideration

specified in 4.2.2.6-1
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My, ys: Second component of horizontal bending moment (kN-m) at the cross section under consideration
specified in 4.2.2.6-1
Iy_ns0:  Moment of inertia around centre line (m*) for the cross section under consideration
y: Y coordinate at the location under consideration (Horizontal distance from centre line) (1)
2 Notwithstanding the requirements in -1 above, the stresses due to vertical bending moment and horizontal bending
moment may be calculated using structural analysis of a whole ship finite element model. In this case, the effect of
bending stresses locally generated in hatch corners need not be considered.

5.5.2.6 Calculation of Stress due to Torsional Moment
Stress due to torsional moment is to be in accordance with the following (1) and (2). The sign convention for

tension stress is to be positive, while the sign convention for compressive stress is to be negative.

(1) The still water torsional moments Mgy, and Mgp, specified in 4.2.2.6-1 are applied to the structural model, and
a finite element analysis is conducted to calculate the stresses ggrq and ogp, (N/mm?) caused by the still water
torsional moments.

(2) The wave torsional moments M+, and My, specified in 4.2.2.6-1 are applied to the structural model, and a
finite element analysis is conducted to calculate the stresses oy, and oyr, (N/mm?) caused by the wave
torsional moments.

5.5.2.7 Evaluated Stress
1  Evaluated stress o7 is to be determined in accordance with the following formula:
or = {\/GWVZ + (Own1 + owr1)? + (Ownz + owr2)? + Cslosy| ++ osr1® + Usrzz}
C3: The superposition of stresses coefficient, to be taken as follows:
In the case of Mg, = Mgy mmin and Mg, > 0 in 5.5.2.5-1 (1), to be taken as C3 = —1

In other cases, to be taken as C; =1

ogy:  Stress due to vertical still water bending moment (N/mm?), as given in 5.5.2.5

owy: Stress due to vertical wave bending moment (N/mm?), as given in 5.5.2.5

Own1» Ownz: Stress due to horizontal wave bending moment (N/mm?), as given in 5.5.2.5.

Os71, Osto:  Warping stress due to still water torsional moment (N/mm?), as given in 5.5.2.6 (1).

Owr1, Owre: Warping stress due to wave torsional moment (N/mm?), as given in 5.5.2.6 (2).
2 When applying the requirement in -1 above and when each component of stress is obtained using the structural
model of the gross scantling, the stress components are to be multiplied by 1.05 to correct the stress that corresponds
to the net scantling.

55.2.8 Yield Strength Assessment
1  Inthe cargo hold to be analysed, the evaluation stress o; of each element that consists of all the members subject
to assessment is to satisfy the following formulae. Mean stress corresponding to standard mesh size may be use when
using smaller mesh size than the standard mesh size specified in 5.5.2.3-5.
(a) For hatch side coamings (including top plates), strength decks, sheer strakes, and topmost strakes of inner
hulls, bulkheads
or < 200/K(N/mm?)
(b) For bottom shell plating and bilge plating
or < 210/K(N/mm?)
2 The requirements in -1 above need not be applied to the locations where localised stress increase is due to hatch
deformation, etc. (e.g. foremost cargo holds and the fore/aft ends of engine rooms and accommodation areas) provided
that fatigue strength assessments are carried out. However, the reference stress obtained in accordance with 5.5.2.7 is
to be less than the specified minimum yield stress of relevant steel assigned at such locations.

5.5.29 Buckling Strength Assessment

1  The requirements in 8.6.2.1, Part 1 are applied correspondingly for buckling assessments. However, the buckling
permissible utilisation factor is to be taken as 0.9 for bottom shell plating, bilge plating and longitudinal stiffeners
attached to these members.

2 Notwithstanding the requirement in -1 above, bilge plating longitudinally stiffened and longitudinal stiffeners
attached to the bilge plating may be verified in accordance with the following (1) or (2) according to net thickness of
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bilge plating and bilge radius:
(1) In case where the bilge plating net thickness is not less than 14.5 mm and the bilge radius is not greater than 8 m,
the following (a) and (b) are to be applied.
(a) The evaluation stress determined in accordance with 5.5.2.7 is not greater than 0.9 times the specified
minimum yield stress of the steel used or 320 N/mm?, whichever is smaller.

(b) The following formula is satisfied:
4 2

11( ‘ )+<nt)+(nt)>0014
1000R 1000S 1000S/ —

t: Bilge plating net plate thickness (mm)

2

S:  Spacing (m) of stiffeners. To be taken as the girth length.
R: Bilge radius (m)
(2) If the bilge plating net thickness is less than 14.5 mm and the bilge radius is greater than 8 m, the evaluated stress
determined in accordance with 5.5.2.7 is not to be greater than 0.9 times the buckling strength obtained by using
non-linear analysis and other methods.

553 Torsional Strength Assessment Based on Formulae

5.5.3.1 General
The evaluation procedure for torsional strength is given in the following (1) and (2):

(1) As load conditions, vertical still water bending moments, vertical wave bending moments, horizontal wave
bending moments, still water torsional moment and wave torsional moments are to be considered.

(2) The strength assessment is to be carried out based upon the evaluation stress determined by combining each stress
from the loads considered in (1) above.

5.5.3.2 Calculation of Stresses due to Vertical Bending Moment, Horizontal Bending Moment, and Torsional
Moment
Stresses due to vertical bending moment, horizontal moment, and torsional moment are to be in accordance with
the following (1) to (5). The sign convention for tension stress is to be positive, while the sign convention for
compressive stress is to be negative.

(1) The stress due to vertical still water bending moment gy, (N/mm?) are to be obtained from the following formula:

M
Myl s

Osy =
V-n50

Mgy : Vertical still water bending moment (kN-m) for the load cases “hogging” and “sagging” as specified in
4.2.2.5
Zy_nso: Section modulus (cm?) of the hull girder vertical bending at the strength deck at the cross-section
position under consideration
(2) The stress due to vertical wave bending moment oy, (N/mm?) is to be obtained from the following formula:

M
O-WV = wv X 103
V-n50
Myy: Vertical wave bending moment (kN-m) for the load cases “hogging” and “sagging” specified in
4.2.2.5

Zy—nso: Section modulus (cm?) of t the hull girder vertical bending at the strength deck at the cross-section
position under consideration
(3) The stress due to horizontal wave bending moment oy, (N/mm?) is to be obtained from the following formula:

M,
Oywy = WH3 X 103
H-n50
My, y3: Horizontal wave bending moment (kN-m) specified in 4.2.2.6-2.

Zy-nso:  Section modulus (c¢m?) of for the hull girder horizontal bending at the hatch side at the cross-section
position under consideration
(4) The stress due to still water torsional moment ggr (N/mm?) is to be obtained from the following formula:
For ships having ordinary structure, the stress is calculated using the scantlings at the midship section. Values for
ships other than those above are to be at the discretion of the Society.
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wf-M
s = 0.000318 ————1>
I, +0.044,°]
Mgrs: Still water torsional moment (kN-m) specified in 4.2.2.6-2.

By dq
w = 7(D1 —e) +7(D1 +e)

0
D1=DS_7

B, =B—d;
8Dy —dy)dyty_nso + (Dy — di)?ts_nso
© 3dytg_nso + 2(D; — d1)ts_nso + Bitp_nso/3
dy: Height (m) of double bottom, as shown in Fig. 5.5.3-1.
d,: Breadth (m) of double hull side, as shown in Fig. 5.5.3-1.
ta-nso> ts—nso and tp_,so:Mean thickness (m) of the deck, ship sides, and bottom are as given in Fig.
5.5.3-1. When calculating mean thickness, the longitudinal members included
in this range may be included.
£¢: Distance (m) from the collision bulkhead to watertight bulkhead of the fore end of the machinery room

I, = By*{dytq_nsoly + (Dy — dy)ts_nsols + Byty_nsolp}

3 d,?
Ig = (D; —eq) {E(D1 —e)— d1} + 3

€

1
Iy = (Dy —dy) {5 Dy —dy) — 31} +e?
e,?

I, = —
76

J:  As given by the following formula:
Z{Bdo + Z(DS - do)dl}z
3dy, 20 —dy) , B
t'a-nso t's—nso t'p—nso
Mean thickness (m) of deck, ship sides and bottom. When calculating mean

thickness, only the strong deck, side shell plating, bottom shell plating, inner
bottom plating, and longitudinal bulkheads is to be used, and other longitudinal

' ' ’ .
t'g-ns0> ts—ns0> T p-nso:

members are not to be included.
(5) The stress due to wave torsional moment, oy, (N/mm?) is to be obtained from the following formulae:
For ships having ordinary structure, the stress is calculated using the scantlings at the midship section. Values for
ships other than those above are to be at the discretion of the Society.

Oy = 0.000318%
I, +0.04¢.7]
Myrrs: Wave torsional moment specified in 4.2.2.6-2.
w = %(D1 —e;) +%(D1 +e;)
do
D1 = DS - 7
B, =B —d,
e, (3D; —dy)dyty + (Dy — d)*ts_nso

© 3ditg_nso + 2(D; — d1)ts_nso + Bitp—nso/3
dy: Height (m) of double bottom, as shown in Fig. 5.5.3-1.
d,: Breadth (m) of double hull sides, as shown in Fig. 5.5.3-1.
ti—nsos ts—nso and t,_nso: Mean thickness (m) of the deck, ship sides, and bottom are as given in Fig.
5.5.3-1. When calculating mean thickness, the longitudinal members included
in this range may be included.
£.: Distance (m) from the collision bulkhead to watertight bulkhead of the fore end of the machinery room

I, = By*{dyty_nsoly + (Dy — dy)ts_nsols +231tb—n501b}
3 d
Iy = (D —ey) {E(Dl —e)— d1} + %

1
Iy = (D, —d,) {§ Dy —dy) — 91} + 912



CIaSSNI( 2023 Rules for the Survey and Construction of Steel Ships (Part C Part2-1)

2
€1
Iy =—
P76
J:  As given by the following formula:

2{Bd, + 2(Ds — dy)d, }*

] - 3d1 Z(Dl - dl) Bl
/ + / + /
t t
d-n50 s—n50 b-n50
/7 /7 / . . . .
t" s T oeensor £ penso: Mean thickness (m) of deck, ship sides and bottom. When

calculating mean thickness, only the strong deck, side shell plating, bottom
shell plating, inner bottom plating, and longitudinal bulkheads is to be used,
and other longitudinal members are not to be included.

Fig. 5.5.3-1 Mean Thickness of Deck, Ship Sides, and Bottom
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5.5.33 Evaluated Stress
Evaluated stress o7 is to be determined in accordance with the following formula:
O-T = \/(07so-wv)2 + UWHZ + UWTZ + O-SV + O-ST

ogy:  Stress due to the vertical still water bending moment (N/mm?) specified in 5.5.3.2 (1).

owy: Stress due to vertical wave bending moment (N/mm?), specified in 5.5.3.2 (2).

owy: Stress due to horizontal wave bending moment (N/mm?), specified in 5.5.3.2 (3).
osr:  Warping stress due to still water torsional moment (N/mm?), specified in 5.5.3.2 (4).
owr: Warping stress due to wave torsional moment (N/mm?), specified in 5.5.3.2 (5).

5.5.3.4 Evaluation
The evaluated stress op (N/mm?) at any cross-sectional position from the collision bulkhead to watertight

bulkhead of the fore end of the machinery room is to satisfy the following criteria.

190
or = T
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Annex 5.3 BUCKLING STRENGTH ASSESSMENT RELATING TO

Symbo

LONGITUDINAL STRENGTH (UR S11A)

Is

Local axis of a rectangular buckling panel parallel to its long edge.
Local axis of a rectangular buckling panel perpendicular to its long edge.

Stress (N/mm?) applied on the edge along x axis of the buckling panel.
Stress (N/mm?) applied on the edge along y axis of the buckling panel.

Applied shear stress (N/mm?).

Critical stress (N/mm?), defined in An2.4.4-2.

Bending stress (N/mm?), in the stiffener, defined in An2.4.4-3.
Stress (N/mm?) due to torsional deformation, defined in An2.4.4-4.

Ocx» Ocy, Tc:  Critical stress (N/mm?), defined in An2.2.1-1.

Y:
Y =Ye-
Ye:
oy
0y

Specified minimum yield stress (N/mm?) of the stiffener, defined in An2.4.4-1.

Specified minimum yield stress (N/mm?) of the plate.

Length of the longer side of the plate panel. (mm) (See Table An2)

Length of the shorter side of the plate panel. (mm) (See Table An2)

Length of the side parallel to the axis of the cylinder corresponding to the curved plate panel as shown in Table

Elastic buckling reference stress (N/mm?), to be taken as:
For the application of plate limit state according to An2.2.1-2:

n’E (tp)z
ET 120 -v)\b
For the application of curved plate panels according to An2.2.2:

n2E tp)
% T 121 —v?) (E)
Poisson’s ratio, taken as 0.3.
Thickness (mm) of plate panel.
Stiffener web thickness (mm).
Flange thickness (mm).
Breadth (mm) of the stiffener flange.
Depth (mm) of stiffener web.
Distance (mm) from attached plating to centre of flange, to be taken as follows:
e = h,, for flat bar profile.
e = hy,, — 0.5t for bulb profile.
e = h,, + 0.5t; for angle and Tee profiles.

Aspect ratio of the plate panel, to be taken as follows:

_a
“Tb
Coefficient taken as follows:

1-
‘[3 =

a

Edge stress ratio to be taken as follows:
Y= o

Stress multiplier factor acting on loads. When the factor is such that the loads reach the interaction formulae,
Stress multiplier factor at failure.

Maximum stress (N/mm?).
Minimum stress (N/mm?).



CIaSSNI( 2023 Rules for the Survey and Construction of Steel Ships (Part C Part2-1)

R: Radius (mm) of curved plate panel.

E: Young’s modulus, to be taken as 2.06 X 10° (N/mm?).

l: Span (mm) of stiffener equal to spacing between primary supporting members.

s: Spacing (mm) of stiffener to be taken as the mean spacing between the stiffeners of the considered stiffened
panel.

Anl General

Anl.1 General

Anl.1.1  Overview

1  Annex 5.3 specifies how to carry out the buckling strength assessment regarding the longitudinal strength of
container carriers.

2 The stresses 0, and g, given in Annex 5.3 are to be taken as positive when they are compressive stresses and

zero when they are tensile stresses.

Anl.1.2  Calculation of Buckling Utilisation Factor

The buckling utilisation factor is to be taken as follows:
1

Nact =

Ve
y.. Stress multiplier factor at failure. Buckling strength assessment for plate is to be in accordance with

An2.2.1 or An2.2.2 and buckling strength assessment for stiffener is to be in accordance with An2.3.1 and
An2.4.4.

An2 Buckling Strength Assessment of Each Structural Member

An2.1 Elementary Plate Panel (EPP)

An2.1.1 Definitions

An Elementary Plate Panel (EPP) is the part of the plating between stiffeners and/or primary supporting members.
All the edges of the elementary plate panel are forced to remain straight (but free to move in the in-plane directions)
due to the surrounding structure/neighbouring plates (usually longitudinal stiffened panels in deck, bottom, and inner
bottom plating, shell and longitudinal bulkheads).

An2.1.2  EPP with Different Thickness

1 In longitudinal stiffening arrangement, when the plate thickness varies over the width b of a plate panel, the
buckling capacity is calculated on an equivalent plate panel width, having a thickness equal to the smaller plate
thickness t;. The width of this equivalent plate panel b, is defined by the following formula:

tl 1.5

Beg = by + L, (E)

l;:  Width of the part of the plate panel with the smaller plate thickness t; (mm), as defined in Fig. Anl.
l,:  Width of the part of the plate panel with the greater plate thickness t, (mm) as defined in Fig. Anl.

Fig. Anl , Plate Thickness Change Over the Width

1

- by

2 In a transverse stiffening arrangement, when an EPP is made of different thicknesses, the buckling check of the
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plate and stiffeners is to be made for each thickness considered constant on the EPP.
An2.2 Buckling Capacity of Plates

An2.2.1  Plate Panel
1  The plate limit state is based on the following interaction formulae:
(1) In the case of a longitudinal stiffening arrangement

025 2/p, %%
(ycax)z/ﬁp +(VCITI) T

JCX TC

(2) In the case of a transverse stiffening arrangement

2 0.25 2 0.25
(y) e (mrl) e
Ocy T,

Oy Ultimate buckling stress (N/mm?)  in direction parallel to the longer edge of the buckling panel as defined
in -3.
0.y Ultimate buckling stress (N/mm?) in direction parallel to the shorter edge of the buckling panel as defined
in -3.
7. Ultimate buckling shear stress (N/mm?), as defined in -3.
Bp: Plate slenderness parameter taken as:
b [oyp

b= NE

2 The reference degree of slenderness A is to be taken as:

Oyp
A= ’—
Kog

K: Buckling factor, as defined in Tables An2 and An3.

3 The ultimate buckling stress is in accordance with the following:

(1) The ultimate buckling stress of plate panel o, and o, (N/mm?), is to be taken as:
Ocx = Cx0Oyp
ch = Cyo-yp

(2) The ultimate buckling stress of plate panels subject to shear 7, (N/mm?), is to be taken as
Oyp

T E
Cx, Cy, C;: Reduction factors, as defined in Table An2.
(3) The boundary conditions for plates are to be considered as simply supported (See cases 1, 2 and 15 of Table An2).

T =

If the boundary conditions differ significantly from simple support, a more appropriate boundary condition can be
applied according to the different cases of Table An2 subject to the approval by the Society.
4 The correction factor Fj,,, depending on the edge stiffener types on the longer side of the buckling panel is
defined in Table Anl. An average value of F,,, is to be used for plate panels having different edge stiffeners. For
stiffener types other than those mentioned in Table Anl, the value of ¢ is to be agreed by the Society. In such a case,
value of ¢ higher than those mentioned in Table Anl can be used, provided the value c is verified by buckling
strength check of panel using nonlinear FE analysis and deemed appropriate by Society.
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Table Anl Correction Factor Fy
Structural element types Flong c
Unstiffened panel 1.0 N/A
Stiffened Stiffener not fixed at both ends 1.0 N/A
i (O] t
panel Stiffener fixed | Flat bar Fiong = ¢ +1 for t_w >1 0.10
at both ends Bulb profile p 0.30
Angle profile Fipro = c (t_w>3 1 for tw _ 1 0.40
ong =
T profile t tp 0.30
Girder of high rigidit
irder of high rigidity 1.4 N/A
(e.g. bottom transverse)

Note 1: t,, is the web thickness (mm), without the correction defined in An2.4.3-5.

Table An2 Buckling Factor and Reduction Factor for Plane Plate Panels
St A t
Load case .ress sPec Buckling factor K Reduction factor C
ratio | ratio «
o
loX o Al 8.4 For 0, <0
, b ?I- Kx=Flongm . =1
w-o, y-o, —
a . For g, > 0
/I\ Where 1 < A,
S | Ke = Fiongl7.63 — (6.26 — 109)] Ce=1
Al Where 1> A,
° 1 022
ce=c(3-7)
— c=(1.25-012¢) < 1.25
|
VI K, = Flong [5975 1- 1/J)z] 0.88
> Ae==114+ [1———
c
2 For g, <0
) 2
o) [ [TT 11w 2(1+12) &=1
K. = a
L b vy (1—1) (2.4
Uyww.% 1+¢+ 100 ?+6'9f1) For Oy >0
<) c (1 R+F2(H—R)>
Al y=EO\T T Tz
a = A A
N a6 |fi=0=-yY)(a-1)
- c=(1.25-012¢) < 1.25
6y 14
oSt s
a >
R=21-2
not to be greater than 14.5 — 0—325 ( /)
a For 41 > A,
R =0.22
K = 200(1 + B*)?
3 Y7 (1 - £)(100 + 2.4B82 + 6.9f, + 23f,) . =0.5¢(1 +,/1—-0.88/c)
| K 2
F=|1- (—— 1) A ]
N3 1 [ 001 1) /M |a
N | fi=0.6 <— + 14/3) >0
A 2 d
_ 2
o i not_to be_greater than 14.5 — 0.358 For 1< /1p2 <3
s |f2=fs=0 A =22-05
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Load case St.r ess AsP ect Buckling factor K Reduction factor C
ratio | ratio «a
1
N T\ 22
0 H=l-——— >R
\é' 1 c(T +VT2 —4)
hi=p-1 14 1
v T=1+—+=
N fa=fs=0 154 3
|
Z
o
11111 o3
w-o, Ex = .
|
V - _ 4
tp b s fl B (2 (UB)
[ TTTTT e vi 2
S - 98 =1 (3-5)
a L‘IL fo=fi=0 For 0, <0
S ¢, =1
i
For g, > 0
For a > 1.5 Co—c 1_R+F2(H—R)
2[ 16(1 w)4](1 1) Y A
= fi= 3 3) 1z
Sl | 1 |a=38-2 ¢ = (1.25 - 0.12) < 1.25
‘_|4 % f3=0
N ~  |[For a < 1.5 For A < 4,
> |V 15 1 R = A(1 - A/c)
I S I
o g 1-9y B For 1= 4,
| _P(1-16f£%) R=0.22
L
fs=0 A = 0.5¢(1 ++/1—0.88/c)
fi = (1.5 — min(1.5, a))? K .
=[1-(—-1
d [1 (0.91 )Mp ]Cl
- S >0
\5/ I |fi=0
4 2
Vi f2=1+2-31(,8_1)_48(__3>ﬁ;2 For 13/117 <3
s 3 A2 =2-05
L |r=she-n (-5
< 3T 181 131 ¢ =1--20
o f2 = (1.5 — min(1.5, a))? Heao 21 R
o(T +VT? — 4)
2 T4yl
K, =5.972 ) 154 3
S 1-f3
< |m
|
v f3_f5(1.81Jr 5.24
= 9
fs = 7g (1 + max(=1,9))*
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St A t
Load case r ess S,p e Buckling factor K Reduction factor C
ratio | ratio «a
3 =)
= > g _ 4(0.425 + 1/a?)
E t oA | g+t For 1< 0.7
w-ox""a"' TR — c, =1
For 4> 0.7
5 1
T |Kx=4(0425 + 1/a®)(1+ ) — 591 Cy = 21051
o Al — 3.429))
4
y-g Yo, > T —y
Al K, =10.425 —)—
el ’ — Al x ( + a? 2
0, o,
a For 1 <0.7
C,=1
<
0 For 4> 0.7
~ |K, =1.28
SE C. = 1
_ * 22 +0.51
3 1
= K, =—+0.56+0.13a?
3V a
> 2
v, | o o _ 40425 + a?)
) | = A Y By + Da?
[o4 lw'oy
Y|
— , 1
a > - Ky = 4(0425 + a®)(1 +9) —
AN
1
S AN _sy(a ~3.429) —
For 1 <0.7
7 C,=1
w~oy[ﬂjjjjj°y T For 2> 0.7
Lo e 1
t, ; = Ky = 4(0425 +a )?’(2 Cy =
W'O’EED% Al A2 +0.51
—
a
3
o TTTTTL]
. ﬂ (4056, 013
o TTTT111] Y e e
R
a
9 For 1 <0.83
o, Oy
— — (=1
= E\ T" T |K=0697 For A > 0.83
U - 113 (1 0.22)
x = LS| ——5~
o 207 0.67 A
- Ky =4+ o + P
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Stress | Aspect

Load case . X Buckling factor K Reduction factor C
ratio | ratio
o I [T []]
t, Ib
o | [1[[]
a
11 a=>4 |K, =4
o, g,
T 1 y
= a<4 K:4+2.74< )
x , x 3
12
g, w-o, For a <2
. Cy =Cy,
For a = 2

tP
. JJJJJ/L w-o, - K, K, determined as per case 2
a

1
Cy = (106 + m) Cy2

Cyy : C, determined as per case 2

2 . az4 |K, =697 For 1< 083
- Cy=1
= 31" - 4t For 1> 0.83
-
e a<4 |K,=697+ 3.1( ) _ 1 022
3 C, =113 (1_ e )
; b 697 31[4—1/a\* ¢y =1
d - | Ky =t For 1> 0.83
ol L [ T[] a a 3
) 1 022
i C, =113 (1— e )
15
T —
{ K. =v3[534 + =
tp b - T ' a?
v ‘E
a
16
K 4 715 For 1 <0.84
tp r b - K‘r = \/§[534 + max (?’F>] C_[ =1
For 1 > 0.84
. 08¢
17 A

K; = K; case1s”
K; casets - K, according to case 15
r

~——
a
dﬁ
——
: Opening reduction factor taken as:
WO | e 0 g
—; with — < 0.7 and — < 0.7
a b
—~—
a

- (-9(-9)
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Stress | Aspect
Load case p

ratio Y| ratio «

Buckling factor K

Reduction factor C

- K, =+3(0.6 +4/a?)

For 41 <0.84

c,=1

For A > 0.84
0.84

C. =

i A

Edge boundary conditions:

Plate edge free.

Plate edge clamped.

Plate edge simply supported.

Notes:

w: Coefficient to be taken as:

w = min(3,a)

Fiong: Coefficient, as defined in An2.2.1-4.

(1) Cases listed are general cases. Each stress component (o, dy) is to be understood in local coordinates.

An2.2.2 Curved Plate Panels
1

2

to An2.2.1-1.

2
< VcOax )1'25 + <YCT\/§> -1.0
CaxGYP C‘L'O-YP .

045 Applied axial stress to the cylinder corresponding to the curved plate panel (N/mm?). In case of tensile

axial stresses to be taken as zero.

This requirement for curved plate limit state is applicable when R/t, < 2500. Otherwise, the requirement for
plate limit state given in An2.2.1-1 is applicable.

The curved plate limit state is based on the following interaction formula: The stress multiplier factor, y,, of the
curved plate panel need not be taken less than the stress multiplier factor, y,, for the expanded plane panel according

Cyyx,» C;:Buckling reduction factor of the curved plate panel, as defined in Table An3.




Table An3
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Buckling Factor and Reduction Factor for Curved Plate Panels

Case Aspect ratio

Buckling factor K

Reduction factor C

d R 2 d?
R <05 . K=1+ 3RE For general application:
P P Cax =1 for 1<0.25
1 C, =1.233—0.9331 for 025 <A< 1
K Cax =03/ 35 for 1<A<15
d R | 20267 L |52 |t Cax = 0-%/3 for 1> 15
R 0.5 . "Rt RR For curved single fields, e.g. bilge plating,
P 2 which are bounded by plane panels:
>04— 0.65
Rtp Cax = A—Z <1.0
2 d R 0.67d3
d | —<87|= |K=vV3[283+—7s
|/ R t RSt | ¢, =1 for A< 04
: C, =1274—-0.686A for 0.4<A1<1.2
T
g>87\/£ K=\/§0'28d2 CT=O/'1;625for/1>1.2
R™ |t
14

R /R,

Explanations for boundary conditions:

Plate edge free

An2.3

An2.3.1

Buckling Capacity of Overall Stiffened Panel

The elastic stiffened panel limit state is based on the following interaction formula:

E_
Cr

Where ¢ and P, are defined in An2.4.4-3,

An2.4

An2.4.1 Stiffener Limit States

Buckling Capacity of Longitudinal Stiffeners

The buckling capacity of longitudinal stiffeners is to be checked for the following limit states:

(1) Stiffener induced failure (S/)
(2) Plate induced failure (PI)

An2.4.2 Lateral Pressure

The lateral pressure is to be considered as constant in the buckling strength assessment of longitudinal stiffeners.

An2.4.3

Stiffener Idealisation

1 The effective length of the stiffener l.¢r (mm), is to be taken equal to:

_
lesr =75

for stiffener fixed at both ends.

legr = 0.751 for stiffener simply supported at one end and fixed at the other.

lepr =L for stiffener simply supported at both ends.

2 The effective width of the attached plating of a stiffener b,.ffq (mm), without the shear lag effect is to be taken

equal to:
Cxlbl + szbz
bogps = A2
Cy: Reduction factor defined in Table An2.
Cy1, Cy: Reduction factor defined in Table An2 calculated for the EPP1 and EPP2 on each side of the
considered stiffener according to case 1.
by, b,: Width of plate panel on each side of the considered stiffener (mm).
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3

4

The effective width of attached plating of stiffeners, besy (mm), is to be taken as:

. (Cx1by + Ci2by
bers = min (f’ o )

C,: Reduction factor defined in Table An2.
Cy1, Cyp: Reduction factor defined in Table An2 calculated for the EPP/ and EPP2 on each side of the
considered stiffener according to case 1.
by, b,: Width of plate panel on each side of the considered stiffener, (mm).
xs: Effective width coefficient to be taken as:

l . 1.12

For % = 1, Xs = min 7,1.0
16
&
S

l l

For <L <1, y =0.407-Z
S S

lesr: Effective length of the stiffener (mm), as specified in -1.
Thickness of attached plating t,, is to be taken equal to the mean thickness of the two panels adjacent to the

stiffener under consideration.

5

6
M
2
7

For accounting the decrease of stiffness due to local lateral deformation, the effective web thickness of flat bar
stiffener, t, ,q (mm), is to be used for the calculation of the sectional area, A;, the section modulus, Z, and the

moment of inertia, I, of the stiffener and is taken as:

212 (h,\° b
o =155 (%) (1722

The section modulus Z of a stiffener (cm?), including effective width of plating is to be taken equal to:

For stiffener induced failure (S7), the section modulus Z is to be calculated at the top of stiffener flange.

For plate induced failure (PI), the section modulus Z is to be calculated at the attached plating.

The moment of inertia I (cm*) of a stiffener including effective width of attached plating is to comply with the

following requirement:

8

st,®
1> —F
12 x 10

Bulb profiles may be considered as equivalent angle profiles. The dimensions of the equivalent built-up section

are to be obtained from the following formulae.

I h',W
hw = hw —E+2(mm)
I h’W
bf=6¥ tw+a—2 (mm)
h',
tf —E—Z(mm)

ty =t', (mm)
k', t',: Height and thickness of a bulb section (mm), as shown in Fig. An2.

a: Coefficient equal to:
o BB <120
*=n 3000 O WS

a=1.0 for h', > 120
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Fig. An2 Idealisation of Bulb Stiffener

(i—»
\
_A_
T A
t,
h’, - -t t, B h
Y Y

Bulb Equivalent angle

An2.4.4  Ultimate Buckling Capacity
1  Longitudinal Stiffener Limit State
When o, + g;, + 0,, > 0, the ultimate buckling capacity for stiffener is to be checked according to the
following interaction formula:
Yc 0q + 0p + 0y _
oy =1
o,: Effective axial stress (N/mm?) at mid-span of the stiffener, defined in -2.
op: Bending stress in the stiffener (N/mm?) defined in -3.
o,,: Stress due to torsional deformation (N/mm?) defined in -4.
oy: Specified minimum yield stress of the material (N/mm?).
oy = oys for stiffener induced failure (S7)
oy = oyp for plate induced failure (PI)
2 The effective axial stress o, (N/mm?), at mid-span of the stiffener, acting on the stiffener with its attached plating
is to be taken equal to:
Sty + A

Og =0y 77—
b T bgpp t, + Ag

o,: The nominal axial stress (N/mm?) that acts on the stiffener with attached plating, and is the axial stress
calculated at the load calculation point of the stiffener.
berr1: The effective width of the attached plating of a stiffener without the shear lag effect, according to
An2.4.3-2.
A,: Sectional area (mm?) of the considered stiffener.
3 The bending stress in the stiffener g, (N/mm?), is to be taken equal to:
Mo+ M,
op = — 10
Z: Section modulus of stiffener Z (cm?), including effective width of plating, according to An2.4.3-6.
M;: Bending moment (N-mm) due to the lateral load P, is to be taken as:

|P|sl® : .

M; = (; 24 1073 for continuous stiffener
|P|sl® : :

M; = (; 8 1073 for sniped stiffener

P: Lateral load (kN/m?), which is the hydrostatic pressure at the load calculation point of the stiffener.
C;: Pressure coefficient, is to be taken as:
C; = Cs; for stiffener induced failure (S7)
C; = Cp; for plate induced failure (PI)
Cp;: Plate induced failure pressure coefficient, is to be taken as:
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Cp; = 1 if the lateral pressure is applied on the side opposite to the stiffener.

Cp; = —1 if the lateral pressure is applied on the same side as the stiffener.
Cs;: Plate induced failure pressure coefficient:

Cs; = —1 if the lateral pressure is applied on the side opposite to the stiffener.

Cs; = 1 if the lateral pressure is applied on the same side as the stiffener.

M,: Bending moment (N-mm) due to the lateral deformation w of the stiffener:

P,w
M, = Fg - cg— B >0
F: Ideal elastic buckling force of the stiffener, in N.

P,:

Cf:

s T

2 2
Fyp = (7) EI10%F; = (T) EI10*
Nominal lateral load (N/mm?), acting on the stiffener due to stress oy, 0, and T in the attached

plating in way of the stiffener mid span:
t

P, = ?p (le (?)2 + \/ET]_)

A

Oy = YOy (1 + —S) but not less than 0
st

m;

my
a?  s2

=yl -t GypE( + ) but not less than 0

T:  Applied shear stress (N/mm?), which is the shear stress calculated at the load calculation point of
the stiffener with attached plating.
my, m,: Coefficients taken equal to:
my, = 147, for a = 2m, = 0.49
my; = 1.96, m, = 0.37 for a < 2
Deformation of stiffener (mm):
w=w,+w
Wy: Assumed imperfection (mm), to be taken as:
wy = 0.001! in general
wy = —Wwy, for stiffeners sniped at both ends considering stiffener induced failure (S7)
Wy = Wy, for stiffeners sniped at both ends considering plate induced failure (PI)
Wy Distance from the mid-point of attached plating to the neutral axis of the stiffener calculated
with the effective width of the attached plating.
w;: Deformation of stiffener (mm), at mid-point of stiffener span due to lateral load P. In case of

uniformly distributed load, w, is taken as:

_ o PIst yr !
w;, = i384€1 in genera
w; = (; SslnglI 107 for stiffeners sniped at both ends

Elastic support provided by the stiffener (N/mm?).
2
T
¢ =Fg (7) a1+ cp)

cp: Coefficient to be taken as:

1
P 001/121

1+ = (—3104—1>
Cxa Stp

Cxq: Coefficient to be taken as:

—(l+25)2f 1> 2
Cra = 55+ ) forlz2s

l 2
cxa=[1+<z>] forl < 2s

4  The stress due to torsional deformation o,, is to be taken equal to:
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_ ty b T 2 1
% = EXw (? + W) % (7) “0doys

i 1 | for stiffener induced failure (SI)
1

OgT
o,, = 0 for plate induced failure (PI)
Yw: Distance (mm), from centroid of stiffener cross section to the free edge of stiffener flange, to be taken as:

2%
Vo = > for flat bar.

2 2
_ W for angle and bulb profiles.

Yw = bf
Vo = bz—f for T profile.
@,: Coefficient to be taken as:
l
&, = 0.001 —
ogr: Reference stress for torsional buckling (N/mm?).

E (e,,m?]
Ogr = 1—(% 102 + 0.3851T>
14

I,: Polar moment of inertia of the stiffener about point C as shown in Fig. An3, as defined in Table An4
(cm).
Ir:  St. Venant’s moment of inertia of the stiffener, as defined in Table An4 (cm®).

I,: Sectional moment of inertia of the stiffener about point C as shown in Fig. An3, as defined in Table
An3 (cm®).
£pw: Degree of fixation, to be taken as:

N,
(z) 10
pw
0.75s ef — 0.5¢
\/Ia)< t 3 + L t 3 f)
P w

Table An4 Moments of Inertia

Flat bars Bulb, angle and Tee profiles
2
L w W — 7’ 4 Ae2)107%
| 3x 10 ( 3 ™
hyt,® tw (ef — 0.5¢) t,,° tw bets® tr
1-0.63— ————|(1-0.63 1-0.63—
Ir 3% 104( hw) 3 x10% ef — 0.5t 3% 10t by
Ares2b” (Ar + 2.6A
fo°f °r f w .
f 1 1 fil
17 % 106( 414, ) or bulb and angle profiles
hw3tw3 3 2
o | 35x108 DY for Tee profiles
12 x 106 P
A, Web area (mm?)
Ay Flange area (mm?)
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Fig. An3 Stiffener Cross Sections
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Annex 5.4 HULL GIRDER ULTIMATE STRENGTH ASSESSMENT
CONSIDERING THE EFFECT OF LATERAL LOADS

Anl General

Anl.1 Definitions

Anl.1.1
Unless specified otherwise, the definitions of the symbols used in this Guidance are as specified in Table Anl.

Table Anl Definition of the Symbols

Symbol Unit Definition
Zg m? Section moduli at bottom
Oys Nimm? Minimum yield stress of the material of the considered stiffener
Oyp Nimm? Minimum yield stress of the material of the considered plate
As cm? Sectional area of stiffener, without attached plating
Ap cm? Sectional area of attached plating
t mm Thickness of attached plating
bg mm Face plate width of stiffener
tr mm Face plate thickness of stiffener
hy, mm Web height of stiffener
ty mm Web thickness of stiffener
l mm Length of longer side of attached plate
s mm Breadth of attached plate
E N/mm? Young’s modulus of steel, taken as 2.06 X 10° (N/mm?)
v Poisson’s ratio, taken as 0.3

An2 Evaluation Method of Hull Girder Ultimate Strength Considering the Effect of Lateral Loads

An2.1 Overview

An2.1.1
The procedure for evaluating hull girder ultimate strength in consideration of the effect of lateral loads is
summarised in the flow chart in Fig. Anl.
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Fig. Anl Evaluation Procedure

1. Determination of transverse section to be assessed

(A2.2)

Y

2. Divide bottom shell and bottom longitudinal
into stiffener element

(A2.3)

Y

3. Derivation of stress acting on stiffener
element (A2.4)

! S I

N
4. Derivation of longitudinal stress of ! ponduct to all 1
stiffener element i considering the stress | stiffener elements :
derived by 3 M e - -
(A2.5)

Y

5. Calculation of hull girder ultimate bending moment
capacity by average of ultimate strength of all stiffener
elements (A2.6)

Note: Numbers in parentheses indicate section number

An2.2 Determination of Transverse Section to be Assessed

An2.2.1

“The transverse section located in the vicinity of the centre of the cargo hold at midship” in 5.4.3 refers to the
transverse section where the bottom shell generates maximum longitudinal stress as calculated by the requirements of
Chapter 8 under the condition specified in Table An2.

Table An2 Calculation condition

. .. Wave load
Loading condition .
condition
One bay empty condition HM-2

An2.3 Modelling of Stiffener Element

An2.3.1
Modelling of bottom shell and bottom longitudinals is to be in accordance with the following (1) to (3):

(1) Bottom shell and bottom longitudinals in the span, which includes the hull girder transverse section specified in
An2.2.1 above, between two adjacent transverse webs are to be modelled. However, bottom shell and bottom
longitudinals at bilge parts and under bench corners are not to be included in the modelling.

(2) The bottom shell and the bottom longitudinals being modelled specified in (1) above are to be divided into the
stiffener element 7 consisting of a longitudinal and an attached plate. The attached plate width is to be equal to the
mean spacing of the stiffeners. (See Fig. An2)

(3) Where attached plating is made of steels having different thicknesses or yield stresses, an average thickness t
(mm) or an average yield stress gyp (N/mm?) obtained from the following formulae are to be used for calculations.
(See Fig. An3)

S s,
L= s

! !
_ Oyp1t1S'1 + OypatsS,
Oyp =

ts
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ty, ty: Thickness of plate of attached plate (mm)
Oyp1, Oypz: Minimum yield stress of plate of attached plate (N/mm?)
s'y, s’y Breadth of plate of attached plate (mm)

Fig. An2 Method of Dividing Stiffener Element

Inner Hull

S1/2 S22 Sif2 S3f2 S3/2 54/2| Ss/2

Stiffener element i

Bottom Shell

| S | S5 | SSn | i S5 |

s Ay §:  Attached plate width
H i ! Stiffener element
5,” Sy ‘Spacing of stiffener

Fig. An3 Stiffener Element with Different Thickness and Yield Strength

Oypy Ovp2

t, 5
e A% A
Y »

S1’ s’
i .
Ve

S
An2.4 Derivation of Stress Acting on Stiffener Element

An2.4.1

The longitudinal stress o,; (N/mm?) and the transverse stress o,; (N/mm?) which are generated at the bottom
shell of the position of stiffener element i are to be calculated according to the requirements of Chapter 8 under the
condition specified in Table An2.

An2.5 Calculation of Ultimate Strength of Stiffener Element

An2.5.1
The ultimate strength of stiffener element i, oyg; (N/mm?) is to be as follows, but is not to be less than 0.

Oys; = Min(0ys1i, Oyszi, Oysai) — Oxoi Tor bulb, angle and T profiles

Oys; = min(0ys14, Oyszir Ousai) — Oxoi Tor flat bars

0,0;:Longitudinal stress (N/mm?) acting on stiffener element i due to lateral loads, to be taken as follows:
Ox0i = Oxi — OHg
o,;:Longitudinal stress (N/mm?), as specified in An2.4.1 above
0y Hull girder bending stress (N/mm?), to be taken as follows:
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M + My, _pog—mi
Oue = Smax ZW Hog—Mid 103
B

Mg max: Permissible maximum vertical still water bending moment in seagoing condition (kN-
m) at the transverse section under consideration
My _Hog-mia: As specified in 4.2.2.3.
Ousiis Ouszi» Oussi> Opysai:  Ultimate strength of stiffener element i (N/mm?) for each critical failure mode,
to be taken as following An2.5.2 to An2.5.5. All the symbols given in the
following An2.5.2 to An2.5.5 pertain to stiffener element 1.

An2.5.2
Ultimate strength of beam column buckling oyg,; (N/mm?), to be taken as follows:
Apg + Ag
Oysii = Oc1 —————
Us1i 1A,

0¢q: Critical stress (N/mm?), equal to the following:

_ f < Oyp
Oc1 = Ogp 10T 01 = TR

0cq = Oyg (1 — :;;) for oz, > %
oyg: Equivalent minimum yield stress (N/mm?), to be taken as follows:
Oyp = oypApg1hpg + OysAshsg
APEthE + AShSE

hpg: Distance (mm) measured from the neutral axis of the stiffener with attached plate of width bg,

to the bottom of the attached plating.
hg: Distance (mm) measured from the neutral axis of the stiffener with attached plating of width by,
to the top of the stiffener.
Apgy: Area (cm?) of attached plating, equal to the following:
App1 = bt X 1072
bg,: Corrected effective width (mm) of the attached plating, equal to the following:
bgs = — for By > 1.0
Be
bg, = s for B < 1.0
Bg: Coefficient, given as follows:

km? Oyp
Be= oo |5
12(1 —v?) Og

k: Coefficient, given as follows:

mgys N
k= (52 —)
l mys
my: Integer which satisfies the following formula /my(my—1) < é <

Jmy(my + 1), but is not to be less than 0.

og:  Elastic buckling stress of attached plating (N/mm?), equal to the following:
2

_ Ek'm? (t)z < l )
% = 12(1 —v?¥)\s ms) %

m: Coefficient, given as follows:
m =m, for gy; < 0y OF My < 2
m=my—1 for gy; > oyem

Oyem = 12(?—21;2) (10t35>2 [1 = mo*(mp = 1)° G) ]

k':  Coefficient, given as follows:

ms [\?
K= (—+—)
l ms

oyi:  Transverse stress (N/mm?) specified in An2.4.1 above.
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0p1:  BEuler column buckling stress (N/mm?), equal to the following:

Ig

2
et

O_El = T[ZE

I: Moment of inertia of stiffener (cm*) with attached plating of width bg; (m).
Ag: Area (cm?®) of stiffeners with attached plating width by
bg: Effective width (mm) of attached plating, equal to the following:
_ (225 125
£ (E B
by =S for fr <1.25

)S for _E > 1.25

Apg:Area (cm?) of attached plating width by equal to the following:

An2.5.3

App = bgt x 1072

Ultimate strength of torsional buckling oyg,; (N/mm?), to be taken as follows:

_Apocp + Asocy

o .=
Us2i AP +AS

Gcz:

Ocp:

An2.5.4

Critical stress (N/mm?), equal to the following:
Oys
O-CZ = Oy fOI‘ Opo < 7,

Oys

_ Oys
Ocy = Oys |1 — 2 -

2

for op, >

0g,: Euler torsional buckling stress (N/mm?), taken as ogzr specified in A2.4.4-4 Annex 5.3 “Buckling

Strength Assessment Relating to Longitudinal Strength (UR S11A)”.
Buckling stress of the attached plating (N/mm?), equal to the following:

2.25 1.25
O-CP = E - E O-YP fOI‘ ﬁE > 1.25
Ocp = Oyp fOr ﬁE < 125

Be: As defined in An2.5.2 above.

Ultimate strength of web local buckling of flanged stiffeners oy3; (N/mm?), to be taken as follows:

Oys3i =

bg:

_ bEtGYP + (hwetw + bftf)o-YS
st + hwtw + bftf
As defined in An2.5.2.

h,,.: Effective height of the web (mm), equal to the following:

An.2.5.5

2.25 1.25
we = E—W h,, for B, > 1.25
hye = h,, for B, < 1.25
Bw: Coefficient, given as follows:

hy, [oys
Pu =t NE

Ultimate strength of web local buckling of flat bar stiffeners oyg4; (N/mm?), to be taken as follows:

Apocp + Asoc,

Oysai = A, + Ag
ocp: As defined in An2.5.3 above.
0¢4: Critical stress (N/mm?), equal to the following:

_ f < Oys
Ocq4 = Opg 10T Oy = >

o o
Ocy = 0y5(1—4f ) for oz, >$
E4

054 Local Euler buckling stress (N/mm?), equal to the following:

t 2

w
Ogs = 160000 (h—)

w
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An2.6 Calculation of Hull Girder Ultimate Bending Moment Capacity

An2.6.1
Hull girder ultimate bending moment capacity considering the effect of lateral loads My pp (kN-m) is to be taken
as follows:
My pp = aUJUS_angBlo3
Oys avg:  Average of ultimate strength (N/mm?) of all stiffener elements, to be taken as follows:
_ Zizl(UUSiAi)
JUS_avg - Zi=1 Ai
oysi - As specified in An2.5.1 above.
A;: Area (cm?) of stiffener element i to be taken as follows:
A; = Ap + Ag
ay: Correction factor, to be taken as follows:
ay = 1.25
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Chapter 7 STRENGTH OF PRIMARY SUPPORTING STRUCTURES

7.1 General
7.1.1 Application
7.1.1.1

1  The requirements of this Chapter apply to ships of less than 150 m in length L.

2 Notwithstanding -1 above, strength assessments for deck girders with respect to deck loads and green sea loads
are to be carried out in accordance with this Chapter.

3 For the double bottom and double-side skin structure, the requirements of the double hull structure specified in
7.3, Part 1 are to be applied. For other girder members that can be regarded as simple girders, the requirement of the
simple girder specified in 7.2, Part 1 are to be applied.

7.1.1.2 Application Example of Assessment Model

1  An application example of assessment model applying 7.2 and 7.3, Part 1 is shown in Fig. 7.1.1-1.

2 For girder members that have a structure not shown in Fig. 7.1.1-1 and can be regarded as a simple girder, the
boundary conditions and acting load are to be considered, and the assessment model from Table 7.2.1-1, Part 1 is to
be appropriately selected.

Fig. 7.1.1-1  Application Example of Container Carriers

Side transverse
Assessment models
1 to 5 specified in

.2, Part 1

1/

Double side shell
Type D1 specified
in 7.3, Part 1 ]

'.'J'E-EP

Double bottom
Type D1 specified in 7.3, Part 1

7.2 Double Hull Structure

7.2.1 General

7.2.1.1 Handling of Partial Bulkheads in the Hold

In applying 7.3, Part 1, the length between the watertight bulkheads is to be assessed as the length of the cargo
hold regardless of whether there are partial bulkheads in the middle of the hold. When assessing in consideration of the
influence of the partial bulkheads in the middle of the hold, the strength is to be assessed by the cargo hold analysis
specified in Chapter 8. Girders near partial bulkheads are to ensure sufficient strength to account for shear force effects.
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Chapter 8 STRENGTH ASSESSMENT BY CARGO HOLD ANALYSIS

8.1 General

8.1.1 Overview

8.1.1.1 Structure and Overview of this Chapter
1  This Chapter specifies a method for strength assessment by way of a cargo hold analysis on a container carrier.
2 The structure and overview of this Chapter are shown in Table 8.1.1-1.

Table 8.1.1-1 Overview of Chapter 8

Section Title Overview

Additional requirements related to the overview and
8.1 General L .
application of this Chapter

82 Evaluation Area and Members to be [ Additional requirements related to the evaluation area
) Assessed and members to be assessed

Additional requirements related to extent of model,
8.3 Structural Models .
members to be modelled, meshing, etc.

. . . Additional requirements related to the net scantling
8.4 Considerations for Corrosion
approach

8.5 Boundary Conditions and Loads [ Additional requirements related to the boundary
) Conditions conditions and loads conditions

Additional requirements for bucklin strength
8.6 Strength Assessment a " g g
assessment

8.1.2 Application

8.1.2.1 Applicable Ships
Ships that require strength assessment by cargo hold analysis is required, which fall under 8.1.2.1-1(2), Part 1 are
to be ships of which the length of L. is 150 m or more.

8.2 Evaluation Area and Members to be Assessed

8.2.1 Evaluation Area

8.2.1.1 Evaluation Area and Target Hold
For two-island design container carriers, when applying 8.2.1.1, Part 1, the fuel oil tank (deep oil tank) under a
superstructure such as a bridge may be regarded as a target hold and strength assessment for the tanks may be required.

8.2.2 Members to be Assessed

8.2.2.1 Members to be Assessed for Maximum Load Condition, Harbour Condition and Testing Condition
In applying 8.2.2.1, Part 1, the structures and members to be assessed are to be as follows.

(1) Double bottom structure (bottom shell, inner bottom plating, centre girder, side girder and floor)

(2) Double side shell structure (side shell plating, longitudinal bulkhead, side stringer and side transverse)

(3) Bulkhead structure (transverse bulkheads, partial bulkheads, and primary supporting members with said
bulkheads)

(4) Deck structure (strength deck, cross deck, hatch coaming, etc.)
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(5) Other members and locations deemed necessary by the Society
8.3 Structural Models

8.3.1 General

8.3.1.1 Extent of Model

1 Inapplying 8.3.1.1, Part 1, the model is , in principle, to represent three adjacent cargo holds with the target hold
in the middle and the full depth and the full width of the holds are to be modelled.

2 Where strength assessment of a fuel oil tank (deep oil tank) on a two-island design container carrier are carried
out, modelling the cargo holds (including the transverse bulkhead structure of the cargo hold) adjacent to the tank is
taken as standard. If a superstructure such as a bridge is not modelled, the effect of the weight of the structure is to be
considered by applying mass points to the model, etc.

8.3.2 Meshing

8.3.2.1 Hatch Coamings
In principle, the hatch coaming top plate is to be modelled with shell elements.

8.3.2.2 Openings
In principle, openings in the transverse girder in the bilge part are to be modelled by recreating the opening’s shape
or removing the appropriate elements in consideration of size and position of the opening.

8.4 Considerations for Corrosion

84.1 Net Scantling Approach

8.4.1.1
As for thickness of structural modes and buckling strength assessment, the net scantling approach specified in 3.3,
Part 1 is to be applied.

8.5 Boundary Conditions and Loads Conditions
8.5.1 Boundary Conditions
8.5.1.1

1 In applying 8.5.1, Part 1, the boundary conditions are to consist of the rigid links at model ends and point
constraints in accordance with the requirements of Table 8.5.1-1.

2 The independent point means the point located at the intersection of the neutral axis and the centre line in the cross
section of both ends of the model. The dependent point means all the points of the element that are a model of the
longitudinal members located in the cross section at both ends of the model. (See Fig. 8.5.1-1)
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Table 8.5.1-1 Boundary Conditions

Translation direction Rotation direction
Location and node X L L Around the | Around the | Around the
L Y direction | Z direction . . .
direction X axis Y axis Z axis
Independent ) ) )
Aft point NA Constraint | Constraint | Constraint —My_ena —My_ena
end . . L
Dependent point Constraint by a rigid link
Independent . . . .
Fore point Constraint | Constraint | Constraint | Constraint +My_ena +My_ena
end . . C
Dependent point Constraint by a rigid link
Notes:
)] NA means no constraint applied (i.e. free).
2) My _end> My_ena: Adjustment vertical bending moment and adjustment horizontal bending moment, as
given in 8.5.2.2.
Fig. 8.5.1-1 Independent Point
Independent point
/ NA
&
¢
8.5.2 Load Conditions
8.5.2.1 Loads to Consider

In applying 8.5.2, Part 1, loads based also upon the additional requirements specified in 4.5 are to be considered.

8.5.2.2

1 Inapplying 8.5.2.2-5, Part 1, the vertical bending moment and horizontal bending moment act on the target hold
are to be adjusted, based on the boundary conditions specified in 8.5.1 and the value of the moment for each analysis

Method of Applying Moments to the Structural Model

case, in accordance with the following (1) to (3).

(1) The maximum and minimum values of the vertical bending moment and horizontal bending moment act on the
target hold due to the local loads are to be calculated by the following formulae. The local loads mean external

pressure, internal pressure and weight of the hull structure, etc.
My _pax = maX(MV—FEM (Xptwn1) My_pgm (xbtwnz))
My _yin = min(MV—FEM (Xptwn1) My_pgm (xbtwnz))
My_pax = maX(MH—FEM (Xptwn1) My _rem (xbtwnz))
My _yin = min(MH—FEM (Xpewn1) My—_rem (xbtwnz))

Here,

Xptwn1:

Xbtwn2+

My _pen (%), My _pgp (X):

of the target hold (See Fig. 8.5.2-1).

end of the target hold (See Fig. 8.5.2-1).

Vertical bending moment (kN-m) due to local loads at any position x, to be

The X coordinate position one quarter up from the length [,,;; of the target hold from the rear end

The X coordinate position three quarters up from the length 1;,;; of the target hold from the rear
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taken as follows:
Xi<x

My _ppu(x) = —(x - xaft)RV—aft - Z (= x) fui

1A
My _pem () = (X — Xap¢ )Ru—afe + Z(X — X fni
7

x: X coordinate (m) of position x

Xaft> Xfore: X coordinate (m) of the aft and fore ends of the structural model

Ry_fores Ry—_qf:: Vertical reaction forces (kN ) at the support points at the fore and aft ends of the model,
to be taken as follows:

_ Zi(xi - xaft)fvi

xfore - xaft
RV—aft = _Z,fvi - RV—fore
i

Ry_fores Ru—qfe: Horizontal reaction forces (kN ) at the support points at the fore and aft ends of the

RV—fore -

model, to be taken as follows:

Zi(xi - xaft)fhi

Ry_ =—
H=fore xfore - xaft
RH—aft == z'fhi - RH—fore
L
fvis fui: Vertical and horizontal components of the local load in the length direction of the ship x;
(kN)

X;: X coordinate (m) of the considered longitudinal station x;.
(2) The adjustment vertical bending moment My _,,4, and adjustment horizontal bending moment My _,,q (kN-m)
are given by the following formulae.
My _eng = MV—targ — My _py, for MV—targ =0
MV—end = MV—targ - MV—max for MV—targ <0
My _eng = MH—targ — My_piy for MH—targ =
My _eng = MH—targ — My_max for MH—targ <0
My_targ, My_targ: The maximum or minimum value in the target hold for the vertical bending moment and
horizontal bending moment (kN-m) specified in Table 8.5.2-1
(3) The adjustment moments My_g4q, My.eng and My_,,q obtained from (2) above are to be applied to the
independent points at the fore and aft ends of the model.

Table 8.5.2-1 My_tq,g and My_tq,

Maximum Harbour Testing Flooded
load condition condition condition condition
. . M or
Vertical bending moment My _;4r-g My _ye Mpr max 0 rb-max
- MFD_min
Horizontal bending moment My_;4g My_ye 0 0 0

Notes:

My _pg, My_pe:

maximum load condition specified in Chapter 4.

MPT,maxs MPT,min:
Chapter 4.
MFD_max> MFD_min:
Chapter 4.

The vertical bending moment and horizontal bending moment (kN-m) to be considered in
The vertical bending moment (kN-m) to be considered in harbour condition specified in

The vertical bending moment (kN-m) to be considered in flooded condition specified in
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Fig. 8.5.2-1 Definitions of Xp;n1 and Xppene in the Target Hold

| Ghoid
™ =1
i Xptwn1 i Xptwn2 i
T hd » T
[
Bhoral 8! 1 ' Goial 8

Centre of the
evaluation area

2 Where the foremost cargo hold or the aftmost cargo hold is selected as a target hold, the relevant requirements in
8.4, Part 2-8 may be used as the method for adjustment of moment and boundary conditions.

8.6 Strength Assessment

8.6.1 Yield Strength Assessment and Buckling Strength Assessment

8.6.1.1 Buckling Strength Assessment of Girders Attached to Partial Bulkheads

1  Inthe buckling strength assessment of the girders attached to the partial bulkheads, the buckling strength of a plate

panel or an opening panel is to be assessed as well as the bucking strength of the struts in An2.5, Annex 8.6, Chapter

8, Part 1 (See Table 8.6.1-1). Where the buckling strength assessment of the struts is carried out, the struts may be

taken as the members without openings.

2 Inapplying the requirements of -1 above, the following (1) and (2) are to be followed.

(1) For the plate panel adjacent to the inner bottom plating and longitudinal bulkheads, the boundary conditions of
An2.5.1-2(1)(ii), Annex 8.6, Part 1 “Buckling Strength Assessment based on Cargo Hold Analysis” are to be
used.

(2) For other plate panels, the boundary conditions of An2.5.1-2(1)(iii), Annex 8.6, Part 1 are to be used.

3 Notwithstanding the requirements in -1 above, where the primary supporting members attached to the partial

bulkheads are sandwiched between plate members on both sides, the boundary conditions of An2.5.1-2(1)(i), Annex

8.6, Part 1 are to be used where deemed appropriate by the Society.

8.6.1.2 Strength Assessment of Side Shell in Beam Sea

1  When a strength assessment is performed considering the load based on the equivalent design waves BR and BP
in maximum load condition, 8.6.2.1-2, Part 1 may be applied for stiffened panels of side shell instead of 8.6.2.1-1,
Part 1 where the stress in the direction parallel to the shorter edge of the panels, which is due to bending deformation
of side transverse and side shell, is dominant component (See Table 8.6.1-1).

2 In application of -1 above, yield strength assessment specified in 8.6.1, Part 1 of side shell need not be carried
out.

3 In application of -1 above, where the yield strength assessment and buckling strength assessment specified in
An2.7, Annex 8.6A, Part 1 “Strength Assessment Considering Effect of Surrounding Structures” are carried out,
the yield strength and buckling strength assessments need not be required for the following (1) to (3).

(1) Stiffened panels within the rigidity reduction range

(2) Buckling panels which include elements sharing nodes included in the elements of (1) above

(3) Elements which include (1) and (2) above
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Table 8.6.1-1 Relationship between the Application of Part 1 and Part 2

Member to be assessed

Maximum load condition

Equivalent design waves Equivalent design waves
HM and FM BR and BP

Side shell
(Annex 8.6A, Part 1 is applied for
equivalent design waves BR and BP)

Members other than side shell
(Annex 8.6A, Part 1 is applied for
equivalent design waves BR and BP)

* An2.2 to An2.6 of Annex 8.6A,
Part 1 are applied.

+ Permissible utilization factor
(buckling): 0.8

* Yield strength assessment: * Yield strength assessment: NA

As specified in 8.6.1, Part 1
* Buckling strength assessment: * An2.7 of Annex 8.6A, Part 1 is
As specified in 8.6.2.1-1, Part 1 | applied.
* Yield strength assessment:
As specified in 8.6.1, Part 1.
* Buckling strength assessment:
As specified in 8.6.2.1-1, Part 1.

Girders attached to partial bulkhead"

* Yield strength assessment: As specified in 8.6.1, Part 1.
+ Buckling strength assessment: As specified in 8.6.2.1-1, Part 1. In
addition, as specified in 8.6.1.1.

Notes:

(1)  The same requirements apply to harbour condition, testing condition and flooded condition.

8.6.1.3 Strength Assessments of Transverse Bulkheads in Flooded Condition

Where strength assessments are performed in the flooded condition, girders attached to transverse bulkheads are

to satisfy the criteria for yield strength assessment and buckling strength assessment. Platings of bulkheads, however,

only need to satisfy the criteria for yield strength assessment.
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Chapter 9 FATIGUE

Definitions
Ceor Coefficient that corrects the stress obtained from the gross scantling approach to the net scantling
approach.
e.g. 1.0 when the net scantling approach is used, 1.025 when the gross scantling approach is used.
9.1 General
9.1.1 General
9.1.1.1 Overview

1  Unless otherwise specified, the fatigue strength assessment method of longitudinal end connections by simplified
stress analysis, and the torsional fatigue strength assessment method of connections of plate and girder, and the free
edge of base material by finite element stress analysis for container carriers are to be according to this Chapter instead
of Chapter 9, Part 1.

2 In principle, for container carriers, the fatigue strength assessment by finite element analysis using the three-hold
model specified in 9.4, Part 1 is not to be carried out but the fatigue strength assessment by finite element analysis
based on hull girder load using the full ship model specified in this Chapter is to be carried out.

9.1.1.2 Application

1  Ships with alength L of 150 m or more are to be assessed for fatigue strength based on 9.5, Part 1 at the midship
part of cargo region using hot spot stress of longitudinal penetration at the girder or bulkhead section obtained by the
simplified stress analysis specified in 9.3, Part 1. In this case, the loads used in the assessment are to be in accordance
with the requirement in 4.6.4. The fatigue strength other than those at the midship part of cargo region is to be carried
out where deemed necessary by the Society.

2 For ships to which (1) or (2) are applicable, in addition to the requirements of -1 above, the fatigue strength
assessment based on 9.5, Part 1 is to be carried out using hot spot stress of connections of the plate and girder, and the
free edge of the base material obtained from the finite element analysis specified in this chapter.

(1) Ships not less than 200 m in length L;

(2) Ships exceeding 32.26 m in breadth B.

9.1.2 Assumptions

9.1.2.1 Assumptions
The following assumptions (1) to (9) are made in the fatigue strength assessment.

(1) A linear cumulative damage model (i.e. Miner’s rule) given in 9.5.4, Part 1 is used in the calculation of fatigue
damage.

(2) Fatigue design life Tpp is taken not less than 25 years.

(3) Hull girder load for torsional strength assessment is determined at the 10 probability level of exceedance.

(4) Stresses are assessed by the net scantlings t,,5, according to 9.3.

(5) Hot spot stress is used for fatigue strength assessment of weld toes and the free edge of members.

(6) Excluding exceptional cases, fatigue strength assessment of welds is made for the weld toe. For the welded joints
where loads are carried to the weld, the welded joints are to be in accordance with the detail design standards
specified in 9.4 and 9.6, Part 1 or weld root fatigue strength is to be assessed in accordance with the requirement
in 9.7, Part 1.

(7) The design S-N curve at two standard deviation below the mean S-N curve is used. The S-N curve in the in-air
environment is used for the period when the coating at the location being assessed is effective and the S-N curve
in the corrosive environment is used for the period when the effectiveness of the coating is lost.

(8) The long-term distribution of the stress range for wave loads is assumed to follow an exponential distribution.
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(9) The acceptance criterion for fatigue strength assessment is given in 9.5.5, Part 1.
9.2 Hot Spots to Assess

9.2.1 Hot Spots to be Assessed by Finite Element Analysis

9.2.1.1 Structural Details to be Assessed by Fatigue Strength Assessment

1  The hot spots to be assessed for fatigue strength by finite element analysis according to 9.3 are shown in Table
9.2.1-1.

2 The assessment is to be carried out throughout the length of ship.

Table 9.2.1-1 Structural Details of Primary Members to be Assessed in the Hull Structure

No. | Critical structural details of hull structure

1 | Hatch corner at the height of the hatch side coaming top plating

Intersections between the upper deck and transverse bulkhead
(the line on the hatchway side)

Intersections between the second deck and transverse bulkhead
(the line on the hatchway side)

4 | Intersections between top plating of steps in cargo hold and the inner longitudinal bulkhead

5 | Arrest hole (when arrest design is provided with arrest hole)

6 | Other areas with large stress concentration

9.3 Torsional Fatigue Strength Assessment

9.3.1 General

9.3.1.1 General

The requirements of the evaluation method for hot spot stresses of plate and girder joints and the free edge of base
materials by very fine finite element analysis of torsional fatigue strength assessment is specified in 9.3. The hot spot
stress takes into account structural discontinuities due to the structural details of joints but does not consider local stress
concentrations due to the presence of welds.

9.3.1.2 Confirmation of Calculation Method and Accuracy of Analysis
The analysis method and analysis program are to be in accordance with the requirement in 9.4.1.2, Part 1.

9.3.1.3 Strength Assessment Based on Advanced Analysis

In the application of 9.3, the strength assessment based on an advanced analysis, such as direct load analysis, may
be conducted when deemed appropriate by the Society. However, when the hot spot stress is calculated from the stress
obtained by the analysis, no other methods than those specified in 9.3 are to be adopted.

9.3.14 Types of Hot Spot Stress
The types of hot spot stress are according to 9.4.1.4, Part 1.

9.3.1.5 Evaluation Procedure
The procedures for the fatigue strength assessment are to be in accordance with the following (1) to (4): (See Fig.

9.3.1-1)

(1) Carry out the whole ship FE analysis applying vertical still water bending moment, and then calculate the hot spot
mean stress at the locations to be assessed.

(2) Carry out the whole ship FE analysis applying vertical wave bending moment, horizontal wave bending moment,
and wave torsional moment, and then calculate the hot spot stress range of the locations to be assessed.
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(3) Calculate the cumulative fatigue damage by applying the long-term distribution of the hot spot stress range to the
S-N curve. At this time, the period of exposure to the corrosive environment is to be considered.
(4) Check that the fatigue damage does not exceed the permissible standard.

Fig. 9.3.1-1 Evaluation Procedure

Hull girder loads in Hull girder loads in
still water waves

i l

Whole Ship Finite Element Analysis

J l

Stress in still water Superposition of stresses

(mean stress) (stress range at the
location to be assessed

Fatigue strength
assessment

Designed S-N Curve

9.3.2 Finite Element Method

9.3.2.1 General

1  The standard method for evaluation of hot spot stresses for fatigue strength assessment is to incorporate very fine
finite element mesh zones for areas specified in Table 9.2.1-1 into the global model.

2 Alternatively, in cases where very fine mesh analysis is carried out by means of separate local finite element
models with very fine mesh zones in conjunction with the boundary conditions obtained from a global model of the
cargo holds, the analysis method is to be approved in advance by the Society.

9.3.2.2 Extent of Model
The extent of a model is the full length, the full depth, and the full width. The structural member is to be modelled.

9.3.2.3 Members to be Modelled, Element Types, Mesh Size, and Notes on Modelling
Members to be modelled, element types, mesh size, and notes on modelling are shown in 9.4.2.3, Part 1, 9.4.2.4,
Part 1,9.4.2.7, Part 1 and 9.4.2.8, Part 1, respectively.

9.3.24 Corrosion Model

1  The very fine mesh finite element models used for torsional fatigue strength assessment are to be made using
tn2s (mm) in accordance with the corrosion addition specified in 3.3.4 in Part 1.

2 Notwithstanding the requirement in -1 above, where deemed appropriate by the Society, assessment using the
gross scantling approach may be applied.

9.3.3 Modelling Procedure

9.3.3.1 Modelling Procedure
The modelling procedure is to be in accordance with the requirement in 9.4.3, Part 1.

9.34 Boundary Conditions and Load Conditions

9.3.4.1 Boundary Conditions

1  Boundary conditions are to be set to appropriately reproduce the structural responses of the whole ship model in
consideration of the extent of model and loads to be considered, etc.

2 Boundary conditions which do not generate torsional deformation are to be given when calculating stress due to
horizontal bending moments.

3 The boundary conditions for torsional moment is to constrain the translational and rotational displacements of the
positions where the reaction force in the port and starboard model is thought to be small.

4  The standard boundary conditions are in accordance with the following (1) to (3):

(1) The boundary conditions for the standard torsional moment are as shown in Fig. 9.3.4-1.
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(2) The boundary conditions for the standard vertical bending moment are as shown in Fig. 9.3.4-2.
(3) The boundary conditions for the standard horizontal bending moment are as shown in Fig. 9.3.4-3.

Fig. 9.3.4-1 Boundary Conditions of Torsional Moment

(a) Example 1

Aftend of L.

(b) Example 2

Fig. 9.3.4-3 Boundary Conditions of Horizontal Bending Moments and Load Conditions
5,=0 5,=0

I I

§,=0

*apply to each transverse bulkhead.

9.3.4.2 Load Conditions

1  The loads to be used in torsional fatigue strength assessments are to be in accordance with 4.6.3.

2 Stresses due to vertical bending moments, horizontal bending moments and torsional moments are calculated

based on structural analysis using the whole ship model.

3  Torsional moments are to be applied to structural models in accordance with the following (1) to (3):

(1) Torsional moments acting on hull girders are to be applied to structural models as a series of bulkhead torsional
moments resulting in a stepped curve. An approximated torsional step moment curve is shown in Fig. 9.3.4-4.

(2) Torsional moments applied to bulkheads are the net change in torsional moment over the effective range of the
bulkhead. The effective range of a bulkhead is the distance between the midpoints of the two adjacent bulkheads.
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The torsional moments at bulkhead i(kN-m) are specified as the following formulae: (See Fig. 9.3.4-5)

My = M, -M

WT1i wT1 |%(xi+xi+1) wT1 |%(Xi_1+Xi)
My = M, -M

WTzi wrz |%(xi+xi+1) wT2 |%(Xi_1+Xi)

X;: X-coordinate of bulkhead i
(3) Torsional moment for bulkheads are to be reproduced by two equivalent shear forces on each side. An example of
a method for applying shear force is shown in Fig. 9.3.4-6.
4  When analysing the vertical and horizontal bending moments applied, a method applying unit moments is to be
used as the standard. Stresses corresponding to the moments prescribed in 4.6.3.2 are to be calculated based on the
stresses obtained through structural analysis with unit moments applied. (See Fig.9.3.4-2 and Fig.9.3.4-3)

Fig. 9.3.4-4  Torsional Moments Acting on Hull Girders (Approximated Step Curve)
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Fig. 9.3.4-5 Torsional Moment Applied to Bulkhead i
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Fig. 9.3.4-6  Torsional Moment Reproduction Due to Shear Force
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9.3.5 Hot Spot Stresses

9.3.5.1 Resultant Stress Range and Mean Stress

1  The dominant stress for the initiation of fatigue cracks at weld toe is the stress in the direction orthogonal to weld
line.

2 The resultant stress range in the direction orthogonal and parallel to the weld line is to be obtained based on the
stresses obtained by the finite element analysis specified in 9.3. The orthogonal direction to the weld line is represented
by the x-direction and the parallel direction is represented by the y-direction.

3 The resultant stress range of type “a” hot spot Ay, (N/mm?) or Adyq, (N/mm?) and the mean stress of type “a”
hot spot Gyr¢ mean (N/mm?) or Opar_mean (N/mm?) are to be obtained from the following formula.

Aoy = ’Asz + Arxyz
A0yqr = 0.72 /Aayz + Aty ?
(sen@ |7 +75° ¢ 1ol = |5
sen(Ty) [0 + Ty ¢ 102l < [T
sen(3)072 77 + T ¢ [55] 2 7]
Gpar_mean =
tsgn(@)wa/@z +T ¢ o] < [Tyl

sgn(X): Positive and negative signs of stress X (positive when normal stress is tension and positive when

Oort_mean -

shear stress is in CCW direction)
Aoy Stress range (N/mm?) in the x direction in the x-y coordinate system according to the following
formula:

Aoy, = Ccor\/(UWV—h_x - JWV—s_x)2 + 4(ownr x + 0WT1_x)2 + 4(0W1~12_x + Uwrz_x)z

Owv—n_x» Owv—s.x. Hot spot stress in the x direction due to vertical wave bending moment My, _,
and Myy_g

OwH1 x> OWT1 x: Hot spot stress in the x direction due to horizontal wave bending moment
Myp; and My,

OwH2 x> OwT2. x: Hot spot stress in the x direction due to torsional wave moment My ;,
Myr,

Agy,: Stress range (N/mm?) in the y direction in the x-y coordinate system according to the following

formula:

Ao, = Ccor\[(UWV—h_y - UWV—s_y)Z + 4(UW1~11_y + O-WTl_y)z + 4(0WH2_y + awrzy)z

Owv—nh_y> Owy—s y: Hot spot stress in the y direction due to vertical wave bending moment My, _j,
and Myy_g

OwH1ys OwT1y" Hot spot stress in the y direction due to horizontal wave bending moment
My and My,

OwHz.y» OwT2.y" Hot spot stress in the y direction due to torsional wave moment My,
Myrz

Aty Stress range of shear stress in the x-y coordinate system (N/mm?) according to the following formula:

ATxy = Ccor\/(TWV—h,xy - TWV—s,xy)z + 4'("--WHl,xy + TWTl,xy)z + 4'("--WHZ,xy + TWTZ,xy)Z

Twv-h_xy> Twv—sxy: HOt spot stress (N/mm?) of shear stress due to vertical wave bending moment
Myy_p and Myy_g

TwH1_xy> TWT1xy: Hot spot stress (N/mm?) of shear stress due to horizontal wave bending moment
Myp; and My,

TwH2_xy> TwT2 xy" Hot spot stress (N/mm?) of shear stress due to torsional wave moment
Myry, Myrz

0. Mean stress (N/mm?) in the x direction in the x-y coordinate system due to vertical still water bending
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moment
0,: Mean stress (N/mm?®) in the y direction in the x-y coordinate system due to vertical still water bending
moment
Tyy: Mean stress (N/mm?) of shear stress in the x-y coordinate system due to vertical still water bending
moment
4  The resultant stress range of type “b” hot spot, or free edge of base materialAg,,, (N/mm?) and the average stress
of type “b” hot spot, or free edge of base material 0, mean (N/mm?) are to be obtained from the following formula.
Adyre = |Aag|
Oort_mean = Oq

Ao,: The stress range of axial stress (N/mm?) according to the following formula:

Ao, = Ccor\/(UWV—h_a - UWV—s_a)Z + 4(owna + UWT1_a)2 + 4(Ownz o + Uwrz_a)z
Owv—n_a» Owv-s.a: Hot spot stress (N/mm?) in the axial direction due to vertical wave bending
moment My, _, and My, _g
OwH1 a» OWT1 q: Hot spot stress (N/mm?) in the axial direction due to horizontal wave bending
moment Myy; and My,
OwH2 a> OWwT2.q: Hot spot stress (N/mm?) in the axial direction due to torsional wave moment
Myri, Myrz
0,. Mean stress (N/mm?) in the axial direction due to vertical still water bending moment

9.3.5.2 Hot Spot Locations and Stress Readout Points, Stress Readout Method and Hot Spot Stresses
The hot spot locations and stress readout points, stress readout method, and stress reference points and hot spot
stresses are to be in accordance with 9.4.5.2, Part 1, 9.4.5.3, Part 1 and 9.4.5.4, Part 1, respectively.

9.3.5.3 Weld Root Fatigue Strength Assessment
Weld root fatigue strength assessment is to be in accordance with 9.7, Part 1.

9.4 Detailed Design Standards

94.1 General

9.4.1.1 General

1  Free edges, including hatch corners of hatch side coamings are to be in accordance with the following(1) to (3):

(1)  Free from any defects such as notches that may adversely affect fatigue strength.

(2) Appropriate edge treatment, including the treatment of corner edges, is to be carried out so that edges have
sufficient fatigue strength.

(3) Details of the edge treatment used are, in principle, to be clearly mentioned in relevant drawings.

2 In cases where equipment such as hatch cover pads and container pads is fitted, the fitting method is to be in

accordance with the following (1) to (3):

(1) Consideration is to be given to equipment materials and welding procedures.

(2) Fillet welded joints for attaching equipment are to be set at a sufficient distance from hatch corners so that the
effects of stress concentration are avoided.

(3) The Society may require fatigue strength assessments in consideration of the kind of steel used, the size of the
ship, and the structural arrangement, etc.

3 Hatch side coaming ends, including fillet-welded parts to strength decks, are to be in accordance with the following

(1) and (2):

(1) Fillet welds for hatch side coaming ends and strength decks are, in principle, to be full penetration welds within a
certain range.

(2) Boxing welds at the ends are to be smoothened out using a grinder or other means.

4  Butt welds for hatch side coamings are to be in accordance with the following (1) and (2):

(1) Set at a sufficient distance from hatch corners so that the effects of stress concentration are avoided.

(2) The Society may require fatigue strength assessments in consideration of the kind of steel used, the size of the
ship, and the structural arrangement, etc.
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5  Special consideration is to be given to fatigue strength in way of drain holes and other holes installed in hatch side
coamings.
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Chapter 10 ADDITIONAL STRUCTURAL REQUIREMENTS

10.1 Bottom Structure

10.1.1 Double Bottoms

10.1.1.1 General
The inner bottom plating with which the lower ends of corner fittings of containers are in contact is to be
strengthened by means of doubling or by other appropriate means.

10.2 Side Structure

10.2.1 Double Side Structure

10.2.1.1 General
Where the inner hull plating and the inner bottom plating are combined, considerations are to be made to their
structural arrangement so as not to cause stress concentration.

10.3 Deck Structure

10.3.1 General

10.3.1.1  Continuity of Thickness

Consideration is to be made to the continuity in the thickness of deck plating and hatch coaming top plate, and to
the avoidance of remarkable differences between the thicknesses of the cross-deck and other strength decks as well as
the hatch coaming top plate above it.

10.4 Bulkhead Structure

104.1 Transverse Bulkheads

104.1.1 Construction

Transverse bulkheads are to be constructed so as to be sufficiently supported at the deck. Where the width of the
bulkhead is especially large, the upper parts of transverse bulkheads are to be appropriately strengthened by providing
box-shaped structures or by other means.

10.4.1.2  Partial Bulkheads
Where non-watertight partial bulkheads are provided in cargo holds, the construction and scantlings are to be
considered so that it can effectively support the loads from the ship’s sides and deck.

10.5 Special Requirements for Container Carriers Applying Extremely Thick Steel Plates

10.5.1 Special Requirements for Container Carriers Applying Extremely Thick Steel Plates

10.5.1.1 General

This 10.5 gives measures for identification and prevention of brittle fractures in container carriers to which
extremely thick steel plates are applied for longitudinal structural members in the upper deck region (the upper deck
plating, hatch side coaming (including top plating) and their attached longitudinals). These include measures to prevent
brittle crack initiation and to arrest brittle crack propagation in case brittle crack initiates.

10.5.1.2  Application
1  This 10.5 is applied when using any of K436, KD36,KE36,KA40,KD40, KE40 and KFE47 steel plates having
thickness of over 50 mm and not greater than 100 mm for longitudinal structural members in the upper deck regions of
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container carriers.

2 Notwithstanding the requirement given in this 10.5, when as-built thickness of the hatch side coaming (including
top plating) is not greater than 50 mm, this section may not be necessarily applied regardless of the thickness and grade
of steel of the strength deck.

3 The structural members of container carriers applying extremely thick steel plates are to comply with the
requirements in Part 2-1 in addition to the requirements in 10.5.

10.5.1.3  Measures for Prevention of Brittle Fracture*

Measures for prevention of brittle fracture applying to extremely thick steel plates are to be utilised the
combination shown in Table 10.5.1-1 according to the thickness and grade of steel of the hatch side coaming (including
top plating).

Table 10.5.1-1 Application of Measures for Prevention of Brittle Fractures

Hatch side coaming (including top plating) Non-destructive inspection .
during ship construction Brl‘?ﬂe cracl.< arre.s i
. . . design specified in
Grade of steel Thickness (mm) specified in 1.4.2-1 (3), Part 10.5.1.4
M.
KA436
KD36 50 <t <100
KE36 To be applied Need not to be applied
KA440 50<t<85
KDA40
KEA0 85 <t <100 To be applied To be applied (V
KE4AT
(where electro-gas welding is ) )
applied at block-to-block butt 50 <¢<100 To be applied To be applied
joints)
KEAT
(where welding procedures
other than electro-gas welding 50 <t <100 To be applied To be applied (¥
are applied at block-to-block
butt joints)
Note:

Other measures deemed by the Society to be equivalent in effectiveness to brittle crack arrest designs may be
accepted.

10.5.1.4  Brittle Crack Arrest Design*

1  The brittle crack arrest design using brittle crack arrest steels specified in 10.5 may be applied when H736 or

HTA40 is used for the upper deck plating. In other cases, however, appropriate measures to prevent the initiation and

propagation of brittle cracks deemed appropriate by the Society are to be applied.

2 Brittle crack arrest design is to be utilised to prevent large scale fractures of the hull girder by arresting propagation

of the brittle crack at a proper position, even in case where brittle crack initiation occurs within the cargo hold region.

3  Following (1) and (2) are to be considered as the points of brittle crack initiation.

(1) Block-to-block butt joints both of hatch side coaming and strength deck; and

(2) Any welds other than (1) above.

4  Following (1) to (3) are to be considered as the cases of brittle crack propagation.

(1) Cases where the brittle crack initiates from block-to-block butt joint and runs straight along the butt joint;

(2) Cases where the brittle crack initiates from block-to-block butt joint and deviate away from butt joint and runs
into base metal; and

(3) Cases where the brittle crack initiates from any other weld areas and runs into base metal.

5  “Other weld areas” in -4 (3) includes the following: (See Fig. 10.5.1-1)
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(1) Fillet welds where hatch side coaming plating, including top plating, meets longitudinals;

(2) Fillet welds where hatch side coaming plating, including top plating and longitudinals, meets attachments. (e.g.
Fillet welds where hatch side top plating meets hatch cover pad plating.);

(3) Fillet welds where hatch side coaming top plating meets hatch side coaming plating;

(4) Fillet welds where hatch side coaming plating meets upper deck plating;

(5) Fillet welds where upper deck plating meets inner hull/bulkheads;

(6) Fillet welds where upper deck plating meets longitudinals; and

(7) Fillet welds where sheer strakes meet upper deck plating.

6  With the consideration of the requirements in -4 above, measures specified in the following (1) to (3) are to be

applied as brittle crack arrest design to prevent brittle crack propagation;

(1) Brittle crack arrest steel is to be provided for strength deck.

(2) Brittle crack arrest steel is to be provided for hatch side coaming; however, such steel is not necessary to be
provided in the attached top plate and longitudinal stiffeners.

(3) Appropriate measures are to be provided at a point of block-to-block butt joint between hatch side coaming and
strength deck in order to arrest brittle crack propagation running straight along the butt joint.

7  Notwithstanding the requirements in -6 above, where the equivalency is verified through technical data and/or

brittle fracture tests, etc., brittle crack arrest design other than those specified in -6 above may be accepted by the

Society.

Fig. 10.5.1-1 Welded Parts Other Than Butt Joints

Attachment
(e.g. pad plate)

10.5.1.5  Selection of Brittle Crack Arrest Steels*

1  The brittle crack arrest steel specified in 10.5.1.4-6 (1) and (2) is to be steel plates which are considered to have
the brittle crack arrest properties specified in 3.12, Part K.

2 Brittle crack arrest steel properties are to comply with Table 10.5.1-2 depending on the structural member for
which it is being used and plate thickness.

3 When the brittle crack arrest steels specified in Table 10.5.1-2 are used, the weld joints between hatch side
coamings and upper decks are to be fillet welds at each side without grooves or are to be partial penetration welds.
Alternative weld details may be accepted only in the vicinity of ship block-to-block butt weld joints provided additional
means for preventing brittle crack propagation are implemented and its validity may be confirmed by technical data or
brittle fracture tests, etc. by the Society.
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Table 10.5.1-2 Brittle Crack Arrest Steel Requirement in Function of Structural Members and Thickness
Structural members plating (V Thickness ¢ (mm) Brittle crack arrest properties
Upper deck S0 <t=100 Steel with suffix BCA6000 or above
Hatch side coaming S0 <t =80 -
80 <t <100 Steel with suffix BCA8000 or above
Note:

(1) Excludes attached longitudinals.

10.6 Container Supporting Arrangements

10.6.1 General

10.6.1.1
1  Container supporting arrangements are to be constructed so as to effectively transmit the loads to the double

bottom structure, side structure and transverse bulkheads.
2 The strength of container supporting arrangements is to be sufficient for the loads from the bottom and sides of

the ship and the loads due to the containers.
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Chapter 12 WELDING

12.1 Container Carrier Welding

12.1.1 Application

12.1.1.1

Fillet welding is to be applied to longitudinals with a web plate thickness above 40 mm and up to 80 mm, which
are used for the strength deck or for side shell plating and longitudinal bulkheads that extend upwards from a position
0.25D below the strength deck.

12.1.1.2
Where longitudinals with a web plate thickness above 80 mm are used, the kind and size of the welding are to be
at the discretion of the Society.

12.1.2 Fillet Welding

12.1.2.1
Fillet welding is to be continuous.

12.1.2.2
The size of fillet is to be not less than 8 mm.
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Part 2-2 BOX-SHAPED BULK CARRIERS

Chapter 1 GENERAL

1.1 General

1.11 Application

1.1.1.1 Application of this Part

1  The hull construction and equipment of ships intended to be registered as box-shaped bulk carriers, affixed with
the notation “Bulk Carrier modified” (abbreviated as BCM), are to be in accordance with the requirements in Part 2-2
in addition to Part 1.

2 The requirements in Part 2-2 are for ships intended for the carriage of dry cargoes in bulk, having a single deck,
and a double bottom and double-side skin for the length of cargo region, but not having bilge hopper tanks and topside
tanks, and decks and bottoms framed longitudinally. (See Fig. 1.1.1-1)

3  Box-shaped bulk carrier s with a different construction from that specified in -2 above, to which the requirements
in this Part are considered to be not applicable, are to be at the discretion of the Society.

Fig. 1.1.1-1  Typical Structural Arrangements of Box-shaped Bulk Carriers

J .—/J

1.1.1.2 Application of Chapter XII of the SOLAS Convention
Box-shaped bulk carriers to which Part 2-2 applies are to comply with the Annex 1.1 “Additional Requirements
for Bulk Carriers in Chapter XII of the SOLAS Convention”.
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1.2 Definitions
1.2.1 Naming Convention
1.2.1.1 Structural Nomenclature

Fig. 1.2.1-1 show the common structural nomenclature used in Part 2-2.
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Fig. 1.2.1-1  Box-shaped Bulk Carriers
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Chapter 2 GENERAL ARRANGEMENT DESIGN

2.1 Structural Arrangements
2.1.1 Double Bottoms
2.1.11 Structures and Arrangements of Centre Girders and Side Girders

1  Unless particularly approved by the Society, the height of the centre girder is not to be less than that obtained from
the following formula. In ships having unusually large freeboards, the height of centre girders may be reduced to the
values obtained using the depth to the assumed freeboard deck D' instead of D in the formula. However, this height
is not to be less than B/20 in any circumstance.

15 [LuBD
= (mm)

Ly: Total length (m) of all cargo holds, excluding pump rooms and cofferdams

m : Number of holds included in the cargo space
2 When a duct keel is arranged, the centre girder may be replaced by two girders spaced at distances no greater than
3 m apart. For a spacing wider than 3 m, the two girders are to be provided with support of adjacent structure and
subject to the Society’s approval. Further, the structures in way of the floors are to provided sufficient continuity of the
latter.

2.1.2 Bilge Hopper Tanks

2.1.21 General
When bilge hopper tanks are installed, the arrangement is to be in accordance with the following (1) to (3).
(1) Compartments of bilge hopper tanks are to be in coincidence with those of holds as far as practicable.
(2) In bilge hopper tanks, a transverse web is to be provided at every floor.
(3) Side girders are to be provided at the inner ends of bilge hoppers.

2.1.3 Topside Tanks

2.1.3.1 General
When a topside tank is installed, the arrangement is to be in accordance with (1) and (2) below.

(1) Compartments of topside tanks are to be in coincidence with those of holds as far as practicable.

(2) Transverse webs are to be provided at a spacing not exceeding 5 m in topside tanks, unless the requirements of
Chapter 8 are satisfied.
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Chapter 3 STRUCTURAL DESIGN PRINCIPLES

3.1 Net Scantling Approach

3.1.1 Corrosion Addition

3.1.1.1 Hatch Cover and Hatch Coaming
The corrosion addition on both sides of the hatch cover and hatch coaming of the box-shaped bulk carriers which
is subject to Part 2-2, is to be in accordance with Table 3.1.1-1 instead of Table 3.3.4-2 specified in 3.3.4, Part 1.

Table 3.1.1-1 Corrosion Addition on Both Sides of the Hatch Cover and Hatch Coaming

Type of structural member t. (mm)
Single plating type hatch cover 2.0
Top and bottom plating 2.0
Double plating type hatch cover
Internal structures 1.5
Hatch coamings, hatch coaming stays 1.5
3.2 Loading Manual and Loading Instruments

3.2.1 Loading Manual

3.2.1.1 Additional Requirements for the Loading Manual
In applying the requirements of 3.8.2, Part 1, the following (1) to (4) are to be followed.

(1) Matters specified in 3.2.1.1-1(1) to (8), Part 2-3 are to be included in the loading manual. For ships where L is
less than 150 m, with regard to 3.2.1.1-1(3), Part 2-3, descriptions may be limited to the maximum allowable
cargo mass for each cargo hold. Further, the issues related to 3.2.1.1-1(4), Part 2-3 may not be described.

(2) In applying the requirements of (1) above, the loading conditions specified in 3.2.1.1-2(1) to (7), Part 2-3 are to
be included in the loading manual for both departure and arrival. Further, descriptions of issues of 3.2.1.1-2(6)
and (7), Part 2-3 may be limited to general restrictions and descriptions about the strength of the hull structure
for cargo handling and ballasting and de-ballasting.

(3) In applying the requirements of (1) above, when applying 3.2.1.1-1(3) and (4), Part 2-3, the requirements of
3.2.1.2 and 3.2.1.3, Part 2-3 are also to be applied. In this case, the relevant requirements of this Part (Chapters
4, 8, etc.) are also to be considered.

(4) The requirements of 3.2.1.1-3 to -8, Part 2-3 are also to be applied.

3.2.2 Loading Instruments

3.2.2.1 Additional Requirements for the Loading Instruments

In applying 3.8.3, Part 1, the requirements of 3.2.2.1-1(1) and (3), Part 2-3 and 3.2.2.1-2, Part 2-3 are also to be
applied for ships where Ly is 150 m or greater. Further, where the loading manual includes the issue relate to 3.2.1.1-

1(4), Part 2-3, the requirements of 3.2.2.1-1(2), Part 2-3 are also to be applied.
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Chapter 4 LOADS

4.1 General

4.1.1 Overview

4.1.1.1 Structure and Overview of this Chapter

Each section of this Chapter defines the additional requirements shown in Table 4.1.1-1 as the loads used for each
formula and each strength assessment to determine the structural dimensions specified in each Chapter of Part 2-2 and
Part 1.

Table 4.1.1-1 Overview of Chapter 4

Section Title Overview

4.1 General Requirements for the general principles of Chapter 4

Additional requirements for hull girder loads to be
4.2 Loads to be Considered in Longitudinal Strength | considered in the torsional strength requirements
specified in Chapter 5 and Chapter 5, Part 1.

Additional requirements for loads to be considered in
4.3 Loads to be Considered in Local Strength the local strength requirements specified in Chapter
6 and Chapter 6, Part 1.

Additional requirements for loads to be considered in
Loads to be Considered in Strength of Primary | the requirements of strength of primary supporting

4.4
Supporting Structures structures specified in Chapter 7 and Chapter 7,
Part 1.
Additional requirements for loading condition, etc. to
45 Loads to be Considered in Strength Assessment | be considered in the requirements for strength
) by Cargo Hold Analysis assessment by cargo hold analysis specified in
Chapter 8 and Chapter 8, Part 1.
Additional requirements for loads to be considered in
4.6 Loads to be Considered in Fatigue the fatigue strength assessment requirements

specified in Chapter 9 and Chapter 9, Part 1.

Additional requirements for loads to be considered in
Loads to be Considered in Additional Structural . “ . . .
4.7 the additional structural requirements specified in

Requirements
Chapter 10 and Chapter 10, Part 1.

Additional requirements for loads to be considered in
trength i ts for hatch th
4.8 Loads to be Considered in Equipment s reflg requlre'men >orha C colvers, among otaet
equipment requirements specified in Chapter 14 and

Chapter 14, Part 1.

Guidelines on the relationship between the loading

A 45 Operational Loading Conditions and Analytical | condition to be considered in the strength assessment
nnex 4.
Loading Conditions by cargo hold analysis and the loading condition

described in the loading manual
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4.2 Loads to be Considered in Longitudinal Strength

4.2.1 General

4.2.1.1 General

1  The loads to be considered in the longitudinal strength requirements specified in Chapter 5 and Chapter 5, Part
1 are also to be in accordance with the requirements of 4.2.

2 Additional requirements for loads in the maximum load condition are to be in accordance with the requirements
0f4.2.2.

4.2.2 Maximum Load Condition

4.2.2.1 General
Vertical still water bending moments, vertical wave bending moments, horizontal wave bending moments, wave
torsional moments are to be considered in the torsional strength assessment.

4.2.2.2 Horizontal Bending Moment and Torsional Moment

1  Horizontal wave bending moment My, (kN-m) and wave torsional moment M, (kN-m) are to be in
accordance with Table 4.2.2-1.

2 For ships where deemed necessary by the Society, horizontal wave bending moments and wave torsional moments
are to be calculated by direct load analysis.

Table 4.2.2-1 Horizontal Wave Bending Moment and Wave Torsional Moment

HOI‘iZOHtal wave bending moment MWH]. (kN-m) MWHl = 0'3ZCRC1CH3LC2TSC
e
Wave torsional moment My, (kN-m) Myry = 7.0K,Cyy" B? <1-75 +15 D_)
S
Notes:
Cg: Coefficient to be taken as 0.85.
Cys: As given by the following formulae. The mean value is calculated by linear interpolation.

For x/L; £0,Cy3 =0.0
For 0.35 < x/L¢ < 0.65,Cyz = 1.0
For x/L; = 1.0,Cy3; =0.0

Ky: As given by the following formulae:

For L, <300 m, K, =

For L, =2300m, K, =1.0

e: Distance from baseline to shear centre at the midship section (m), as given by the following formula‘®:
do

2

ey, dy: As specified in 5.1.2.2(4).

e =e;

(1) The position of the shear centre may be determined analytically without the use of formulae. This position may be determined by finding the
acting point of the shearing force at which a torsional moment does not occur in the transverse section of the hull when a shearing force in the

horizontal direction acts on the transverse section. (For example, this can be calculated by applying the requirements of Annex 5.2, Part 1

“Calculation of Shear Flow”.)

4.3 Loads to be Considered in Local Strength

4.3.1 General

4.3.1.1 General
1  The loads to be considered in the local strength requirements specified in Chapter 6 and Chapter 6, Part 1 are
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also to be in accordance with the requirements of 4.3.
2 Additional requirements for loads in the maximum load condition are to be in accordance with the requirements
0f4.3.2.

4.3.2 Maximum Load Condition

4.3.2.1 Lateral Loads

1  Inapplying 4.4.2.5, Part 1, the parameters (GM, z; etc.) required to calculate the dynamic pressure due to cargo
are to be the values in the appropriate loading condition of the full load condition, taking into account the cargo mass
and density to be considered. However, Table 4.3.2-1 may be used if the values are not applicable.

2 Inapplying 4.4.2.4, Part 1, the parameters (GM, z; etc.) required to calculate the dynamic pressure due to ballast
water in the ballast tank are to be the values in the ballast condition. The same parameters are to be applied where the
dynamic pressure due to liquid other than ballast water, such as the pressure due to fuel oil tank, is calculated. For ships
that are loaded with ballast water in the ballast hold in heavy ballast conditions, the parameters required to calculate
the dynamic pressure due to the ballast water in the ballast hold are to be the values in heavy ballast conditions. However,
the values in Table 4.3.2-1 may be used if the values are not applicable.

Table 4.3.2-1 Simple Formulae for Parameters

Draught Z coordinate zg Radius of i
adius of gyration
Loading condition Tyc(m) (m) of the centre of Metacentric height GM (m) l;( (gy)
m
amidships gravity of the ship xx
Full load B Tsc B? 3Cy—1
T. 0.25— — 4+ — =z 0.35B
condition s¢ Cg 2 TscCp 24 G
. TLC BZ 3CW_LC - 1
Ballast condition TgaL 0.20 e -t TcCore 24 Zg 0.40B
Heavy ballast Tyc B?  3Cy -1
Tgar— 0.20 — + = z 0.40B
condition BAL=H B LC 2 Tylpic 24 ¢
4.4 Loads to be Considered in Strength of Primary Supporting Structures
44.1 General
44.1.1 General

1  The loads to be considered in the requirements for strength of primary supporting structures specified in Chapter
7 and Chapter 7, Part 1 are to be in accordance with the requirements of 4.4.

2 Additional requirements for loads in the maximum load condition are to be in accordance with the requirements
of4.4.2.

3 Additional requirements for loads in the harbour condition are to be in accordance with the requirements of 4.4.3.

4.4.2 Maximum Load Condition

44.2.1
1  The requirements for simple girders are also to be in accordance with the relevant requirements of 4.3.

General
2 For the requirements of double hull, the loads specified in Table 4.4.2-1 are to be considered. However, where

deemed necessary by the Society, loading patterns considering loading conditions described in the loading manual may
be required additionally.
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Table 4.4.2-1 Loads to be Considered in Maximum Load Condition

Loading patterns . Difference between
Structures Equivalent '
to be Vertical still water design external and internal
Draugh bendi Loaded to be pressure to be
assessed ught(m) ending moment dered wave .
(kN-m) considere considered (kN/m?)
S1M Tsc Mgy max None
S20 Tse 0 Dry bulk cargo
S3 | Tmamin® Mgy min Dry bulk cargo
Double $4 | Tmimax® Msy max None HM-1
botiom 53 ToaL Msv max None /HM-2 Double bottom: Ppp
Ballast water Double side: Ppg
loaded in ballast
S6@ Taar_ Moo
paL=H Svimin tanks and ballast
hold
Double S7 Tsc 0.5Mgy 1min Dry bulk cargo BP-1P/
side S8 Toc Mgy max None BP-18
Notes:

(1)  Limited to ships designed to alternate loading conditions. S1 and S8 are applied to holds designed to empty hold,
and S2 is applied to holds designed to loaded hold

(2)  Limited to ships designed to ballast hold. However, ballast cargo holds used only in harbour are excluded.

(3)  The minimum draught designed (m) for the loading conditions in the condition loaded/unloaded in multiple ports
described in the loading manual. However, Tgy, is to be the lower limit.

(4)  The minimum draught designed (m) for the loading conditions in the condition loaded/unloaded in multiple ports
described in the loading manual. However, Ts. is to be the upper limit.

4.4.2.2 External Pressure

For the requirements of double hull, the hydrostatic pressure at the draught and the hydrodynamic pressure at the
equivalent design wave specified in Table 4.4.2-2 are to be considered.
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Table 4.4.2-2 External Pressure and Internal Pressure to be Considered

Structures
to be Ppp (kN/m*) V@ Pps (kN/m2) W@
assessed
S1 Pexs + Pexw Pexs + Pexw
S2 Pexs + Pexw — (Pps + Ppa) Poxs + Pexw — (Pps + Ppa)
Double S3 Pexs + Pexw — (Pps + Ppa) Pexs + Pexw — (Pps + Ppa)
bottom ) 54 Pexs + Poxw Paxs + Poxw
S5 Pexs + Pexw Pexs + Pexw
56 Poxs + Pexw — (Pis1 + Pg1) — (Pisz + Praz) Pexs + Poxw — (Pis1 + Prg1) — (Pisz + Praz)
S7 Pexs + Poxw — (Pps + Ppa) Pexs + Poxw
Double
sde | ss Poss + Prc Prss + Pos
Notes:

P..s, P, : Hydrostatic and Hydrodynamic pressure (kN/m?) act on bottom shell in case of Ppg. Those values act

Pys, Ppg : Static and dynamic pressure due to dry bulk cargo (kN/m?) act on inner bottom plating in case of

Pigi, Py : Static and dynamic pressure due to liquid cargo loaded in ballast hold (kN/m?) act on inner bottom

Py, Py : Difference of the pressure in upward and downward direction due to liquid cargo loaded in ballast

on side shell in case of Ppg. Each value is calculated in accordance with 4.6.2.4, Part 1.

Ppg. Those values act on side shell in case of Ppg. Each value is calculated in accordance with
4.6.2.6, Part 1.

plating in case of Ppp. Those values act on longitudinal bulkheads in case of Ppg. Each value is
calculated in accordance with the following formulae.

Pisy = P

Pla1 = Pq

Pis, Pyy: As specified in 4.6.2.5, Part 1

tanks in double bottom construction (kN/m?) in case of Ppg. Those values act on longitudinal
bulkheads in case of Ppg. Each value is calculated in accordance with the following formulae.
Pis 2 = Ps 24 = Pis 2p
Pia 2 = Pig 20 = Pia 2»
Pis 24, Pig 24 - Static pressure P;; and dynamic pressure P;; act on bottom shell in case of
Ppg. Those values act on side shell in case of Ppg.
Pis 2p, Praop - Static pressure P and dynamic pressure Pj; act on inner bottom plating

in case of Ppg. Those values act on side shell in case of Pjg.

(1) The parameters (GM, z;, Kyy) required to calculate loads is given by the follows.

@

S1,82,87,88 : As given by the formulae in full load condition in Table 4.3.2-1.

S3: As given by the formulae in ballast condition in Table 4.3.2-1. However, the value calculated based on the weight distribution according
to the loading condition to be considered can be used

54 : As given by the formulae in full load condition in Table 4.3.2-1. However, the value calculated based on the weight distribution
according to the loading condition to be considered can be used

S§5:  As given by the formulae in ballast condition in Table 4.3.2-1.

S6:  As given by the formulae in heavy ballast condition in Table 4.3.2-1.

Load calculation points is in accordance with 7.3.1.5, Part 1 for all loading conditions. Where pipe ducts are arranged in the ballast tanks in
double bottom construction, in the case of S6, the value of y, in calculation points is taken as the location of the boundary between the pipe

duct and ballast tank, and the pressure due to ballast water in the said tank is to be calculated.
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4.4.2.3 Internal Pressure

1  For the requirements of double hull, the internal pressure due to dry bulk cargo, or due to loaded liquid specified
in Table 4.4.2-2 are to be considered.

2 Mass of dry bulk cargo to be considered in -1 above is to be in accordance with the following (1) and (2). In any
cases, cargo is assumed to be loaded up to the top of hatch coaming and the cargo density may be calculated by divided
the said mass into the volume of cargo hold (Vz,;; specified in 4.6.2.6, Part 1).

(1) Loading pattern S2 : Myp specified in 4.6.2.6, Part 1

(2) Loading pattern S3 and S7 : Mg,;; and My specified in 4.6.2.6, Part 1, whichever is greater.

3 In applying -1 above, internal pressure due to ballast water loaded in ballast holds and ballast tanks is to be
considered in loading pattern S6.

4.4.2.4 Vertical Bending Moment

1  For the requirements of double hull, the vertical still water bending moment and the vertical wave bending moment
in the equivalent design wave specified in 4.4.2.1-2 are to be considered.

2 The vertical wave bending moment considered for each equivalent design wave is to be in accordance with
4.6.2.10, Part 1.

4.4.3 Harbour Condition

4.4.3.1 General
For the requirements of double hull, the loads specified in Table 4.4.3-1 are to be considered.

Table 4.4.3-1 Loads to be Considered in Harbour Condition

Loading pattern Difference between
Structures to external and internal
be assessed Draught(m) Vertical bending moment in harbour Loade‘d to be pressure to be
(kN-m) considered considered (kN/m?)
P1 Tp—min" max (|MPT_min |, |MPT_max|) Dry bulk cargo
Double bottom
P2 | Tp_pax® max (|Mpr min, [Mpr max|) 0 Double bottom: Ppg
P3| Tpomin max (|Mpr _min | |Mpr_max|) Dry bulk cargo | Double side: Ppg
Double side
P4 TP—max(z) max (|MPT_min|: |MPT_max|) 0

Notes:
(1) The minimum draught designed (m) for the loading conditions in the harbour described in the loading manual.

(2) The maximum draught designed (m) for the loading conditions in the harbour described in the loading manual.

4.4.3.2 External Pressure
For the requirements of double hull, the hydrostatic pressure at the draught specified in Table 4.4.3-2 is to be
considered.
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Table 4.4.3-2 External Pressure and Internal Pressure to be Considered

Struct tob
ructures to be Py g (kN/m?)D Pps(kN/m?)
assessed
P1 Pexs_Pbs Pexs_Pbs
Double bottom
P2 Pexs PEXS
) P3 Pexs_Pbs PexS_PbS
Double side
P4 Pexs PEXS
Notes:

P, : Hydrostatic pressure (kN/m?) act on bottom shell in case of Ppg. Those values act on side shell in case of
Pps. Each value is calculated in accordance with 4.6.2.4, Part 1.

Pys :  Static pressure due to dry bulk cargo (kN/m?) act on inner bottom plating in case of Ppg. Those values act on
longitudinal bulkhead in case of Pj. Each value is calculated in accordance with 4.6.2.6, Part 1.

(1) Load calculation points is in accordance with 7.3.1.5, Part 1 for all loading conditions

4433 Internal Pressure

For the requirements of double hull, the internal pressure due to dry bulk cargo is to be considered in accordance
with the requirements of Table 4.4.3-1. The mass of dry bulk cargo to be considered is to be Mg,; specified in 4.6.2.6,
Part 1. The cargo density may be calculated by divided the said mass into the volume of cargo hold (Vg,; specified
in 4.6.2.6, Part 1)

4.4.34 Vertical Bending Moment in the Harbour
For the requirements of double hull, the vertical bending moment in harbour specified in 4.4.3.1 is to be considered.

4.5 Loads to be Considered in Strength Assessment by Cargo Hold Analysis

4.5.1 General

4.5.1.1 General

1  The loads to be considered in the strength assessment by the cargo hold analysis specified in Chapter 8 and
Chapter 8, Part 1 are also to be in accordance with the requirements of 4.5.

2 Additional requirements for loads in the maximum load condition are to be in accordance with the requirements
of 4.5.2.

3 Additional requirements for loads in the harbour condition are to be in accordance with the requirements of 4.5.3.

4.5.2 Maximum Load Condition

4.5.2.1 Loading Conditions

1 In applying 4.6.2.1, Part 1, in addition to the homogeneous full load and ballasted condition, for ships designed
for loading cargo with heigh density cargo, alternate loading, multi-port loading/unloading and block loading, the
corresponding loading conditions are to be considered among the loading condition specified in Table 4.5.2-1. However,
the loading pattern corresponding to the loading condition that is not allowed in operation may not be considered.

2 Notwithstanding the requirements in -1 above, additional requests may be given to consider the loading conditions
specified in the loading manual.
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Table 4.5.2-1 Loading Conditions to be Considered in Maximum Load Condition

Loading
condition

Loading pattern

Draught

Vertical still
water
bending
moment Mgy,

Equivalent
design
wave

Full load
condition
(homogeneously
loaded)

S1

O'SMSV_min(7)

HM-1
FM-1
BP-1P/S
BR-1P/S

S2

O-SMSV_min(7)

HM-1
FM-1
BP-1P/S
BR-1P/S

Full load
condition
(alternate
loading, block
loading)

S3

M SV_max

HM-2
FM-2
BP-1P/S
BR-1P/S

540

M SV_max

HM-2
FM-2
BP-1P/S
BR-1P/S

S5

HM-1
FM-1

56

bl

-

8
MSV_max( )

HM-2
FM-2

9
MSV_min( )

HM-1
FM-1

Ballast condition

S7

R AR R RRRRRS

AR R AR AR

TBAL

8
MSV_max( )

HM-2
FM-2
BP-1P/S
BR-1P/S

S8C)

_

.

SN RRRRRRRRN

SRR AR,

TBAL—H

9
MSV_min( )

HM-1
FM-1
BP-1P/S
BR-1P/S

Condition
loaded/unloaded
in multiple
ports()

59

5
Tml,min( )

8
MSV,min( )

HM-1
FM-1
BP-1P/S
BR-1P/S

S10¢

()

Tmz_max

9
MSV,max( )

HM-2
FM-2
BP-1P/S
BR-1P/S
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[ Dry bulk cargo (mass in homogeneous full load condition:/the other conditions: Mg, mass of alternate
loading condition: Myp)

Bl Cargo with high density cargo (mass of homogeneous full load condition:/other condition: M, mass of
alternate loading: Myp)

RXXN: Ballast water

(1) The radius of gyration (m) around the X-axis is taken to be 0.38B. However, the value calculated based on
the weight distribution according to the loading condition to be considered can be used.

(2) When conducting a strength assessment while taking the loading condition S3 into consideration, BR-1P/S
and BP-1P/S wave conditions may be omitted.

(3) Limited to strength assessment of ballast cargo hold.

(4) When conducting a strength assessment while taking the loading condition S3 into consideration, this loading
condition may be omitted.

(5) The minimum draught designed (m) for loading conditions corresponding to the loading condition S9 of the
multi-port loading/unloading described in the loading manual.

(6) The maximum draught designed (m) for loading conditions corresponding to the loading condition S10 of the
multi-port loading/unloading described in the loading manual.

(7) If the vertical still water bending moment is less than 0.5Mgy i, in loading conditions S1 and S2, said
moment is to be taken into consideration.

(8) In the loading condition to be considered, instead of Mgy 14y, the maximum vertical still water bending
moment that occurs after considering all possible physical combinations, such as fully loaded or empty
consumable tank, can be used.

(9) In the loading condition to be considered, instead of Mgy iy, the minimum vertical still water bending

moment that occurs after considering all possible physical combinations, such as fully loaded or empty

consumable tank, can be used.

4.5.2.2 Hull Girder Loads
In applying 4.6.2.10, Part 1, the vertical still water bending moment for the loading condition under consideration
is to be in accordance with the requirements of 4.5.2.1.

4.5.3 Harbour Condition

4.5.3.1 Loading Conditions
In applying 4.6.3.1, Part 1, the loading conditions specified in Table 4.5.3-1 are to be considered.
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Table 4.5.3-1 Loading Conditions to be Considered in Harbour Condition

Loading . Vertical bending
.. Loadin ttern Draught .
condition oading patte aug moment in harbour
M PT_max
P 1 TPl —max(l)
M PT_min
) M PT_max
P2 TPZ—min( )
Harbour Mpr min
condition Mpr max
P3 TP3 —min(3)
M PT_min
4 M PT_max
P4 TP4—max( )
M PT_min

[E: As specified Table 4.5.2-1.

Notes:

(1) The maximum draught designed (m) for loading conditions corresponding to the loading condition P1 of the
loading conditions in the harbour condition described in the loading manual.

(2) The minimum draught designed (m) for loading conditions corresponding to the loading condition P2 of the
loading conditions in the harbour condition described in the loading manual.

(3) The minimum draught designed (m) for loading conditions corresponding to the loading condition P3 of the
loading conditions in the harbour condition described in the loading manual.

(4) The maximum draught designed (m) for loading conditions corresponding to the loading condition P4 of the

loading conditions in the harbour condition described in the loading manual.

4.5.3.2 Hull Girder Loads
In applying 4.6.3.5, Part 1, the vertical bending moment in harbour for the loading condition under consideration
is to be in accordance with the requirements of 4.5.3.1.

4.6 Loads to be Considered in Fatigue

4.6.1 General

4.6.1.1 General

1  The loads to be considered in the fatigue strength assessment specified in Chapter 9 and Chapter 9, Part 1 are
also to be in accordance with the requirements of 4.6.

2 Additional requirements for loads in the cyclic load condition are to be in accordance with the requirements of
4.6.2.

4.6.2 Cyclic Load Condition

4.6.2.1 Loading Conditions

In applying 4.7.2.1, Part 1, the loading conditions specified in Table 4.6.2-1 are to be considered. Where the
loading patterns specified in Table 4.6.2-1 are different with the actual patterns because of the tank arrangements, etc.,
the pattern based upon the loading conditions specified in the loading manual may be considered.
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Table 4.6.2-1 Loading Conditions to be Considered in Cyclic Load Condition

Vertical still .
Loading . water Equlv.alent
condition Loading pattern Draught bending (izzlvg;
moment
Full load
condition
(homogeneously Al ‘ ‘ Tsc
loaded)
Full load
condition .
(alternate Values m
loading) the loading HM
430 T conditions FM
s¢ under BR
considerati BP
on
F44 Tgar
MO, AT,
Ballast condition
FA5® \ Tgar—
& & BAL-H
AN A RO,
[, EEl R3: As specified in Table 4.5.2-1.
Notes:
(1) Limited to ships designed to alternate loading conditions, and when conducting a strength assessment of an
empty hold.
(2) Limited to ships designed to alternate loading conditions, and when conducting a strength assessment of a
loaded hold.
(3) This only applies when conducting a strength assessment of a ballast hold.

4.7 Loads to be Considered in Additional Structural Requirements
4.7.1 General
4.7.1.1 General

1  The loads to be considered in the additional structural requirements specified in Chapter 10 and Chapter 10,
Part 1 are also to be in accordance with the requirements of 4.7.

2 Additional requirements for loads in the maximum load conditions are to be in accordance with the requirements
0f4.7.2.

4.7.2 Maximum Load Condition

4.7.2.1 Steel Coil Loads
For ships loaded with steel coils, the steel coil loads specified in 4.4.2.1, Part 2-5 are to be considered.
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4.8 Loads to be Considered in Equipment

4.8.1 General

4.8.1.1 General

1  Loads to be considered in hatch covers and other equipment as specified in 14.1 are to be in accordance with the
requirements of 4.8.2, instead of 4.10.2, Part 1. However, the relevant requirements in Part CSR-B&T may be applied
where deemed appropriate by the Society.

2 In applying the requirements of 4.8, the position of exposed decks (Position I, Position II, etc.) is to be in
accordance with the requirements specified in 1.4.3.2, Part 1.

4.8.2 Loads to be Considered in Hatch Covers, etc.

4.8.2.1 General

1 Loads to be considered in strength assessment of steel hatch covers, steel pontoon covers and steel weathertight
hatch covers are to be in accordance with 4.8.2.2 and 4.8.2.3.

2 Loads to be considered in strength assessment of hatch beams are to be in accordance with 4.8.2.4.

3 Loads to be considered in strength assessment of the hatch coaming are to be in accordance with 4.8.2.5.

4  Loads to be considered in strength assessment of closing arrangements are to be in accordance with 4.8.2.6.

5 Loads to be considered in strength assessment of stoppers are to be in accordance with 4.8.2.7.

6  Loads to be considered in strength assessment of the hatchway to ballast holds are to be in accordance with 4.8.2.8.

4.8.2.2 Wave Loads to be Considered in Strength Assessments of Hatch Covers

The vertical wave load acting on the hatch cover P, (kN/m?)is to be in accordance with Table 4.8.2-1. In addition,
where two or more hatch covers are joined at the hinges, the loads are to be considered for each panel. However, the
loads may not be considered at the same time as cargo loads specified in 4.8.2.3.

Table 4.8.2-1 Vertical Wave Load P, (kN/m?)

Ly < 100 Ly > 100
For B-type ships according to ICLL,
fo
9.81 {(0.0296Lf1 +3.04) -~ 0.0222Lp,
f
BeBtwee 081 X + 1.22}
nEow | o |(a.28L; +28) =L — 1.71L, + 95] _ '
Position I | 025 Lr 76 Ly For B-60 and B-100 ships according to ICLL,
(O] X
9.81 {(0.1452Lf1 —8.52) Lﬂ —0.1089Ly,
f
+ 9.89}
9.81
Other 7(1.5@ +116) 9.81 X 3.5
.. 9.81
Position II 7(1.1% +87.6) 9.81 x 2.6 @
Notes:
Xpf: The distance (m) from the aft end of Ly to the mid-ength of the steel hatch cover under consideration
Lgq: Ly (m). However, where it exceeds 340, it is to be taken as 340.

(1)  Use the other load for first position for hatchways positioned at a height equal to, or above, the standard superstructure height from the
freeboard deck.
(2) 9.81x 2.1 (kN/m?) may be used for hatchways in exposed parts of the superstructure deck positioned at a height equal to, or above, the

standard superstructure height from the deck at second position.

(3)  Loads deemed appropriate by the Society are to be applied as loads for hatchways in exposed parts other than first position and second position.
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4.8.2.3 Cargo Loads to be Considered in Strength Assessments of Hatch Covers
1 For uniformly distributed loads, the designed cargo load Py, (kN/m?) is to be given by the following formula.
However, it is not to be less than 0.
Pay = Paks + Paga
Pyis: Static pressure (kN/m?), as specified in the following (1).
Pira: Dynamic pressure (kN/m?), as specified in the following (2).
(1) The static pressure Pyys (kN/m?) is to be in accordance with the following (a) to (c).

(a) As given by the following formula. However, if the maximum designed cargo load weight per unit area on
the deck (kN/m?) is determined using a different formula with the following, use that value instead. When
determining this, give due consideration to the height of the cargo load.

Paks = 0.71ghgy,
hge: The height of the cargo load according to the construction and arrangement directly above the location
being considered. This is either the height between decks at the ship’s sides from the deck to the
deck directly above it (m), or the height to the top of the hatch coaming of the deck directly above
(m).

(b) When loading timber and other cargo onto an exposed deck, this is the maximum designed cargo load weight
per unit area on the deck (kN/m?).

(¢) When suspending cargo on a deck beam, or when auxiliary deck equipment is present, the weight is to take
these into consideration.

(2) Pypq: Dynamic pressure (kN/m?), according to the following (a) to (c).

(a) As given the following formula. However, if the maximum designed cargo load weight per unit area on the
deck (kN/m?) accounting for the envelope acceleration specified in 4.2.4, Part 1 is determined using a
different formula with the following, use that value instead. When determining this, give due consideration
to the height of the cargo load.

Paka = 0.71a,.hye
a,.: Vertical envelope acceleration specified in 4.2.4, Part 1
hge: The height of the cargo load according to the construction and arrangement directly above the location
being considered. This is either the height between decks at the ship’s sides from the deck to the
deck directly above it (m), or the height to the top of the hatch coaming of the deck directly above
(m).

(b) When loading timber and other cargo onto an exposed deck, this is the maximum designed cargo load weight
per unit area on the deck (kN/m?) taking into account the vertical envelope acceleration specified in 4.2.4,
Part 1.

(c) When suspending cargo on a deck beam, or when auxiliary deck equipment is present, the weight is to take
these into consideration while taking the vertical envelope acceleration specified in 4.2.4, Part 1 into account.

2 For concentrated loads, the maximum designed cargo load applied to each load point is to be considered.

4.8.2.4 Vertical Wave Loads to be Considered in Strength Assessments of Hatch Beams
The vertical wave load P, (kN/m?) to be considered in strength assessments of hatch beams is to be in accordance
with Table 4.8.2-2.

Table 4.8.2-2 Vertical wave load P,V (kN/m?)

Ly <100 Ly > 100
9.81

Position I 7(1.5@: +116) 9.81 x 3.5
9.81

Position II 7(1.14 +87.6) 9.81 x 2.6

Notes:

(1) Loads deemed appropriate by the Society are to be applied as loads for each hatchway in exposed parts other than
Position I and Position II.

(2) 9.81 x 2.1 (kN/m?) may be used for hatchways in exposed parts of the superstructure deck positioned at a height

equal to, or above, the standard superstructure height from the deck at Position II.
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4.8.2.5 Wave Loads to be Considered in Strength Assessments of the Hatch Coaming

The wave load P.,,,, to be considered in strength assessments of the hatch coaming is to be in accordance with
the following (1) or (2).
(1) Front-end hatch coaming of the foremost cargo hold: 290 (kN/m?)

However, where a forecastle is installed in accordance with the requirements of 11.1, Part 2-3, this value may be

220 kN/m?.
(2) Hatch coaming other than (1) above: 220 (kN/m?)
4.8.2.6 Loads to be Considered in Strength Assessments of Closing Arrangements

When determining the cross-section area of bolts and rods used in securing arrangements, the packing line pressure
acting on the gaskets p(N/mm) is to be considered. However, if this value is less than 5 N/mm, 5 N/mm is to be used.

4.8.2.7 Wave Load to be Considered in Strength Assessments of Stoppers
The designed wave load Pgtopper to be considered in strength assessments of stoppers is to be in accordance with
the following (1) or (2).
(1) Stoppers for the hatch cover to the foremost cargo hold
(a) Pressure acting in the direction of the stern on the front-end of the hatch cover: 230 (kN/m?)
However, where a forecastle is installed in accordance with the requirements of 11.1, Part 2-3, this value
may be 175 kN/m?.
(b) Pressure in the transverse direction of the ship: 175 kN/m?
(2) Stoppers for hatch covers other than that specified in (1) above
Pressure acting in the direction of the stern on the front-end of the hatch cover and pressure in the transverse
direction the ship: 175 kN/m?

4.8.2.8 Loads to be Considered in Strength Assessments of the Hatchway to Ballast Holds
Loads to be considered when conducting strength assessment of the hatchway to ballast holds are to be in
accordance with 4.10.3, Part 1.
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Annex 4.5 OPERATIONAL LOADING CONDITIONS AND ANALYTICAL
LOADING CONDITIONS

Anl General

Anl.1 General

Anl.1.1
1  The purpose of this Annex is to specify the relationship between analytical loading conditions and operational
loading conditions for reference purposes.

An2 Operational Loading Conditions and Analytical Loading Conditions

An2.1 Operational Loading Conditions

An2.1.1

1  Operational loading conditions refers to “all loading conditions assumed in the design of individual vessels”. This
means a combination of loading conditions for each tank in all cargo areas as specified in the loading manual. Such
conditions, however, do not include ones that are either directly or indirectly prohibited by the loading manual (i.e.
conditions that are substantially restricted by the allowable values for the vertical still water bending moment, allowable
values for the vertical still water shear force, draught, etc.).

2 Where evaluating a box-type bulk carrier with five holds, the possible operational loading conditions are shown
in Fig. Anl, except the half-loaded condition of each tank or the condition of loading high density cargo. Where there
are the conditions of loading high density cargo or a ballast conditions that the ballast hold is not full, the analytical
loading conditions may be used the load pattern of the operational loading conditions as shown in Fig. Anl.
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Fig. Anl Example Operational Loading Conditions (Five Hold Box-type Bulk Carrier)

Operational loading conditions

Full-load condition g 0 0 S S
g 0 ] W A ¢
One-hold-empty condition | —~ 1 [ T 1¢ S0 TG

—~ | ¢
~ AT [ ¢ ST B IS
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Two-hold-empty condition | — Ll | ¢ ST [ [T¢
~L T B¢ SET [ S
g N S N A ¢
g O o I I ¢
g N e I I B ¢
threehoieemery | G T R [ T¢ S TS
g N S O B¢
~L L BT B¢ 1 1 1 B
o N O A o I B B ¢
I

Four-hold-empty condition %\‘ |

An2.2 Analytical Loading Conditions

An2.2.1
1  Analytical loading conditions refers to “loading conditions reproduced using partial structural models in order to
appropriately analyse structural responses that may occur in the operational loading conditions of An2.1.1-1.

An2.3 Example Operational Loading Conditions and Analytical Loading Conditions

An2.3.1 General

1  Where evaluating the operational loading conditions of a box-type bulk carrier with five holds (See Fig. Anl), the
analytical loading conditions to be examined differ depending on the target hold. For example, refer to Fig An2 and
Fig An3, respectively, may be used to evaluating the No. 3 hold and the No. 4 hold. In general, the analytical loading
conditions are to be considered for the target hold: full load condition, empty condition, ballast load condition, and,
when high density cargo loaded, high density load condition.
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2 When considering the requirements of Table 4.5.2-1 (8) or (9), it is necessary to calculate the maximum or
minimum vertical still water bending moment that can physically exist by filling or emptying each tank (including
consumable tanks) based on the operational loading conditions corresponding to Fig. An2 and Fig. An3.

3 Regardless of the applicable operational loading conditions in Fig. An2 and Fig. An3, it is also necessary to
consider all loading conditions described in loading manuals that are deemed severe for hull structures.

For example, special loading conditions such as where there are several types of cargo to be loaded or the cargo holds
are temporarily filled with ballast water are candidates. If the loading conditions which selected for the analytical
loading conditions envelope the structural strength of the hull in these loading conditions, they may be omitted.

Fig. An2 Analytical Loading Conditions and Operational Loading Conditions
for No. 3 Cargo Hold Evaluations

) . . Operational loading condition that is the basis for
Analytical loading condition ; . .
the analytical loading condition

S1

| —
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S3
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Fig. An3 Analytical Loading Conditions and Operational Loading Conditions
for No. 4 Cargo Hold Evaluations

. . . Operational loading condition that is the basis of the
Analytical loading condition . . ..
analytical loading condition
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An2.3.2  Double Bottom Tanks

1  The maximum or minimum vertical still water bending moment that occurs for all loading conditions (excluding
the ballast condition) after considering all possible combinations such as the fully loaded or empty condition of
consumable tanks, etc. In such cases, the loading condition to be used for a double bottom tank is the severest
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operational loading condition.

An2.3.3 Loading Conditions that Differ from Analytical Loading Conditions

1 In cases where it is difficult to say that it is appropriate to consider the analytical loading conditions required in
4.5.2 due to reasons such as the boundary position of the ballast tank being different, the fuel oil tank being located in
the cargo hold analysis modelling range, the size of the cargo hold before and after the target hold being significantly
different, etc., the loading conditions to be considered are determined on a case-by-case basis, and such loading
conditions are to be the ones deemed to be severe for the hull structure of the ship in question.

2 The following (1) to (4) items are to be considered when applying -1 above:

(1) Difference between internal pressure and external pressure acting on the ship bottom structure or ship side structure
(2) Internal pressure acting on the bulkhead structure

(3) Relationship between draught and cargo

(4) Vertical still water bending moment

—103 —
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Chapter 5 LONGITUDINAL STRENGTH

5.1 Torsional Strength

5.1.1 General

5.1.1.41 Application

1  Torsional strength assessment specified in 5.1.2 is to be conducted for the following ships (1) or (2):

(1) In case where the widths of the hatchway amidship exceed 0.7B

(2) In cases where deemed necessary by the Society.

2 Notwithstanding the requirements of this Chapter, requests may be given to conduct torsional strength assessments
in accordance with direct load analyses and finite element analysis when deemed appropriate by the Society.

5.1.2 Torsional Strength Assessment Based on Formulae

5.1.21 General
The procedure for torsional strength assessment is given in the following (1) and (2):

(1) Vertical still water bending moments, vertical wave bending moments, horizontal wave bending moments and
wave torsional moments are to be considered as applied loads.

(2) The strength assessment is to be carried out based upon the evaluation stress determined by combining each stress
obtained from the loads specified in (1) above.

5.1.2.2 Calculation of Stresses Due to Vertical Bending Moment, Horizontal Bending Moment and Torsional
Moment
Stresses due to vertical bending moment, horizontal moment and torsional moment are to be in accordance with
the following (1) to (4).

(1) The stress due to vertical still water bending moment gy, (N/mm?) are to be obtained from the following formula:

M
Myl o3

Osy =
V—gr

Mgy : Vertical still water bending moment (kN-m) for the load cases “hogging” and “sagging” as specified in
4.3.2.2, Part 1

Zy Section modulus (cm?) for the hull girder vertical bending at the strength deck at the cross-section

—gr:
position under consideration (gross scantling)
(2) The stress due to vertical wave bending moment gy, (N/mm?) is to be obtained from the following formula:

M
O-WV = wy X 103
V-gr
Myy: Vertical wave bending moment (kN-m) for the load cases “hogging” and “sagging” as specified in
4.3.2.3, Part 1
Zy_gr: Section modulus (cm®) for the hull girder vertical bending at the strength deck at the cross-section

position under consideration (gross scantling)
(3) The stress due to horizontal wave bending moment oy, (N/mm?) is to be obtained from the following formula:

M
UWH = WH1 X 103
H-gr
Myyq: Horizontal wave bending moment (kN-m) specified in 4.2.2.1-2.
Zy_gr: Section modulus (cm?®) for the hull girder horizontal bending at the hatch side at the cross-section

position under consideration (gross scantling)
(4) The stress due to wave torsional moments oyr (N/mm?) is to be obtained using the following formula:
For ships having ordinary structure, the stress is calculated using the scantlings at the midship section. Values for
ships other than those above are to be at the discretion of the Society.

wlcM
owr = 0.000318 —— "1
I, +0.04¢.]
Myrq: Wave torsional moment (kN-m) as shown in 4.2.2.1-1
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BI dl
w = 7(D1 —ey) +7(D1 +e1)
do
D1 = DS - 7
B,=B—d,
e = (3D1 - dl)dltd—gr + (Dl - dl)zts—gr

" 3dyty_gr + 2(Dy — dy)ts_gr + Byty_gr/3

dy: Height (m) of double bottom, as shown in Fig. 5.1.2-1.

d,: Breadth (m) of double hull side, as shown in Fig. 5.1.2-1.
ta—gr» ts—gr and t,_g-: Mean thickness (m) of deck, ship sides, and bottom based on the gross scantling,
as given in Fig. 5.1.2-1. When calculating mean thickness, the longitudinal
members included in this range may be included.

£: Distance (m) from the collision bulkhead to watertight bulkhead of the fore end of the machinery room
Iy = Blz{dltd—grld + (D, - dl)ts—grls + Bltb—grlb}
dy

Ig = (D; =€) {;(Dl —e) — dl} +5

1
Iy =(Dy —dy) {5 (Dy —dy) - 31} +e,?
2
€1
I, = —
"6
J:  As given by the following formula:
Z{Bdo + Z(DS - do)dl}z
,3d1 + Z(D’]_ - dl) + ,Bl
t d—-gr t s—gr t b—gr
t'a-gr» t's—grs t'p—gr: Mean thickness (m) of deck, ship sides and bottom based on the gross scantling.

When calculating mean thickness, only the strong deck, side shell plating,
bottom shell plating, inner bottom plating, and longitudinal bulkheads is to be
used, and other longitudinal members are not to be included.

Fig. 5.1.2-1 Mean Thickness of Deck, Ship Sides and Bottom
4

: v
! ) 1
! d, sk ligrsle
|
[
i
!
!
! ts—gr_><_ > ts—gr DS
|
!
! t
| \b-gr \
| r N
! // do
L ¥ ™ v
i r
Q tb—gr |
B =|

5.1.2.3 Evaluated Stress
Evaluated stress o7 (N/mm?) is to be determined in accordance with the following formula:
O-T = \/(0.7sng)2 + UWHZ + UWTZ + O-SV

Osy: Stress due to the vertical still water bending moment (N/mm?) specified in 5.1.2.2 (1).
oWy Stress due to vertical wave bending moment (N/mm?), specified in 5.1.2.2 (2).
owy: Stress due to horizontal wave bending moment (N/mm?), specified in 5.1.2.2 (3).
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Oowr: Warping stress due to torsional wave moment (N/mm?), specified in 5.1.2.2 (4).

5.1.2.4 Evaluation
The evaluated stress op (N/mm?) at any cross-sectional position from the collision bulkhead to watertight
bulkhead of the fore end of the machinery room is to satisfy the following criteria.

< 175
5.2 Hull Girder Ultimate Strength
5.2.1 Strength Criteria

5.2.11 Effect of Double Bottom Bending
In the assessment specified in 5.4.2.3, Part 1, the coefficient ypp that takes into account the effect of double
bottom bending is as follows.
Holds emptied when in a full load condition: ypg = 1.25
Other holds: ypz = 1.15
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Chapter 6 LOCAL STRENGTH

6.1 Ships Loaded with Special Cargo
6.1.1 General
6.1.1.1

Where loads of cargoes are not to be regarded as distributed loads, 6.1 is to be followed.
6.1.2 Ships Loaded with Steel Coils

6.1.2.1 Plates and Stiffeners
Plates and stiffeners for ships loaded with steel coils are to be in accordance with 10.1, Part 2-5.

6.1.3 Ships Loaded with Vehicles (Including Cases Where Vehicles Are Used During Cargo Handling)

6.1.3.1 Plates and Stiffeners

1 The plates and stiffeners of the deck and inner bottom on which vehicles are loaded are to be in accordance
with 10.1, Part 2-6.

2 Where plates and stiffeners are subjected to concentrated loads from wheels during cargo handling that vehicles
such as forklifts are used, the plates and stiffeners are to be in accordance with 10.1, Part 2-6.

6.1.4 Ships Loaded with Other Special Cargo

6.1.4.1
Ships loaded with special cargo other than that described in 6.1.2 and 6.1.3 above are to be as deemed appropriate
by the Society, taking into consideration the mode of action of the load by each cargo.

6.2 Transverse Bulkheads

6.2.1 Plane Bulkheads

6.2.1.1 Bulkhead Stiffeners
Bulkhead stiffeners directly below a deck girder are to be in accordance with 10.3, Part 2-5.
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Chapter 7 STRENGTH OF PRIMARY SUPPORTING STRUCTURES

7.1 General
7.1.1 Application
7.1.1.1

1  The requirements of this Chapter apply to ships of less than 150 m in ship length L.

2 Notwithstanding -1 above, strength assessments for deck girders with respect to deck loads and green sea loads
are to be carried out in accordance with this Chapter.

3 For the double bottom and double-side skin construction, the requirements of the double hull structure specified
in 7.3, Part 1 are to be applied. For other girder members that can be regarded as simple girders, the requirement of
the simple girder specified in 7.2, Part 1 are to be applied.

7.1.1.2 Application Example of Assessment Model

1  An application example of assessment model applying 7.2 and 7.3, Part 1 is shown in Fig. 7.1.1-1.

2 For girder members that have a structure not shown in Fig. 7.1.1-1 and can be regarded as a simple girder, the
boundary conditions and acting load are to be considered, and the assessment model from Table 7.2.1-1, Part 1 is to
be appropriately selected.

Fig. 7.1.1-1  Application Example for Box-shaped Bulk Carriers

Hatch end coaming girder
(Assessment models 1 to
5 specified in 7.2, Part 1)

Top side transverse
(Assessment models
1 to 5 specified in

7.2, Part 1)

Double side shell
(Type D1 specified
in 7.3, Part 1)

g

VRS LS o BT IEE TGl
.. % c o R 77
BUME RN 90H 5 gy

LHETIVETT

CE VP

A

Double bottom
(Type D1 specified in 7.3, Part 1)
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Chapter 8 STRENGTH ASSESSMENT BY CARGO HOLD ANALYSIS

8.1 General

8.1.1 Overview

8.1.1.1 Structure and Overview of this Chapter
1  This Chapter specifies methods for strength assessment by cargo hold analysis in box-shaped bulk carriers.
2 The structure and overview of this Chapter are shown in Table 8.1.1-1.

Table 8.1.1-1 Overview of Chapter 8

Section Title Overview

Additional requirements related to the overview and
8.1 General L .
application of this Chapter

82 Evaluation Area and Members to be [ Additional requirements related to the evaluation area

Assessed and the members to be assessed
8.3 Structural Models Additional requirements related to the structural model
8.4 Boundary Conditions and Loads [ Additional requirements related to the boundary

Conditions conditions and loads conditions

Additional requirements for buckling strength
8.5 Strength Assessment
assessment

8.1.2 Application

8.1.2.1 Applicable Ships
Ships that strength assessment by cargo hold analysis is required, which fall under 8.1.2.1-1(2), Part 1 are to be
ships of which the length of L. is 150 m or more.

8.2 Evaluation Area and Members to be Assessed

8.2.1 Evaluation Area

8.2.2.1 Members to be Assessed

In applying 8.2.2.1, Part 1, the structures and members to be assessed are to be as follows.
(1) Double bottom structure (bottom shell, inner bottom plating, centre girder, side girder and floor)
(2) Double side shell structure (side shell, longitudinal bulkhead, side stringer and side transverse)
(3) Bulkhead structure
(4) Deck structure (strength deck, cross deck, hatch coaming, etc.)
(5) Other members deemed necessary by the Society

8.3 Structural Models

8.3.1 General

8.3.1.1 Extent of Model
In applying 8.3.1.1, Part 1, the model is, in principle, to represent three adjacent cargo holds with the target the
middle and the full depth and the full width of the holds are to be modelled.
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8.4

8.4.1

8.4.1.1

Boundary Conditions

Boundary Conditions and Loads Conditions

In applying 8.5.1, Part 1, the boundary conditions are to consist of the rigid links at model ends and point
constraints (See Table 8.4.1-1).

Table 8.4.1-1 Boundary Conditions

Translation direction Rotation direction
Location and node L. L. L. Around the | Aroundthe | Around the
X direction | Y direction | Z direction . . .
X axis Y axis Z axis
Aft Independent point NA Constraint Constraint Constraint —My_ena —My_ena
end Dependent point Constraint by a rigid link
Fore | Independent point | Constraint | Constraint Constraint Constraint +My_ena +My_ena
end Dependent point Constraint by a rigid link
Notes:
(1)  NA means no constraint applied (free).
2) My _end> My_ena: Adjustment vertical bending moment and adjustment horizontal bending moment to be taken
as given in 8.4.2.2.
Fig. 8.4.1-1 | Independent Point
I
I
i
I
i
I
I
Independent point | N A
I U | _N-A.
1
I
i

8.4.2 Load Conditions

8.4.2.1
In applying 8.5.2, Part 1, loads based also upon the additional requirements specified in 4.5 are to be considered.

Loads to Consider

8.4.2.2 Method of Applying Moments to the Structural Model
In applying 8.5.2, Part 1, the vertical bending moment and horizontal bending moment act on the target hold are

to be adjusted in accordance with the following (1) to (3) based upon the boundary conditions specified in 8.4.1 and

the value of the moment for each analysis case.

(1) The maximum and minimum values of the vertical bending moment and horizontal bending moment act on the
target hold due to local loads are to be calculated by the following formulae. External pressure, internal pressure,
weight of the hull structure etc., are considered as the local loads.

My _pax = maX(MV—FEM(x)lxth—a =x< xth—f)
My _yin = min(My _ppy () [Xeh—q < X < Xpp—5)
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My_pax = maX(MH—FEM (Oxpp-q < x < xth—f)
My _yin = min(My_pga (O Xen—q < x < Xpp_s)
Here,

Xth-a> Xth—f: X coordinate (m) of the aft and fore ends of the target hold

My _pem (%), My _pppy (%): Vertical bending moment and horizontal bending moment (kN-m) due to local

loads at any position x, to be taken as follows:
xXi<x

My _pgy (%) = —(x - xaft)RV—aft - Z (x = x) fui

L
My _pgy (x) = (x - xaft)RH—aft + Z(x — x) fhi
i

x: X coordinate (m) of position x
X coordinate (m) of the aft and fore ends of the structural model
Ry_fore» Rv_ast> Ru—fore» Ru-ase: Vertical and horizontal reaction forces (kN) at the support points at

the fore and aft ends of the model, to be taken as follows:

xaft: xfore:

3 Yi(xi = Xage ) fui

Ry—fore = Xfore — Xaft
RV—aft == ifvi - RV—fore
RH—fore _ _Zi(xi - xaft)fhi
Xrore — Xaft
RH—aft == zifhi - RH—fore
fvi» fni:  Vertical and horizontal components of the local load in the length direction of the ship x;
(kN)

X;: X coordinate (m) of the considered longitudinal station x;.
(2) The adjustment vertical bending moment My _,,4, and adjustment horizontal bending moment My_.,q (kN-m)
are obtained by the following formulae.
My _eng = MV—targ — My _ gy, for MV—targ =0
My _ena = MV—targ - MV—minvfor MV—targ <0
My _ena = Mu—targ = Mu—max for My_targ 2 0
My _ena = Mu—targ = Mu—min for My_targ <0
My_targs My_tqrg : The maximum or minimum value in the target hold of the vertical bending moment and
horizontal bending moment (kN-m) specified in Table 8.4.2-1

(3) The adjustment moments My _,,q and My_.,, obtained from (2) above are to be applied to the independent
points at the fore and aft ends of the model.

Table 8.4.2-1 My_tq,g and My_tq,

Maximum Harbour Testing Flooded
load condition condition condition condition
. . M or M or
Vertical bending moment My _;4,g My _ye PT_max 0 FD_max
M PT_min M FD_min
Horizontal bending moment My _;,, g My_ye 0 0 0

Notes:

My _pg, My_pe:

Mpr max> Mpr min: Vertical bending moment in harbour condition (kN-m)
Mgp max> Mpp min: Still water bending moment in flooded condition (kN-m)

Vertical bending moment and horizontal bending moment (kN-m) in maximum load condition.
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Fig. 8.4.2-1 Example of Vertical Bending Moment Adjustment
AE ! ! FE

Vertical wave bending moment

Longitudinal station x
Target hold

Tar Structural
modelling range

2 In cases where moments at the cross sections in the target hold exceed those to be considered as the result of
applying -1 above, because of being long with the length in longitudinal direction of the target hold and/or significant
gap between moments distribution to be considered and those due to local loads and the reasons other than them, the
stress caused by the excess moments may be subtracted in accordance with the method as deemed appropriate by the
Society. And for the same reasons and etc., where vertical shear force in the target hold exceeds the force specified in
4.3.2, Part 1, the effect due to the excess shear force may not be considered.

3 Where the foremost of aftmost cargo hold is selected as a target hold, the method of moment adjustment and
boundary conditions may be applied in accordance with the relevant requirements of 8.4, Part 2-8.

8.5 Strength Assessment

8.5.1 Yield Strength Assessment and Buckling Strength Assessment

8.5.1.1 Strength Assessment of Side Shell in Beam Sea

1  Where strength assessment is performed considering the load based on the equivalent design waves BR and BP in
the maximum load condition, 8.6.2.1-2, Part 1 may be applied for stiffened panels of side shell instead of 8.6.2.1-1,
Part 1 where the compressive stress in the shorter side direction of the panels, which is due to bending deformation of
side transverse and side shell, is a dominant component (See Table 8.5.1-1).

2 Inapplication of -1 above, yield strength assessment specified in 8.6.1, Part 1of side shell need not be carried out.
3 In application of -1 above, where the yield strength assessment and buckling strength assessment specified in
An2.7, Annex 8.6A, Part 1 “Strength Assessment Considering Effect of Surrounding Structures” are carried out,
the yield strength and buckling strength assessments may not be required for the following (1) to (3).

(1) Stiffened panels within the rigidity reduction range

(2) Buckling panels which include elements sharing nodes included in the elements of (1) above

(3) Elements which include (1) and (2) above

8.5.1.2 Buckling Strength Assessment of Cross Deck in Head Sea and Following Sea
Where strength assessment is performed considering the load based on the equivalent design waves HM-1 and
FM-1 in the maximum load condition, assessment of 8.6.2.1-1, Part 1 may not be carried out for plate panel on cross
deck stiffened in transverse direction when the following is satisfied (See Table 8.5.1-1).
(1) The stress in longitudinal direction on cross deck due to vertical bending moment is act on the narrow area enough
compared to the length of cross deck in transverse direction.
(2) Thickness of cross deck adjacent to upper deck longitudinally stiffened is greater than 50 % of thickness of the
upper deck.

8.5.1.3 Strength Assessments of Plane-type Transverse Bulkheads
1  Where strength assessments are performed in the maximum load condition, 8.6.2.1-2, Part 1 may be applied
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instead of the assessment under compressive loads in shorter side direction specified in 8.6.2.1-1, Part 1, for plate
panels of plane-type transverse bulkheads of vertically stiffened system (See Table 8.5.1-1).

2 Inthe application of -1 above, the yield strength assessments specified in 8.6.1, Part 1 need not be carried out for
the said plane-type transverse bulkheads.

3 In the application of -1 above, where the yield strength assessments and buckling strength assessments specified
in An2.7, Annex 8.6A, Part 1 “Strength Assessment Considering Effect of Surrounding Structures” are carried
out, such yield strength and buckling strength assessments need not be required for the following (1) to (3).

(1) Plate panels within the rigidity reduction range

(2) Buckling panels which include elements sharing nodes included in the elements of (1) above

(3) Elements which include (1) and (2) above

Table 8.5.1-1 Relationship between the Application of Part 1 and Part 2

Maximum load condition

Paragraph
2 Member to be assessed Equivalent design waves HM and | Equivalent design waves BR and BP
M
* An2.2 to An2.6, Annex 8.6A, Part 1

Side shells apply

within rigidity reduction * Permissible utilisation factor

ranges * Yield strength assessment: (buckling): 0.8

. As specified in 8.6.1, Part 1 * Yield strength assessment: NA

* Buckling strength assessment: - An2.7, Annex 8.6A, Part 1 applies
As specified in 8.6.2.1-1, Part 1 | . vield strength assessment:

Other members) As specified in 8.6.1, Part 1.
* Buckling strength assessment:
As specified in 8.6.2.1-1, Part 1

* Yield strength assessment: * Yield strength assessment:
As specified in 8.6.1, Part 1 As specified in 8.6.1, Part 1
8.5.1.2 | Cross decks . .
* Buckling strength assessment: * Buckling strength assessment:
As specified in 8.5.1.2 As specified in 8.6.2.1-1, Part 1

Plane-type transverse
bulkheads

within rigidity reduction
8.5.1.3 |ranges

* An2.2 to An2.6, Annex 8.6A, Part 1 apply
* Permissible utilisation factor (buckling): 0.8
* Yield strength assessment: NA

An2.7, Annex 8.6A, Part 1 applies
Other members) * Yield strength assessment: As specified in 8.6.1, Part 1

* Buckling strength assessment: As specified in 8.6.2.1-1, Part 1

(1) Where 8.5.1.1 and 8.5.1.3 are applied simultaneously for the equivalent design waves BR and BP, members

within rigidity reduction ranges are excluded.
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Chapter 9 FATIGUE

9.1 General

9.1.1 Application of Fatigue Requirements

9.1.1.1 Application
Ships with a length L; of 150 m or more are to be assessed for fatigue strength based on the hot spot stresses
obtained by simplified stress analysis according to 9.3, Part 1 and finite element analysis according to 9.4, Part 1.

9.2 Structural Details to be Assessed
9.2.1 Structural Details to be Assessed by Finite Element Analysis
9.2.1.1

1  Critical structural details to be assessed for fatigue strength by finite element analysis according to 9.4, Part 1,
are shown in Table 9.2.1-1.

2 Notwithstanding the requirements specified in -1 above, where documents demonstrating sufficient fatigue
strength are submitted and deemed appropriate by the Society, the fatigue strength assessment of the structure may be

omitted.
Table 9.2.1-1 Structural Details of Primary Members to be Assessed in the Hull Structure
No. | Critical structural details of hull structure
1 | Intersections between inner longitudinal bulkhead and inner bottom plating
2 | Intersections between lower stool and inner bottom plating in way of bottom girder
3 | Hatch corner
4 Intersections between inner bottom plating, bilge hopper plating, lower stool, and
corrugated bulkhead
5 | Other areas with large stress concentration
9.3 Loading Conditions and Fraction of Time to be Considered
9.3.1 General
9.3.1.1

1  Standard loading conditions and fraction of time are to be in accordance with Table 9.3.1-1.
2 Notwithstanding the requirements specified in -1 above, when considering loading conditions and fraction of time
other than those in Table 9.3.1-1, it is necessary to consider appropriate combinations.

Table 9.3.1-1 Standard Loading Conditions and Fraction of Time

Loading conditions Fraction of time a;,
Full load condition (homogeneous loading) 25%
Full load condition (alternate loading) 25%
Ballast condition 50%
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9.4 Boundary Conditions and Load Conditions
9.4.1 Boundary Conditions
9.4.1.1

In applying 9.4.4.1, Part 1, the boundary conditions are to be in accordance with 8.4.1.1.
9.4.2 Load Conditions

9.4.2.1 Method of Applying Moments to the Structural Model

In applying 9.4.4.2, Part 1, the method of applying moments to the structural model is to be in accordance with
8.4.2.2. However, the vertical bending moment and horizontal bending moment (kN-m) specified in Table 9.4.2-1 are
to be used as My _¢qrg and My _;q, instead of those specified in Table 8.4.2-1.

Table 9.4.2-1 My_tq, and My_¢q, 4

Cyclic load condition
Vertical bending moment My _;4.q My_ye
Horizontal bending moment My_;44 My _yc
Notes:
My _ue, My_ne: Vertical bending moment and horizontal bending moment (kN-m) under cyclic load
condition, to be in accordance with 4.7.2.10, Part 1.
9.5 Detailed Design Standards
9.5.1 Connections between bilge hopper plating and inner longitudinal bulkhead
9.5.1.1

1  The stiffener provided along the weld joints between bilge hopper plating and inner longitudinal bulkhead in the

aftermost cargo hold is to be in accordance with (1) or (2).

(1) The stiffener provided at the position specified in -1 is not to penetrate to the transverse girders.

(2) If the stiffener provided at the position specified in -1 penetrates to the transverse girders, the slots are to be
eliminated or covered by collar plates.

2 Instead of -1, fatigue strength assessments by finite element analysis for hot spot stress may be performed.
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Chapter 10 ADDITIONAL STRUCTURAL REQUIREMENTS

10.1 Bottom Structure

10.1.1 Double Bottoms

10.1.1.1 Struts
In case where struts are provided, the struts are to be rolled sections other than flat or burb plates and are to
sufficiently overlap the webs of the bottom and inner bottom longitudinals.

10.1.1.2  Double Bottom Structure Under the Lower Stool at Transverse Bulkhead

The inner bottom plating, centre girders, side girders and inner bottom longitudinals under lower stools at
transverse bulkheads are to be connected to the extensions of those of holds just before and behind the bulkheads. The
floors are to be equivalent to those of holds.

10.1.2 Scuppers

10.1.2.1 General

1  One bilge suction pipe is to be provided, in general, on each side of the ship at the after end of each hold.

2 Bilge wells are to be provided at suitable positions so as to protect the cover plates from direct impact from bulk
cargoes, and to be provided with mud boxes or other suitable means so that the suction openings are not choked by
dust.

3 Where bilge pipes pass through double bottoms or bilge hopper tanks, non-return valves or stop valves capable of
being closed down from a readily accessible position are to be provided at their open ends.

10.2 Side Structure

10.2.1 Bilge Hopper Tanks

10.2.1.1 Continuity of Strength
Sufficient care is to be taken for the continuity of strength at fore and after ends of bilge hopper tank structure.

10.2.1.2 Transverse webs

Where effective struts are provided at an intermediate position on transverse webs, the depth of transverse webs
in the bilge hopper tanks is not to be less than 1/6 of the overall length of the transverse webs. Otherwise, the depth is
not to be less than 1/5 of the overall length of the transverse webs and 2.5 times the depth of slots for penetrating the
longitudinals, whichever is greater.

10.2.2 Topside Tanks

10.2.2.1 Continuity of Strength
Sufficient care is to be taken for the continuity of strength at the fore and after ends of topside tank structure.

10.2.2.2  Transverse webs

1 Where effective struts are provided at an intermediate position on transverse webs, the depth of transverse webs
in the topside tanks is not to be less than 1/6 of the overall length of the transverse webs. Otherwise, the depth is not to
be less than 1/5 of the overall length of the transverse webs and 2.5 times the depth of slots for penetrating the
longitudinals, whichever is greater.

2 Where heavy cargoes are loaded on the deck, web plates are to be suitably reinforced.

10.2.2.3  Large Topside Tanks

1 Where topside tanks are large, special consideration is to be given to the structure such as providing longitudinal
diaphragms around the mid-point of the breadth of topside tanks.

2 When longitudinal stiffeners are provided on longitudinal diaphragms, the depth of the stiffeners is not to be less
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than 0.06l. where, [ is the distance between the girders provided on the longitudinal diaphragms. However, where
the longitudinal stiffeners are connected with the tripping brackets at the ends, the depth of the stiffener may be properly
reduced.

3 When transverse stiffeners provided on longitudinal diaphragms, the thickness of the longitudinal diaphragms is
to be sufficient against buckling. The depth of the stiffeners are to be equivalent to those specified in -2 above.

10.2.2.4  Scuppers
Overboard discharges from topside tanks are to be in accordance with the requirements of 13.4.1-6 and -7, Part
D.

10.3 Bulkhead Structure

10.3.1 Transverse Bulkheads

10.3.1.1 General

1  For transverse bulkheads without lower stools, the thickness of the lowest strake of bulkhead plating is to be
appropriately increased according to the thickness of the inner bottom plating.

2 Plating of transverse bulkheads to which the sloping plates of topside tanks are connected, is to be properly
strengthened by increasing its thickness or by other means.

10.3.2 Lower and Upper Stools at Transverse Bulkheads

10.3.2.1 General

1 In lower stools at transverse bulkheads, stiffening girders are to be provided at the centre girder and side girders
of the double bottoms.

2 Where the cargo holds are so designed as to be loaded with ballast water or heavy cargo, the stiffening girders in
the lower stools of the transverse bulkheads are to be sufficient against shearing by taking measures such as adopting
diaphragms.

3 For ships designed for loading and/or unloading in multiple ports, upper stools deemed as appropriate by the
Society are to be provided on vertical corrugated type transverse bulkheads.

104 Deck Structure

10.4.1 Hatch End Coaming

104.1.1

Hatch end coamings are to be provided in coincidence with the positions of girders in topside tanks or double side
structures. If not coincident, sufficient care is to be taken for the continuity of strength at the connections of hatch end
coamings with topside tanks.

10.5 Requirements for GRAB Notation

10.5.1 General

10.5.1.1 Application
Ships affixed with the notation “Grab” in the classification characters are to be in accordance with 10.5.

10.5.2 Scantlings of Inner Bottoms

10.5.2.1  Inner Bottoms
The thickness of the inner bottom is to be not less than the value obtained from the following formula. However,
this excludes bilge wells, and other points unaffected by grabbing.

t= U_Y (mm)

C: Coefficient to be taken as 0.55,/L.. However, where the value of C is less than 6.8, C is to be taken as
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6.8.
L¢: Length of ship (m)
oy: Specified yield stress (N/mm?)
b: Length of the shorter side of the plate panel (mm)

10.5.2.2  Bilge Hopper Plating and Longitudinal Bulkhead Plating
The thickness of bilge hopper plating and longitudinal bulkhead plating within a height of 1.5 m from the
lowermost point of the inner bottom is to be not less than the value obtained from the following formula.

’ b
t =0.75C |— (mm)
Oy

C: As prescribed in 10.5.2.1.
oy: Specified yield stress (N/mm?)
b: Length of the shorter side of the plate panel (mm)

10.6 Other

10.6.1 Special Requirements for Ship Transporting Coal

10.6.1.1
For ships intended for the transport of coal, care is to be taken regarding the following (1) to (3).
(1) The structure between holds and other compartments is to be airtight.
(2) Trimming hatches are recommended to be provided on the outside of superstructures and deckhouses.
(3) Ventilation of holds is to be made by a ventilation system provided on the weather part.

10.6.2 Supplementary Requirements for Ballast Holds

10.6.2.1
In cases where the cargo hold is used as a ballast tank, in general, they are to be kept empty or full throughout the
duration of the voyage in order to avoid impact due to the dynamic load of the ballast water.

10.6.3 Special Requirements for Ship Intended for the Carriage of Cargoes Having Moisture Contents
Which Exceed Transportable Moisture Limit

10.6.3.1
The hull structural members of ships intended for the carriage of cargoes having moisture contents which exceed
transportable moisture limit are to be in accordance with the requirements provided in 10.5.1, Part 2-3.
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Chapter 14 EQUIPMENT

14.1 Hatch Covers

14.1.1 Application

14.1.1.1 General

1  The requirements of 14.1 are to be applied instead of the requirements prescribed in 14.6, Part 1.

2 The construction and the means for closing of cargo and other hatchways in ships which complies with Part 2-2
are to be those that are not less effective than those specified in 14.1. However, the relevant requirements in Part CSR-
B&T may be applied instead of the requirements of 14.1.

3 Where hatch covers serve as helicopter decks, it is to comply with the requirements in 10.4.6, Part 1.

14.1.1.2  Net Scantling Approach

1  Unless otherwise specified, the structural scantlings specified in 14.1 are to be net scantlings which do not include
any corrosion additions.

2 Required gross scantlings are not to be less than the scantlings obtained from adding the corrosion addition ¢,
specified in 3.3 to the net scantlings obtained from the requirements in 3.1.

3 According to the requirements of 14.1.1.1-2, where applying the relevant requirements of Part CSR-B&T, the
corrosion addition of the stiffener attached to the hatch coamings, hatch coaming stays and stays is to be read as 1.5
mm in the requirements of Part CSR-B&T.

14.1.2 Hatch Coaming Strength Criteria

14.1.2.1 Height of Hatch Coamings
Height of hatch coamings is to comply with 14.6.9.1, Part 1.

14.1.2.2 Scantlings of Hatch Coamings
Scantlings of hatch coamings are not to be less than that obtained from the following formula: However, For aft
end hatch coamings, only the requirements in (2)(b) need be applied.
(1) The local net plate thickness of the hatch coaming plating t.ogmner is not to be less than that obtained from
following formula:
(a) For forward and side hatch coamings

1.15P.,am
tcoammnet = 14.95 P (mm), however, not to be less than 9.5 mm.
a,coam

S: Secondary stiffener spacing (m)
P.oam: Wave load (kN/m?), as specified in 4.8.2.5.
Og,coam = 0.950¢
or: Minimum upper yield stress or proof stress (N/mm?) of the material
(b) For aft hatch coamings

Where L. is 100 m and under: teoammnet = 4.5+ 0.05L¢ (mm)
Where L. is greater than 100 m: teoammnet = 9.5 (mm)

(2) The net section modulus of secondary stiffeners of the hatch coaming, based on net member thickness, is not to

be less than that obtained from following formula:
_ 1150€2SP.ogm (

3
net = cm?)
MCy0q,coam

m: 16  in general

12 for the end spans of stiffeners sniped at the coaming corners
€. Span of secondary stiffeners (m)
S, Poam and 04 coqm: As specified in (1) above.

C.:

»: Ratio of the plastic section modulus to the elastic section modulus of the secondary stiffeners with an
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attached plate breadth equal to 40t yqm nee (mm). The value may be 1.16 in the absence of more precise

evaluation.

(3) The net scantlings of hatch coaming stays are to be in accordance with following (a), (b) and (¢):

(a)

(b)

(©)

The net section modulus and web thickness of coaming stays designed as beams with flanges connected to
the deck or sniped and fitted with a bracket (See Fig.14.1.2-1) at their connections with the deck, based on
member net thickness, are not to be less than that obtained from following formulae:

1000H2SP.,qm
Zpet = ——— " (cm®
net zaa,coam (Cm )
1000H:SP.oqm
tW net =0 (mm)
’ hTa,coam

H¢: Stay height (m)
§:  Stay spacing (m)
h:  Stay depth (mm)
Ta,coam = 0.50F
0, Peogm and 04 c0qm:  As specified in (1) above.
For calculating the net section modulus of coaming stays, the area of their face plates is to be taken into
account only when it is welded with full penetration welds to the deck plating and an adequate underdeck
structure is fitted to support the stresses transmitted by them.
For designs of coaming stays other than those specified in (a) above (See Fig. 14.1.2-2), the stress levels
given by following formulae apply and are to be checked at the highest stressed locations.
Normal Stresses o,: 0.80p
Shear stress T,. 0.460%

Fig. 14.1.2-1 Example of Hatch Coaming Sta
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14.1.2.3  Hatch Coaming Structure

1  Coamings for hatchways in Position I or coamings of 760 mm or more in height for hatchways in Position II are

to be stiffened in a suitable position below the upper edge by a horizontal stiffener; the breadth of the horizontal stiffener

is not to be less than 180 mm.

2 Coamings are to be additionally supported by efficient brackets or stays provided from the horizontal stiffeners

specified in -1 above to the deck at intervals of approximately 3 m.

3 Coamings for all exposed hatchways are to be stiffened on their upper edges by half-round bars or similar section

bars and their lower parts are to be constructed efficiently by flanging or other suitable means.

4  For the construction and scantlings of coamings of small hatchways, the requirements in 14.1.2.2-1 and -1 to -3

above may be suitably modified.

5  The construction and scantlings of coamings over 900 mm in height, coamings of hatchways to deep tanks, and

coamings of hatchways closed by special types of closing appliances to which the requirements in 14.1.2.2 are not

applicable are to be to the satisfaction of the Society.

6  The design of local details is to comply with the following requirements.

(1) The secondary stiffeners of the hatch coamings are to be continuous over the breadth and length of the hatch
coamings.

(2) The local details of the structures are to be designed so as to transfer the pressures on the hatch covers to the hatch
coamings and, through them, to the deck structures below. Hatch coamings and supporting structures are to be
adequately stiffened to accommodate the loading from hatch covers, in longitudinal, transverse and vertical
directions.

(3) Underdeck structures are to be checked against the load transmitted by the stays, adopting the same allowable
stresses specified in the preceding -1(4) above.

(4) Double continuous welding is to be adopted for the connections of stay webs with deck plating and the weld throat
is to be not less than 0.44 £y, gross, Where ty gross 15 the gross thickness of the stay web.

(5) Toes of stay webs are to be connected to the deck plating with deep penetration double bevel welds extending over
a distance not less than 15% of the stay width.

14.1.3 Hatch Beams, Hatch Plates, Steel Pontoon Covers and Steel Weathertight Covers

14.1.3.1 General

1  The scantlings of structural members of steel hatchway covers, steel pontoon covers and steel weathertight covers
(hereinafter referred to as “steel hatch covers”), and of portable beams are to comply with the requirements in 14.1.3.
When the loading condition or the type of construction differs from that specified in this paragraph, the calculation
method is to be as deemed appropriate by the Society.

2 The allowable normal and shear stresses in the steel hatch covers are as specified in Table 14.1.3-1.

3 For grillage or similar constructions, the stresses in steel hatch cover primary supporting members are to be
determined by grillage or a finite element method. For modelling the structural members, the net scantlings are to be
used.

4  The scantlings of steel hatch covers intended to carry cargoes on them in exposed positions are to be of the values
obtained from the requirements for steel hatch covers in exposed positions specified in 14.1.3 or the values obtained
from the requirements for steel hatch covers intended to carry cargoes specified in 14.1.4, whichever is greater.

5 The secondary stiffeners and primary supporting members of the steel hatch covers are to be continuous over the
breadth and length of the steel hatch covers, as far as practical. When this is impractical, sniped end connections are
not to be used and appropriate arrangements are to be adopted to ensure sufficient load carrying capacity.

6  Load bearing connections between the hatch cover panels are to be fitted with the purpose of restricting the relative
vertical displacements.
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Table 14.1.3-1 Allowable Stresses

Kind of load Target member Normal Shear stress: 7,

stresses (0,

Steel hatchway covers and steel
remvay 0.80 0.460;
weathertight covers

Design wave load

Portable beams and steel pontoon 0.680;5 0.390;

COVErS

Notes:
or: Minimum upper yield stress or proof stress of the material (N/mm?)

14.1.3.2  Local net plate thickness of hatch covers

The local net thickness t,,; of steel hatch cover top plating is not to be less than that obtained from the following

formula, and it is not to be less than 1% of the spacing of the stiffeners or 6 mm, whichever is greater:

Py
tnet = 158Fp5 m (mm)

F,,: Coefficient given by the following formula:
1.9a0/0, (for /o, = 0.8, for the attached plate flange of primary supporting members)
1.5 (for o/0, < 0.8, for the attached plate flange of primary supporting members)

o: Normal stress (N/mm?) of the attached plate flange of primary supporting members

o,: Allowable normal stresses specified in Table 14.1.3-1. (N/mm?)

S:  Stiffener spacing (m)

Py: Design wave load (kN/m?) specified in 4.8.2.2

op: Minimum upper yield stress or proof stress (N/mm?) of the material

14.1.3.3 Secondary Stiffeners of Steel Hatch Covers

1

The net section modulus Z,,; of the secondary stiffeners of hatch cover top plates, based on stiffener net member

thickness, is not to be less than that obtained from the following formula. The net section modulus of the secondary

stiffeners is to be determined based on an attached plate width that is assumed to be equal to the stiffener spacing.

2

1000SP,£2 3
net = W cm?)
¢ 1 Secondary stiffener span (m) is to be taken as the spacing of primary supporting members or the distance
between a primary supporting member and the edge support, as applicable. When brackets are fitted at
both ends of all secondary stiffener spans, the secondary stiffener span may be reduced by an amount equal
to 2/3 of the minimum brackets arm length, but not greater than 10% of the gross span, for each bracket.
S:  Stiffener spacing (m)
Py: Design wave load (kN/m?) specified in 4.8.2.2
0,: Allowable normal stress specified in Table 14.1.3-1.
The net shear sectional area A,,, of the secondary stiffener webs of hatch cover top plates is not to be less than

that obtained from the following formula:

3

55P,¢

net — (sz)

a

£ and Py: As specified in -1 above.
T,: As specified in Table 14.1.3-1.
For flat bar secondary stiffeners and buckling stiffeners, the following formula is to be applied:

< 15Vk

tW,net

h: Height (mm) of the stiffener

tw nee: Net thickness (mm) of the stiffener

k = 235/0p

op:  Minimum upper yield stress or proof stress (N/mm?) of the material
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14.1.3.4  Steel Hatch Cover Girders and Hatch Beams
1  The net scantlings of hatch beams and primary supporting members of steel hatch covers, which are simply
supported between hatch coamings with uniformly distributed loads imposed thereupon are to comply with the
following formulae. For steel hatchway covers, S and / are to read as b and S, respectively.
Net section modulus at mid-span of hatch beams or primary supporting members:
1000SP, #%k,
—— (cem’)
8a,

Net moment of inertia at mid-span of hatch beams or primary supporting members:
0.0063SP, 3k, (

net =

Ipet =————= (cm*
net u )
Net cross-sectional area of web plates at the ends of hatch beams or primary supporting members:
55P,¢
Anet = (cmZ)

a
S: Spacing (m) of the hatch beam or primary supporting members considered

£:  Length (m) of the hatch beam or primary supporting members considered

B : Width (m) of steel hatch covers

Py: Design wave load (kN/m?) specified in 4.8.2.4 or 4.8.2.2

k, and k,: Coefficien specified in Table 14.6.5-1, Chapter 14, Part 1.
o, and T4: As specified in Table 14.1.3-1.

w:  Coefficient specified in Table 14.1.3-2.

Table 14.1.3-2 4

U
Steel hatch covers and steel weathertight covers | 0.0056

Hatch beams and steel pontoon hatch cover 0.0044

2 When calculating the normal and shear stresses in the hatch cover structural members by means of finite element
method, these values are not to exceed the allowable stresses specified in Table 14.1.3-1. For modelling structural
members, net scantlings are to be used. When calculated by means of a beam or grillage model, the effective flange
area Arqe: (cm?) of the attached plating to be considered for the yielding and buckling checks of primary supporting
members is to be obtained by the following formula. In this case, the secondary stiffeners are not to be included in the
attached flange area of the primary members.

AF,net = an(lObeftnet) (cmZ)

nf: 2 if attached plate flange extends on both sides of girder web

1 if attached plate flange extends on one side of girder web only
t,..: Net thickness (mm) of considered attached plate

net-
b.s: Half the distance (m) between the considered primary supporting member and the adjacent one, but not to

be taken greater than 0.165¢
£ Span (m) of primary supporting members
3 The spacing of primary supporting members parallel to the direction of secondary stiffeners is not to exceed 1/3
of the span of primary supporting members.
4  The breadth of the flange of primary supporting members is to be not less than 40% of their depth for laterally
unsupported spans greater than 3.0 m. Tripping brackets attached to the flange may be considered as a lateral support
for primary supporting members. The flange outstand is not to exceed 15 times the gross flange thickness.

14.1.3.5  Critical buckling stress check
The buckling strength for primary supporting members forming the steel hatch cover is to be in accordance with
the requirements of the following (1) to (3).
(1) The buckling strength for hatch cover top plating is to be in accordance with the requirements of the following (a)
to (c).
(a) The compressive stress in the hatch cover plate panels induced by the bending of primary supporting members
parallel to the direction of secondary stiffeners is not to exceed 0.8 fimes the critical buckling stress o, , to
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be evaluated as defined below:

Of

Oc1 = 01 (For og; < 7)
Op Op
= 1- ) F > —

Oc1 = Of ( 40y, (For og 2 )

or: Minimum upper yield stress or proof stress of the material (N/mm?)

- =36E( Fnet )2
1= =" 10008

thee: Net thickness (mm) of the panel

S:  Spacing (m) of secondary stiffeners
(b) The mean compressive stress in each of the hatch cover plate panels induced by the bending of primary
supporting members perpendicular to the direction of secondary stiffeners is not to exceed 0.8 fimes the
critical buckling stress o, , to be evaluated as defined below:
<%
-2

Of OF
Ocy = Of (1 ~ 1o ) (For ag, > 7)
E2

tnet z
=09 E(—)
%z 5 \1000s,

op, E and t,q: As specified in (a) above.

_ 1+(SS)22 21
m=e¢ ) | p+11

Ss: Length (m) of the shorter side of the plate panel
£,: Length (m) of the longer side of the plate panel
P:
c:

Oc2 = Op2 (For ag,

Ratio between smallest and largest compressive stress
Coefficients obtained according to the kind of stiffeners at compressive side, which are given by
the following:
1.30:  when plating is stiffened by primary supporting members
1.21: when plating is stiffened by secondary stiffeners of angle or T type
1.10: when plating is stiffened by secondary stiffeners of bulb type
1.05: when plating is stiffened by flat bar
(c) The biaxial compressive stress in the hatch cover panels, when calculated by means of a FEM shell element
model, is to be in accordance with Annex 8.6, Chapter 8, Part 1.
(2) The compressive stress in the top flange of secondary stiffeners, induced by the bending of primary supporting

members parallel to the direction of secondary stiffeners, is not to exceed 0.8 times the critical buckling stress
O s , to be evaluated as defined below:

Of
Ocs = Ogs (For ogs < 7)

0|
) (FOI" Ogs > 71:)

op: Minimum upper yield stress or proof stress (N/mm?) of the material
Ops: O3 Or Oy, obtained from following formulae, whichever is smaller
0.001E1, 10t
T T A ?

I net: Moment of inertia (cm*) of the secondary stiffener, including a top flange that has a width equal to

Of
40y

Ocs = OF (1 -

the spacing of secondary stiffeners
Aner: Cross-sectional area (cm?) of the secondary stiffener including a top flange that has a width equal to
the spacing of secondary stiffeners

£:  Span of the secondary stiffener (m)
_ 7TZEIW,net
54 = 1001, e 22
cet
K = ————x10°
T EIw,net
m: As specified in Table 14.1.3-3.

Ly net: Sectorial moment of inertia (cm®) of the secondary stiffener about its connection with the

K I
(m2 + —2) +0.385E -1
m

p,net
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plating:

Ly net = % X 1076 (cm®) for flat bar secondary stiffeners

Ly net = W x 107° (cm®) for T secondary stiffeners
Immt=;%%%%ﬂ%m4@?+2@hw+4mf)+3gmﬁmmAx10*@m®mrmgmsmdbe

secondary stiffeners

L net: Polar moment of inertia (cm*) of the secondary stiffener about its connection with the plating:
h, >t
Ly net = %Wner x 10™* (cm*) for flat bar secondary stiffeners

h,’t
Lynet = (%ﬂet + hwzbftf,net> X 10™* (ecm*) for flanged secondary stiffeners

I; nec: St Venant’s moment of inertia (cm*) of the secondary stiffener without top flange:

3
Linet = hwt%et x 10™* (cm*) for flat bar secondary stiffeners
_1 3 3 L met -4 4 :
It et = 3 [hwtw,net + brtr et <1 —0.63 T)] X 10™* (c¢m*) for flanged secondary stiffeners
h,,: Height (mm) of the secondary stiffener web
Ewnet: Net thickness (mm) of the secondary stiffener web
bg: Width (mm) of the secondary stiffener bottom flange
tf met: Net thickness (mm) of the secondary stiffener bottom flange
C: As given by the following:
- kpEtynet®
3s (1 N 1.33kphwtg,net3)
Sty et

s:  Spacing (mm) of secondary stiffener
ky: As given by the following, but not less than zero

For longitudinals with flanges, the value is not to be taken as less than 0.1.

kp=1-1,
-7
T = OE1
og1:  As specified in (1) above.
tpnet: Net thickness (mm) of the hatch cover plate panel

(3) The shear stress in the hatch cover primary supporting members web panels is not to exceed 0.8 times the critical
buckling stress 7., to be evaluated as defined below. For primary supporting members perpendicular to the
direction of secondary stiffeners or for hatch covers built without secondary stiffeners, the average shear stress
between the values calculated at the ends of this panel is to be considered:

TF
Tc =T (Fortp; < ?)
TF TF
= 1- —) F > —
Tc TF( 41, (For 7g 2)
Of
TF = —

V3

or: Asspecified in (1) above.

tprnet z
Ty = 0.9ktE( ' )

1000d
tprmet: Net thickness (mm) of primary supporting member
4.0
ki =535+—7
¢ =2  Ggay

a: The greater dimension (m) of the web panel of primary supporting member. For primary supporting
members perpendicular to the direction of secondary stiffeners or for hatch covers built without
secondary stiffeners, the smaller dimension d is to be considered

d: Smaller dimension (m) of web panel of primary supporting member
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Table 14.1.3-3 Value of m
1<K<4|4<K<36 36 <K m-1*m? <K <m?(m+1)2
< 144
m 1 2 3 m

14.1.3.6  Deflection limit
The vertical deflection of primary supporting members and portable beams are to be not more than ul, where / is
the greatest span of primary supporting members or portable beams, and pu is as specified in Table 14.1.3-2.

14.1.4 Requirements for Hatch Covers Carrying Cargoes

14.1.4.1 General

1  The scantlings of steel hatch covers carrying cargoes in exposed positions are to comply with the requirements in
14.1.4 in addition to the requirements in 14.1.3. When the loading condition or the type of construction differs from
the requirements of 14.1.4, the calculation method is to be as deemed appropriate by the Society.

2 The values obtained from the requirements of 14.1.4 include corrosion addition.

3 Where cargo loads and wave loads act jointly due to the height of the loaded cargo or its shape, special
considerations are to be given for calculating the superposition of the wave load and cargo load.

14.1.4.2  Thickness of the Steel Hatch Cover Top Plate
For hatch covers carrying cargoes, the thickness of the top plating ¢ is not to be less than that obtained from
following formula.
t = 1.255\/KPy + 2.5 (mm)
S:  Spacing (m) of stiffeners
P ,.: Design cargo load (kN/m?) specified in 4.8.2.3. (kN/m?)
K: Material factor of the steel material used, as specified in 3.2, Part 1.

14.1.4.3 Secondary Stiffeners of Steel Hatch Covers
The section modulus of stiffeners supported by girders and subjected to uniformly distributed loads may be
obtained from finite element method, or obtained from the following formulae.
0.71CKSP . £? (cm?)
C: Coefficient given below according to the type of end connections of stiffeners;
For lug at both ends: 1.0
For snip at both ends or snip on one end and a lug on the other: 1.5
K: Coefficient corresponding to the kind of steel as specified in 3.2, Part 1.
S:  Spacing (m) of stiffeners
P,;.: Design cargo load (kN/m?) as specified in 4.8.2.3. (kN/m?)
€. Unsupported span of stiffeners (m)

14.1.4.4 Steel Hatch Cover Girders and Hatch Beams
The net scantlings of portable beams and primary supporting members of steel hatch covers, which are simply
supported between hatch coamings with uniformly distributed loads imposed thereupon are to comply with the
following formulae. For steel hatchway covers, S and ¢ are to read as b and S, respectively.
Net section modulus at mid-span of portable beams or primary supporting members:
C,Kk,SPy 0% (cm?)
Net moment of inertia at mid-span of portable beams or primary supporting members:
Cyk,SPy 3 (cm®)
Net cross-sectional area of web plates at the ends of portable beams or primary supporting members:
C3KSPyt (cm?)
S, b, £, k; and k,: As specified in 14.1.3.4.
Ci, C; and Cs: Coefficients given in Table 14.1.4-1.
P;.: The designed cargo load, in accordance with 4.8.2.3. (kN/m?)
K: Material factor corresponding to the kind of steel as specified in 3.2, Part 1.
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Table 14.1.4-1 Coefficients C;, C, and Cs

1.07 1.81 0.064*
Notes:

*: Not applicable to steel hatch plates.

14.1.4.5  Compressive Buckling Strength of Steel Hatch Covers

Steel hatch covers are to satisfy the following formula. However, for double plated steel hatch covers, the plate

that actually bears the compressive stress need only comply.

Ofo0=>12
o.: Critical compressive buckling stress given by the following formulae.

o LOF
Foro',, S7 D0 o
For o', > % . Op <1 - 4;—2)
o' = 0.74(t/S)*(N/mm?)
t:  Thickness of steel plate considered (mm)
S:  Spacing (m) of stiffeners for the steel plate considered
op: Minimum upper yield stress or proof stress (N/mm?) of the material
o: Compressive stress acting on the steel plate considered (N/mm?)

14.1.4.6 Deflection limit

The vertical deflection of primary supporting members and portable beams are to be not more than 0.0035/, where

/ is the greatest span of primary supporting members or portable beams.

14.14.7  Considering Container Loads and Other Concentrated Loads

Where concentrated loads are imposed such as in the carriage of container cargoes, the requirements in (1) to (4)

are to be taken into consideration. However, other than those specified in 14.1.4.7 are to be in accordance with Chapter
8, Part 1.
(1) Loads

2

3

“

The loads acting on steel hatch covers are to be according to the following (a) or (b) according to the type of load.

Except for -4, no loads are to be assumed to act jointly.

(a) Where the load is uniformly distributed, P, specified in 4.8.2.3 is used, and where the load is concentrated,
the maximum design cargo load at each loading point is to be used.

(b) The load due to liquid cargoes or water ballast are to be in accordance with 4.8.2.8-2.

Modelling of Structure

(a) The structural model is to be able to reproduce the behaviour of the structure with the highest possible fidelity.

(b) The scantlings including corrosion additions which are shown on the plans may be used for the model.

(c) When modelling using beam elements, each beam element may generally include the plates up to a width of
0.1/ on either side of the beam, where / is the span of the members. The plates are to be effectively reinforced
by other members or are to be deemed by the Society to have sufficient thickness. However, the width of the
plate is not to exceed half the distance to the neighbouring member.

(d) The structural model is to be supported by pads (cleats in the case of loads due to liquid cargoes or water
ballast). If the arrangement of pads (or cleats) differs from the arrangement of stiffeners, the edge elements
of hatch covers are also to be modelled.

Allowable Values

When the loads specified in (1) act on the structural model specified in (2), the scantlings are to be determined so

that the stress and deflection generated in each structural member satisfy the allowable values specified in Table

14.1.4-2.

Miscellaneous

(a) The thickness of the top plating of steel hatch covers is to comply with the requirements in 14.1.4.2 and
14.6.13.1-1 (1), Part 1.

(b) The section modulus of stiffeners supported by girders and subjected to uniformly distributed loads may be
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obtained from finite element method, or obtained from the requirements in 14.2.5.4.

Table 14.1.4-2 Allowable Values

Kind of loads Bending Shear Stress | Deflection/
stress span
Loads due to solid and liquid cargoes or water ballast 0.5n0% 0.33n0% 0.0035
Wheel load from wheeled vehicles used for loading/unloading only | 0.625n0% 0.415n0; 0.0035
during port
Notes:
OF: Minimum upper yield stress or proof stress (N/mm?) of the material

7n: Coefficient according to grades of material as follows:

KA, KB, KD, and KE 1.00
KA32, KD32, KE32 and KF32 0.96
KA36, KD36, KE36 and KF36 0.92
KA40, KD40, KE40 and KF40 0.89

14.1.5 Special Requirements for Hatch Beams, Hatch Plates, Steel Pontoon Covers and Steel Weathertight
Covers

14.1.5.1 Hatch Beams
Hatch beams are to comply with the following (1) to (4) in addition to 14.6.7, Chapter 14, Part 1.

(1) The diameter of lightening holes provided in portable beams is to be smaller than one third of the depth of portable
beams in the section. Where the loading of lumber is planned, lightening holes are recommended not to be
provided.

(2) The thickness of web plates is not to be less than the value obtained from the following formula.

10h + 4 (mm)
h: Depth (m) of the hatch beam at the mid-point

(3) Inapplying 14.1.3 and 14.1.4, the distance between the inner sides of hatchway coamings may be used as the span
(/) of the portable beams.

14.1.5.2 Hatch Plates
Hatch plates are to be in accordance with 14.6.7.2, Part 1.

14.1.5.3  Pontoon Hatch Plates
Steel pontoon hatch covers are to comply with 14.6.7.3, Part 1.

14.1.5.4  Weathertight Hatch Covers
Steel weathertight hatch covers are to comply with the following (1) to (5):

(1) The depth of steel weathertight covers at the supports is not to be less than one-third the depth at the mid-point or
150 mm, whichever is greater.

(2) The scantlings and construction of small or special types of steel weathertight covers to which the requirements
in 14.1.3, 14.1.4 and (1) are not applicable and covers for hatchways that need no coaming under the requirements
of 14.1.2.1 will be specially considered by the Society.

(3) The means for securing and maintaining weathertightness are to comply with the following (a) to (g): However,
Special consideration is to be given to the gasket and securing arrangements in ships with large relative movements
between the cover and ship structure or between cover elements. Arrangements are to ensure that weathertightness
can be maintained in any sea condition.

(a) The weight of covers and any cargo stowed thereon are to be transmitted to the ship structure through steel
to steel contact.

(b) Gaskets and compression flat bars or angles which are arranged between covers and the ship structure and
cross-joint elements are to be in compliance with the following 1) to iii):
i)  Compression bars or angles are to be well rounded where in contact with the gaskets and are to be made
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of corrosion-resistant materials.

ii) The gaskets are to be of relatively soft elastic materials. The material is to be of a quality suitable for all
environmental conditions likely to be experienced by the ship, and is to be compatible with the cargoes
carried.

iii) A continuous gasket is to be effectively secured to the cover. The material and form of gasket selected
are to be considered in conjunction with the type of cover, the securing arrangement and the expected
relative movement between the cover and ship structure.

Securing devices attached to hatchway coamings, decks or covers are to be in compliance with the following

(i) to (vi):

i)  Arrangement and spacing of securing devices are to be determined with due attention to the effectiveness
for weathertightness, depending upon the type and the size of hatch cover as well as to the stiffness of
the cover edges between the securing devices.

ii) The gross sectional area of each securing device is not to be less than that obtained from the following
formula. However, rods or bolts are to have a net diameter not less than 19 mm for hatchways exceeding
5 m? in area.

A=14a/f (em?
a: Half the distance (m) between two adjacent securing devices, measured along the hatch cover
periphery (See Fig. 14.1.5-1).
f: As obtained from the following formula
f = (0v/235)°
Oy: Minimum upper yield stress (N/mm?) of the steel used for fabrication, but not to be taken
greater than 70% of the ultimate tensile strength
e: Coefficient determining according to the value of gy, as follows.
For oy < 235 N/mm?: 1.0
For oy > 235 N/mm?: 0.75

iii) If the packing line pressure exceeds 5 N/mm, the sectional area of bolts and rods used in the securing
arrangement is to be equal to, or greater than, the value obtained by multiplying the formula in ii) by the
ratio of the line pressure acting on the value obtained and 5 N/mm.

iv) Individual securing devices on each cover are to have approximately the same stiffness characteristics.

v)  Where rod cleats are fitted, resilient washers or cushions are to be incorporated.

vi) Where hydraulic cleating is adopted, a positive means is to be provided to ensure that it remains
mechanically locked in the closed position in the event of failure of the hydraulic system.

The moment of inertia of the edge elements of hatch covers is not to be less than that obtained from the

following formula:

I = 6pa* (cm®)

a:

p:

(e)

¢

Maximum of the distance (m), between two consecutive securing devices, measured along the hatch cover
periphery, not to be taken as less than 2.5a..

ac:max(a; 1,a,,) (m) (See Fig. 14.1.5-1)
As specified in 4.8.2.6.

When calculating the actual gross moment of inertia of edge elements, the effective breadth of the attached

plating of hatch covers is to be taken as equal to the lesser of the following values:

i) 0.165a

ii) Half the distance between the edge element and the adjacent primary member

The cross-section of the shaped steel or rubber seal supporting member is to be of sufficient size, and is to

connect to both ends of the hatch cover so as to ensure linear contact while maintaining a uniform pressure

across the entire circumference of the hatch cover.

A drainage arrangement equivalent to the standards specified in the following i) to iv) are to be provided.

i)  Drainage is to be arranged inside the line of gaskets by means of a gutter bar or vertical extension of the
hatch side and end coaming. If an application is made by the owner of a container carrier and the Society
deems it to be appropriate, special consideration will be given to this requirement.

ii) Drain openings are to be arranged at the ends of drain channels and are to be provided with effective
means such as non-return valves or the equivalent for preventing the ingress of water from outside.
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iii) Cross-joints of multi-panel covers are to be arranged with a drainage channel for water from space above
the gasket and a drainage channel below the gasket.
iv) Ifa continuous outer steel contact between cover and ship structure is arranged, drainage from the space
between the steel contact and the gasket is also to be provided for.
(g) Itis recommended that ships with steel weathertight covers are supplied with an operation and maintenance
manual which includes the following i) to v):
i)  Opening and closing instructions
ii) Maintenance requirements for packing, securing devices and operating items
iii) Cleaning instructions for drainage systems
iv) Corrosion prevention instructions
v) List of spare parts
(4) In addition to the (3) above, hatch covers carrying deck cargoes are to be in compliance with the following (a) to
(e).
(a) Hatch covers carrying deck cargoes are to be effectively secured against the horizontal and vertical forces
arising from ship motion.
(b) To prevent damage to hatch covers and the ship structure, the location of stoppers is to be compatible with
the relative movements between hatch covers and the ship structure.
(c) Hatch covers and supporting structures are to be adequately stiffened to accommodate the load from hatch
covers.
(d) At the cross-joints of multi-panel covers, vertical guides (male/female) are to be fitted to prevent excessive
relative vertical deflections between loaded/unloaded panels.
(e) The construction and scantlings of hatchways on exposed parts are to comply with the following requirements
in addition to those of 14.1.3 and 14.1.4.
i)  The loading arrangement is to be clearly shown in drawings submitted for approval. In the case of freight
containers, the type and location are to be additionally described.
ii)  Girders or stiffeners are to be provided for reinforcement beneath the corner fittings of freight containers
iii) The top plates of hatch covers, upon which wheeled vehicles are loaded, are to comply with 10.1, Part
2-6.
(5) For steel weathertight hatch covers, effective means for stoppers complying with the requirements in Table 14.1.5-
1 against the horizontal green sea forces acting on them are to be provided.
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Fig. 14.1.5-1 Distance between Securing Devices, Measured Along Hatch Cover Periphery

a,=a,,+a,

I ————— O O
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O O
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a=(a,+a,,)/2

Table 14.1.5-1 Strength Requirements for Stoppers

Design As specified in 4.8.2.7.
pressure
Allowable In stoppers, their supporting structures and the stopper welds (calculated at the throat of
equivalent welds), the equivalent stress is not to exceed the allowable value of 0.8 times the yield
stress stress of the material.

14.1.6 Tarpaulins and Securing Arrangements for Hatchways Closed by Portable Covers

14.1.6.1

Tarpaulins and securing arrangements for hatchways closed by portable covers are to be in accordance with 14.6.8,
Part 1.

14.1.7 Steel Hatchway Covers of Ballast Holds

14.1.7.1
Scantlings of steel hatch covers or similar covers provided on exposed upper decks and hatch coaming in way of
cargo holds used as deep water ballast tanks are to comply with the requirement in 14.6.13, Part 1.
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Annex 1.1 ADDITIONAL REQUIREMENTS FOR BULK CARRIERS IN
CHAPTER XII OF THE SOLAS CONVENTION

Anl General

Anl.1 Application

Anl.1.1

1  This Annex applies to bulk carriers defined in An1.2.1(1).

2 Except where required otherwise in this Annex, the requirements of Parts 2-2, 2-3, 2-4, 2-5 and the general
requirements for construction and equipment of steel ships, as applicable, are to be applied.

3  For the application of the requirements of An2, An3, An4 and AnS for bulk carriers of double-side skin
construction which have a longitudinal bulkhead located within B/S or 11.5 m, whichever is less, inboard from the
ship’s side at right angled to the centreline at the assigned summer load line, cargo holds where the longitudinal
bulkhead is closer to the ship’s side than the required distance are to be considered flooded.

Anl.2 Definitions

Anl.2.1

Terms used in this Annex are defined as follows:

(1) “Bulk carrier” means a ship which is intended primarily to carry dry cargo in bulk, including such types as ore
carriers and combination carriers (i.e. ships which have loading conditions for carrying dry cargoes in bulk
included in their loading manual).

(2) “Bulk carrier of single-side skin construction” means a bulk carrier as defined in (1), other than bulk carriers of
double-side skin construction as defined in (3).

(3) “Bulk carrier of double-side skin construction” means a bulk carrier as defined in (1), in which all cargo holds
are bounded by a double-side skin as defined in (4).

(4) “Double-side skin”” means a configuration where each ship side is constructed by the side shell and a longitudinal
bulkhead connecting the double bottom and the deck. Hopper side tanks and top-side tanks may, where fitted, be
integral parts of the double-side skin configuration.

(5) “Solid bulk cargo” means any material, other than liquid or gas, consisting of a combination of particles, granules
or any larger pieces of material, generally uniform in composition, which is loaded directly into the cargo spaces
of a ship without any intermediate form of containment.

(6) “Bulk cargo density” or “Bulk density” (t/m*) means the ratio of the loaded cargo mass to the volume which is
assumed to be occupied by the loaded cargo including empty spaces within the bulk cargo, notwithstanding the
specific gravity of the cargoes defined in 4.4.2.5, Part 1.

(7) “Permeability” of a space means the ratio of the volume within the space which is assumed to be occupied by
water to the total volume of the space under consideration. In this Annex, the value given in Table Anl may be
used as standard according to the kind of cargo. For cargoes other than those given in Table Anl, the values of
permeability are to be at the Society’s discretion.

(8) “Angle of repose” means the maximum slope angle between a horizontal plane and a cone slope of free-flowing
bulk cargo. In this Annex, the value given in Table An2 may be used as standard according to the kind of cargo.
For cargoes other than those given in Table An2, the values of permeability are to be at the Society’s discretion.

Table Anl Permeability

Cargo and etc. Permeability
Iron ore 0.3
Cement 0.3

Coal 0.3
Empty space 0.95
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Table An2 Angle of Repose

Cargo and etc. Angle of repose
Iron ore 35°
Cement 25°

Coal 35°

An2 Damage Stability

An2.1 Survivability

An2.1.1

1 Bulk carriers, coming under the following (1) or (2), of not less than 150 m in length Ly, designed to carry solid

bulk cargoes having a density of not less than 1.0 fon/m* are to, when loaded to the summer load line, be able to

withstand flooding of any one cargo hold in all loading conditions and remain afloat in a satisfactory condition of
equilibrium, as specified in the following -2. However where deemed necessary by the Society, plural cargo holds are
to be assumed to be flooded.

(1) Bulk carriers of single-side skin construction

(2) Bulk carriers of double-side skin construction in which any part of a longitudinal bulkhead is located within B/5
or 11.5 m, whichever is less, inboard from the ship’s side at right angles to the centreline at the assigned summer
load line

2 The condition of equilibrium after flooding is to be in accordance with the following:

(1) The final water line after flooding, taking into account sinking, heel, and trim, is to be below the lower edge of
any opening through which progressive flooding may take place. Such openings are to include air pipes, ventilators
and openings which are closed by means of weathertight doors or hatch covers. The openings closed by means of
manhole hatch covers and flush scuttles, watertight hatch covers, remotely operated sliding watertight doors and
side scuttles of the non- opening type, may be excluded.

(2) Where pipes, ducts or tunnels are situated within the assumed extent of damage penetration, arrangements are to
be made so that progressive flooding does not extend to compartments other than those assumed to be flooded.

(3) The metacentric height in the flooded condition is to be positive.

(4) The righting lever curve is to have a minimum range of 20 degrees beyond the position of equilibrium and a
maximum righting lever of at least 0.1 m within this range. The area under the righting lever curve within this
range is to be not less than 0.0175 m-rad. Unprotected openings are not to be immersed within this range except
where the corresponding compartments are assumed to be flooded. “Unprotected openings” include 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 or emergency generator room (if the
same is considered buoyant in the stability calculation or protecting openings leading below) for the effective
operation of the ship.

3 With respect to the requirements of -1 above, if the following load conditions satisfy the requirements regarding

the final water line specified in -2 above, there is no need to confirm the survivability of each load condition separately.

(1) The ship is to be loaded to its summer load water line on an even keel.

(2) Where the vertical centre of gravity is calculated, the following conditions are to be satisfied.

(a) Homogeneous cargo loading condition

(b) All cargo compartments including those to be partly loaded are considered fully loaded.

(c) If the ship is intended to operate at its summer load line with empty compartments, such compartments are
to be considered empty only when the height of the centre of gravity so calculated is not less than as calculated
in (b) above.

(d) 50% of the individual total capacity of all tanks and spaces fitted to contain consumable liquids and stores
is allowed for. It is assumed that for each type of liquid, at least one transverse pair or single centre line tank
has maximum free surface, and that the effect of the free surface on the tank or combination of tanks to be
taken into account is the greatest. The remaining tanks are assumed either completely empty or completely
filled, and the distribution of consumable liquids between these tanks is to be effected so as to obtain the
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greatest possible height above the keel for the centre of gravity.
(e) The specific gravity of the liquid weight is to be obtained from Table An3.
4  The ships whose assigned freeboards are of “B-60" or “B-100" type specified in Part V are to be treated as
complying with -1 and -3 above.

Table An3 Specific Gravity

Liquid Specific gravity
Sea water 1.025
Fresh water 1.000
Heavy oil C 0.950
Heavy oil A 0.900
Lubricating oil 0.900

An2.2 Permeability

An2.2.1
The permeability of the compartment assumed to be damaged is to be obtained from Table An4. However, the
permeability may be different where deemed appropriate by the Society.

Table An4 Permeability

Compartment Permeability
Loaded hold 0.9
Empty hold 0.95

An3 Transverse Watertight Bulkheads in Cargo Holds

An3.1 General

An3.1.1

1  The requirements in An3 apply to vertically corrugated watertight bulkheads in cargo holds of bulk carriers,

coming under the following (1) or (2), of not less than 150 m in length Ly, designed to carry solid bulk cargoes having

a density of not less than 1.0 #/m>.

(1) Bulk carriers of single-side skin construction

(2) Bulk carriers of double-side skin construction in which any part of a longitudinal bulkhead is located within B/5
or 11.5 m, whichever is less, inboard from the ship’s side at right angles to the centreline at the assigned summer
load line

2 In An3, “homogeneous loading condition” means a loading condition in which the ratio between the highest and

lowest filling ratio, evaluated for each hold, does not exceed 1.20, to be corrected for different cargo densities.

3 The most severe combinations of cargo induced loads and flooding loads are to be used for examining the

scantlings of the bulkheads, depending on the following loading conditions included in the loading manual: In any case,

the pressure due to the flood water alone needs to be considered when making calculations. Non-homogeneous loading

conditions associated with multiport loading and unloading operations that occur before a homogeneous loading

condition is reached does not need to be considered.

(1) Homogeneous loading conditions

(2) Non-homogeneous loading conditions

4  Inapplying the requirements of An3, holds carrying bound cargoes such as steel mill products are to be considered

as empty holds for examining the scantlings of the bulkhead.

5  The thickness of bulkheads excluding the corrosion margin (hereinafter referred to as “net thickness™), t,q, is to

be used for examining the scantlings of the bulkhead. The actual scantlings of the bulkhead are to be at least t,.; plus

the corrosion margin which is not less than 3.5 mm.

6  Unless the ship is intended to carry, in non-homogeneous conditions, only iron ore or cargo having a bulk density
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not less than 1.78 #/m3, the maximum mass of cargo which may be carried in the hold is to be considered as cargo that
fills the hold up to the upper deck level at the centre line.

7  For ships of not less than 190 m in length L., bulkheads are to be fitted with a lower stool and generally with an
upper stool. For ships other than the above, corrugations may extend from the inner bottom to the deck.

An3.2 Load Conditions

An3.2.1
The flooding head z; (m) is to be the vertical distance from the baseline in the absence of trim, according to Table
AnS.

Table An5 Flooding Head zp (m) of Vertically Corrugated Watertight Bulkhead

Position of the vertically corrugated watertight
bulkhead

Type of bulk carrier Loading condition The aft bulkhead in

the foremost cargo Other bulkheads
hold

Where the ship is to carry cargoes having a
bulk density of less than 1.78 #/m? in non- zp = 0.95D zp = 0.85D
homogeneous conditions

General

Elsewhere zp=D zp =09D

Where the ship is to carry cargoes having a
For ships less than 50,000 bulk density of less than 1.78 #/m? in non- zp = 0.9D zp = 0.8D

tonnes deadweight with a homogeneous conditions

type B freeboard

Elsewhere zr = 0.95D zr = 0.85D

2 In a non-flooded hold loaded with cargo, the pressure P,; (kN/m?) and force F, (kN) acting on the corrugated
bulkhead are to be obtained from Table An6.

Table An6 Pressure P, and Force Fj,; Acting on Corrugated Bulkheads due to Bulk Cargo

The pressure P, (kN/m?) at each point of the bulkhead Pps = pegKe—f(z¢ — 2)
The force Fys (KN) acti h d bulkhead _ (z¢ = hpp — hys)?
e force Fj,; (kN) acting on the corrugated bulkhea Fys = pcgS: > o—f
Notes:

pe . Bulk cargo density (z/m?)
K._s: Coefficient, as given by the following formula:
K._y = tan® (45° - g)
P: As specified in Table An2.
zc:  Distance (m) from the baseline to the horizontal plane corresponding to the top of the cargo when
levelled out (See Fig. Anl)
hpg: Height (m) of the double bottom
Si: Spacing (m) of corrugation

h;s:  Height (m) of the lower stool from the inner bottom plating

—135—



CIaSSNI( 2023 Rules for the Survey and Construction of Steel Ships (Part C Part2-2)

3 The pressure and force acting on the corrugated bulkhead in a cargo hold containing bulk cargo under flooded
conditions are to take the following two differing flooding patterns (1) and (2) into account based on the relation
between the flooding head zp of the cargo hold and the height of the cargo z, in each cargo hold. The static load
acting on a vertically corrugated watertight bulkhead under flooded conditions Pyr_s (kN/m?) and the force acting on
the corrugated structure of a transverse bulkhead Fy,;_ (kN) are to be in accordance with Tables An7 and An8,

respectively.

Zp —Z

1

/]

Zc

N\

V' : Volume of Cargo
P : Calculation Point

(1) State where the flooding head is below that of the upper surface of the cargo (z, > zg)

(2) State where the flooding head is above that of the upper surface of the cargo (z; < zp)

Table An7 Static Load Ppr_s Acting on Vertically Corrugated Watertight Bulkhead in Cargo Hold under Flooded
Conditions
. Position of load . 2
Flooding pattern . static pressure Py, _(kN/m?)
point
Z> 7o Py s=0
zp < Z¢ 72 =2>2p Pyrs = pcg(z¢ — 2)K. ¢
Zp > 2 > hpp Pyr_s = pg(zr — z) + [pc(zc — z) — p(1 — perm) (zp — 2)]gK._f
Z > Zp Pprs=0
Zp = Z¢ Zp =2 Z 227 Pprs = pg(zr — 2)
ze>z>hpg | Por—s = pg(zr — 2) + [pc — p(1 — perm)]g(zc — 2)K._¢
Notes:
zp:  As specified in Table An5.
Zc, hpg, Pc» K._g:As specified in Table An6.
perm: As specified in Anl.1.2.1 (7).
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Table An8 Force Fpr_s Acting on Vertically Corrugated Watertight Bulkhead in Cargo Hold under Flooded

Conditions
Flooding case Force Fyr_s (KN)
(zc — zp)? pcg(Zc — zp)Ke_f + Ppp_s 1
Zp < Z¢ Fppos =51 [pcg > K._s+ ZC > (zp — hpp — hys)

(zr —2¢)*  pg(zr —2¢) + Pppos_1i
2 + 2

Zr = Z Fppos =51 [Pg (z¢ — hpp — th)]

zp:  As specified in Table An5.
Zc, hpg, Pcs Ke—g, hys, Si:As specified in Table An6.
Ppr_s_1E: In case of z = hyg + hppg, the static load (kN/m?) calculated according to Table An7

4  The pressure Py (kN/m?) and force Fy (kN) acting on a corrugated bulkhead of an empty cargo hold are to be
obtained from Table An9.

Table An9 Pressure Pr and Force Fy Acting on Empty Corrugated Bulkhead When Flooded

The pressure Py (kN/m?) at each point of the bulkhead Pr = pg(zp — 2)
: (zp — hpp — hy5)?
The force Fy (kN) acting on the corrugated bulkhead F; = Sipg >
Notes:

zp:  As specified in Table An5.
Z¢, hpg, his, Si:As specified in Table Ané.

5  The total pressure Py (kN/m?) acting on each point of the bulkhead and the resultant force Fy (kN) acting on the
corrugated structure as specified in Table An10 are to be used as the total pressure and resultant force acting on the
vertically corrugated watertight bulkhead under flooded conditions.

Table An10  Total Pressure Pp and Resultant Force Fp Acting on Vertically Corrugated Watertight Bulkhead under
Flooded Conditions

Loading condition Total pressure Py (kN/m?) Resultant force Fr (kN)
Homogeneous loading

.. PR = be—s - 0'8Pbs FR = be_s - 0'8Fbs
condition

Non-homogeneous
g PR=be—S FR=be—S

loading condition

Notes:
Pys_s: As specified in Table An7.

Pys: As specified in Table An6.
Fpp_s: As specified in Table An8.

F,c: As specified in Table An6.

An3.3 Bending Moment and Shear Force in Bulkhead Corrugations

An3.3.1

1  The design bending moment M for bulkhead corrugations is given by the following:
Fpt
M= % (kN-m)

Fg: As specified in An3.2.1-5
¢:  Span (m) of the corrugation as shown in Figs. An2(a) and An2(b)
2 The shear force Q at the lower end of the bulkhead corrugations is given by the following:
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Q = 0.8F; (kN)
Fg: As specified in An3.2.1-5

An3.4 Strength Criteria

An34.1

1
(M

2

(€))

“

(&)

2

The section modulus at the lower end of the corrugation is to be calculated with the following considerations.
The width of the compressive corrugation flange to be used for the calculation of the section modulus is not to
exceed the effective width B¢ (m) obtained by the following.

Bef = Cea (m)
2.25 1.25

Ce . T—? (‘B > 125)
1.0 (B < 1.25)
a (O

B — | £x10
t\NE

tr:  Net flange thickness (mm)

a: Width (m) of corrugation flange (See Fig. An2 (a))

or: Yield stress (N/mm?) of the material
Where the webs of corrugation are not supported by local brackets below the stool top (or below the inner bottom)
in the lower part, the section modulus of the corrugations is to be calculated considering the corrugation webs to
be 30% effective.
Provided that effective shedder plates as defined in An3.5.1-5 are fitted (See Figs. An3(a) and An3(b)), the area

of flange plates may be increased by the following formula when calculating the section modulus of corrugations
(See cross-section (1) in Figs. An3(a) and An3(b)), but it is not to be greater than 2.5aty.

2.5a,[tte, (cm?)

a : Width (m) of corrugation flange (See Fig. An2 (a))

ten: Net shedder plate thickness (mm)

tr:  Net corrugation flange thickness (mm)
Provided that effective gusset plates as defined in An3.5.1-6 are fitted (See Figs. An4(a) and An4(b)), the area of
flange plates may be increased by the following formula when calculating the section modulus of corrugations
(See cross-section (1) in Figs. An4(a) and An4(b)).

Thyts (cm?)

hg: Height of gusset plate (m), but not to be greater than 10S,, /7 (See Figs. And(a)and And(b))

Sgu: Width of gusset plate (m)

ty:  Net flange thickness (mm)
If the corrugation webs are welded to sloping stool top plates which have an angle of not less than 45° with the
horizontal plane (See Fig. An4(b)), the section modulus of the corrugations may be calculated taking the
corrugation webs as fully effective. For angles less than 45°, the effectiveness of the web may be obtained by
linear interpolation between 30% (for 0°) and 100% (for 45° ). Where effective gusset plates are fitted, the area
of flange plates may be increased as specified in (4) above when calculating the section modulus of corrugations.
This is not applicable if only shedder plates are fitted.
Provided that effective gusset plates or shedder plates as defined in An3.5.1-5, and An3.5.1-6 are fitted, the section

modulus of corrugations at the lower end Z;, is to be not greater than Z’;, obtained from the following formula:

Qhg —0.5hg

7 —7 ?51Pg 3 3
le =Zg+ X 10° (cm’)

Oa
4: Section modulus (cm?) of corrugation according to -3 in way of the upper end of shedder plates or gusset
plates

Q: Shear force (kN) as specified in An3.3.1-2.

hg: Height (m) of shedder plates or gusset plates (See Figs. An3(a), An3(b), An4(a) and An4(b)b)

S1: As given in An3.2.1-2

P,: Resultant pressure (kN/m?) as specified in An3.2.1-5., calculated in way of the middle of the shedder plates
or gusset plates

0,: Yield stress (N/mm?) of the material to be used for the lower end of corrugations
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3 The section modulus of corrugations at a cross-section other than the lower end Z,,, calculated in 1 and 2 is to be
calculated with the corrugation webs considered effective and the compressive flange having an effective flange width
bes not greater than as given in -1 above.
4  The bending capacity of corrugation is to be in accordance with the following:

M

x 103 < 0.95
0.5Z1,040e + Z;0gm

M: Bending moment (kN-m) as specified in An3.3.1-1
Z,.: Section modulus (cm?) of corrugation at the lower end as specified in -1 above
Z.: Section modulus (cm?) of corrugation at the mid-span of corrugation as specified in -3 above. Z,,, is not
to be greater than 1.15-Z,,.
Og et Yield stress (N/mm?) of the material to be used for the lower end of corrugations
Ogm' Yield stress (N/mm?) of the material to be used for the mid-span of corrugations
5  Shearing stress of corrugation is to be in accordance with the following: (See Fig. An2(a))
Q x 103
Tqg = -
A, sing
T,: 0.50; (N/mm?)
op: Yield stress of material (N/mm?)
Q: Shear force (kN) as specified in An3.3.1-2
A,,: Sectional area (mm?) of corrugation web at the lower end
¢: Angle (°) between the web and the flange
6  The buckling strength of the corrugation is to fulfil the following formula so that the shearing stress 7. for the

(N/mmz)

web plates at the ends do not exceed the critical value.

TEST: T, =Tg (N/mmz)
> IF = (1—TF) Nimm'
TE>o T =T yr (N/mm™)
OF
Tp I —
F \/§

op: Yield stress of material (N/mm?)
2

t

k. Coefficient as 6.34
t:  Net thickness (mm) of corrugation web
c:  Width (m) of corrugation web (See Fig. An2(a))
7  The corrugation local net plate thickness t is to comply with the following:

t =149, (mm)

F

Sw: Plate width (m) to be taken equal to the width of the corrugation flange or web, whichever is the greater
(See An2(a))

P: Resultant pressure kN/m?) at the bottom of each strake of bulkhead plating calculated in An3 2.1-5; in all
cases, the net thickness of the lowest strake is to be determined using the resultant pressure at the top of
the lower stool, or at the inner bottom if no lower stool is fitted, or at the top of shedders if shedder or
gusset/shedder plates are fitted.

orp: Yield stress of material (N/mm?)

For built-up corrugation bulkheads, of which the thickness of the flange and web are different, the thickness of the
narrower plating is to be not less than t, given by the following:

1.05P

F

t, = 14.95, (mm)

Sp: Width (m) of the narrower plating
The net thickness of the wider plating ¢, is to be taken not less than ¢t,, and t,, obtained from following
formula:
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1.05P
ty1 = 14.9S, p (mm)
F

\/4405j x 1.05P

Op

—tnp? (mm)

th
tnp: The value (mm) not greater than the net thickness of the narrower plating and t,,;
An3.5 Structural Details

An3.5.1

1  The corrugation angle ¢ shown in Fig. An2(a) is not to be less than 55°

2 The thickness of the lower part of the corrugations calculated in An3.4.1-1, -2, -4 and -5 are to be maintained for

a distance of not less than 0.15] from the inner bottom (if no lower stool is fitted) or the top of the lower stool.

3 The thickness of the middle part of the corrugations calculated in A3.4.1-3, -4 and -5 are to be maintained for a

distance of not less than 0.3] from the deck (if no upper stool is fitted) or the bottom of the upper stool.

4  The section modulus of the corrugation in the upper part of the bulkhead other than those specified in -2 and -3

above is not to be less than 75% of that required for the middle part in -3 above, and to be corrected for the yield stresses

of different materials.

5  Where shedder plates are fitted, they are to comply with the following so as to maintain their effectiveness.

(1) Not be knuckled

(2) Be welded to the corrugation and the top plate of the lower stool by one-side penetration welds or equivalent

(3) Have a min. slope of 45° and their lower edge is to be in line with the stool side plating

(4) Have a thickness of not less than 75% of that of the corrugation flange, and have material properties at least
equivalent to those used for the corrugation flanges

6  Where gusset plates are fitted, they are to comply with the following so as to maintain their effectiveness

(1) Be in combination with the shedder plates of -5 above.

(2) Have a height of not less than half of the corrugation flange width

(3) Be fitted in line with the stool side plating

(4) Have a thickness and material properties at least equivalent to those used for the corrugation flanges

(5) Be welded to the top of the lower stool by either full penetration or deep penetration welds (See Fig. An6) and to
the corrugations and shedder plates by one side penetration welds or equivalent.

7  Where lower stools are fitted with the bulkheads, the structure and arrangements are to be in accordance with the

following. For ships less than 190 m in length L, the following (1) and (6) are standard.

(1) The height of the lower stool is generally to be not less than three times the depth of the corrugations.

(2) The thickness and material of the lower stool top plate is not to be less than those required for the bulkhead plating
at the lower end of the corrugation in An3.4.1. In addition, the type of steel in use is to be at least equivalent to
that used for the bulkhead plating at the lower end of the corrugation.

(3) The thickness and material of the upper part of the slant stool side plating with a depth equal to the corrugation
flange width from the stool top is not to be less than those required for the bulkhead plating at the lower end of
the corrugation stipulated in An3.4.1. In addition, the type of steel in use is to be at least equivalent to that used
for the bulkhead plating at the lower end of the corrugation.

(4) The ends of stool side vertical stiffeners are to be attached to brackets at the upper and lower ends of the stool.

(5) The distance from the edge of the stool top plate to the surface of the corrugation flange is to be not less than the
thickness of the flange (See Fig. An5).

(6) The stool bottom is to be installed in line with double bottom floors and is to have a width of not less than 2.5
times the mean depth of the corrugation.

(7) The stool is to be fitted with diaphragms in line with the longitudinal double bottom girders for effective support
of the corrugated bulkhead.

(8) Scallops in the brackets and diaphragms in way of the connections to the stool top plate are to be avoided.

(9) Flanges and webs of corrugated bulkhead plating are to be connected to the stool top plate by full penetration
welds. The stool side plating is to be connected to the stool top plate and the inner bottom plating by either full
penetration or deep penetration welds (See Fig. An6).
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Where upper stools are fitted with the bulkheads, the structure and arrangements are to be in accordance with the

following. For ships less than 190 m in length L., the following (1) and (4) are standard.

Q)

2
3
“
&)
(6)

O]
®)

(€))
9

The upper stool, where fitted, is to have a height generally between two to three times the depth of corrugations.
When measured at the hatch side girder, the height of rectangular stools from the deck is to be generally equal to
two times the depth of corrugations.

The upper stool is to be properly supported by girders or deep brackets between the adjacent hatch-end beams.
The width of the stool bottom plate is generally to be the same as that of the lower stool top plate.

The stool top of non-rectangular stools is to have a width of not less than two times the depth of corrugations.
The thickness and material of the stool bottom plate are to be the same as those of the bulkhead plating below.
The thickness of the lower portion of stool side plating is not to be less than 80% of that required for the upper
part of the bulkhead plating where the same material is used.

The ends of stool side vertical stiffeners are to be attached to brackets at the upper and lower ends of the stool.
Diaphragms are to be fitted inside the stool in line with and effectively attached to longitudinal deck girders
extending to the hatch end coaming girders for effective support of the corrugated bulkhead.

Scallops in the brackets and diaphragms in way of the connection to the stool bottom plate are to be avoided.
Where upper stools are fitted with the bulkheads, the structure and arrangements are to be in accordance with the

following.

)

2

3

10

Where no upper stools are fitted, two transverse reinforced beams are to be fitted in line with the corrugation
flanges at the deck. The thickness and material of the beams are not to be less than those required for the bulkhead
plating at the upper end of the corrugation, and the height of the beams are to be generally not less than half the
depth of the corrugations.

Where no lower stools are fitted, the corrugation flanges are to be in line with the supporting floors. Flanges and
webs of corrugated bulkhead plating are to be connected to the inner bottom plating by full penetration welds. The
plating of supporting floors is to be connected to the inner bottom by either full penetration or deep penetration
welds (See Fig. An6). The thickness and material properties of the supporting floors are to be at least equal to
those of the corrugation flanges.

The scallops for connections of the inner bottom longitudinals to the double bottom floors in (2) above are to be
closed by collar plates. The supporting floors are to be connected to each other by suitably designed shear plates,
as deemed appropriate by the Society.

The design of local details is to be for the purpose of transferring the force and moment acting on the corrugation

to boundary structures, in particular to the double bottom and cross-deck structures.
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An3.6 Renewal Thickness for Ship in Operation

An3.6.1

Structural drawings of corrugated bulkheads complying with the requirements of An3.4.1 are to indicate the
renewal thickness (tgs_pyie) for each structural element, given by the following formula in addition to the as built
thickness (t,enewaqr)- If the thickness for voluntary addition is included in the as built thicknesses, the value may be at

the discretion of the Society.

trenewar = tas—puire — 3.0 (mm)
An4 Allowable Hold Loading on Double Bottom

An4.1 General

An4.1.1

1 Bulk carriers, coming under the following (1) or (2), of not less than 150 m in length L, designed to carry solid

bulk cargoes having a density of not less than 1.0 ton/m? are to have sufficient double bottom strength to withstand

flooding of any one cargo hold in all designed loading and ballast conditions. Evaluation of the double bottom strength

is to be in accordance with An4.3.

(1) Bulk carriers of single-side skin construction

(2) Bulk carriers of double-side skin construction in which any part of a longitudinal bulkhead is located within B/5
or 11.5 m, whichever is less, inboard from the ship’s side at right angles to the centreline at the assigned summer
load line
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2 Applicability for ships without bilge hopper tanks are to be in accordance with the following.

(1) For ships having double side construction from the tank top to the upper deck, e.g. box shape ships, the parts of
double side construction are to be treated as bilge hoppers.

(2) For ships having single side construction from the tank top to the upper deck or top side tanks, ends of the lower
brackets of the web frames are to be treated as the lower ends of hoppers.

An4.2 Notes for Evaluation of Strength

An4.2.1
1  The maximum bulk cargo density is of importance when considering the cargo load acting on the double bottom
of a cargo hold that is flooded.
2 In calculating the shear strength, the net thickness t,.; of floors and girders is to be used, as given by the
following:

thet =t — 2.5 (mm)

t:  As built thickness of floors and girders (mm)
3 The shear capacity of the double bottom is defined as a sum of the shear strengths at each end of the following
members:
(1) All floors adjacent to both hoppers, less one half of the strength of the two floors adjacent to each stool, or

transverse bulkheads if no stool is fitted. (See Fig. An7)

(2) All double bottom girders adjacent to stools or transverse bulkheads if no stool is fitted.
4  The strength of girders or floors of end holds which do not directly attach to boundary stools or hopper girders are
to be evaluated at one end only.
5  The floors and girders to be considered are those inside the hold boundaries formed by the hoppers and stools (or
transverse bulkheads if no stool is fitted). The hopper side girders and the floors directly below the connection of the
bulkhead stools (or transverse bulkheads if no stool is fitted) to the inner bottom are not to be included.
6  When the shape and/or structural arrangement of the double bottom are deemed inadequate by the Society as
stipulated above, the shear capacity of the double bottom is to be calculated at the discretion of the Society.

Fig. An7 Floors and Girders to be Calculated

T Bulkh
Lower Stool ransverse Bulkhead ~L
Floor adjacent Floor adjacent to
to the Stool Transverse Bulkhead
.
&
rd
~
Floors

An4.3 Strength Criteria

An4.3.1

1  Shear capacity of double bottom C; and C, are to comply with the following formulae:
Ch = Pep—ap  Appn (kN)
Ce = Ppp_ap " Appe (KN)
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The variables in the above formulae are to be in accordance with the following 2 to 4.
2 Shear capacities of the double bottom €, and C, are to be obtained from the following formulae:
Cp = Ymin(Ssy, Sr,) + 2min(S,4, Sy,) (kN)
Co = XS + Yymin(Syy, Sy) (kN)
S¢1, Sgz: The floor shear strength in way of the floor panel adjacent to hoppers, and the shear strength in way
of the openings in the outmost bay (i.e. the bay closest to hoppers) are given by the following:
T
Spy = 10734, =% (kN)
N1
-3 Ta
sz =10 Af,h_ (kN)
Ng2
Ay Sectional area (mm?) of the floor panel adjacent to hoppers

Af g Net sectional area (mm?) of the openings in the outmost bay (i.e. the bay closest to hoppers)
7,: Allowable shear stress to be taken equal to the lesser of the following formula (however,

7, may be taken as o /+/3 for floors adjacent to stools or transverse bulkheads):
162 - 0506

Of 2
Tq W and ﬁ (N/mm )
tnet
or: Yield stress of the material (N/mm?)
s: Spacing (mm) of stiffening members of panel under consideration
Neyp o 1.10

N2 1.20; may be reduced to 1.10, where appropriate reinforcements are fitted to the Society’s satisfaction.

Sg1, Sgz: The girder shear strength in way of the girder panel adjacent to stools (or transverse bulkheads, if
no stool fitted) and the girder shear strength in way of the largest openings in the outmost bay (i.e. the bay
closest to stools, or transverse bulkheads, if no stool fitted) are given by the following:

-3 Ta
Sg1 = 10734, == (kN)
ngl
-3 Ta
Sg2 =107 Ay, — (kN)
7792

Ay Sectional area (mm?) of the girder panel adjacent to stools (or transverse bulkheads, if no stool fitted)
Ag p:Net sectional area (mm?) of the largest openings in the outmost bay (i.e. the bay closest to stools, or
transverse bulkheads, if no stool fitted)
Ng1: 1.10
Ng2: 1.15; may be reduced to 1.10 where appropriate reinforcements are fitted to the Society’s satisfaction,
such as in the case of (1) and (2) below.
(1) Two horizontal stiffeners are fitted on the floor and/or girder above and below the opening.
(2) A doubling plate is fitted in the circumference of the opening.
3  Theload Ppp_g4, (kN/m?) acting on the double bottom in the flooded hold condition is to be obtained from Table
Anll. In such cases, the flooding head zp (m) under consideration is to be the vertical distance from the baseline in
the absence of trim or heel, according to Table An12.
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Table Anll  Load Prp_g4, Acting on Double Bottoms When Flooding Occurs

Flooding case Load Prp_gp(kN/m?)
Zp > Z¢ Prp_ap = pgl(z¢ — hpp)(perm — 1) — E + (zr — hpp)] + pcg(zc — hpp)
Zp S Z¢ Prp_ap = pcg(zc — hpp) — pglE — (2 — hpg)perm]
Notes:

Zp: As specified in Table An12

Z¢, hpp: As specified in Table An6

pc: Bulk cargo density (#/m°). The density for steel is to be used for steel mill products™®.
perm: As specified in An1.2.1(7). 0 for steel mill products.

Ve: Cargo volume (m3) for each cargo hold as given by the following formula:

VC =

Pc
F: Coefficient to be taken as 1.1. However, it is to be taken as 1.05 for steel mill

products.
w: Cargo mass (¢) loaded in each hold

E: Ship immersion (m) for flooded hold condition as given by the following formula:
E =2z —0.1D

(1) The load in the cargo hold is determined by the sum of the weight of the steel products, and the weight of the flooded load,

which is obtained by determining the volume of steel products in the cargo hold using the actual density of the steel mill products
being loaded, and it is to be assumed that seawater enters the void spaces remaining in the cargo hold at a flooding rate of 0.95 in

cases where the flooding rate for the volume of steel products being considered is assumed to be 0.

Table An12  Flooding Head zr (m) of Double Bottoms in the Cargo Hold Area of Bulk Carrier

Location of the cargo hold
Type of bulk carrier Foremost cargo
Others
hold
General ship zp =D zp = 09D
Bl.llk carriers with less than 50,000 fonnes deadweight 2y = 095D 2y = 0.85D
with a type B freeboard

4  The areas Appp and App. of the double bottom on which the loads are acting is to be calculated by the
following:

Apsn = Xy, SiBogi (m)

Apge =Y., Si(Bpg —S) (m?)

n: Numbers of floors between stools (or transverse bulkheads, if no stool fitted)

Si: Space (m) of ith floor

Bpp i Bpp — S, (m), for floors whose shear strength is calculated by S¢;.
Bpp i: Bpgp,n (m), for floors whose shear strength is calculated by Sg,.
Bpp:Breadth (m) of double bottom between hoppers (See Fig. An8)

Bpp n: Distance (m) between the two considered openings (See Fig. An8)

S;: Spacing (m) of double bottom longitudinals adjacent to hoppers
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Fig. An8 Bpp and Bpg
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An5 Longitudinal Strength in Flooded Condition

AnSs.1 General

Ans.1.1

1  The requirements in An5 apply to bulk carriers, coming under the following (1) or (2), of not less than 150 m in

length Ly designed to carry solid bulk cargoes having a density of not less than 1.0 ton/m’.

(1) Bulk carriers of single-side skin construction

(2) Bulk carriers of double-side skin construction in which any part of a longitudinal bulkhead is located within B/S
or 11.5 m, whichever is less, inboard from the ship’s side at right angles to the centreline at the assigned summer
load line

2 Ships are to have sufficient longitudinal strength to withstand flooding of any one cargo hold in the following

maximum load conditions. The loads in flooded holds are to be in accordance with AnS5.2 and the evaluation of

longitudinal strength is to be in accordance with An5.3.

(1) Ballast condition (at departure and arrival)

(2) Homogeneous loading condition (at departure and arrival)

(3) All specific non-homogeneous loading conditions (at departure and arrival)

(4) Other loading conditions deemed necessary by the Society

3 With respect to the requirements of -2 above, these requirements do not need to apply to harbour conditions,

conditions for entering drydock, loading and unloading transitory conditions in port, and loading conditions

encountered during ballast water exchange.

4  The loading condition prescribed in -2(2) to (4) above refers to cases where the ship carries bulk cargoes having

a density of not less than 1.0 (ton/m?).

5  For bulk carriers as defined in 1.3.1 (13), Part B, the ballast conditions specified in -2(1) above are to include the

following conditions. Where the requirements of An1.3.1-2 and -3 in Annex 3.8 apply to such ships, intermediate

conditions specified in An1.3.1-2 and -3 in Annex 3.8 are to be included with the conditions at departure and arrival.

Where ballast conditions and/or cargo loaded conditions involve partially filled ballast tanks at departure, arrival or

during intermediate conditions, these ballast tanks are to be added as either full or empty according to the requirements

0f 4.3.2.2-4 and -5, Part 1.

(1) In the case of empty ballast tanks in the ballast conditions prescribed in -2(1) above, the tanks are to be full (with
the exception of ballast holds in a normal ballast condition).

6  Where ships are assumed to have sufficient longitudinal strength in flooded conditions, the longitudinal strength

evaluation may be omitted at the Society’s discretion. In this case, the reason of the omission is to be clarified.

AnS.2 Loads in Flooded Holds

AnS.2.1
1  The load to be considered for evaluation of longitudinal strength is the sum of cargo induced loads and flooding
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loads in the condition where each cargo hold is individually flooded up to the equilibrium waterline.

2 For the calculation of flooded water weight, the following are to be assumed.

(1) The permeability of empty cargo holds and volume left in loaded cargo spaces is to be taken as 0.95.

(2) The permeability for bulk cargoes is to be in accordance with An1.2.1(7). However, for steel mill products such
as steel coil, permeability is to be taken as 0 in accordance with Note (1) in Table An11.

3  The weight of the water in a flooded hold is to be calculated in accordance with -2, at the water level of the

equilibrium water line with the assumption that each cargo hold is individually flooded. In this case, the loaded cargo

may be taken to be level. The equilibrium water line is the water level that is below the lower edge of any opening

through which progressive flooding may take place, after taking into account sinkage, heel, and trim.

AnS.3 Strength Criteria

An5.3.1
1 The section modulus Z; of the transverse section of the hull girder under consideration at the midship part is not
to be less than the following W, so that it has sufficient strength after flooding in all specific loading and ballast
conditions:
W, = 5.72|Mgs max + 0.8Myy_p| (cm)
W, = 5.72|Mgs min + 0.8Myy_s| (cm?)
Mgs max> Mps min:  The maximum and minimum vertical still water bending moment (kN-m) under flooded
conditions as determined by the designer, to be calculated as specified in 4.3.2.2, Part 1.
Myv_n, Myy_s: The vertical wave bending moment (kN-m) in the hogging condition and the vertical wave
bending moment (kN-m) in the sagging condition as specified in 4.3.2.3, Part 1.
Zg: Actual section modulus (cm®). Calculated in accordance with 5.2.1.4, Part 1.
2 At sections other than the midship part, the section moduli may be required to fulfil requirements deemed
necessary by the Society.
3 The thickness of side shell plating for bulk carriers of single-side skin construction under consideration is to be
not less than the value obtained from the following formulae in order to have sufficient strength after flooding in all
specific loading and ballast conditions:

m
t = 0.455|Qrs max + 0.8Quy_p| T (mm)

t = 0.455|Qps min + 0.8QWV_n|? (mm)

Qrs max> Qrs min: The maximum and minimum vertical still water shear force (kN) under flooded conditions,
to be calculated as specified in 4.3.2.2, Part 1.

Qwv-p> Qwv-n: The positive vertical wave shear force (kN) and negative vertical wave shear force (kN)
as specified in 4.3.2.4, Part 1

I:  Moment of inertia (cm*) of the transverse section under consideration about its horizontal neutral axis,
where the requirements in 5.2.1.4, Part 1 are to be applied to the calculation method.

m: Moment of area about the horizontal neutral axis (cm®) on the transverse section for longitudinal members
above the considered position of side shell plating when the considered position is above the horizontal
neutral axis, and below the considered position when the considered position is under the horizontal neutral
axis. The requirements in 5.2.1.4, Part 1 are to be applied to the calculation method.

4  The thicknesses of side shell plating and longitudinal bulkhead plating for bulk carriers of double-side skin

construction under consideration is to be in accordance with 5.2.2, Part 1 in order to have sufficient strength after

flooding in all specific loading and ballast conditions. In this case, the still water shear force F; (kN), and the wave

induced shear forces F,,(+) and F,(—) (kN) specified in 5.2.2, Part 1 are to be in accordance with the following (1)

and (2).

(1) The still water shear force F; (kN) in the flooded condition given in -3 above is to be substituted for the still water
shear force Fgp (KN).

(2) The wave induced shear forces F,(+) and F,(—) (kN) given in 5.2.2, Part 1 multiplied by 0.8 are to be
substituted for the wave shear forces F,(+) and F,(—) (kN).

5  When calculating bending and shearing strength after flooding, the damaged structure is assumed to remain fully

effective in resisting the applied load.

6  Axial stress buckling stress is to be assessed in accordance with 5.3.1, Part 1.
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7

Where the cargo in two adjacent holds divided by a transverse bulkhead becomes similar to an alternate loading

condition as a result of flooding, the shear force Fsf in still water after flooding may be corrected according to the

requirements of 5.2.2.4, Part 1.

Ané

Double-side Skin Construction and Cargo Hold Construction

An6.1 Double-side Skin Construction

Ané6.1.1

1

Bulk carriers of not less than 150 m in length L; are to comply with the following requirements (1) to (6) in all

areas with double-side skin construction.

Q)
2

3)

“

(&)

(6

2

Primary stiffening structures of the double-side skin are not to be placed inside the cargo hold space.

The distance between the side shell and the double side longitudinal bulkheads is not to be less than 1,000 mm
measured perpendicular to the side shell as shown in Fig. An9. The double-side skin construction is to be such as
to allow access for inspection as provided in 14.16, Part 1.

The minimum width of the clear passage through the double-side skin space in way of obstructions such as piping
or vertical ladders is not to be less than 600 mm.

Where the inner and/or outer skins are transversely framed, the minimum clearance between the inner surfaces of
the frames is not to be less than 600 mm.

Where the inner and outer skins are longitudinally framed, the minimum clearance between the inner surfaces of
the frames is not to be less than mm. Outside the parallel part of the cargo hold, this clearance may be reduced
where necessitated by the structural configuration, but is not to be less than 600 mm.

The minimum clearances referred to in (3) to (5) above are to be the shortest distance measured between assumed
lines connecting the inner surfaces of the frames on the inner and outer skins (See Fig. An10). Such clearances
need not be maintained in way of cross ties, upper and lower end brackets of transverse framing or end brackets
of longitudinal framing.

Double-side skin spaces and dedicated seawater ballast tanks arranged in bulk carriers of not less than 150 m in

length Ly are to comply with corrosion prevention systems deemed appropriate by the Society.

3

The double-side skin spaces, with the exception of top-side wing tanks are not to be used for the carriage of cargo.

Fig. An9 Width of Double-side Skin Spaces
Outer shell

M Outer shell
s

Extent of double-side
skin construction

Extent of double-side
skin construction

An6.

An6.

1

2 Cargo Hold Construction

2.1
In bulk carriers of not less than 150 m in length Ly, carrying solid bulk cargoes having a density of not less than

1.0 ton/m?, the construction of the cargo hold is to comply with the following (1) to (3).

)

The structure of cargo holds is to be such that all contemplated cargoes can be loaded and discharged by standard
loading/discharge equipment and procedures without damage which may compromise the safety of the structure.
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Effective continuity between the side shell structure and the rest of the hull structure is to be assured.

The structure of cargo areas is to be such that localised mechanical damage of one stiffening structural member
will not lead to immediate consequential failure of other structural items potentially leading to the collapse of
entire stiffened panels.

Fig. An10 Clearance inside Double-side Skin Construction

Trans. System Long. System

[

T Assumed line

X: Clearance
to be measured

NN N\

The structure of the cargo hold is to be in accordance with (1) and (2) below.

Inner bottom and bilge hopper plating is to be increased to cater for grab operations in accordance with the
requirements of 10.5. In this case, the notation “GRAB” is affixed to the Classification Characters.

Appropriate means for the protection of hatchways and coamings from grab wire damage are to be taken.

In applying the requirements of -1(2) above, appropriate attention is to be paid for the continuity of the girders

when using a double-side skin construction. For ships with single-side skin construction, the upper and lower ends of

side frames are to be connected by end brackets.

4

Steel materials in the following structural members in bulk carriers of single-side skin construction are not to be

less than grade KD, KD32 or KD36 as specified in Part K.

)

(@)

5

Side shell strakes included totally or partially between the two points located 0.125¢ above and below the
intersection of the side shell and bilge hopper sloping plate or inner bottom plate, where € is the span of the
ordinary frame.

Web of lower brackets of the side frame. Here, the lower brackets are specified as the area within 0.125¢ from
the lower end of the side frame.

The stiffeners used in cargo hold areas are to be in accordance with the buckling strength criteria as specified in

the following (1) to (5), considering the pressure and axial compressive stress acting on the stiffener. The buckling
strength can be examined by the requirements of 2.3.4, Section 5, Chapter 8, Part 1. Part CSR-B&T, in lieu of that
specified in this section. When calculating the buckling strength, typical loading conditions are to be considered.

)

@)

Structural members to be considered

“Stiffeners installed in structural members that face the cargo hold” refers to the following. Stiffeners outside of

0.4L. of the midship part are deemed to satisfy the requirements here if they comply with all the requirements

which apply to stiffeners, unless deemed otherwise by the Society.

(a) Longitudinal stiffeners provided on inner bottom plates

(b) Longitudinal stiffeners provided on hopper plates and sloping plates of topside tanks

(c) Longitudinal stiffeners provided on longitudinal bulkheads (excluding corrugated bulkheads)

(d) Horizontal stiffeners provided on hatch side coamings over 0.15L in length

(c) Vertical stiffeners provided on transverse bulkheads (excluding corrugated bulkheads)

(f) Vertical stiffeners provided on sloping plates and vertical plates of lower stool and upper stool of transverse
bulkheads

(g) Side frames (single-side skin construction only)

(h) Stiffeners other than (a) to (g) above that have high pressure and high axial compressive stress acting on them
simultaneously

Pressure acting on stiffeners

The pressure p (kN/m?) acting on stiffeners is given by the following (a) to (¢) depending on the stiffener
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considered. When pressure is applied from the stiffener side, p is to be taken as a negative value and when
pressure is applied from the side opposite to the stiffener, p is to be taken as a positive value.
(a) Pressure p (kN/m?) due to dry bulk cargo is given by the following formula:

p=v(1+C)gKchy

y: Specific gravity of cargo given by the following formula:

y = % (t/m?)

M: Maximum cargo mass (¢) given for each cargo hold

V: Volume (m?) of the hold excluding its hatchway

C;: Coefficient obtained from Table An13 depending on L. For intermediate values of L., C/ is to be
obtained by linear interpolation.

K.: Coefficient given by the following:

For stiffeners provided on hatch side coamings, sloping plates of topside tanks, sloping plates of upper

stools (excluding vertical plates, See Fig. Anl1) and side frames: K. =0

For stiffeners other than above: K. = cos?a + (1 — siny))sin’a

a: Angle of inclination (degrees) of the panel considered on the side not facing the cargo hold with
respect to the horizontal plane

Y: Angle of repose (degrees) of cargo. The value given in Table An14 may be used as the standard
value corresponding to the type of cargo.

h,: Vertical distance (m) from the mid-point of the stiffener under consideration to the upper deck at
centre line

(b) Pressure p (kN/m?) due to ballast water is given by the following formulae.

For ballast tanks excluding ballast hold: p = 1.025(1 + C,)gh,

For ballast hold: p =1.025(1 + C,)gh;

C,: Coefficient obtained from Table An15 depending on L. (m). For intermediate values of L., C, is
to be obtained by linear interpolation.

h,: Vertical distance (m) from the mid-point of the stiffener under consideration to the middle point of
the distance from the tank top to the upper end of overflow pipe

h;: Vertical distance (m) from the mid-point of the stiffener under consideration to the top of the hatch
coaming

(¢) Total external sea pressure p (kN/m?) is given by the following formula.

p = 1.025gh,

h,: Vertical distance (m) from the mid-point of the side frame or horizontal stiffener of hatch side coaming
under consideration to the point d + 0.05L.,3, above the top of keel Where the position of the hatch
side coaming is higher than d + 0.05L.,3, above the top of keel, h, is to be taken equal to zero.

(3) Reference Stress
Reference stress g, (N/mm?) of the stiffener is given by the following (a) to (e) depending on the type of
stiffeners under consideration.
(a) In case of longitudinal stiffeners, reference stress is to be obtained from the following i) or ii), whichever is
greater.

i)  Compressive stress due to longitudinal hull girder bending moment, obtained from the following
formula, but not less than 30/K. For members located above the horizontal neutral axis, sagging
condition is to be considered and for members located below the horizontal neutral axis, hogging
condition is to be considered.

oy = st My J; M, x 105 (i)

M;: Allowable still water bending moment (kN-m) However, in ballast condition, Mg may be taken
as the greater of the values specified in the following 1) or 2). M; is to be calculated for hogging
and sagging conditions respectively.

1) 120% of the actual hull girder bending moment in the ballast condition specified in the
loading manual but not in excess of the allowable still water bending moment
Where the ballast condition includes intermediate conditions specified in An1.3.1-2 and -3
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in Annex 3.8, Part 1, the partially filled ballast tanks do not need to be considered as being
full or empty
2) Half of the allowable still water bending moment
My,: Wave longitudinal bending moments (kN-m) as specified in 4.3.2.3, Part 1.
z:  Vertical distance (m) from the horizontal neutral axis to the location of the member considered
in the athwartship section under consideration
I:  Gross moment of inertia (cm*) at the athwartship section considered
ii) Compressive stress due to horizontal hull girder bending moment, given by the following formula:
oy =C; 2% (N/mm?)
C;3: Coefficient given by the following formulae For the intermediate values of L. (m), C3 is to be
obtained by linear interpolation.
For Lc <230m: C;=2g
10.5
For L, = 400 m : C; =Tg
a: VK when high tensile steels are used for not less than 80% of side shell plating at the
athwartship section amidships, and 1.0 for other parts.
K: Coefficient corresponding to the kinds of steels of side shell plating as specified in 3.2.1.2,
Part 1.
y: Athwartship distance (m) from centreline of the hull to the point under consideration

Reference stress for horizontal stiffeners of hatch side coamings is given by the following i) or ii).

1)  When the stiffener is fitted on a continuous hatch side coaming, (a) above is to be applied treating the
stiffener as a longitudinal stiffener.

i)  When the stiffener is fitted on a discontinuous hatch side coaming, (a) above is to be applied treating
the stress as bending stress at deck.

The reference stress of vertical stiffeners of slant and vertical plating of upper and lower stools of transverse

bulkheads and transverse bulkheads (excluding corrugated bulkheads) is given by the following i) or ii),

depending on the loading condition and loading pattern. When the axial compressive stress at the mid-point

of the stiffener is calculated by direct strength analysis, the value may be used as the reference stress, but it
is not to be less than 30/K (See Fig. An12).

i)  When relatively high axial compressive stress is acting on the stiffener (e.g. vertical stiffeners of the
stool facing an empty hold in alternately cargo-loaded condition or those facing a hold adjacent to a
heavy ballast hold in heavy ballast condition), reference stress is given by the following formula:

Ores = 145/K (N/mm?)
ii) In other cases, given by the following formula:
Ores = 30/K (N/mm?®)
K: Coefficient corresponding to the kinds of steels of stiffeners, as specified in 3.2.1.2, Part 1.
In case of side frames, reference stress is obtained from the following formula:
Ores = 30/K (N/mm?)
K: As specified in (c) above.

The reference stress of members other than those specified in (a) to (d) above is to be determined as deemed

appropriate by the Society.

Buckling Stress
Buckling stress gy, (N/mm?) of the stiffener considered is given by the following (a) or (b) corresponding to

the pressure acting on the stiffener. In calculating the buckling stress, the value is to be reduced by the thickness
of each part of the member concerned, as shown in Table An16, when using t,, t,, and t; in formulae for

determining (a) and (b).

(a)

For 0<p<p, or —p.,, <p <0:

Oyxp = Min (op1, 0s1)
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Op1

Ae
= — — 4 — _— _
24)°¢ [Ae 1, (WS 384 x 103Ele)] " TBx10%1,

Vp 50%s|p| pli’s y,

1 514s|p| pl%s y, 2 pl%s y,\ Pc
J{ ¢ [Ae 1 <Ws T 38ax 103 )| T TBx10° 1, YT8x10°1, )4,

Os1

A 1 I*s I?s
=o1P [—+&<w +i)] toy+—b— %

A,  I,\"° " 384 x103EI, 24x 1031,

1y 1*s]p] pl2s  y,)° pl2s o\ P
- N l=+Z (et ———— |+ oy + ———2 — 2oy 25 )C
J{ ¢ [Ae I, <Ws 384 x 103EL, )|~ 7Y T 24x 10° 1, YT oax10%1, )4,

(b) For p=py or p < —pgp:

Oyxp = OHI

o' m N
Oyy = _p—(lpl —Der) + 07wy

st — Per

.
0 p; = min (JPI(p=pcr)IGSI(p=pcr))

The following definitions apply to (a) and (b) above.

p:

Der:

Dst:

Yso-

Pressure (kN/m?) acting on the stiffener considered, as specified in (2) above

Plastic collapse load of attached plating considered, which is obtained from the following formula:
121 5 )

Per = mﬂﬂy X 10 (kN/m )

Plastic collapse load of stiffener considered, which is obtained from the following formula:

16
Dst = 5= Zp0y X 10% (kN/m?)

s
: Euler’s buckling load, as obtained from following formula:
m2El,
Pe=— W)

Moment of inertia (mm®*) of stiffener including attached plating with full width
Moment of inertia (mm®*) of stiffener including attached plating with effective width

: Plastic section modulus (mm?>) of stiffener including attached plating

Vertical distance (mm) from neutral axis of stiffener including attached plating to the mid point of
thickness of attached plating

Vertical distance (mm) from neutral axis of stiffener including attached plating with effective width
to the outer surface of the face plate

Vertical distance (mm) from neutral axis of stiffener including attached plating with full width to the
outer surface of the face plate

. Yield stress (N/mm?) of stiffener including attached plating, obtained from following formula:

oy = {stpayp + ((hw —te)ty + bftf) aYs}/A

Oyp: Yield stress (N/mm?®) of material of attached plating under consideration

oys: Yield stress (N/mm?) of material of stiffener under consideration

Span of stiffener (mm) However, where suitable end brackets are fitted, the span of the stiffener which

is used in the formulae except a@,, m; and P; may be corrected as specified in the following i) or

ii) depending on the type of end bracket (See Fig. A13).

i) The span is taken between points where the depth of the bracket is equal to half the depth of the

stiffener web

il) Where the face plate of the stiffener is continuous along the face of the bracket, the span is taken
between points where the depth of the bracket is equal to one quarter the depth of the web

Cross sectional area (mm?) of stiffeners including attached plating with full width, which is given by

the following formula:
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. Cross sectional area (mm?) of stiffeners including attached plating with effective width, which is given

by the following formulae:

Ap = Sty + (hy, — tp)t,, + bety for angles and T-sections
Ae = Set, + (hy, — tF)t, for flat bars

Spacing of stiffeners (mm)

Plate thickness (mm) of attached plating

: Web height (mm)
- Web thickness (mm)

Width of face plate (mm)
Thickness (mm) of face plate. For bulb sections, the mean thickness of the bulb is to be used.

Effective thickness (mm) of attached plating, obtained from the following formula.

cmafi- () 03

Effective width (mm) of attached plating, obtained from the following formula.

JC X

Se = (1—ap)+ap>s

Oyp
o, 1(o a 2

crx — crex + 1 _ < crex _ 1) + 001
Oyp 2\ Oyp Oyp

Ocrex = KxOcrex(p)

Em? t,
Gerex(v) = 301 — y2) (?)

t 3
Kx=cx<t—w> +1
P

¢y: Coefficient according to the type of stiffeners, which is given by the following:

2

¢, = 0.07 for angles and T-sections
¢, = 0.02 for flat bars
14+ (/mys)*

T3 (Ufmy 5)t

my: Integer which satisfies the following formula:

Jimy —1Dmy; <1l/s < ymy(my + 1)

Assumed imperfection of stiffeners (mm) The value of 1/1000 may be used as standard.
Modulus of elasticity for material: 2.06 X 10> for steel (N/mm?)

(5) Buckling Strength Criteria
The buckling strength of stiffeners specified in (1) above is to comply with the following formula:

v - 115
aref -
Opef: Reference stress (N/mm?) of the stiffener considered, as specified in (3) above

Upr:

Buckling stress (N/mm?) of the stiffener considered, as specified in (4) above

Table An13  Coefficient C;
Lc (m) 150 200 250 300 or more
C, 0.525 0.4 0.35 0.3

Table An14  Angle of Repose

Cargo and etc. Angle of repose
General 30°

Iron ore, coal 35°
Cement 25°
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Fig. Anll

| Upper stool |

\

_Sloping plate of upper stool

Bulkhead
Table Anl5 Coefficient C,
300 or
Le (m) 150 200 250
more
C, 0.4 0.3 0.25 0.2
Fig. An12 Example of Reference Stress
B Gror = 30K [[/% 0,0 = 145/K B = Orer = B0/K | 07 = 30/K —
P % p
p% Ef
- 0o = 30/K /_ W Grer = 145/K - Trer = 30/K e = 30/K
Table An16  Standard Deduction
Standard deduction Limit value (mm)
Structure — -
(mm) Minimum | Maximum
. Compartments carrying dry bulk cargoes and void spaces
. One side exposure to ballast and/or liquid cargo
Vertical surfaces and surfaces sloped at an angle greater than 0.05t 0.5 1.0
25° to the horizontal line
. Hatch side coaming
. One side exposure to ballast and/or liquid cargo
Horizontal surfaces and surfaces sloped at an angle less than
25° to the horizontal line
. . 0.10t 2.0 3.0
. Two side exposure to ballast and/or liquid cargo
Vertical surfaces and surfaces sloped at an angle greater than
25° to the horizontal line
. Two side exposure to ballast and/or liquid cargo
Horizontal surfaces and surfaces sloped at an angle less than 0.15t 2.0 4.0
25° to the horizontal line

Note:
t: Thickness (mm) of structural members under consideration
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Fig. Anl3
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Part 2-3 ORE CARRIERS
Chapter 1 GENERAL

1.1 General

1.11 Application

1.1.11 Application of this Part

1  The hull construction and equipment of ships intended to be registered as ore carriers, affixed with the notation
“Ore Carrier” (abbreviated as OC), are to be in accordance with the requirements in Part 2-3 in addition to Part 1.

2 The requirements in Part 2-3 are for ships intended for the carriage of ore cargoes or similar cargoes having
equivalent high densities, generally having a single deck as well as two longitudinal watertight bulkheads and double
bottoms throughout the cargo spaces, and decks and bottoms framed longitudinally. (See Fig. 1.1.1-1)

3 Ore carriers with a different construction from that specified in -2 above, to which the requirements in this Part

are considered to be not applicable, are to be at the discretion of the Society.
Fig. 1.1.1-1  Typical Structural Arrangement of Ore Carriers

— | . —

= —““f,' M |
r"l “/~ .
/ | '

1.1.1.2 Application of Chapter XII of the SOLAS Convention
Ore carriers to which Part 2-3 applies are to comply with the Annex 1.1 in Chapter 1 of Part 2-2 “Additional
Requirements for Bulk Carriers in Chapter XII of the SOLAS Convention”.

1.2 Definitions
1.2.1 Naming Convention
1.2.1.1 Structural Nomenclature

Fig. 1.2.1-1 show the common structural nomenclature used in Part 2-3.
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Fig. 1.2.1-1  Ore Carriers

Cross deck
Upper deck
Hatch end coamin
Hatch side coaming
Hatch side girder
Deck longitudinal £
Deck transverse Side shell

Transverse bulkhead

(Corrugated bulkhead) ] e

Side transverse— =i Longitudinal bulkhead
| (Inner hull)
Cross ties - S
(Strut) Lower stool Longitudinal on
sloping plate longitudinal bulkhead
Side stringer ~
Inner bottom plating v
Side longitudinal — ) .
Inner bottom longitudinal H Transverse girder on
longitudinal bulkhead
Bilge plating—>
Bottom longitudinal \
Centre girder ~ Floor Bottor &
Side girder Bottom shell -Orom ransverse
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Chapter 2 GENERAL ARRANGEMENT DESIGN

2.1 Structural Arrangements

2.1.1 Double Bottoms

2.1.11 General

1  The height of double bottoms is to be determined so that the centre of gravity of the ship is not excessively low in
full load condition. However, the height is not to be less than h (m) as specified in 2.4.1.1-1 in Part 1.

2 Floors or bottom transverses are to be arranged at the positions of bulkheads or transverses in wing tanks or void
spaces.
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Chapter 3 STRUCTURAL DESIGN PRINCIPLES

Net Scantling Approach

Corrosion Addition

Nl Hatch Cover and Hatch Coaming

The corrosion addition on both sides of the hatch cover and hatch coaming of the ore carriers which is subject to
2-3, is to be in accordance with Table 3.1.1-1 specified in 3.1.1, Part 2-2 instead of Table 3.3.4-2 specified in
, Part 1.

Loading Manual and Loading Instruments

Loading Manual

1 Additional Requirements for the Loading Manual
In applying the requirements of 3.8.2.1-3, Part 1, the loading manual is to include the following items. Further,

for ships where Lf is less than 150 m, descriptions regarding (3) may be limited to the maximum allowable cargo mass

for each cargo hold. In addition, the issue regarding (4) may not be described.

)

2

(€))

“

&)

(6)

(7

®)

€))

2

For ships for which Annex 1.1, Chapter 1, Part 2-2 “Additional Requirements for Bulk Carriers in Chapter
XII of the SOLAS Convention” applies, envelope results and permissible limits of still bending moments and
shear forces in the hold flooded condition according to the requirements given in the Annex. However, results
deemed by the Society as too small to affect the strength of the ship may be omitted.

The cargo holds or combination of cargo holds that might be empty at full draught. Where no cargo hold is allowed
to be empty at full draught, this is to be clearly stated in the loading manual.

Maximum allowable and minimum required mass of cargo and double bottom contents of each hold as a function
of the draught at mid-hold position.

Maximum and minimum required mass of cargo and double bottom contents of any two adjacent holds as a
function of the mean draught. This means draught may be calculated by averaging the draught of the two mid-
hold positions.

Maximum allowable tank top loading together with specification of the nature of the cargo for cargoes other than
bulk cargoes. Where the ship is not approved to carry cargoes other than bulk cargoes, this is to be clearly stated
in the loading manual.

Maximum allowable load on deck and hatch covers. Where the ship is not approved to carry loads on deck and
hatch covers, this is to be clearly stated in the loading manual.

Maximum rate of ballast change together with the advice that a load plan is to be agreed with the terminal on the
basis of the achievable rates of change of ballast.

For ships to which Annex 1.1, Chapter 1, Part 2-2 applies, include the bulk cargo density for strength
requirements in accordance with the annex. It is to be clearly stated in the loading manual as follows, “Where
cargoes of a bulk cargo density greater than that specified are to be loaded, the interaction of the load with the
strength of the hull is to be reviewed before loading.”

When setting the maximum and minimum filling levels of the side ballast tanks other than full or empty tanks,
said maximum and minimum filling levels are to be indicated in the loading manual.

In applying the requirements of 3.8.2.1-3, Part 1, the loading conditions specified in the following (1) to (8),

subdivided into departure and arrival conditions, are to be included in the loading manual for both departure and arrival.
Where the design of the ship is based on conditions (3), (4), (5), (7) and (8), these are to be included in the loading
manual. Further, for ships Ly is less than 150 m, item (8) may not be included, and items (6) and (7) may be also

modified so that loading manuals are to include general restrictions and/or instructions for loading, unloading,

balla
M

sting and de-ballasting with regard to the strength of the ship’s structures.
Homogeneous light and heavy cargo loading conditions at maximum draught
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(2) Ballast conditions. Ships having ballast holds adjacent to topside wing, hopper, and double bottom tanks are to
have sufficient structural strength to allow the ballast holds to be filled when these topside wing, hopper, and
double bottom tanks are empty.

(3) Alternate light and heavy cargo loading conditions at maximum draught

(4) Multiple port loading/unloading conditions

(5) Deck cargo conditions

(6) Typical loading/unloading sequences. This is to detail the loading sequence from the commencement of cargo
loading to when the ship reaches full deadweight capacity and the unloading sequence from full deadweight
capacity to empty conditions. These sequences are to be developed paying attention to the loading rate, ship
strength, and de-ballasting capability using Table 3.2.1-1.

(7) Typical sequences for a change of ballast at sea

(8) Short voyage conditions where the ship is to be loaded to maximum draught but with a limited amount of bunkers

3 For ships using multiple cargo holds as ballast holds, the loading manual is to include a provision stating that

multiple ballast holds cannot be filled with ballast water at the same time unless the ship is designed to allow the filling

of multiple ballast holds at the same time.

4  When loading cargo that is not included in the loading manual which may impact the local strength of double

bottom construction, such as steel coil, heavy goods and others the loading manual is to note that the maximum

allowable cargo mass and the minimum required mass of cargo are to be be considered separately.

5 Inapplying -2(6) above, the loading manual is to at least include the loading/unloading sequences for cargo in the

following loading conditions. However, with the exclusion of the following (1), only loading conditions that the ship

is designed to accommodate is to be included in the loading manual.

(1) Homogenous loading condition specified in -2(1) above

(2) Alternate loading condition specified in -2(3) above

(3) Multiple port loading/unloading condition specified in -2(4) above

(4) Deck cargo condition specified in -2(5) above

(5) Short voyage condition specified in -2(8) above

(6) Block loading (partial loading condition; loaded cargo in over two adjacent holds)

6  The steps of a sequence required in -5 above are to be specified as follows. A step is defined as each time the

loading equipment changes its position to a new hold. The vertical bending moment and vertical shear force are to be

confirmed to be within their allowable limits using a loading computer for each step of each loading condition.

(1) For loading cargo: Each step between commencement of cargo loading in the ballasted condition and the planned
loading condition

(2) For unloading cargo: Each step between commencement of unloading cargo in the planned loading condition and
the ballast condition at departure

7  For each step of each loading condition specified in -5 above is to be within their allowable limits of vertical

bending moments and vertical shear forces.

8 The loading manual is to contain the loading/unloading sequence summary forms as specified in Table 3.2.1-1

with the following note:

“When loading/unloading not in the planned way or as specified in the loading manual, new loading/unloading
sequences are to be developed with the specified forms, paying attention to loading rate, ballasting/deballasting
capability, longitudinal strength, and maximum allowable and minimum required mass of cargo and double bottom
contents.”
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Table 3.2.1-1 Standard Loading/Unloading Sequences (Form 1)
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3.2.1.2 Relationship Between the Maximum Allowable Cargo Mass, Minimum Allowable Cargo Mass, and
the Draught in Single Cargo Holds
1 When including the relationship between the draught and the maximum allowable cargo mass in the loading
manual in applying 3.2.1.1-1(3), the maximum allowable cargo mass for each standalone cargo hold W ,x is to be
given by the following (1) and (2) as a function of the draught of the cargo hold.
(1) When the member scantling of the double bottoms structure is determined based on requirements of Chapter 6,
Part 1 and Chapter 7, Part 1, the maximum allowable cargo massW,,,x () is to satisfy the requirements of the
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Table 3.2.1-2.
(2) When performing a strength assessment of the double bottoms structure based on requirements of Chapter 8 and

Chapter 8, Part 1, the maximum allowable cargo massWy,,x (?) is to satisfy the requirements of the Table 3.2.1-

3.

Table 3.2.1-2 Maximum Allowable Cargo Mass (When the Member Scantling is Determined by the Formula in the

Rules)

Formula used to calculate the maximum allowable cargo mass

Maximum allowable cargo mass (7) Wyax < vf(hy)

The pressure which works on the ship’s bottom
due to the mass of cargo or ballast water Py | Porm < max(ayngy, aznsy, -+, @y ) + 8Ty — r1 Poxws — Pghast

(kN/m?)

Pbtm:

hgsr:

Notes:

f(hy):

As given by the following formula:
Ppem = vghy

The design cargo density in the cargo hold, the maximum cargo mass of the cargo hold divided by the volume of
the cargo hold (excluding the hatchway) (#/m?)

The function which shows the relationship between the stowage height h, (m) of cargo at the centre line and
the volume (m°) of cargo loaded in the hold. In this case, the cargo may be assumed to be loaded uniformly with
a level surface.

Stowage height (m) to the cargo surface from the tank top at the centre line

Difference in pressure (kN/m?) in loading condition No. i taken from the total of n loading conditions, which
works on the centre line of the ship’s bottom due to the mass of cargo, ballast water and/or double bottom
contents and by wave and still water corresponding to the draught, which is obtained from the following formula
The difference in pressure cannot, however, exceed the design pressure given to the local structural member of
the double bottom where the member is reinforced to enable the ship to carry heavy cargoes such as steel coils.

a; = max(|p; — (pgT; + Pexwi)l, Ipi — (gT; — Pexw1))

p;: Pressure (kN/m?) in loading condition No. i, which works on the centre line of the ship’s bottom by the mass
of cargo, ballast water and/or double bottom contents

Draught (m) in loading condition No. i, at mid-hold position of cargo hold length

Coefficient to be taken as 1.0. However, on waters where there are small effects of ocean waves such as in a port
area, that may be reduced to 0.5.

Hydrodynamic pressure (kN/m?), to be taken as the value of Py, specified in 4.6.2.4-2(1), Part 1. In this case,
T,c istaken as T; and load calculation points are points for bottom shell as specified in 7.3.1.5, Part 1

0.9 in loading condition No. i, where the considered hold and either of the adjacent holds are loaded or empty
simultaneously. In the other case, it is to be 1.0.

Draught (m) at mid-hold position of cargo hold length

Water heads (m) of ballast water charged in the double bottom at the centre line. In any case, it cannot exceed
height of the double bottom.
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Table 3.2.1-3 Maximum Allowable Cargo Mass (When Performing Strength Assessment by Cargo Hold Analysis)

Formula used to calculate the maximum allowable cargo mass

Maximum allowable cargo mass (7) Wyax < vf(hy)

The pressure which works on the ship’s bottom

due to the mass of cargo or ballast water Py, Ppim < max(aq, az, -+, a,) + pgTy — Ao Pox1 — PGNpsT
(KN/m?)
Notes:
Pyoems Vs f(hy), hy, Ti, Ty, hpsr, Pexw::As specified in Table 3.2.1-2.
a;: Difference in pressure (kN/m?) in loading condition No. i taken from the total of n loading conditions, which

works on the centre line of the ship’s bottom due to the mass of cargo, ballast water and/or double bottom
contents and by wave and still water corresponding to the draught, which is obtained from the following formula.
The difference in pressure cannot, however, exceed the design pressure given to the local structural member of
the double bottom where the member is reinforced to enable the ship to carry heavy cargoes such as steel coils.
a; = max(|p; — (pgT; + Pexw1)|, Ipi — = Perw1l)

D Pressure (kN/m?) in loading condltlon No. i, which works on the centre line of the ship’s bottom by the
mass of cargo, ballast water and/or double bottom contents. In calculating the pressure which arises from
the mass of cargo, the density of the cargo and the shape of the cargo surface which were applied in strength
assessment by cargo hold analysis may be taken into consideration.

ARyt Coefficient to be taken as 1.0. On waters where there are small effects of ocean waves such as in a port area, it

may be reduced to one-third.

2 When including the relationship between the draught and the maximum allowable cargo mass in the loading
manual in applying 3.2.1.1-1 (3), the minimum allowable cargo mass W,y for each standalone cargo hold is to be
given by the following (1) and (2) as a function of the draught of the cargo hold.

(1) When the member scantling of the double bottoms structure is determined based on requirements of Chapter 6,
Part 1 and Chapter 7, Part 1, the minimum allowable cargo mass W,y (?) is to satisfy the requirements of the
Table 3.2.1-4.

(2) When performing strength assessment of the double bottoms structure based on requirements of Chapter 8 and
Chapter 8, Part 1, the minimum allowable cargo mass W,y (¢) is to satisfy the requirements of the Table 3.2.1-
5.

Table 3.2.1-4 Minimum Allowable Cargo Mass (When the Member Scantling is Determined by the Formula in the
Rules)

Formula Used to Calculate the Minimum Allowable Cargo Mass

Minimum allowable cargo mass (7) Wiy = vf (hy)

The pressure which works on the
ship’s bottom due to the mass of Pyrm = (—1) - max(aynyq, agnpy, -+, anfyn) + pgTe + @r1Poxws — Pghast
cargo or ballast water Py, (kN/m?)

Note:
Poems> Vs f(hy), hy, @i, Mg, Ty @p1s Pexwis Rpst: As specified in Table 3.2.1-2.
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Table 3.2.1-5 Minimum Allowable Cargo Mass (When Performing a Strength Assessment by Cargo Hold Analysis)

Formula Used to Calculate the Minimum Allowable Cargo Mass

Minimum allowable cargo mass () Win = vf (hy)

The pressure which works on the ship’s bottom

due to the mass of cargo or ballast water Py, Ppem = min(ay, ay, -+, a,) + pgTy + AraPoxw1 — PGhsst
(KN/m?)
Notes:
bem’ y, f(hx), hx, aRz, PeXW].’ hBST: AS SpeCIﬁed ln Table 3-2.1'3.
a;: Difference in pressure (kN/m?) in loading condition No. i taken from the total of n loading conditions, which

works on the centre line of the ship’s bottom due to the mass of cargo, ballast water and/or double bottom
contents and by wave and still water corresponding to the draught, which is obtained from the following formula
with the downward load as a positive value. However, the a; value is to be calculated so the absolute value of
a; does not exceed the design pressure given to the local structural member of the double bottom where the
member is reinforced to enable the ship to carry heavy cargoes such as steel coils.

a; = min(pi - (png + Pexwl): pi — (png - Pexwl))

pi, T;: As specified Table 3.2.1-3.

3  Notwithstanding the requirements of -1 and -2 above, when performing investigations in detail such as
investigations based on conditions the loading condition including the conditions specified in Chapter 4 in strength
assessments by cargo hold analysis specified in Chapter 8 and Chapter 8, Part 1, the relationship between the
allowable cargo mass and the draught may be determined based on the results of said investigations.

3.2.1.3 Relationship Between the Maximum Allowable Cargo Mass, Minimum Required Cargo Mass, and

the Average Draught in Two Adjacent Cargo Holds

1  When including the relationship between the draught and the maximum allowable cargo mass in the loading

manual in applying 3.2.1.1-1(4), the maximum allowable cargo mass W45 in two adjacent cargo holds is to be given

by the following (1) and (2) as a function of the draught of each cargo hold.

(1) When the member scantling of the double bottoms structure is determined based on requirements of Chapter 6,
Part 1 and Chapter 7, Part 1, the maximum allowable cargo massW,,x (7) is to satisfy the requirements of the
Table 3.2.1-6.

(2) When performing strength assessment of the double bottoms structure based on requirements of Chapter 8 and
Chapter 8, Part 1, the maximum allowable cargo mass W .x (f) is to satisfy the requirements of the Table
3.2.1-7.
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Table 3.2.1-6 Maximum Allowable Cargo Mass (When the Member Scantling is Determined by the Formula in the
Rules)

Formula used to calculate the maximum allowable cargo mass

Maximum allowable cargo mass (7) Wyax <V fi(hy) +v'f2(R'y)

The pressure which works on the ship’s bottom
due to the mass of cargo or ballast water in the Pyim1 < b+ pgT, — apiPoxw1 — PGhsst
cargo hold Ppppq (KN/m?)

The pressure Py, (kN/m?*) which works on the
ship’s bottom due to the mass of cargo or ballast Ppimz <b"+ pgTy — @1 Poyw1 — PN 5sT

water in adjacent cargo holds

Notes:

Ppemis Poema: As given by the following formulae:
Pytm1 = Yghy
Ppemz = v'gh'y

y, 't The cargo hold with the largest design cargo density (#/m%) in its loading condition between the cargo hold in
question and the adjacent cargo hold when two adjacent cargo holds are loaded simultaneously

f(h).f>(R'): The function which shows the relationship between the stowage height h, (m) of cargo at the centre
line and the volume (%) of cargo loaded in the hold for each cargo hold. In this case, the cargo may be assumed
to be loaded uniformly with a level surface.

h,, h'y: Stowage height (m) to the cargo surface from the top of the inner bottom at the centre line in each cargo hold, to
be equal to or less than the height to the upper deck.

b, b’:  When the relationship between a; and a'; is satisfied based on the following formula, and b and b’ use the
absolute value of a; anda';, respectively. The difference in pressure cannot, however, exceed the design
pressure given to the local structural member of the double bottom where the member is reinforced to enable the
ship to carry heavy cargoes such as steel coils.

a;a’; = max(a,a’y, a,a'y, -, ana’y,)

a;, a';: Differences in pressure (kN/m?) of the considered hold and the adjacent hold in loading condition No. j taken
from the total of m loading conditions such that two adjacent holds are empty or loaded simultaneously, which
work on the centre line of the ship’s bottom due to the mass of cargo, ballast water and/or double bottom
contents and by wave and still water corresponding to the draught. In this case, in loading condition No. j, when
the hydrodynamic pressure is added to, or subtracted from, the hydrostatic pressure, the difference in pressure
may only be taken into consideration when the pressure difference in the cargo hold in question and the adjacent
hold have the same sign (i.e. plus or minus). However, if the pressure difference is of the same sign when
hydrodynamic pressure is added to, or subtracted from, the hydrostatic pressure, the values of a; and a’; are to
be aj, and a'j to satisfy the following relationships, respectively.

a; @ = max(aj,a’y, a;,a’s;)

@jx, a@'ji:Inloading condition No. j, the pressure difference between the cargo hold in question and the adjacent cargo
hold when hydrodynamic pressure is added to the hydrostatic pressure is to be a;; and a'j;, and the pressure
difference between the cargo hold in question and the adjacent cargo hold when hydrodynamic pressure is
subtracted from the hydrostatic pressure is to be a;, and a'j,. Each is to be determined according to the
following formula.

aj1 = p; = (PGT; + Pexwr)

a,jl = p,j - (pgT’j + Pexwl)

QAj, = Pj — (pgT’j - Pexwl)

aj; =p'j = (PgT'} = Pexw1)

P, w1: As specified in Table 3.2.1-2.

pj, p'j: The pressures (kN/m?) in the considered hold and in the adjacent hold which arise at the centre line of the ship’s
bottom due to the mass of cargo, ballast water and/or double bottom contents in loading condition No. j

T

T;, T';:  Draught (m) at mid-hold position of cargo hold length of the considered hold and the adjacent hold respectively

J°
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in loading condition No. j

T,: The average value (m) of T; and T
ag1: As specified in Table 3.2.1-2.
hgst, h'gsr: Water heads (m) of ballast water charged in the double bottom at the centre line in each cargo hold.

Note, however, that the value does not need to be equal to or greater than the height of the double bottom.

Table 3.2.1-7 Maximum Allowable Cargo Mass (When Performing a Strength Assessment by Cargo Hold Analysis)

Formula used to calculate the maximum allowable cargo mass

Maximum allowable cargo mass (£) Wyax <V fi(hy) +v'f2(R'))

The pressure which works on the ship’s bottom
due to the mass of cargo or ballast water in the Potm1 < b+ pgTy — apyPeywi — PGhpst
cargo hold Pp.,q (KN/m?)

The pressure which works on the ship’s bottom
due to the mass of cargo or ballast water in Ppimz < b" + pgT, — AryPosy1 — PG s
adjacent cargo holds Py, (KN/m?)

Notes:
Ppimis Poimzs Vs V' f(hy), fo(R'y), hy, 'y, hpsr, h'psr, Ty: As specified in Table 3.2.1-6.
b, b':  As specified in Table 3.2.1-6. When calculating a;;,a’j;,a;; and a'j,, use the following formula for each.
aj; = pj — (pgTj + Pexwz)
a'jy =p'j = (pgT; + Pexw2)
QAj; = DPj — (pgTj - Pexwz)
a’jz = plj - (pgTj - Pexwz)
pj, p'j:  Asspecified in Table 3.2.1-6. In calculating the pressure due to cargo, the density of the cargo and the
shape of the cargo surface which were applied in strength assessment by cargo hold analysis may be considered.
Tj, T';: As specified in Table 3.2.1-6.
P,y w1: As specified in Table 3.2.1-2.
O, As specified in Table 3.2.1-3.

2 When including the relationship between the draught and the allowable cargo mass in the loading manual in
applying 3.2.1.1-1(4), the minimum allowable cargo mass in two adjacent cargo holds Wp,;y is to be given by the
following (1) and (2) as a function of the draught of each cargo hold.

(1) When the member scantling of the double bottoms structure is determined based on requirements of Chapter 6,
Part 1 and Chapter 7, Part 1, the minimum allowable cargo mass Wy;y (?) is to satisfy the requirements of the
Table 3.2.1-8.

(2) When performing a strength assessment of the double bottoms structure based on requirements of Chapter 8 and
Chapter 8, Part 1, the maximum allowable cargo mass Wy (?) is to satisfy the requirements of the Table 3.2.1-
9.
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Table 3.2.1-8 Minimum Allowable Cargo Mass (When the Member Scantling is Determined by the Formula in the
Rules)

Formula used to calculate the minimum allowable cargo mass

Minimum allowable cargo mass (7) Wyiv = v fi(hy) +v'fo(R'y)

The pressure which works on the ship’s bottom
due to the mass of cargo or ballast water in the Pyem1 = —b + pgTy + g Poxyy1 — pghssr
cargo hold Ppppq (KN/m?)

The pressure which works on the ship’s bottom
due to the mass of cargo or ballast water in Ppimz = —b" + pgTy + Ar1Poxwi — PG s

adjacent cargo holds Py, (KN/m?)

Note:
Pbtml: Pbt‘mZ: Y, V’: f(hx)? fZ(h’x)! hxr h’xr b’ bl! Txr XR1, Pexwl» hBST’ h’BST: As SpeCiﬁed in Table
3.2.1-6.
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Table 3.2.1-9 Minimum Allowable Cargo Mass (When Performing a Strength Assessment by Cargo Hold Analysis)

Formula used to calculate the minimum allowable cargo mass

Minimum allowable cargo mass () Wiyax =7 filhy) + ¥ f2(R'y)

The pressure which works on the ship’s bottom
due to the mass of cargo or ballast water in the Pytm1 = b + pgTy + apyPeyi1 — PGhpst
cargo hold Ppp,q (KN/m?)

The pressure which works on the ship’s bottom
due to the mass of cargo or ballast water in Ppimz = b' + pgT, + AryPosiy1 — PG s
adjacent cargo holds Py, (KN/m?)

Notes:

Ppimis Poemzs Vs Vs f(hy), fo(R'y), hyy By, hgsr, P'gsrs Txs Poxwi» ®ra: As specified in Table 3.2.1-7.

b, b':  When the relationship between a; and a} is satisfied, b and b’ are to be a; and a']-, respectively. However,
the b and b’ value are to be calculated so the absolute values of b and b’ do not exceed the design pressure
given to the local structural member of the double bottom where the member is reinforced to enable the ship to
carry heavy cargoes such as steel coils.
la;|a’; = min(laya’y, lazla’s, -, |amla’m)

a;, a’;: Differences in pressure (kN/m?) of the considered hold and the adjacent hold in loading condition No. j taken
from the total of m loading conditions such that two adjacent holds are empty or loaded simultaneously, which
work on the centre line of the ship’s bottom due to the mass of cargo, ballast water and/or double bottom
contents and by wave and still water corresponding to the draught. In this case, in loading condition No. j, when
the hydrodynamic pressure is added to, or subtracted from, the hydrostatic pressure, the difference in pressure
may only be taken into consideration when the pressure difference in the cargo hold in question and the adjacent
hold have the same sign (i.e. plus or minus). However, if the pressure difference is of the same sign when
hydrodynamic pressure is added to, or subtracted from, the hydrostatic pressure, the values of a; and a’; are to
be aj, and a'j to satisfy the following relationships, respectively.
|aj|aic = min(|aj:|a’ss, [ajz]a’s2)

ajx, @'j;:Inloading condition No. j, the pressure difference between the cargo hold in question and the adjacent cargo
hold when hydrodynamic pressure is added to the hydrostatic pressure are to be a;; and a’j;, and the pressure
difference between the cargo hold in question and the adjacent cargo hold when hydrodynamic pressure is
subtracted from the hydrostatic pressure are to be a;, and a’jz, with each calculated by the following formula.

aj1 = p; — (PgT} + Pexw1)

a,jl = p,j - (pgTj + Pexwl)

aj2 = pj — (PgT; = Pexw1)

iz =p'; = (PIT; = Pexwr)

pj, P’ As specified in Table 3.2.1-7. In calculating the pressure due to cargo, the density of the cargo and the
shape of the cargo surface which were applied in strength assessment by cargo hold analysis may be

taken into consideration.
T';: As specified in Table 3.2.1-7.

3  Notwithstanding the requirements of -1 and -2 above, when performing investigations in detail such as
investigations based on conditions the loading condition including the conditions specified in Chapter 4 in strength
assessments by cargo hold analysis specified in Chapter 8 and Chapter 8, Part 1, the relationship between the
allowable cargo mass and the draught may be determined based on the results of said investigations.

3.2.2 Loading Instruments

3.2.2.1 Additional Requirements for the Loading Instruments

1 Inapplying 3.8.3, Part 1, the following items are to be confirmed to be within their allowable limits for ships with
Ly of 150 m or more.

(1) Relationship of the draught and the load capacity when the maximum allowable and minimum required mass of
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cargo and double bottom contents of each hold as a function of the draught at mid-hold position are given as design
conditions.

(2) Relationship of the draught and the load capacity when the maximum allowable and minimum required mass of
cargo and double bottom contents of any two adjacent holds as a function of the mean draught of two adjacent
cargo holds are given as design conditions.

(3) For ships for which Annex 1.1, Chapter 1 of Part 2-2 “Additional Requirements for Bulk Carriers in Chapter
XII of the SOLAS Convention” applies, include the vertical still water bending moment and the vertical shear
force in still water listed as listed in the requirement requirements of the annex.

2 The requirements of 3.8.3, Part 1 are to be applied concerning the vertical still water bending moment and the

vertical shear force in still water during flooding as specified in -1(3) above.
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Chapter 4 LOADS

4.1 General

4.1.1 Overview

4.1.1.1 Relationship to Chapter 4 in Part 1

Each section of this Chapter defines the additional requirements shown in Table 4.1.1-1 as the loads used for each
formula and each strength assessment to determine the structural dimensions specified in each Chapter of Part 2-3 and
Part 1.

Table 4.1.1-1 Overview of Chapter 4

Section Title Overview

Requirements for the general principles of Chapter

41 |G 1
enera 4

Additional requirements for loads to be considered
4.2 | Loads to be Considered in Local Strength in the local strength requirements specified in
Chapter 6, Part 1.

Additional requirements for loading condition, etc.

43 Loads to be Considered in Strength Assessment by | to be considered in the requirements for strength

Cargo Hold Analysis assessment by cargo hold analysis specified in
Chapter 8 and Chapter 8, Part 1.

Additional requirements for loads to be considered

4.4 | Loads to be Considered in Fatigue in the fatigue strength assessment requirements

specified in Chapter 9 and Chapter 9, Part 1.

Additional requirements for loads to be considered

. . . in strength requirements for hatch covers, among
4.5 | Loads to be Considered in Equipment i i . )
other equipment requirements specified in Chapter

14.

4.2 Loads to be Considered in Local Strength

4.2.1 General

4.2.1.1 General

1  The loads to be considered in the local strength requirements specified in Chapter 6, Part 1 are also to be in
accordance with the requirements of 4.2.

2 Additional requirements for loads in the maximum load condition are to be in accordance with the requirements
of 4.2.2.

4.2.2 Maximum Load Condition

4.2.2.1 General

1 In applying 4.4.2, Part 1, the cargo mass and cargo density to be considered are to be in accordance with Table
4.2.2-1 instead of the requirements of Table 4.4.2-10, Part 1. The parameters (GM, z, etc.) required to calculate the
dynamic pressure due to cargo is to be the values in the appropriate loading condition of the full load condition.
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However, the values in Table 4.2.2-2 may be used if the values are not applicable.

2 Inapplying 4.4.2, Part 1, the parameters (GM, z; etc.) required to calculate the dynamic pressure due to ballast
water is to be the values in the ballast condition. The same parameters are to be applied where the dynamic pressure
due to liquid other than ballast water, such as the pressure due to fuel oil tank, is calculated. However, the values in
Table 4.2.2-2 may be used if the values are not applicable.

Table 4.2.2-1 Mass and Density of Ore Cargo

Circumstances other than
those described on the left
(when loading high density

When cargo is loaded up to
the top of the hatch

coaming
ore cargo, etc.)

Mass of the ore
cargo to be My My,
considered M()

Cargo density p¢ M, ©
3 3.0
(t/m ) VFull
Notes:
Mp: Maximum allowable cargo mass (¢) in the cargo hold to be considered

Veyn: Volume of cargo hold including hatch coaming section (%)

(1)  Itisnot to be less than 1.0.

Table 4.2.2-2 Simple Formulae for Parameters

Loadi Draught T,o (m) Z coordinate z; Radius of ;
oadin rau m adius of gyration
. & & o (m) of the centre of Metacentric height GM(m) &y
condition amidships . . K., (m)
gravity of the ship
Full load B Tsc  B? 3Cy—1
T. 0.25— —-—+ —_——z 0.25B
condition s¢ Cp 2 TscCp 24 ¢
B T, B? 3¢ -1
Ball.a.st Tous 0.20 e, W_LC _ 2z, 0.40B
condition B_LC 2 TpcCpyc 24
4.3 Loads to be Considered in Strength Assessment by Cargo Hold Analysis
4.3.1 General
4.3.1.1 General

1  The loads to be considered in the requirements of strength assessments by the cargo hold analysis specified in
Chapter 8 and Chapter 8, Part 1 are also to be in accordance with the requirements of 4.3.

2 Additional requirements for loads in the maximum load condition are to be in accordance with the requirements
0f4.3.2.

3 Additional requirements for loads in the harbour condition are to be in accordance with the requirements of 4.3.3.

4.3.2 Maximum Load Condition

4.3.2.1
1 Inapplying 4.6.2.1, Part 1, the loading conditions specified in Table 4.3.2-1 are to be considered. However, the

Loading Conditions

loading pattern corresponding to the loading condition that is not allowed in operation may not be considered.
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2 Notwithstanding the requirements in -1 above, additional requests may be given to consider the loading conditions

specified in the loading manual.

Table 4.3.2-1 Loading Conditions to be Considered in Maximum Load Condition

Loading

Vertical still

Equivalent

condition Loading pattern Draught | water bending design wave
moment
0@ HM-2/FM-2
S1 @ Tsc HM-1/FM-1
Mgy min BR-1P/S
Full load BP-1P/S
condition
(homogeneous) 0@ HM-2/FM-2
52 @ Toc HM-1/FM-1
Mgy min BR-1P/S
BP-1P/S
NN NEEN Msy max | HM-2/FM-2
S3 Q .\\ Tgar HM-1/FM-1
m = i Mgy min BR-1P/S
BP-1P/S
Ballast condition
~ ! X M a "~
A T Y NEEN svmax | HM-2/FM-2
S4 § \\ TgaL2 HM-1/FM-1
AT iy ] Msy min ﬁi-ig
My SEEN 0.5Mgy max® | HM-2/FM-2
S5 Q‘\ Tvp1-max
T Msymn | HM-UFM-L
______ -, S S 0.5Msy max® | HM-2/FM-2
N
S6 N \\ Tup2-max HM-1/FM-1
Ny ; Mgy _min BR-1P/S
Condition BP-1P/S
loaded/unloaded - -
in multiple NN NN 0.5Mgy max® | HM-2/FM-2
portst) ST @ Typ3—min
N N ’ Mgy min | HM-1/FM-1
N 0.5Msy max® | HM-2/FM-2
58 @ Trvpa-min HM-1/FM-1
& g Mgy min BR-1P/S
BP-1P/S
5 Trvps—min O'SMSV_max(z) HM-2/FM-2
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Vertical still

Loac'h.ng Loading pattern Draught | water bending Eq}llvalent
condition moment design wave
AN
[ l Msy min HM-1/FM-1
Y
N 0.5Msy max® | HM-2/FM-2
S10 @ Trpe—min HM-1/FM-1
Msy min BR-1P/S
BP-1P/S
N
AN ¥ 0.5Msy max® | HM-2/FM-2
S11 & \% TM P7-max
N S )
N Msy min | HM-1/FM-1
0.5Mgy max® | HM-2/FM-2
N N
S12 § % Tupg—max HM-1/FM-1
AN Msy min BR-1P/S
BP-1P/S
E: Dry bulk cargo (mass of ore cargo: Mp)
El: High density cargo (mass of ore cargo: M)
RXNN: Ballast water
Notes:
TgaLz: Minimum draught (m) in ballast conditions S4. However, Tg,; is to be the lower limit.

Tupi—max: Maximum draught () in multi-port loading/unloading condition i. However, the lower limit is the largest
draught in the loading condition including the loading pattern of the multi-port loading/unloading condition
i described in the loading manual, and the upper limit is the scantling draught .
Tupi—min: Minimum draught (m) in multi-port loading/unloading condition i. However, the upper limit is the smallest
draught in the loading condition including the loading pattern of the multi-port loading/unloading condition
i described in the loading manual.

(1) The radius of gyration (m) around the X-axis is taken to be 0.325B. However, the value calculated based on the weight distribution according
to the loading condition to be considered can be used.
(2) If'the vertical still water bending moment in the loading condition under consideration exceeds the value in the table, said moment are to be

taken into consideration.
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4.3.2.2 Lateral Loads

In applying 4.6.2.6, Part 1, the cargo mass and cargo density under consideration are to be in accordance with
Table 4.3.2-2.

Table 4.3.2-2 Mass and Density of Ore Cargo

. Circumstances other than those described
When cargo is loaded up to ) i )
: on the left (when loading high density ore
the top of the hatch coaming
cargo, etc.)
Mass of the ore cargo to M M
be considered M(¥) b b
M., @D
Cargo density p. (¢/m?) D 3.0
VFull
Notes:
Mp: Maximum allowable cargo mass () in the cargo hold to be considered
Ve : Volume of cargo hold including hatch coaming section (m*)
(1)  Ttisnot to be less than 1.0.

43.23 Hull Girder Loads
In applying 4.6.2.10, Part 1, the value of Mg, is to be replaced with the value specified in Table 4.3.2-1.

4.3.3 Harbour Conditions

4.3.3.1 Loading Conditions
In applying 4.6.3.1, Part 1, the loading conditions specified in Table 4.3.3-1 are to be considered.
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Table 4.3.3-1 Loading Conditions in Harbour Condition

Pl S § TPT—max = -
S Hor i
DO DA oS,
Harbour w k\\\\\\\ ] Mot min
condition m 05Mpp
P3 @ Tor—min :
AN ’ Mpr min
NN g ; SMpr max
P4 § § TPT—max o -
NN WA Mot min

[, RN: As specified in Table 4.3.2-1.

Notes:

Tpr—max: Maximum designed draught in the harbour condition (7). However, the lower limit is the maximum draught
and the upper limit is the scantling draught Tg. of the loading conditions in harbour condition described in
the loading manual.

Tpr_min: Minimum designed draught in harbour (m) The upper limit is the smallest draught of the loading conditions

in harbour condition described in the loading manual.

4.3.3.2 Hull Girder Loads
In applying 4.6.3.5, Part 1, the vertical bending moment in harbour for the loading condition under consideration
is to be in accordance with the requirements of 4.3.3.1.

4.4 Loads to be Considered in Fatigue

4.4.1 General

4.4.1.1 General
1  The loads to be considered in the fatigue strength assessment specified in Chapter 9 and Chapter 9, Part 1 are
also to be in accordance with the requirements of 4.4.

2 Additional requirements for loads in the cyclic load condition are to be in accordance with the requirements of
44.2.

4.4.2 Cyclic Load Condition

4.4.2.1 Loading Conditions

In applying 4.7.2.1, Part 1, the loading conditions specified in Table 4.4.2-1 are to be considered. However, where
actual condition is different with loading patterns specified in Table 4.4.2-1 because of tank arrangement, etc. loading
patterns based upon the loading conditions in the loading manual may be considered.
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Table 4.4.2-1 Loading Conditions in Cyclic Load Condition

Vertical still

Loading ) water Equivalent
condition Loading pattern Draught bending | design wave
moment
FA1 Tsc
Homogeneous
full load
condition
FA2 E Tsc Values in
the loading HM
. M
% conditions BR
\\\\\\\\ \‘ Q to be BP
FA43 Q \ Tgar considered
N AN
Ballast m
condition ARIMMIITIITIITNINY .
N
FA4 N \\ ToaLz
. T

[, I, K As specified in Table 4.3.2-1.

Notes:
Tpar2:  Asspecified in Table 4.3.2-1.

4.5 Loads to be Considered in Equipment

4.5.1 General

4.5.1.1 General

Loads to be considered in hatch covers and other equipment as specified in 14.1 are to be in accordance with the
requirements of 4.8, Part 2-2, instead of 4.10, Part 1. However, the relevant requirements in Part CSR-B&T may be
applied where deemed appropriate by the Society.
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Chapter 8 STRENGTH ASSESSMENT BY CARGO HOLD ANALYSIS

8.1 General

8.1.1 Overview

8.1.1.1 Structure and Overview of this Chapter
1  This Chapter specifies methods for strength assessment by cargo hold analysis in ore carriers.
2 The structure and overview of this Chapter are shown in Table 8.1.1-1.

Table 8.1.1-1 Overview of Chapter 8

Section Title Overview

Additional requirements related to the overview and
8.1 General L .
application of this Chapter

82 Evaluation Area and Members to be | Additional requirements related to the evaluation areas
) Assessed and members to be assessed

Additional requirements related to extent of model,
8.3 Structural Models .
members to be modelled, meshing, etc.

8.4 Boundary Conditions and Loads | Additional requirements related to the boundary
) Conditions conditions and loads conditions

Additional requirements for bucklin strength
8.5 Strength Assessment a " g g
assessment

8.1.2 Application

8.1.2.1 Applicable Ships
Ships that strength assessment by cargo hold analysis is required, which fall under 8.1.2.1-1(2), Part 1 are to be
ships of which the length of L. is 150 m or more.

8.2 Evaluation Area and Members to be Assessed
8.2.1 Members to be Assessed
8.2.2.1 Members to be Assessed for Maximum Load Condition, Harbour Condition and Testing Condition

In applying 8.2.2.1, Part 1, the structures and members to be assessed are to be as follows.
(1) Double bottom structure (bottom shell, inner bottom plating, centre girder, side girder and floor)
(2) Wing tank structure (side shell, longitudinal bulkheads, transverse rings in wing tanks and girders)
(3) Bulkhead structure (including stools and girders in the stools)
(4) Deck structure (including cross decks)
(5) Other members deemed necessary by the Society

8.3 Structural Models

8.3.1 General

8.3.1.1 Extent of Model
In applying 8.3.1.1, Part 1, the model is, in principle, to represent three adjacent cargo holds with the target hold
in the middle and the full depth and the full width of the holds are to be modelled.
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8.4 Boundary Conditions and Loads Conditions
8.4.1 Boundary Conditions
8.4.1.1

In applying 8.5.1, Part 1, the boundary conditions are to be in accordance with 8.4.1, Part 2-2.
8.4.2 Loads Condition

8.4.21 Loads to be Considered
In applying 8.5.2, Part 1, loads based also upon the additional requirements specified in 4.3 are to be considered.

8.4.2.2 Method of Applying Moments to the Structural Model
In applying 8.5.2, Part 1, the vertical bending moment and horizontal bending moment act on the target hold are
to be adjusted in accordance with the method specified in 8.4.2, Part 2-2.

8.5 Strength Assessment

8.5.1 Yield Strength Assessment and Buckling Strength Assessment

8.5.1.1 Strength Assessment of Side Shell in Beam Sea

1  Where strength assessment is performed considering the load based on the equivalent design waves BR and BP in
the maximum load condition, 8.6.2.1-2, Part 1 may be applied for stiffened panels of side shell instead of 8.6.2.1-1,
Part 1 where the compressive stress in the shorter side direction of the panels, which is due to bending deformation of
side transverse and side shell, is dominant component (See Table 8.5.1-1).

2 In application of -1 above, yield strength assessment specified in 8.6.1, Part 1 of side shell need not be carried
out.

3 In application of -1 above, where the yield strength assessment and buckling strength assessment specified in
An2.7, Annex 8.6A, Part 1 “Strength Assessment Considering Effect of Surrounding Structures” are carried out,
the yield strength and buckling strength assessments may not be required for the following (1) to (4).

(1) Stiffened panels within the rigidity reduction range

(2) Buckling panels which include elements sharing nodes included in the elements of (1) above

(3) Plate panels on lower stool plating

(4) Elements which include (1), (2) and (3) above

8.5.1.2 Strength Assessment of Lower Stool Plating in Beam Sea

1 Where strength assessment is performed considering the load based on the equivalent design waves BR and BP in
the maximum load condition, 8.6.2.1-2, Part 1 may be applied for plate panels of lower stool plating instead of 8.6.2.1-
1, Part 1 (See Table 8.5.1-1).

2 In application of -1 above, yield strength assessment specified in 8.6.1, Part 1 of lower stool plating need not be
carried out.

3 In application of -1 above, where the yield strength assessment and buckling strength assessment specified in
An2.7, Annex 8.6A, Part 1 “Strength Assessment Considering Effect of Surrounding Structures” are carried out,
the yield strength and buckling strength assessments may not be required for the following plate panels and elements
including the panels.

(1) Plate panels within the region of rigidity reduction

8.5.1.3 Buckling Strength Assessment of Cross Ties in Wing Tanks

In applying 8.6.2, Part 1, when assessing the column buckling of cross ties in ore carrier’s wing tanks based upon
the requirements specified in An2.5, Annex 8.6, Part 1 “Buckling Strength Assessment based on Cargo Hold
Analysis”, the cross tie span [ is to be the distance from the flange of the side stringer attached to the longitudinal
bulkhead where the horizontal girder for the cross tie is mounted, to the flange of the side stringer attached to the side
shell (See Table 8.5.1-1). However, if this is difficult to determine based on this definition, the cross-tie span [ may

be determined upon prior consultation with the Society.
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8.5.14 Buckling Strength Assessment of Cross Deck in Head Sea and Following Sea
Where strength assessment is performed considering the loads based on the equivalent design waves HM-1 and
FM-1 in the maximum load condition, the assessment specified in 8.6.2.1-1, Part 1 may not be carried out for plate
panels on cross deck stiffened in transverse direction where the following is satisfied (See Table 8.5.1-1).
(1) The stress in longitudinal direction on cross deck due to vertical bending moment is act on the narrow area enough
compared to the length of cross deck in transverse direction.
(2) Thickness of cross deck adjacent to upper deck longitudinally stiffened is greater than 50 % of thickness of the
upper deck.

Table 8.5.1-1 Relationship between the Application of Part 1 and Part 2

Maximum load condition

Member to be assessed
Equivalent design waves HM and FM | Equivalent design waves BR and BP

+ An2.2 to An2.6 of Annex 8.6A,

Side shell and lower stool plating Part 1 are applied.
(Annex 8.6A, Part 1 is applied for * Permissible utilization factor
equivalent design waves BR and BP) (buckling): 0.8

* Yield strength assessment: - Yield strength assessment: NA

As specified in 8.6.1, Part 1

* Buckling strength assessment: * An2.7 of Annex 8.6A, Part 1 is

Members other than side shell and As specified in 8.6.2.1-1, Part 1 applied.

lower stool plating * Yield strength assessment:
(Annex 8.6A, Part 1 is applied for As specified in 8.6.1, Part 1.
equivalent design waves BR and BP) * Buckling strength assessment:

As specified in 8.6.2.1-1, Part 1.

* Yield strength assessment: * Yield strength assessment:
As specified in 8.6.1, Part 1. As specified in 8.6.1, Part 1.
Cross deck . .
* Buckling strength assessment: * Buckling strength assessment:
As specified in 8.5.1.4. As specified in 8.6.2.1-1, Part 1.
* Yield strength assessment: As specified in 8.6.1, Part 1.
Cross ties in wing tanks(" * Buckling strength assessment:  As specified in 8.6.2.1-1, Part 1. In
addition, as specified in 8.5.1.3.
Notes:

(1) The same requirements apply to harbour condition, testing condition and flooded condition.
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Chapter 9 FATIGUE

9.1 General

9.1.1 Rule Application for Fatigue Requirements

9.1.1.1 Application
Ships with a length L; of 150 m or more are to be assessed for fatigue strength based on the hot spot stresses
obtained by simplified stress analysis according to 9.3, Part 1 and finite element analysis according to 9.4, Part 1.

9.2 Structural Details to be Assessed
9.2.1 Structural Details to be Assessed by Finite Element Analysis
9.2.1.1

1  Critical structural details to be assessed for fatigue strength by finite element analysis according to 9.4, Part 1,
are shown in Table 9.2.1-1.

2 Notwithstanding the requirements specified in -1 above, where documents demonstrating sufficient fatigue
strength are submitted and deemed appropriate to the Society, the fatigue strength assessment of the structure may be

omitted.
Table 9.2.1-1 Structural Details of Primary Members to be Assessed in the Hull Structure
No. | Critical structural details of hull structure
1 | Intersections between bilge hopper plating and inner bottom plating
2 | Intersections between bilge hopper plating and inner longitudinal bulkhead
3 | Intersections between lower stool and inner bottom plating in way of bottom girder
4 | Hatch corner
5 | Intersections of lower stool and corrugated bulkheads
6 | Intersections between transverse bulkhead horizontal stringer, and side stringer in wing tank
7 | Other areas with large stress concentration
9.3 Loading Conditions and Fraction of Time to be Considered
9.3.1 General
9.3.1.1

1  Standard loading conditions and fraction of time are to be in accordance with Table 9.3.1-1.
2 Notwithstanding the requirements specified in -1 above, when considering loading conditions and fraction of time
other than those in Table 9.3.1-1, it is necessary to consider appropriate combinations.

Table 9.3.1-1 Standard Loading Conditions and Fraction of Time

Loading conditions Fraction of Time ag
Full load condition (homogeneous loading) 50 %
Ballast condition 50 %
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9.4 Boundary Conditions and Load Conditions
9.4.1 Boundary Conditions
9.4.1.1

In applying 9.4.4.1, Part 1, the boundary conditions are to be in accordance with 8.4.1.1, Part 2-2.
9.4.2 Load Conditions

9.4.2.1 Method of Applying Moments to the Structural Model
In applying 9.4.4.2, Part 1, the method of applying moments to the structural model is to be in accordance with

8.4.2.2, Part 2-2. However, the vertical bending moment and horizontal bending moment (kN-m) specified in Table
9.4.2-1 are to be used as My _.4ry and My_.4-, instead of those specified in Table 8.4.2-1, Part 2-2.

Table 9.4.2-1 My_tq,, and My_¢q,

Cyclic load condition

Vertical bending moment My _;4.q My _ue

Horizontal bending moment My_;44 My _pe

Note:

My _ue, My_ne: Vertical bending moment and horizontal bending moment (AN-m) under cyclic load

condition, to be in accordance with 4.7.2.10, Part 1.
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Chapter 10 ADDITIONAL STRUCTURAL REQUIREMENTS

10.1 Bottom Structure

10.1.1 General

10.1.1.1 Drainage of Cargo Holds

1 In general, one bilge suction opening is to be arranged on each side of the ship at the after end of the cargo hold.
Where the length of the cargo hold in ships having only one hold exceeds 66 m, an additional bilge suction opening is
to be arranged in a suitable position in the forward half-length of the hold.

2 Bilge wells are to be arranged at suitable positions so as to protect cover plates from direct contact with the ore.
They are to be provided with strum boxes or other suitable means so that the suction openings are not choked by ore
dust or other particles.

3 Where bilge pipes are led through double bottoms, side tanks or void spaces, non-return valves or stop valves
capable of being closed from a readily accessible position are to be provided at their open ends.

4  Bilge suction branch pipes may be of an inside diameter obtained from the formula in 13.5.3-1, Part D,
substituting the mean breadth of the ore hold for B.

10.2 Side Structure

10.2.1 Primary Structural Members

10.2.1.1 General
Structural details of girders and cross ties are to be in accordance with the following (1) and (2).

(1) Girders provided within the same plane are to be arranged to avoid sharp changes in strength and rigidity. Brackets
of a suitable size are to be provided at the ends of girders, and bracket toes are to be sufficiently rounded.

(2) Lower brackets of side transverses and transverses on longitudinal bulkheads and web plates in the vicinity of the
edge of the brackets are to be effectively stiffened.

10.2.1.2  Bottom Transverses and Deck Transverses
The rigidity of bottom transverses and deck transverses is to be well balanced with that of side transverses

10.2.1.3  Cross Ties
Where side transverses and transverses on longitudinal bulkheads in wing tanks are effectively connected, the
structure of the cross ties are to be in accordance with the following (1) and (2).
(1) Brackets are to be provided at the ends of cross ties to connect cross ties with transverses.
(2) Where the breadth of face plates forming cross ties exceeds 150 mm on one side of the web, stiffeners are to be
provided at proper intervals to support the face plates as well.

10.2.1.4  Structural Details
Structural details of transverses and cross ties are to be in accordance with the following (1) to (3).

(1) Additional stiffeners are to be fitted at end bracket parts, connections with cross ties of transverses, and parts
where shearing stress and/or compressive stress are expected to be high. These parts are not to have lightening
holes. However, parts that are provided with adequate reinforcements (for example, horizontal girders are to be
fitted at cross ties) in order to release stress do not need to be in accordance with these requirements. If considered
necessary, slots for penetration of longitudinals in these parts are to be reinforced with collars. Sufficient
consideration is to be taken for the continuity of strength at the connection between cross ties and longitudinals
(for example, soft brackets are to be provided on the both sides of a transverse).

(2) When angle bars are used instead of flat bars as stiffeners to be installed on transverses, their moments of inertia
with effective plate are to be approximately equivalent to the required ones.

(3) For structures such as that detailed in Fig. 10.2.1-1, brackets with an asterisk (*) mark are to be installed.
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Fig. 10.2.1-1 Connection of Cross Ties
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10.3 Deck Structure

10.3.1 Cross Decks

10.3.1.1
Special consideration is to be given to the buckling strength of cross decks.

10.4 Bulkhead Structure

10.4.1 Stools at Transverse Bulkheads in Cargo Holds

104.1.1  General
Partial girders, etc. are partially to be arranged beneath the girders in the lower stool of the transverse bulkhead.

10.5 Tank Structures for Sloshing

10.5.1 General

10.5.1.1  Application

1  For the members of ballast tank structures which satisfy the following (1) to (3), the scantlings specified in this

10.5 are considered to be satisfied when obtained using the sloshing loads specified in 4.8.2.4, Part 1.

(1) Ballast tanks with volumes of not less than 100 »:?

(2) Ballast tanks designed for possible to loading at filling ratios of not less than 20 % and not more than 90 %

(3) Where the period of longitudinal oscillation of ballast tanks is within the range of +20 % of pitch period and within
+1.5 seconds from the same period, and where the period of transverse oscillation of ballast tanks is within the
range of £20 % of roll period and within 1.5 seconds from the same period.

2 Inapplying -1(3) above, where only one of the conditions is applicable, only the sloshing load due to the relevant

ship motion need be considered.

3 In applying -1(3) above, the tank natural periods are to be calculated for each 10 % of the filling ratio, and only

the sloshing load due to the filling ratio corresponding to the conditions of -1(3) above need be considered.

10.5.1.2  Scantling Approach
The required scantlings specified in this 10.5 are to be net scantlings.

10.5.2 Plates

10.5.2.1

1  The plate thickness on which sloshing loads act is to be not less than the value obtained from 10.9.2, Part 1.

2 Equivalent pressure for members to be assessed is to be in accordance with Table 10.5.2-1. The density of seawater
(1.025 t/m?), however, is to be considered instead of maximum design cargo density when calculating such pressure.
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Table 10.5.2-1 Equivalent Pressure for Plate Panels
Member Psin

- Transverse bulkheads
P, slh-p

(4.8.2.4-4(1), Part 1)

- Transverse wash bulkheads

- Tank top plates near transverse bulkheads (1)

- Longitudinal bulkheads
- Side shells Pgn_r
- Tank top plates near longitudinal bulkheads / side shells(" (4.8.2.4-4(2), Part 1)
- Sloping plates below longitudinal bulkheads®
Notes:

Numbers in parentheses indicate section number.

(1) Pgp—p isto be applied to the plate panels within the range of 0.3¢,; from transverse bulkheads. In addition, Pg,_, isto
be applied to the plate panels within the range of 0.3b;, from longitudinal bulkheads. The definitions of ¢, and b, are
as specified in Table 4.8.2-13 and Table 4.8.2-14, Part 1.

(2)  For sloping plates below longitudinal bulkheads, sloshing loads are to be calculated using the same parameters as those

used for longitudinal bulkheads.

10.5.3 Stiffeners

10.5.3.1

1  The section modulus of stiffeners attached to plates on which sloshing loads act is to be not less than the value
obtained from the formula specified in 10.9.3, Part 1.

2 Equivalent bending moments for members to be assessed are to be in accordance with Table 10.5.3-1. The density
of seawater (1.025 #/m?) is to be considered instead of maximum design cargo density when calculating such moments.

Table 10.5.3-1 Equivalent Bending Moment for Each Member to be Assessed

Member to be assessed Stiffened system Mg,
Lo | oo B LEDFarcD
. sin—r(4.8.2.4-5(2), Par
- Stiffeners attached to tank top plates" Mo o(4.8.2.4-5(2), Part 1)
Transverse M,y (4.8.2.4-5(1), Part 1)
- Stiffeners attached to transverse bulkheads
— Stiffeners attached to transverse wash bulkheads System A® Msin—p(4.8.2.4-5(1), Part 1)
- Stiffeners attached to vertical girders which are attached
to longitudinal bulkheads
- Stiffeners attached to horizontal girders which are System B®) Mgy (4.8.2.4-5(2), Part 1)
attached to transverse bulkheads
- Stiffeners attached to cross-tie of transverse direction
- Stiffeners attached to longitudinal bulkheads
- Stiffeners attached to side shells System A @ Mgp—r
—  Stiffeners attached to sloping plates below longitudinal (4.8.2.4-5(1), Part 1)
bulkheads
- Stiffeners attached to vertical girders which are attached
to transverse bulkheads System B® Mgy
- Stiffeners attached to horizontal girders which are (4.8.2.4-5(2), Part 1)
attached to longitudinal bulkheads
Notes:

Numbers in parentheses indicate section number.
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(1) Mgy—p is to be applied to the stiffeners attached to the plate panels within the range of 0.3#,, from transverse bulkheads. And Mg, is
to be applied to the stiffeners attached to the plate panels within the range of 0.3b,;, from longitudinal bulkheads / side shells.

(2)  See Fig. 10.9.3-1, Part 1

(3)  See Fig. 10.9.3-2, Part 1

10.5.4 Webs of Girders

10.5.4.1

1  The web thickness t,, of girders on which sloshing loads act is to be not less than the value obtained from the
formula specified in 10.9.4, Part 1.

2 Equivalent pressure for members to be assessed is to be in accordance with Table 10.5.4-1.

Table 10.5.4-1 Equivalent Pressure for Each Member to be Assessed

Member to be assessed Py

- Horizontal girders attached to transverse bulkheads / transverse
wash bulkheads

Py
- Vertical girders attached to longitudinal bulkheads sty

4.8.2.4-4(1), Part 1
- Vertical girders attached to side shells ( @), )

- Cross-ties in transverse direction

- Horizontal girders attached to longitudinal bulkheads

- Vertical girders attached to transverse bulkheads / transverse wash Pgn_r
bulkheads (4.8.2.4-4(2), Part 1)

- Horizontal girders attached to side shells

Notes:

Numbers in parentheses indicate section number.

10.6 Other

10.6.1 Special Requirements for Ship Intended for the Carriage of Cargoes Having Moisture Contents
Which Exceed Transportable Moisture Limit

10.6.1.1
The hull structural members of ships intended for the carriage of cargoes having moisture contents which exceed

transportable moisture limit are to be in accordance with the following (1) or (2).

(1) For ships intended for the carriage of nickel ore with a moisture content that exceeds the transportable moisture
limit, the requirements specified in “Guidelines for the Safe Carriage of Nickel Ore”

(2) For ships intended for the carriage of cargoes other than nickel ore, evaluation methods deemed appropriate by
the Society
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Chapter 11 STRUCTURES OUTSIDE THE CARGO REGION

11.1 Superstructures

11.1.1 Forecastles

11.1.1.1

1  Bulk Carriers defined in 1.3.1 (13), Part B, are to be provided with forecastles in accordance with the following

(1) to (5). However, the forecastle deck arrangements of ships for which the application of this requirement is, for

some reason, difficult are to be at the direction of the Society.

M
2

(€))

“

(&)

2

The forecastle is to be an enclosed superstructure
The forecastle is to be located on the freeboard deck with its aft bulkhead fitted in way or aft of the forward
bulkhead of the foremost hold. (See Fig. 11.1.1-1)
The forecastle height Hr above the main deck is to be not less than the value given in the following (a) or (b)
whichever is the greater:
(a) H¢ + 0.5 (m), where H is the height of the forward transverse hatch coaming of the foremost cargo hold.
(b) The standard height (m) of superstructure as given in 1.4.3.3, Part 1
To reduce the load on the hatch coaming of the foremost cargo hold specified in 4.8.2.5, Part 2-2 and/or the
pressure applying abaft on the forward transverse hatch cover specified in 4.8.2.7, Part 2-2, the horizontal distance
£ (m) from the hatch coaming to all points of the aft edge of the forecastle deck is to satisfy the following formula.
€ < 5\ Hp — H¢
Hp and H.: As specified in (3) above.
A breakwater is not to be fitted on the forecastle deck with the purpose of protecting the hatch coaming or hatch
covers. If fitted for other purposes, it is to be located such that its aft edge at the centre line is forward of the aft
edge of the forecastle deck a horizontal distance ¢,, (m) satisfying the following formula:

¢, = Hg/tan20°
Hpg: Height of the breakwater above the forecastle (m)

Fig. 11.1.1-1
L
e ——]
Top of the hatch :L -l IHB
coaming i
-------------- ﬁl i H,
I |
............. H . 2
H
i i
i Iy i
—3

Forward Bulkhead
of the foremost hold

Notwithstanding the requirements in -1(2) above, if this requirement hinders hatch cover operation, the aft

bulkhead of the forecastle may be fitted forward of the forward bulkhead of the foremost cargo hold provided the
forecastle length is not less than 7% of the freeboard length defined in 1.4.3.1-2, Part 1.
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Chapter 14 EQUIPMENT

14.1 Hatch Covers

14.1.1 Application

14.1.1.1 General
The construction and the means for closing of cargo and other hatchways are to be in accordance with the
requirements in 14.1, Part 2-2.
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Part 2-4 WOOD CHIP CARRIERS

Chapter 1 GENERAL

1.1 General

1.11 Application

1.1.1.1 Application of this Part

1  The hull construction and equipment of ships intended to be registered as wood chip carriers affixed with the
notation “Chip Carrier” (abbreviated as CPC), are to be in accordance with the requirements in Part 2-4 in addition to
Part 1.

2 The requirements in Part 2-4 are for ships of single-side skin construction having a single deck, double bottom
and bilge hopper tanks intended for the carriage of wood chips, and decks and bottoms framed longitudinally.

3 Wood chip carriers with a different construction from that specified in -2 above, to which the requirements in this
Part are considered to be not applicable, are to be at the discretion of the Society.

1.1.1.2 Application of Chapter XII of the SOLAS Convention
Wood chip carriers to which Part 2-4 applies are to comply with the Annex 1.1 in Chapter 1 of Part 2-2 “Additional
Requirements for Bulk Carriers in Chapter XII of the SOLAS Convention”.

1.2 Definitions
1.2.1 Naming Convention
1.2.1.1 Structural Nomenclature

Fig. 1.2.1-1 show the common structural nomenclature used in Part 2-4.
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Fig. 1.2.1-1  Chip Carriers
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Chapter 2 GENERAL ARRANGEMENT DESIGN

2.1 Structural Arrangements
2.1.1 Double Bottoms
2.1.11 Arrangement and Construction of Centre Girder and Side Girder

1  Unless particularly approved by the Society, the height of the centre girder is not to be less than that obtained from
the following formula. In ships having unusually large freeboards according to 1.4.3.5, Part 1, the height of centre
girders may be reduced to the values obtained using the depth to the assumed freeboard deck D' instead of D in the
formula. However, this height is not to be less than B/20 in any circumstance.

LyBD
15 (mm)
m

Ly: Total length (m) of all cargo holds, excluding pump rooms and cofferdams

m: Number of holds included in the cargo space
2.1.2 Bilge Hopper Tanks

2.1.21 General
When bilge hopper tanks are installed, the arrangement is to be in accordance with the following (1) to (3).
(1) Compartments of bilge hopper tanks are to be in coincidence with those of holds as far as practicable.
(2) In bilge hopper tanks, a transverse web is to be provided at every floor.
(3) Side girders are to be provided at the inner ends of bilge hoppers.
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Chapter 3 STRUCTURAL DESIGN PRINCIPLES

3.1 Minimum Requirements

3.1.1 Minimum Thicknesses
1  The thickness of webs and upper/lower brackets of side frames is not to be less than that obtained from the
following formula.

t = 0.03L¢y90 + 3.0 (mm)

L¢ooo: The length of the ship (m) specified in 1.4.2.2.
2 The thickness of side shell plating located between deck and bilge hopper tanks is not to be less than that obtained
from the following formula:

t= 0.8\/L—C (mm)

Lc: The length of the ship (m) specified in 1.5.3.1
3.2 Loading Manual and Loading Instruments
3.2.1 Loading Manual

3.2.1.1 Additional Requirements for the Loading Manual
In applying the requirements of 3.8.2, Part 1, the requirements of 3.2.1, Part 2-2 are also to be followed.

3.2.2 Loading Computer

3.2.21 Additional Requirements for the Loading Instruments
In applying the requirements of 3.8.3, Part 1, the requirements of 3.2.2, Part 2-2 are also to be followed.
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Chapter 4 LOADS

4.1 General

4.1.1 Overview

4.1.1.1 Structure and Overview of this Chapter

Each section of this Chapter defines the additional requirements shown in Table 4.1.1-1 as the loads used for each
formula and each strength assessment to determine the structural dimensions specified in each Chapter of Part 2-4 and
Part 1.

Table 4.1.1-1 Overview of Chapter 4

Section Title Overview

Requirements for the general principles of Chapter

41 |G 1
enera 4

Additional requirements for loads to be considered
4.2 | Loads to be Considered in Local Strength in the local strength requirements specified in
Chapter 6 and Chapter 6, Part 1.

Additional requirements for loads to be considered
Loads to be Considered in Strength Assessment by | in the requirements for strength assessment by cargo

4.3
Cargo Hold Analysis hold analysis specified in Chapter 8 and Chapter 8,
Part 1.
Additional requirements for loads to be considered
4.4 | Loads to be Considered in Fatigue in the fatigue strength assessment requirements
specified in Chapter 9 and Chapter 9, Part 1.
4.2 Loads to be Considered in Local Strength
4.2.1 General

4.2.1.1 General

1  The loads to be considered in the local strength requirements specified in Chapter 6 and Chapter 6, Part 1 are
also to be in accordance with the requirements of 4.2.

2 Additional requirements for loads in the maximum load condition are to be in accordance with the requirements
0f 4.2.2.

4.2.2 Maximum Load Condition

4.2.2.1 Lateral Loads

1  The cargo mass and cargo density to be considered are to be in accordance with Table 4.2.2-1 instead of the
requirements of 4.4.2.5, Part 1. For ships designed to carry cargo other than wood chips, the effect due to the cargo is
to be appropriately considered. In addition, if necessary, restrictions on cargo density and cargo loading height are to
be stated in the loading manual.

2 In applying 4.4.2, Part 1, the parameters (GM, z;, etc.) required to calculate dynamic pressure due to cargo are
to be the values in the full load condition. However, the values in Table 4.2.2-2 may be used if the parameters are not
available.

3 Inapplying 4.4.2, Part 1, the parameters (GM, z;, etc.) required to calculate the dynamic pressure due to ballast
water are to be the values in the heavy ballast condition. The same parameters are to be applied where the dynamic
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pressure due to liquid other than ballast water, such as the pressure due to fuel oil tank, is considered. However, the
values in Table 4.2.2-2 may be used if the parameters are not available.

Table 4.2.2-1 Mass and Density of Wood Chip Cargo

Wood chip mass to be considered
M (1)

Mp

Mp

VFull

Cargo density p. (¢/m?)

Notes:
Mp:  Maximum allowable wood chip mass in the cargo hold to be considered
O]

Veuu:  Volume of cargo hold including hatch coaming (m°)

Table 4.2.2-2 Simple Formulae for Parameters

Z coordinate Zzg
Draught T, fth tre of Radius of
Loading condition raug ook (m) (m) 0, ¢ contre .o Metacentric height GM (m) ‘a s o
amidships gravity of the ship gyrationK,., (m)
Full load B Tgc B? 3¢y —1
T. 0.25— —+ ——z 0.35B
condition s¢ Cg 2 TscCp 24 ¢
TLC BZ 3CW LC — 1
—_ + =
Heavy .bfillast Torson 0.20 2 T TyeCoic 22 0.408
condition Cp 1c
-z
4.3 Loads to be Considered in Strength Assessment by Cargo Hold Analysis
4.3.1 General
4.3.1.1 General

1  The loads to be considered in the strength assessment by the cargo hold analysis specified in Chapter 8 and
Chapter 8, Part 1 are also to be in accordance with the requirements of 4.3.

2 Additional requirements for loads in the maximum load condition are to be in accordance with the requirements
of 4.3.2.

3 Additional requirements for loads in the maximum load condition are to be in accordance with the requirements

of 4.3.3.
4.3.2 Maximum Load Condition

4.3.2.1
1 In applying 4.6.2.1, Part 1, in addition to the homogeneous full load condition and ballast condition, for ships

Loading Conditions

designed for loaded/unloaded in multiple ports, the corresponding conditions are to be considered from the loading
condition specified in Table 4.3.2-1. For ballast hold, the loading conditions specified in Table 4.3.2-2 are to be
additionally considered. However, i the loading pattern corresponding to the loading condition that is not restricted in
operation may not be considered.

2 As for ships designed to carry cargo other than wood chips, the Society may require appropriate consideration of
the effect due to the cargo density and cargo height restrictions specified in the loading manual.

3 Notwithstanding the requirements in -1 above, the Society may require considering loading conditions specified
in the loading manual additionally where deemed necessary.
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Table 4.3.2-1 Loading Conditions to be Considered in Maximum Load Condition (Other than the Ballast Hold)

Vertical still
Loading . water Equivalent
condition” Loading pattern Draught bending | design wave
moment®
0.5Msy max | HM-2/FM-2
Homogeneous
full load S1 Tsc HM-1/FM-1
condition 0.5Mgy min BP-1P/S
BR-1P/S
Mgy max | HM-2/IFM-2
ch?rllldaist‘ion(z) 52 TpaL HM-1/FM-1
AARHALAAARHER AR AR RN W M SV_min BP-1P/S
BR-1P/S
Mgy max | HM-2/FM-2
S3 TM Pl-max
Msy min | HM-1/FM-1
Msy max | HM-2IFM-2
S4 TM P2-min
Condition Mgy min | HM-1/FM-1
loaded/unloaded
in multiple ports Msy max | HM-2/FM-2
S5 TM P3—min
Mgy min | HM-1/FM-1
Msy max HM-2/FM-2
S6 TM P4—ma.
Mgy min | HM-1/FM-1

E=: Dry bulk cargo (mass of wood chip cargo: Mp)
RXXN: Ballast water

Notes:

Trvpi—max: Maximum draught in multi-port loading/unloading condition i (m). However, the lower limit is the largest
draught in the loading condition including the loading pattern i of the multi-port loading/unloading
condition described in the loading manual, and the upper limit is the scantling draught Tg..

Tyvpi—min: Minimum draught in multi-port loading/unloading condition i (m). However, the upper limit is the smallest
draught in the loading condition including the loading pattern i of the multi-port loading/unloading
condition described in the loading manual.

(1) The radius of gyration (m) around the X-axis, to be taken as 0.35B in the homogeneous full load condition, to be taken as 0.40B in the
ballast condition, and to be taken as 0.38B in the multi-port loading/unloading condition. However, the value calculated based on the weight
distribution according to the loading condition to be considered may be used.

(2) Ifthe ballast tank is partially filled or empty by design, strength assessments are to be carried out with the ballast tank empty to account for
ballast conditions. When performing strength assessments with fully loaded ballast tank to account for ballast conditions, the loading manual
are to note that the ballast tank is to be kept fully loaded at all times as an operational restriction.

(3) In the multi-port loaded/unloaded condition, instead of the vertical still water bending moment specified in the table, the maximum or

minimum vertical still water bending moment that occurs after considering all possible physical combinations such as a full or empty

consumable tank may be considered.
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Table 4.3.2-2 Loading Conditions to be Considered in Maximum Load Condition (Additional Requirements for the

Ballast Hold)
Vertical still
Loading . ) water Equivalent
condition” Loading patterns Draught bending | design wave
moment

Msy max | HM-2/FM-2

AR AR R AR AR \\\\\\\\\\\ M SV min BP-1P/S

AN, ASRRRARREANS

Heavy ballast
condition

Mgy max | HM-2/FM-2

Tpar-n HM-1/FM-1
Mgy min BP-1P/S
BR-1P/S

KxN: As specified in Table 4.3.2-1.

Notes:

(1) The radius of gyration (m) around the X-axis is taken to be 0.40B. However, the value calculated based on the weight distribution according
to the loading condition to be considered can be used.

(2) If the ballast tank under ballast hold is partially filled or empty by design, strength assessments are to be carried out with the ballast tank
empty to account for ballast conditions. When performing strength assessments with fully loaded ballast tank to account for ballast
conditions, the loading manual are to note that the ballast tank is to be kept fully loaded at all times as an operational restriction.

4.3.2.2 Internal Pressure Due to Wood Chip Cargo
The cargo mass and cargo density under consideration are to be in accordance with Table 4.2.2-1 instead of the
requirements of 4.6.2.6, Part 1.

4.3.2.3 Hull Girder Loads
In applying 4.6.2.10, Part 1, the value Mg, is to be the values specified in Table 4.3.2-1 and Table 4.3.2-2.

4.3.3 Harbour Condition

4.3.3.1 Loading Condition
In applying 4.6.3.1, Part 1, the loading conditions specified in Table 4.3.3-1 are to be considered.
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Table 4.3.3-1 Loading Conditions to be Considered in Harbour Condition

Loading . Vertical bending moment
condition Loading pattern Draught in harbour
MPT_max
Pl TPT—max
MPT_min
MPT_max
P2 TPT—min
MPT_min
Harbour
condition
MPT_max
P3 TPT—min
M PT_min
MPT_max
P4 TPT—max
M PT_min
[E: As specified in Table 4.3.2-1.
Notes:
Tpr—max: Maximum designed draught in harbour (m). However, the lower limit is the maximum draught and the
upper limit is the scantling draught of the loading conditions in harbour described in the loading manual.
Tpr_min: Minimum designed draught in harbour (m). The upper limit is the smallest draught of the loading
conditions in harbour described in the loading manual.

4.3.3.2 Hull Girder Loads
In applying 4.6.3.5, Part 1, the vertical bending moment in harbour for the loading condition to be considered is
to be in accordance with the requirements of 4.3.3.1.

4.4 Loads to be Considered in Fatigue

4.4.1 General

44.1.1 General

1  The loads to be considered in the fatigue strength assessment specified in Chapter 9 and Chapter 9, Part 1 are
also to be in accordance with the requirements of 4.4.

2 Additional requirements for loads in the cyclic load condition are to be in accordance with the requirements of
4.4.2.

4.4.2 Cyclic Load Condition

4.4.2.1 Loading Conditions

In applying 4.7.2.1, Part 1, the loading conditions specified in Table 4.4.2-1 are to be considered. Where strength
assessment of other than ballast hold is carried out, loading conditions specified in Table 4.4.2-2 are to be considered
additionally instead of heavy ballast condition specified in Table 4.4.2-1. However, where actual condition is different
with loading patterns specified in Table 4.4.2-1 and/or Table 4.4.2-2 because of tank arrangement, etc., loading patterns
based upon the loading conditions in the loading manual may be considered.
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Table 4.4.2-1 Loading Conditions to be Considered in Cyclic Load Condition (Ballast Hold)

Vertical still .
. Equivalent
Loading Loadi it Draucht water desion
condition” oading pattern & bending £
wave
moment
Homogeneous
condition the loading HM
.. FM
conditions
Heavy ballast N to be gﬁ
condition FA2 \\\\ Tgar-n | considered
AR, &\\\\\\\\ AR

[, BsY:  As specified in Table 4.3.2-1.

Notes:

(1) The radius of gyration (m) around the X-axis, is taken as 0.35B in the homogeneous full load condition, and is taken as 0.40B in heavy

ballast condition. However, the value calculated based on the weight distribution according to the loading condition to be considered can
be used.

Table 4.4.2-2 Loading Conditions to be Considered in Cyclic Load Condition (Additional Requirements for other than

Ballast Hold)
Vertical still .
. Equivalent
Loading : D ht water desi
condition®® @ Loading pattern raug bending esign
wave
moment

Values for HM

Ballast the loading FM

condition A2 ToaL-n conditions BR

e A A R R A R A A R A A A A R AR R R R AR AR .
to consider BP

BXN: As specified in Table 4.3.2-1.

Notes:
(1) The radius of gyration (m) around the X-axis, is taken as 0.40B. However, the value calculated based on the weight distribution
according to the loading condition to be considered can be used.

(2) When assessing a cargo hold adjacent to a ballast hold, the condition in which the ballast hold is filled with ballast water is to be
considered.

4.4.2.2 Internal Pressure due to Wood Chip Cargo

The cargo mass and cargo density to be considered are to be in accordance with Table 4.2.2-1 instead of the
requirements of 4.7.2.6, Part 1.
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Chapter 5 LONGITUDINAL STRENGTH

5.1 Hull Girder Ultimate Strength

5.1.1 Strength Criteria

5.1.1.1 Effect of Double Bottom Bending
In the assessment decision specified in 5.4.2.3, Part 1, the coefficient ypp that takes into account the effect of
double bottom bending is as follows.
vYpg = 1.15
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Chapter 6 LOCAL STRENGTH

6.1 General

6.1.1 Application

6.1.1.1 Chip Carriers
An example of local strength requirements for chip carriers is shown in Fig. 6.1.1-1. Plates and stiffeners received
lateral loads that are not shown in Fig. 6.1.1-2 are to be assessed in accordance with the requirements of 6.3 and 6.4,

Part 1.

Fig. 6.1.1-2  Application Example of Chip Carriers

Side frame specified in
6.4.3, Part 1
ATT ‘T—:f‘r-*’f'-‘;_..—_;,; el _t v ¥V
A v
v @
6.2 Ballast Holds
6.2.1 Side Frames

6.2.1.1 Scantlings of Side Frames

The section modulus of the side frame and the thickness of the web in the cargo hold where the ballast is loaded
are to satisfy the requirements of 6.4.2 and 6.4.3.2, Part 1. However, when applying 6.4.2, Part 1, only assessment
based on a liquid cargo in Table 6.2.2-1, Part 1 is applied, and the effective bending span and effective shear span of
the side frame is specified in 6.4.3.2, Part 1.

6.3 Bilge Hopper Tanks

6.3.1 Side Longitudinals and Longitudinals on Bilge Hopper Plating

6.3.1.1 Connections of the Bottom of the Side Frame

In applying the requirements of 6.4, Part 1, the section modulus of the side longitudinals and longitudinals on
bilge hopper plating that support the support brackets installed inside the bilge hopper tank specified in 10.2.2.2-2 are
not to less than the value calculated as the distance (m) between the girders in the formula £ regardless of the

placement of the support bracket.
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Chapter 8 STRENGTH ASSESSMENT BY CARGO HOLD ANALYSIS

8.1 General

8.1.1 Overview

8.1.1.1 Structure and Overview of this Chapter
1  This Chapter specifies the method of strength assessment by cargo hold analysis for wood chip carriers.
2 The structure and overview of this Chapter are shown in Table 8.1.1-1.

Table 8.1.1-1 Overview of Chapter 8

Section Title Overview

Additional requirements related to the overview and
8.1 General L .
application of this Chapter

82 Evaluation Area and Members to be [ Additional requirements related to the evaluation area
) Assessed and members to be assessed

Additional requirements related to the modelling range,
8.3 Structural Models . .
modelling members, meshing, etc.

8.4 Boundary Conditions and Loads | Additional requirements related to the boundary
) Conditions conditions and load conditions

Additional requirements for bucklin strength
8.5 Strength Assessment a " g g
assessment

8.1.2 Application

8.1.2.1 Applicable Ships
Ships that strength assessment by cargo hold analysis is required, which fall under 8.1.2.1-1(2), Part 1 are to be
ships of which the length of L. is 150 m or more.

8.2 Evaliuation Area and Members to be Assessed
8.2.1 Members to be Assessed
8.2.2.1 Members to be Assessed for Maximum Load Condition, Harbour Condition and Testing Condition

In applying 8.2.2.1, Part 1, the structures and members to be assessed are to be as follows:
(1) Double bottoms (bottom shell, inner bottom plating, hopper tank sloping, centre girder, side girder and floor)
(2) Ship side structure (Side shell, side stringer, side frame and web frame)
(3) Bulkhead structure
(4) Deck structure (strength deck, cross deck and hatch coaming, etc.)
(5) Other members and locations deemed necessary by the Society

8.3 Structural Models

8.3.1 General

8.3.1.1 Modelling Range
In applying 8.3.1.1, Part 1, the model is , in principle, to represent three adjacent cargo holds with the target hold
in the middle and the full depth and the full width of the holds are to be modelled.
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8.3.2 Meshing

8.3.21 Openings
In principle, openings in the transverse girder in the bilge part are to be modelled by recreating the opening’s shape
or removing the appropriate elements in consideration of size and position of the opening.

8.4 Boundary Conditions and Loads Conditions
8.4.1 Boundary Conditions
8.4.1.1

In applying 8.5.1, Part 1, the boundary conditions are to be in accordance with 8.4.1, Part 2-2.
8.4.2 Loads Condition

8.4.2.1 Loads to be Considered
In applying 8.5.2, Part 1, loads based also upon the additional requirements specified in 4.3 are to be considered.

8.4.2.2 Method of Applying Moments to the Structural Model
In applying 8.5.2, Part 1, the vertical bending moment and horizontal bending moment act on the target hold are
to be adjusted in accordance with the method specified in 8.4.2, Part 2-2.

8.5 Strength Assessment

8.5.1 Buckling Strength

8.5.1.1 Strength Assessment of Side Shell in Head Sea and Following Sea

Where strength assessment is performed considering the load based on the equivalent design waves HM-1 and
FM-1 in the maximum load condition, buckling strength criteria in the shorter side direction of the panels are taken to
be satisfied, instead of 8.6.2.1-1, Part 1, for plate panels in side shell above neutral axis of cross section when the
following is satisfied:
(1) The requirements of the hull girder ultimate strength as specified in 5.4, Part 1 are satisfied.

8.5.1.2 Strength Assessment of Cross Deck in Head Sea and Following Sea
Where strength assessment is performed considering the loads based on the equivalent design waves HM-1 and
FM-1 in the maximum load condition, the assessment specified in 8.6.2.1-1, Part 1 may not be carried out for plate
panel on cross deck stiffened in transverse direction when the following is satisfied:
(1) The stress in longitudinal direction on cross deck due to vertical bending moment is act on the narrow area enough
compared to the length of cross deck in transverse direction.
(2) Thickness of cross deck adjacent to upper deck longitudinally stiffened is greater than 50 % of thickness of the
upper deck.
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Chapter 9 FATIGUE

9.1 General

9.1.1 Rule Application for Fatigue Requirements

9.1.1.1 General
Notwithstanding the requirements specified in 9.2.4, Part 1, the target hold for fatigue strength assessment is the
ballast hold.

9.1.1.2 Application
Ships with a length L; of 150 m or more are to be assessed for fatigue strength based on the hot spot stresses
obtained by simplified stress analysis according to 9.3, Part 1 and finite element analysis according to 9.4, Part 1.

9.2 Structural Details to be Assessed
9.2.1 Structural Details to be Assessed by Finite Element Analysis
9.2.1.1

1  Critical structural details to be assessed for fatigue strength by finite element analysis according to 9.4, Part 1,
are shown in Table 9.2.1-1.

2 Notwithstanding the requirements specified in -1 above, documents demonstrating sufficient fatigue strength are
submitted and deemed appropriate to the Society, the fatigue strength assessment of the structure may be omitted.

Table 9.2.1-1 Structural Details of Primary Members to be Assessed in the Hull Structure

No. | Critical structural details of hull structure

1 | Intersections between bilge hopper plating and inner bottom plating

2 | Intersections between lower stool and inner bottom plating in way of bottom girder

3 | Hatch corner

4 | Intersections of lower stool and corrugated bulkhead

5 | Web frame toe on bilge hopper plating

6 | Side frame toe on bilge hopper plating

7 | Intersections of web frame and hatch side girder

8 | Intersections of side frame and side stringer

9 | Intersections of side stringer and transverse bulkhead

10 | Other areas with large stress concentration

9.3 Loading Conditions and Fraction of Time to be Considered
9.3.1 General
9.3.1.1

1  Standard loading conditions and fraction of time are to be in accordance with Table 9.3.1-1.
2 Notwithstanding the requirements specified in -1 above, when loading conditions and fraction of time other than
those shown in Table 9.3.1-1. are considered, it is necessary to consider the appropriate combinations.
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Table 9.3.1-1 Standard Loading Conditions and Fraction of Time

Loading conditions Fraction of Time «aj
Full load condition (homogeneous loading) 50 %
Heavy ballast condition 50 %
9.4 Boundary Conditions and Load Conditions
9.4.1 Boundary Conditions

94.1.1
In applying 9.4.4.1, Part 1, the boundary conditions are to be in accordance with 8.4.1.1, Part 2-2.

94.2 Load Conditions

9.4.2.1 Method of Applying Moments to the Structural Model
In applying 9.4.4.2, Part 1, the method of applying moments to the structural model is to be in accordance with

8.4.2.2, Part 2-2. However, for the vertical bending moment and horizontal bending moment (kN-m) specified in Table
9.4.2-1 are to be used as My _;qry and My_;qr4 instead of those specified in Table 8.4.2-1, Part 2-2.

Table 9.4.2-1 My_;4, and My_,q,

Cyclic load condition

Vertical bending moment My _;4.q My _ue

Horizontal bending moment My_;44 My _ne

Notes:

My_pg, My_ng:  Vertical bending moment and horizontal bending moment (kN-m) under cyclic load

condition, to be in accordance with 4.7.2.10, Part 1.

9.5 Detailed Design Standards
9.5.1 Application
9.5.1.1

When the structural details specified in 9.2 are designed according to the detail design standard specified in 9.5,
the fatigue strength assessment by finite element method for hot spot stress may be omitted.

9.5.2 Lower End of the Side Frame

9.5.2.1 Detail Design Standard A
The welded connections of lower bracket toe of side frame in the ballast hold are to be designed according to
detail design standard A, as shown in Table 9.5.2-1.
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Table 9.5.2-1 Detail Design Standard A — Lower Toe Detail of Side Frame, Wood Chip Carrier (Ballast Hold)

Lower side frame connections

Critical areas

Detail Design standard A

/

Al

I I

T | -

A Chamfering (1:3)
if
1 [ H t o pue 225 mm
| | L L L L (|

_J_J H
e e e
Critical areas
Critical locations
Side shell

Bilge hopper plating

O : Critical location

A

Max. 50 mm

L

Max. 50 mm

Example of the soft and extended toes at the end of hold frames.

Bilge hopper
tank

Connection of lower end bracket of hold frame

Minimum
requirement

are to be considered for high tensile steel side frame.

As a minimum, detail design standard A is to be applied. Tapered extended toes are more effective and

Critical part .
terminations.

Toe connection of side frame lower bracket to the bilge hopper plating, including face plate

Detailed design
standards

Alternative geometries than stipulated above are permissible subject to demonstration of satisfactory
fatigue performance. However, the maximum angles shown on the figures for thickness chamfering
and face width tapering are not to be exceeded. Bracket toe height and the distance between the face
plate termination and start of the toe radius (or toe taper) are to be kept to a minimum.

The face plates of side frames at lower brackets are to be tapered and chamfered as shown. While
chamfering may be dispensed with if the thickness of the face plates is less than 25 mm, it is
nevertheless a recommended practice, with a larger gradient if necessary.

Side frames are to be built-up symmetrical sections with integral lower brackets and are to be
arranged with soft or elongated toes as shown. The side frame flange is to be curved (not knuckled)
at the connection with the end brackets.

Where the frame lower brackets are not positioned directly above a ring web, supporting brackets
are to be provided. In the design ensure that if a hopper tank longitudinal is positioned below the
end of the frame lower bracket, the longitudinal cut-out is avoided or closed with a full collar.
Increasing the size of supporting brackets will reduce stress concentrations in the critical area.
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Ensure alignment between side frame lower bracket and transverse ring webs or supporting brackets
Construction according to [ACS Recommendation No. 47. Maximum misalignment is to be not greater than
tolerance tas—puite/3 where tgs_puie 1 the thinner as-built thickness of the webs to be aligned and
misalignment is the overhang of the as-built thinner thickness.

Welding is to comply with 12.2.1.2, Part 1.

Weldin, .. .
. g ¢ In way of the wrap around weld at the face plate termination, care is to be taken to ensure no over- run
requirements . .
q onto the radius part and the toe is free from notches and undercut.
9.5.3 Connections between Side Frame and Side Stringer
9.5.3.1

At the connections between side frame and the side stringer in the ballast hold, the slots provided in the side
stringer web are to be eliminated or covered by collar plates.
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Chapter 10 ADDITIONAL STRUCTURAL REQUIREMENTS

10.1 Bottom Structure

10.1.1 Double Bottoms

10.1.1.1 Struts
In case where struts are provided, the struts are to be rolled sections other than flat or burb plates and are to
sufficiently overlap the webs of the bottom and inner bottom longitudinals.

10.1.1.2  Double Bottom Structure Under the Lower Stool of a Transverse Bulkhead

The inner bottom plating, centre girders, side girders and inner bottom longitudinals under lower stools at
transverse bulkheads are to be connected to the extensions of those of holds just before and behind the bulkheads. The
floors are to be equivalent to those of holds.

10.1.2 Scuppers

10.1.2.1 General

1  One bilge suction pipe is to be provided, in general, on each side of the ship at the after end of each hold.

2 Bilge wells are to be provided at suitable positions so as to protect the cover plates from direct impact from bulk
cargoes, and to be provided with mud boxes or other suitable means so that the suction openings are not choked by
dust.

3 Where bilge pipes pass through double bottoms or bilge hopper tanks, non-return valves or stop valves capable of
being closed down from a readily accessible position are to be provided at their open ends.

10.2 Side Structure

10.2.1 Bilge Hopper Tanks

10.2.1.1 Continuity of Strength

1  Sufficient care is to be taken for the continuity of strength at fore and after ends of bilge hopper tank structure.

2 Floor plates are to be provided at the forward and after ends of bilge hopper tanks, and the tank top plating in the
engine room is to be extended into the bilge hopper tanks by about two frame spaces.

10.2.1.2  Transverse webs

Where effective struts are provided at an intermediate position on transverse webs, the depth of transverse webs
in the bilge hopper tanks is not to be less than 1/6 of the overall length of the transverse webs. Otherwise, the depth is
not to be less than 1/5 of the overall length of the transverse webs and 2.5 times the depth of slots for penetrating the
longitudinals, whichever is greater.

10.2.2 Side Frames

10.2.2.1 General
1  The thickness of webs near the upper and lower end connections of side frames is to be sufficient against shearing.
2 Inships having a length L, of more than 190 m or ships in which high tensile steel is used for the side frame, the
cross section of the side frame of the ballast hold is to be symmetrical.
3 In ships other than ships specified in -2 above, in cases where side frames having an asymmetrical cross section
is installed, those side frames in the foremost cargo hold are to be appropriately supported by side stringers, tripping
brackets, etc.
4  The web depth to thickness ratio of side frames is not to exceed the following values:

For side frames with symmetrically section : As specified in 3.5.2.2, Part 1.

For side frames with asymmetrically section : 40
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5  For side frames with asymmetrical section or flanged side frames, the outstanding breath to thickness ratio of face
plate or flange is not to exceed 12 times the face plate or flange thickness.

10.2.2.2  Upper and Lower Ends Connections of Side Frames

1  Upper and lower ends of side frames are to be connected with deck plating and bilge hopper tanks by brackets.

2 Structural continuity with the upper and lower end connections of side frames is to be ensured within bilge hopper
tanks by connecting brackets. The toes of brackets connecting frames with bilge hopper plating are not to coincide
with connecting bracket ends in the tanks.

3 The connecting brackets in bilge hopper tanks specified in -2 above are to be stiffened against buckling.

4  The side frames in the ballast hold are to be fabricated with integral upper and lower brackets.

5  The thickness of end brackets attached to side frames is not to be less than the thickness of the webs of those side
frames.

10.3 Bulkhead Structure

10.3.1 Transverse Bulkheads

10.3.1.1 General

1  Single strakes of transverse bulkheads adjacent to the side shell plating are to be reinforced appropriately.

2 For transverse bulkheads without lower stools, the thickness of the lowest strake of bulkhead plating is to be
appropriately increased according to the thickness of the inner bottom plating.

10.3.2 Lower and Upper Stools at Transverse Bulkheads

10.3.2.1 General

1 In lower stools at transverse bulkheads, stiffening girders are to be provided at the centre girder and side girders
of the double bottoms.

2 Where the cargo holds are so designed as to be loaded with ballast water or heavy cargo, the stiffening girders in
the lower stools of the transverse bulkheads are to be sufficient against shearing by taking measures such as adopting
diaphragms.

3 For ships designed for loading and/or unloading in multiple ports, upper stools deemed as appropriate by the
Society are to be provided on vertical corrugated type transverse bulkheads.

10.4 Deck Structure

10.4.1 Hatch End Coaming

10.4.1.1

Hatch end coaming are be provided in coincidence with the position of the deck transverses. If not coincident,
sufficient care is to be taken for the continuity of strength at the connections of hatch end coamings with deck
transverses.

10.5 Other

10.5.1 Supplementary Requirements for Ballast Holds

10.5.1.1
In cases where the cargo hold is used as a ballast tank, in general, they are to be kept empty or full throughout the
duration of the voyage in order to avoid impact due to the dynamic load of the ballast water.
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Part 2-5 GENERAL CARGO SHIPS AND REFRIGERATED CARGO SHIPS

Chapter 1 GENERAL

1.1 General

1.11 Application

1.1.1.1 Application of This Part

1  The hull construction and equipment of ships intended to be registered as general cargo ships or refrigerated cargo
ships are to be in accordance with the requirements in Part 2-5 in addition to Part 1.

2 The requirements in Part 2-5 are for ships with double bottoms and two or more decks for which the decks and
bottoms have a longitudinal framing system.

3 General cargo ships or refrigerated cargo ships with a different construction from that specified in -2 above, to
which the requirements in this Part are considered to be not applicable, are to be at the discretion of the Society.

1.1.1.2 Application of Chapter XII of the SOLAS Convention

Ships to which this part applies, those deemed to be bulk carriers as defined in An1.1.2 (1) in Annex 1.1
“Additional Requirements for Bulk Carriers in Chapter XII of the SOLAS Convention” of Chapter 1, Part 2-2,
are to also comply with the annex.

1.2 Definitions
1.2.1 Naming Convention
1.2.1.1 Structural Nomenclature

Fig. 1.2.1-1 and Fig. 1.2.1-2 show the common structural nomenclature used in Part 2-5.

—210—



2023 Rules for the Survey and Construction of Steel Ships (Part C Part2-5) ClassNK

Fig. 1.2.1-1  General Cargo Ships
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Chapter 3 STRUCTURAL DESIGN PRINCIPLES

3.1 Net Scantling Approach

3.1.1 Corrosion Additions

3.1.1.1 Hatch Cover and Hatch Coaming

Corrosion additions for both sides of the hatch covers and the hatch coamings of the self-unloading ships defined
in 1.3.1 (19), Part B that are subject to this part are to be in accordance with Table 3.1.1-1 in 3.1.1, Part 2-2 instead
of Table 3.3.4-2 in 3.3.4, Part 1.

3.2 Loading Manuals and Loading Instruments

3.2.1 Additional Requirements for Loading Manuals and Loading Instruments

3.2.1.1 General
For ships to which Annex 1.1, Part 2-2 “Additional Requirements for Bulk Carriers in Chapter XII of the
SOLAS Convention” applies according to 1.1.1.2, the requirements of 3.2, Part 2-2 are to also be followed.
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Chapter 4 LOADS

4.1 General

4.1.1 Overview

4.1.1.1 Structure and Overview of this Chapter
This Chapter specifies the additional requirements shown in Table 4.1.1-1 as the loads used for each formula and
strength assessments to determine the scantlings specified in Part 2-5 and Part 1.

Table 4.1.1-1 Overview of Chapter 4

Section Title Summary

Requirements for the general principle of Chapter

41 |G 1
enera 4

Additional requirements for loads to be considered
4.2 | Loads to be Considered in Local Strength in the requirements of local strength specified in
Chapter 6 and Chapter 6, Part 1.

Additional requirements for t loads to be considered

Loads to be Considered in Strength of Primary | in the requirements of strength of primary supporting

4.3
Supporting Structures structures specified in Chapter 7 and Chapter 7,
Part 1.
Additional requirements for loads to be considered
44 Loads to be Considered in Additional Structural |in the requirements of additional structural
) Requirements requirements specified in Chapter 10 and Chapter
10, Part 1.
4.2 Loads to be Considered in Local Strength
4.2.1 General

4.2.1.1 General

1  The loads to be considered in the requirements of local strength specified in Chapter 6 and Chapter 6, Part 1 are
to also be in accordance with 4.2.

2 Additional requirements for loads in the maximum load condition are to be in accordance with 4.2.2.

4.2.2 Maximum Load Condition

4.2.2.1 Lateral Loads

1  Inapplying 4.4.2, Part 1, the parameters (GM, z;, etc.) required to calculate dynamic pressure due to cargo are
to be the values for the appropriate loading condition among all full load conditions in consideration of cargo mass and
cargo density. However, the values in Table 4.2.2-1 may be used if the parameters are not available.

2 In applying 4.4.2, Part 1, the parameters (GM, z;, etc.) required to calculate dynamic pressure due to ballast
water are to be the values for the ballast condition. The same The same parameters are to be applied where the dynamic
pressure due to liquid other than ballast water, such as the pressure due to fuel oil tank, is considered. However, the
values in Table 4.2.2-1 may be used if the parameters are not available.
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Table 4.2.2-1 Simplified Formulae of Parameter

D bt T Z coordinate z; Radi ¢
rau L adius o
Loading condition g' Le (m) of the centre of Metacentric height GM (m) .
(m) amidships : ) Gyration K,, (m)
gravity of the ship
Full load B T. B? 3Cy —1
i loa Ty, 0.25— Sy Z TW o, 0.35B
condition Cg 2 TscCyp 24
Te | B® 3Cyc—1
Ballast condition T 0.20 —+ = -z 0.40B
BAL B_LC 2 TuCpic 24 ¢

Loads to be Considered in Strength of Primary Supporting Structures

4.3
4.3.1 General
4.3.1.1 General

1  The loads to be considered in the requirements of strength of primary supporting structures specified in Chapter

7 and Chapter 7, Part 1 are also to be in accordance with 4.3.

2 Additional requirements for loads in the maximum load condition are to be in accordance with 4.3.2.

4.3.2

4.3.21

Maximum Load Condition

General

1  Loads for simple girders are also to be in accordance with the relevant requirements of 4.2.

2 The loads specified in Table 4.3.2-1 are to be considered when applying the requirements for double hull. However,

where deemed necessary by the Society, additional loading patterns taken the loading conditions into account specified

in the loading manual may be required.

Table 4.3.2-1 Loads to be Considered in Maximum Load Condition

Struct Loading patterns Difference between
ructures . .
to be Vertical still water Loaded o b Equivalent external and internal
oaded to be :
assessed Draught(m) | bending moment ' design wave pressure to be
(kN-m) considered considered (kN/m?)
Double HM-1
bottom S1 0. 7TSC MSV max None / HM-2
Double bottom: Ppp
Double S2 TSC MSV min Cargo BP-1P/ Double Side: PDS
side S3 TSC MSV min Cargo BP-18
4.3.2.2 External Pressure

For the requirements of double hull, the hydrostatic pressure and the hydrodynamic pressure at the equivalent

design wave specified in Table 4.3.2-2 are to be considered.
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Table 4.3.2-2 External and Internal Pressure to be Considered

Structures to be Py (kN/mi?) O Py s (kN/m?) V@)
assessed
Double bottom S1 Poxs + Poxw Poxs + Poxw
52 Pexs + Pexw - Pin_sz Pexs + Pexw
Double side
S3 Pexs + Pexw - Pin,sB Pexs + Pexw
Notes:

P.is, Poyw : Hydrostatic and Hydrodynamic pressure (kN/m?) act on bottom shell in case of Ppg. Those values
act on side shell in case of Ppg. Each value is calculated in accordance with 4.6.2.4, Part 1.
Pip 2o Pin sz loads considering the effect of cargo (kN/m?), as given by the formulae:

Pin_sz = O-S,DgTSC

Pin 3 = p9Tsc

(1) Load calculation points are to be in accordance with 7.3.1.5, Part 1 for all loading conditions.

(2) When calculating loads, T;, = 0.7Tg; for S1 and T, = Tgc for S2 and S3.

4.3.2.3 Internal Pressure
For the requirements of double hull, internal pressure specified in Table 4.3.2-2 is to be considered.

4.3.24 Vertical Bending Moment

1  The vertical still water bending moments and the vertical wave bending moments for the equivalent design waves
specified in 4.3.2.1-2 are to be considered in the requirements for double hull.

2 The vertical wave bending moment considered for each equivalent design wave is to be in accordance with
4.6.2.10, Part 1.

4.4 Loads to be Considered in Additional Structural Requirements

4.4.1 General

4.4.1.1 General

1  The loads to be considered in the additional structural requirements specified in Chapter 10 and Chapter 10,
Part 1 are to also be in accordance with 4.4.

2 Additional requirements for loads in the maximum load condition are to be in accordance with 4.4.2.

4.4.2 Maximum Load Condition

4.4.2.1 Steel Coils

1  The requirements are given by assuming the following (1) to (5).

(1) Ttis assumed that steel coil cores are arranged in the longitudinal direction and loaded securing as shown in Fig.
4.4.2-1.

(2) When two or more steel coils are loaded, it is assumed that only the bottom steel coil is in contact with the hopper
slant plate, the longitudinal bulkhead, or the side frame.

(3) There are two types of steel coil arrangements for inner bottoms: one is when the floor position is considered, and
the other is when the floor position is not considered.

(4) All steel coils have the same characteristics.

(5) In the case where does not fall under (1) to (4) above, the loads are to be determined by an appropriate method.
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Fig. 4.4.2-1 Example of Securing Means for Steel Coils

Wire Key coil Strut

2 Thetotal load Fsc (kN) of the steel coil acting on the hull is to be calculated by the following formula. However,
it is to not be less than 0.

Fs¢ = Fs¢s + Fsca

Fscs: Static load (kN), as specified in Table 4.4.2-1.

Fscq: Dynamic load (kN), as specified in Table 4.4.2-2.

Table 4.4.2-1 Static Load of Steel Coil Fg.

Members n, and n, Fscs (KN)
n, <10 and n3 <5 Csc1Wsc n—g
3
Inner bottom plating 7
n, > 10 or n3 >5 Csc1Wseny 7.9
st
Ny
n, <10 and n3; <5 Csc2Wsce n_39 " cosa
Hopper tank sloping P
n, > 10 or ns > 5 Csczwscg_g * cosa
st
Longitudinal bulkheads and side frames NA 0

Notes:
n,: Number of loading stages of steel coil
n,: The load point per panel (the number of dunnages for a single panel), as specified in 4.4.2.2-3.
nz: Number of dunnage threads supporting one row of steel coils
Ws: Mass of one steel coil (£)
Cscr: Coefficient as follows:
Csc1 = 1.4 for single-tiered loading secured with one or more key coils
Csc1 = 1.0 for multi-tiered loading or single-tired loading without key coils
Csc,:Coefficient, as follows:
Csc, = 3.2 for single-tiered stacking or multi-tiered stacking in which the key coil is arranged in the second
or third position from the bilge tank sloping or inner hull
Csco = 2.0 for all other cases
£: Distance between floors (m) (See Fig. 4.4.2-2)
€5 Steel coil length (m) (See Fig. 4.4.2-2)
a: The angle between the inner bottom plating and the hopper tank sloping (rad)
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Table 4.4.2-2 Dynamic Load Fsq4

Members Load in waves Fs-4 (kN)
Fsc
Inner bottoms TS CwpzQze-sc
. FSCS
Hopper tank sloping a cos(|6 — al)
CorWW. nn; . 0
< < ——gsin
Longitudinal n, <10 and n3 <5 ses’lsc T 9
'3
bulkheads n, >10 or ng > 5 CSCSWSCnlg—g sin 0
st
ny .
Side frames CsczWsc L gsin 6
4
Notes:

Cwpz: Coefficient of each load condition, specified in Table 4.4.2-8, Part 1
aze._sc - Envelope acceleration in vertical direction (m/s?) at the centre of gravity of steel coil in the cargo hold to be
considered, as calculated in accordance with 4.2.4.1, Part1®")

a, ng, Ny, ng, Wee, ¥, €4 1 Asspecified in Table 4.4.2-1
0: Roll angle (rad), as specified in 4.2.2, Part 1,
Csc3:Coefficient, as follows:

Csc3 = 4.0 for single-tiered stacking or multi-tiered stacking in which the key coil is arranged in the second or third
position from the ship side

Csc3 = 2.5 for all other cases

n,: The number of side frames that support a single steel coil.

(1) The centre of gravity of steel coil to be considered is in accordance with Table 4.4.2-3.

(2) The parameters (GM, zg, etc.) required to calculate the ship motions and acceleration is in accordance with the values in the

full load condition. The values in Table 4.2.2-1 may be used if the parameters is not available.

Table 4.4.2-3 The Centre of Gravity of Steel Coil

The location of the centre of gravity(m)

The location in
longitudinal direction, Volumetric centre of gravity of cargo hold under consideration

xSC

The location in
transverse direction, £—

ySC

Notes:
€ Coefficient to be taken as:
For assessing the members on port side,e = 1.0
For assessing the members on starboard side, € = —1.0
By : Breadth of cargo hold (m), measured at the mid-length of the cargo hold and at the mid height between
lower end of hatch side coaming and inner bottom plating at the centre line, Table 4.4.2-9, Part 1.

3 Inapplying -2 above, the number of load points per panel by dunnage n, and the distance between the load points
of dunnage at both ends of each panel £, are to be in accordance with the following (1) to (2).

(1) For steel coil arrangements that do not consider floor position, as specified in Fig. 4.4.2-2 and Table 4.4.2-4.

(2) For steel coil arrangements that do consider floor position, as specified in the following (a) to (b). (See Fig. 4.4.2-
3)
(a) The number of load points per panel by dunnage n, is to be n, = nj.
(b) The distance between the load points of the dunnage at both ends of each panel £, is to be the distance
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between the dunnage at both ends supporting a row of steel coils.

Fig. 4.4.2-2  Loading of Steel Coils on the Inner Bottom without Taking into Consideration the Floor Position

Dunnage

|<—€sr—)'

Steel coil Steel coil Steel coil
Inner
bottom
plating
For n2 and {, refer to the - £

Table 4.4.2-4 and Table 4.4.2-5.

Bottom shell

Floor

Floor

Floor

Fig. 4.4.2-3  Loading of Steel Coils on the Inner Bottom Taking into Consideration the Floor Position
|<— st —)|
Dunnage
Steel coil Steel coil Inner
bottom
plating
Bottom shell
Floor Floor Floor
Table 4.4.2-4 Number of Load Points Per Panel According to Dunnage n,
N3
n;
2 3 4 5

4 4 ? 4

1 0< /{JstSO.S 0< /{,SfSO.33 0< /{,stSO.ZS 0< /{;stSO.Z
£ ? ? ?

2 05< /{Jst <12 | 033< /{’st <0.67 | 0.25< /{,st <05 02< /{;st <04
? 4 ? ?

3 1.2< /{Jst <17 0.67 < /{’st <12 | 05< /{,st <0.75 04 < /{;st <0.6
£ 4 £ £

4 | L7<%[p <24 | 12<%/, <153 | 075<%/, <12 | 06<%/, <08
£ £ £ £

5| 24<%/p <29 | 153<7/, <187 | 12<%/, <145 | 08<7%/, <12
£ 4 £ £

6 | 29<%/p <36 | 187<%/, <24 | 145<7/, <17 | 12<%/, <14
£ 4 £ £

7 | 36<F/p <41 | 24<%/, <273 | 17<7/, <195 | 14<7%/, <16
£ £ £ £

8 | 41<%/p =48 | 273<7/p, <307 | 195<%/, <24 | 16<%/, <18
£ £ £ £

9 48 < /fst <53 3.07 < /fst <36 | 24< /‘Est < 2.65 1.8 < /‘Est <20
£ £ £ £

10 53< /{)st <6.0 3.6< /t”st <393 | 265< /fst <29 20< /{Jst <24
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Table 4.4.2-5 Distance Between Load Points of Dunnage on Both Ends of Each Panel £, (m)

N3
n;
2 3 4 5

1 Actual width of dunnage

2 0.5 0.334,; 0.25¢,; 0.2¢4
3 1.2¢, 0.67¢; 0.50¢,; 0.4¢,
4 1.744 1.20¢,, 0.75¢; 0.6¢;
5 244 1.53¢,; 1.20¢,, 0.8¢;
6 294 1.87¢,, 1.45¢,, 1.2¢,
7 3.64; 2404, 1.70¢,, 1.4¢,,
8 414 2.738 1.95¢,, 1.64,,
9 4.8% 3.07¢ 2.40¢,, 1.8%,
10 53¢ 3.60¢,; 2.65¢, 2.0¢

4  In determining the vertical bending moment My_p., (kN-m) and horizontal bending moment My_g; (kN-m)
acting on the hull, the load conditions shown in Table 4.4.2-6 are to be considered. For load conditions HF and RP, the
requirements of 4.4.2, Part 1 are to be followed.

Table 4.4.2-6 Load Condition of Hull Girder Load

Members Load condition
Inner bottom plating HF anr RP
Hopper tank sloping RP
Longitudinal bulkheads RP
Side frames N/A
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Chapter 6 LOCAL STRENGTH

6.1 General

6.1.1 Application

6.1.1.1 General Cargo Ships
An example of local strength requirements for general cargo ships is shown in Fig. 6.1.1-1. Plates and stiffeners
received lateral loads not shown in Fig. 6.1.1-2 are to be assessed in accordance with 6.3 and 6.4, Part 1.

Fig. 6.1.1-1  Application Example of General Cargo Ships

Side frames specified in

6.4.3, Part 1

] it
f

Side frames specified in
6.4.3. Part 1
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6.1.1.2 Reefer Ships
An example of local strength requirements for reefer ships is shown in Fig. 6.1.1-2. Plates and stiffeners received
lateral loads not shown in Fig. 6.1.1-2 are to be assessed in accordance with 6.3 and 6.4, Part 1.

Fig. 6.1.1-2  Application Example of Reefer Ships

Side frames that support deck ‘

transverses specified in : .

6.4.3.3, Part 1

Side frames specified in

6.4.2, Part 1
6.2 Ships Loaded with Special Cargo
6.2.1 General
6.2.1.1

Where loads of cargoes are not to be regarded as distributed loads, 6.2 is to be followed.
6.2.2 Ships Loaded with Steel Coils

6.2.2.1 Plates and Stiffeners
Plates and stiffeners for ships loaded with steel coils are to be in accordance with 10.1.

6.2.3 Ships Loaded with Vehicles (Including Cases Where Vehicles Are Used During Cargo Handling)

6.2.3.1 Plates and Stiffeners

1  The plates and stiffeners of decks and inner bottom platings on which vehicles are loaded are to be in accordance
with 10.1, Part 2-6.

2 Where plates and stiffeners are subjected to concentrated loads from wheels during cargo handling that vehicles
such as forklifts are used, the plates and stiffeners are to be in accordance with 10.1, Part 2-6.

6.2.4 Ships Loaded with Other Special Cargo

6.2.4.1
Ships loaded with special cargo other than that described in 6.2.2 and 6.2.3 above are to be as deemed appropriate
by the Society, taking into consideration the mode of action of the load by each cargo.
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Chapter 7 STRENGTH OF PRIMARY SUPPORTING STRUCTURES

7.1 General
7.1.1 Application
7.1.1.1

For the double bottom and double-side skin structure, the requirements of the double hull structure specified in
7.3, Part 1 are to be applied. For other girder members that can be regarded as simple girders, the requirement of the
simple girder specified in 7.2, Part 1 are to be applied.

7.1.1.2 Application Example of Assessment Model for General Cargo Ship

1  An application example of assessment model applying 7.2 and 7.3, Part 1 is shown in Fig. 7.1.1-1.

2 For girder members deemed to be simple girders with structures different from that shown in Fig. 7.1.1-1, the
boundary conditions and acting loads are to be considered, and the assessment model from Table 7.2.1-1, Part 1 is to
be appropriately selected.

Fig. 7.1.1-1  Application Example of General Cargo Ships

|
— ] Deck transverse
—
Hatch side girder e | [ (Assessment models 1 to 5
(Assessment models 1 to 5 Hatch end beam or Ass-essm.ent models 6, 7
specified in 7.2, Part 1) (Assessment models 1 to 5 specified in 7.2, Part 1)

specified in 7.2, Part 1)

Deck girder

(Assessment models 1 to 5

. ) Deck transverse
Double bottom i specified in 7.2, Part 1)
(Assessment models 1 to 5

specified in 7.2, Part 1)

(Type D2 specified in 7.3, Part 1)

Double bottom
(Type D2 specified in 7.2, Part 1)

7.1.1.3 Application Example of Assessment Model for Reefer Ship
An application example of an assessment model for a reefer ship is shown in Fig. 7.1.1-2. In addition, the structures
not shown in Fig. 7.1.1-2 are as deemed appropriate by the Society.
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Fig. 7.1.1-2  Application Example of Reefer Ships

i i i i

Y
1 '

Hatch end beam

Hatch side girder
(Assessment models 1 to 5
specified in 7.2, Part 1)

(Assessment models

5 specified in 7.2, Part 1)

Deck transverse
(Assessment models 1 to 5
or Assessment models 6, 7

Ito

I

specified in 7.2, Part 1)

i

Deck transverse

Deck girder

@

(Assessment models 1 to 5
| specified in 7.2, Part 1)

(Assessment models 1 to 5
pecified in 7.2, Part 1)

"W |

©

Pillar specified in L
i 7.4.2.1, Part 1

Double bottom
(Type D1 specified in 7.3, Part 1)

7.2 Hatch Side Girders
7.2.1 Hatch Side Girders Supported by Pillars, etc.
7.2.1.1

ClassNIK

Where hatch side girders are supported by support members such as pillars, the following requirements (1) and

(2) are to be complied.

The required cross-sectional property is to be the value calculated by the method specified in 7.2.3.1, Part 1

multiplied by the value of Cg. shown in Fig. 7.2.1-1 according to the positional relationship between the pillar

M
and the hatch side coaming.
2
calculations.
Fig. 7.2.1-1
(@)
:
[]
R
|
dy
. b l
I |
dy
7.3 Special Cargo
7.3.1 Ships Loaded with Steel Coils
7.3.1.1

Hatch Side Girders Supported by Pillars, etc.

Upper deck

C.EC= 1.50

Upper deck

Cae=150

Upper deck

Cpe=1.00

Girder members subjected to the loads of steel coil are to be in accordance with 10.1.6.
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Chapter 10ADDITIONAL STRUCTURAL REQUIREMENTS

10.1 Ships Carrying Steel Coils

10.1.1 General

10.1.1.1  Application
1 10.1 applies to ships that are loaded with steel coils in their cargo holds.
2 The plate members and stiffeners shown in Table 10.1.1-1 are to satisfy 10.1.

Table 10.1.1-1 Applicable Plate Members and Stiffeners

Ship type (see Fig. 10.1.1-1) Applicable plate members and stiffeners
Inner bottoms, longitudinal frames with inner bottoms,
With hopper slant plate hopper slant plates, longitudinal frames with hopper slant
plates

. Inner bottoms, longitudinal frames with inner bottoms,
Double-side

) longitudinal bulkheads, longitudinal frames with
skin structure

Without hopper slant plate longitudinal bulkheads
Single-side Inner bottoms, longitudinal frames with inner bottoms, side
skin structure frames

Fig. 10.1.1-1 Examples of Ships Without Hopper Slant Plates ((a), (b)) and With Hopper Slant Plates ((c))
(a) (b) ()

]

10.1.1.2  Assumptions

It is assumed in 10.1 that inner bottoms, hopper slant plates and longitudinal bulkheads are a vertically structured.
It is also assumed that the sides of single-side ships without hopper slant plates are horizontally structured. For other
cases, examinations are to be performed according to individual conditions.

10.1.2 Inner Bottom Platings and Longitudinals

10.1.2.1 Inner Bottom Platings
The thickness of the inner bottom plating is not to be less than that obtained from the following formulae.

FSC
CaaY

t=K, X 103 (mm)

Where:

oy: Specified minimum yield stress (N/mm?)

Fsc: Load (kN) acting on the inner bottom according to 4.4.2.1-2.
K;: Coefficient.
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s s \?2 2
‘o 1.7 1555 K2 — 0.73 (155) Ko%= (£— 1)
24, (210SW+ 2{’1{2)

K,: Coefficient

S S
K2 =~T000¢ t \/(1000{’)

C,: Axial force effect coefficient according to 6.3.2.1, Part 1.

2

10004\° 2\
+ 1'37<T) (1—7) +2.33

s: Distance between stiffeners (mm)
£: Distance between floors (m)
?y,: The distance between the load points of the dunnage at both ends of each panel () according to 4.4.2.1-3

10.1.2.2  Inner Bottoms Longitudinals
The section moduli and the web thickness of inner bottom longitudinal are not to be less than that obtained from
the following formulae.
F, SC‘abdg
8C,oy
Where:
oy: Specified minimum yield stress (N/mm?)

0.5F

Z =K, X 103 (cm?), t,, = X 103 (mm)

dshr Ty

Ty: Allowable shear stress (N/mm?)
oy/V3

Fsc: Load (kN) acting on a longitudinal frame with inner bottom according to 4.4.2.1-2, £ is to be substituted
by €pag-

K5: Coefficient according to Table 10.1.2-1 K; = 2/3 for n, > 10

n,: The load point per panel (the number of dunnages on one panel) according to 4.4.2.1-3

Cs: Coefficient related to the influence of axial force according to Table 6.4.2.1, Part 1

?pag: Effective bending span (m) of stiffener according to 3.6.1.2, Part 1

dgp,: Effective shear depth (mm) of stiffener according to 3.6.4.2, Part 1

?1,: The distance (m) between the load points of the dunnage at both ends for each panel according to 4.4.2.1-

3
Table 10.1.2-1 Coefficient K
n, 1 2 3 4 5
20\’ 2/ 4y \ 5/ 4, \ 1( 2, \
K, 1.0 1.0 — i) 1.0 -= i) 1.0 — = <i> 1.0 — —<i>
1£)bdg 3 fbdg 9 1£)bdg 2 {)bdg

n, 6

7
7 ( 402, \ 3

K 10-—(-2) |t0-=(-2) | 10-%
3 15 (f,,dg> 9 (f,,dg 7

R
|

2 2 2
i) lo—2 <&) o (*’i)
‘gbdg 12 ‘gbdg 27 fbdg

10.1.2.3  Inner Bottoms Longitudinals with Struts
1  The buckling strength of struts is to be in accordance with 7.4.2, Part 1. However, the load F (kN) is to be

according as follows.
_ AR+ Poysb X 107°

A+1
Where:
A: Ratio of the moment of inertia of the inner bottom longitudinal and the bottom longitudinal
Iy
T
Where:

Iz: Moment of inertia (cm*) of the bottom longitudinal including the actual attached plate
I;:  Moment of inertia (cm*) of the inner bottom longitudinal including the actual attached plate
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P,.: The lateral load (kN/m?) due to the external pressure acting on the bottom shell under the maximum load
condition specified in 4.4.2, Part 1 is calculated for the bottom shell where the struts are installed
R: Reaction force (kN) acting on the simple support point of the continuous beam with the strut position as
the simple support (see Fig. 10.1.2-1)
s:  Spacing between stiffeners (mm)
b:  Breadth of part supported by struts (mm)
2 The section modulus is not to be less than that obtained from the following formula. However, it is necessary to
consider the conditions that correspond to either the following (1) or (2). It is presumed that the load condition is a steel
coil loaded directly above the longitudinal and that a concentrated load works at the position of the dunnage.
7= x 103 (cm®)
Csoy
1) Equldlstant load points (see Fig. 10.1.2-2)

Mg = Z{st LZI{% + (k — 1){)1}{);‘5 Z{CH + (k- 1){)1}3]

Wia, J;S: 1)¢,} [Z{ + (k= 14,3 — 387 i {al + (k—1)¢, — ngs}l

k=1
Z W(m — ke,
(2) Non-equidistant load points (see Fig. 10.1.2-3)

My = i War (85" = ai?)

20

MCm =

k=1

n 2 m

W(€ss — ay 206 + Ay

MCm = Z ( I 23 (3 L )am - Z W(am - ak)
k=1 fs k=1

Where:

M: Bending moment (kN-m) and is to be the larger of My and M,

n: Maximum total number of load points between girders and struts

Mg: Bending moment at fixed end (kN-m)

M, Bending moment at the m-th load point from the strut support point (kN-m)

M.: The bending moment (kN-m) at the load point is to be the largest of the following values My, My, M3,
and Mq,

a,,: Distance from strut support point to the m-th load point (m)

a;: The distance (m) from the strut support point to the first load point, and the value when the dunnage is
arranged so that the values from M., to M., and My are maximum values

¢;: Distance between load points (m)

5: Distance between girders and struts ()

W: The load of the steel coil that each dunnage is responsible for (kN):

Fgc: Total load by steel coil acting on the plate panel (kN) (see 4.4.2.1-2), ¢ is to be substituted by £p4.
n,: The load point per panel (the number of dunnages for a single panel), as specified in 4.4.2.1-3.
3  The web thickness is not to be less than that obtained from the following formulac. However, it is necessary to
consider under the conditions that correspond to either the following (1) or (2). It is presumed that the load condition
is a steel coil loaded directly above the longitudinal and that a concentrated load is acting at the dunnage position.

x 103 (mm)

t, =
v dshr Ty

)] Equidistant load points (see Fig. 10.1.2-2)

Ry = fos [Z{a1 + k=147 — 3€fs zn: {‘11 +k-Dt -7 s}]

k=1
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[

3
245 e~

(2) Load point position user determined (see Fig. 10.1.2-3)

RA=

i W({,’fS - ak)Z(Z{’fS + ak)

2¢5°

k=1
n

Wak(3{’f52 + akz)
RB = Z

3
e~ 245

Where:

10.1.3

10.1.3.1

Shear force (kN) and is to be the larger of R, and Rjp

: Reaction force with simple support (kN)
: Reaction force at fixed end (kN)
. Distance (m) from the strut support point to the first load point, and the value when the dunnage is arranged

so that the respective values of R, and Rp are maximum values

Fig. 10.1.2-1 Inner Bottom Longitudinal with Struts

Coil load (concentrated load at the dunnage point)

JLL LY

Strut support point ?

Fig. 10.1.2-2 Load Conditions Between Girders and Struts (Equidistant Load Points)

w w w w w
Ve / L.
C /] + Strut support
/7 point
/ F{)14>| |<—1_01—>4—f1—+—a1
A
Rp Ra
s »

Fig. 10.1.2-3 Load Conditions Between Girders and Struts (Non-Equidistant Load Points)

w w w w
wl] | 1
C/ 2 v v Strut support
? |‘_ a —>A point
1
/ll F 3
—a, —
Rp R,
< a3 P
< a?l >
s >

Hopper Slant Plates and Longitudinal Frames with Hopper Slant Plates (Ships with Bilge Hoppers)

Hopper Slant Plates

Hopper slant plate thickness is to be greater than or equal to the following value.

Fg¢
t=K x 103
1 Ca0y (mm)

Where:
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Fsc: The load (kN) acting on the hopper slant plate according to 4.4.2.1-2
K,: Coefficient according to 10.1.2.1
C,: Axial force influence coefficient according to 6.3.2.1, Part 1

10.1.3.2  Longitudinal Frames with Hopper Slant Plates

The section moduli and web plate thicknesses of the web plates of longitudinal frames with hopper slant plates

are to be greater than or equal to the following values.

10.1.4

FSC‘abdg O-SFSC
8C,0y
Where:

oy: Specified minimum yield stress (N/mm?)

Z =K, x 103 (cm?), t,, = X 103 (mm)

dshr Ty

Ty: Allowable shear stress (N/mm?)
oy /V3

Fs¢: The load (kN) acting on the longitudinal frame with hopper slant plate according to 4.4.2.1-2, £ is to be
substituted by £pqg.

K5: Coefficient according to 10.1.2.2

C,s: Coefficient related to the influence of axial force according to 6.4.2.1, Part 1

d¢p,: Effective shear depth (mm) of stiffener according to 3.6.4.2, Part 1

Longitudinal Bulkheads and Longitudinal Frames with Longitudinal Bulkheads (Ships without
Bilge Hopper and Ships with Double Side Shells)

10.1.4.1 Longitudinal Bulkheads
Longitudinal bulkhead thickness is to be greater than or equal to the following value.

FSC

t=K,
! CaGY

X 103(mm)

Where:

Fsc: Load (kN) acting on the longitudinal bulkhead according to 4.4.2.1-2
K;: Coefficient according to 10.1.2.1.

C,: Axial force influence coefficient according to 6.3.2.1, Part 1.

10.1.4.2  Longitudinal Frames with Longitudinal Bulkheads
The section moduli and plate thicknesses of the web plates of longitudinal frames with longitudinal bulkheads are

to be greater than or equal to the following values.

10.1.5

Fscfbdg O-SFSC
Z =K, ——L x103(em®), t, = —=x 103
3 8CSGY (cm ) v dshrTY (mm)

Where:

oy: Specified minimum yield stress (N/mm?)

Ty: Allowable shear stress (N/mm?)
oy /V3

F¢c: Load (kN) acting on the longitudinal frame with longitudinal bulkhead according to 4.4.2.1-2, ¢ is to be
substituted by £pqg.

K5: Coefficient according to 10.1.2.2

Cs: Coefficient related to the influence of axial force according to 6.4.2.1, Part 1

dgp,-: Effective shear depth (mm) of stiffener, according to 3.6.4.2, Part 1

Side Frames (Ships Without Bilge Hoppers and Single-Side Ships)

10.1.5.1 Side Frames
The section moduli and plate thicknesses of side frames are to be greater than or equal to the following values.

Fop 0.5F,
=S X 10%(em), b, = 2.0 7= x 10% (mm)

Oy shrTy
oy: Specified minimum yield stress (N/mm?)

Z=12

Ty: Allowable shear stress (N/mm?)
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oy /V3
F¢c: Load (kN) acting on the side frame according to 4.4.2.1-2
?1pag: Effective bending span (m) of the side frame. Where a bracket is provided, the end of the effective

bending span is to be taken to the position where the depth of the side frame and the bracket is equal to
2h,, (See Fig. 6.4.3-2, Part 1).
dgp: Effective shear depth (mm) of stiffener according to 3.6.4.2, Part 1

10.1.6 Girder Members such as Girders and Floors

10.1.6.1
Girder members (double bottom girders, floors, etc.) that are loaded by steel coils are to have sufficient strength
against compression buckling.

10.2 Ships Loaded with Containers

10.2.1 Container Loading Reinforcement

10.2.1.1
Decks below container corner fittings are to be constructed to effectively support the loads of containers, such as
by providing girder plates.

10.3 Bulkhead Structures

10.3.1 General

10.3.1.1  Application
10.3 applies to the bulkhead stiffeners of transverse bulkheads.

10.3.2 Dimensions of Bulkhead Stiffeners Directly Under Deck Girders

10.3.2.1
1  The dimensions of bulkhead stiffeners that support deck girders are to satisfy the following formula.
—+—<
c 7 + 1= c
Where:

Zo: Specified section modulus (cm®) of stiffener under maximum load conditions specified in 6.4, Part 1

Z: Actual section modulus (cm?)
Oy
C =

CSafety
Csafety: Bulkhead stiffener safety factor taken as 1.0

>

Stiffener cross-sectional area (cm?) (plate may be included)
W: Axial loads applied to stiffeners
Sbh (kN)
Where:
S:  Spacing between lower vertical girders on decks supported by bulkhead stiffeners (m) (see Fig.
10.3.2-1)
b: Spacing between the centres of each section from that girder to the left and right girders or the inner
surface of the frame (m). (See Fig. 10.3.2-2)
h: Deck load (kN/m?) for that deck determined according to 4.4.2.2, Part 1
However, in the case of two or more decks, it is not necessary to consider W for the upper deck.
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Fig. 10.3.2-1 S Measuring Method
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Bulkheads

Fig. 10.3.2-2 b Measuring Method
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2 Dimensions of bulkhead stiffeners directly under cargo handling devices and supporting vertical girders under
decks
For the dimensions of bulkhead stiffeners directly under cargo handling devices such as derricks or cranes and that

also support vertical girders under decks, the axial loads (W) applied to stiffeners is to be as follows, and 1 above is to
be applied. If such stiffeners do not support lower vertical girders on decks, the first term in the following formula is
to be taken as zero and the formula in the -1 above is to be applied.

Sbh + F (kN)

Where:

S, b and h:According to -1 above.

F:  Own weight (kN) of cargo handling device. However, in the case of derricks, the values in Table 10.3.2-1

may be used depending on the derrick model and boom arrangement.

Table 10.3.2-1 Own Weight of Derricks

Boom placement / Derrick type Independent Gantry
Boom at either end of ship 2.0w 2.3w
Boom at both ends of ship 2.7w 3.0w

Note:
w is the limit load (kN) of each derrick boom. However, averages values are to be used
when there are booms at both ends of the ship.

10.4 Ships Loaded with Lumber

10.4.1 Ships Loaded with Lumber

104.1.1 Protection of Hull Structure Against Lumber Cargo

The hull structures of ships loaded with lumber in their cargo holds and/or on their decks are to be protected in
accordance with the following (1) to (10), notwithstanding being marked with the load lines corresponding to timber
freeboard assigned in accordance with the requirements of Part V. However, where it is obvious from the specifications
or other similar documents that the ship is not intended to carry log cargoes, the following requirements except (8) and
(10) may be modified.
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Welding

Welding of members that may be impacted by raw timber is to be continuous welding (at least to the fillet size F2

specified in Chapter 12, Part 1).

Deck girders

Tripping brackets are to be provided on hatch side girders and hatch end beams at intervals of approximately 1.5

m to prevent free edges from flexing.

Hatchways

Hatch coamings are to be especially stiffened.

Bulwarks

(a) Bulwarks are to be supported with particularly solid stays at intervals not exceeding 1.5 m.

(b) Itis recommended that the freeing port area provided on bulwarks be as small as possible in way of hatchways
and that the area be increased at other locations so as to maintain the total required freeing port area.

Side frame protection

Side frame protection is to be in accordance with the following (a) to (d), but this protection may be appropriately

considered for ships with a length L¢ of more than 130 m.

(a) Side frames are to be protected by one of the following methods.

i) Install side longitudinal frames or tripping brackets at intervals of approximately 2 m.

ii)  Attach shaped steel to the face material of side frames in the longitudinal direction at intervals of about
1.5 m.

iii) Attach flat bars of about 150 X 10 (mm) to the face material of side frames at intervals of about 0.5 m
in the longitudinal direction.

(b) Shaped steel or flat bars (at least two in the case of flat bars) are to be attached to the upper surfaces of the
free edges of side frame lower brackets in the longitudinal direction. However, appropriate consideration may
be given in cases where lower bracket thickness and face material width are greater than or equal to the
following values.

i)  Bracket thickness ¢ (mm) is determined by applying 3.5.2.6, Part 1 with the arm length being taken as
the long arm length of the bracket in Fig. 10.4.1-1.
ii) Face material width is the following value.
128,/Dyt (mm)
Where:
Dy: Bracket throat depth (m)
£:  Bracket free edge length (m)

(c) Side frames directly beneath the hatchway at both ends are to be appropriately reinforced.

(d) Sufficient attention is to be paid to the dimensions and arrangements of tripping brackets for members with
large protruding parts into holds such as deep side frames.

Watertight bulkhead protection
Hold bulkheads of ships not greater than 130 m in length L¢ are preferably not to be of a corrugated type but of a
plane type. The sides of plane-type bulkheads not fitted with stiffeners and both sides of corrugated-type bulkheads
are to be reinforced with square section wooden bars (about 250 mm?) or steel angle bars and the like placed at
proper intervals. Protection of bulkhead stiffeners is to be in accordance with (5) above.
Painting
Hull structural members below a line 300 mm above the tops of tank side brackets and bulkhead stiffener lower
brackets (including shell plates, bulkhead plates and piping but excluding inner bottom plates, bilge hopper plates
and bulkhead stool slant plates) are to be coated with either tar epoxy paint or another paint of similar quality that
does not easily peel off. However, where inner bottom plates, bilge hopper plates and bulkhead stool slant plates
are welded to shell plates, bulkhead plates, tank side brackets, bulkhead stiffener lower brackets, etc., welded
joints and their surrounding areas are to be protected by coating.

Air pipe and other equipment protection

Air pipes, ladders, weathertight doors and equipment fitted onto hull structural members which are liable to sustain

damage due to the impact of cargo are to be properly protected.

Hatch covers protection
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(10)

10.5

10.5

10.5

M
2

3

Hatch covers are to be protected from timber by protective coverings such as dunnage and are to be fitted with
devices to prevent them from moving due to ship motion, such as rolling, pitching, etc. Where hatch covers have
gaskets, devices are to be provided for preventing the gaskets from sustaining excessive compression due to timber
loads.

Timber deck cargo arrangement

Timber deck cargo stowage heights, lashing arrangements and securing arrangements are to be in accordance with
the “International Convention on Load Lines, 1996 and Protocol of 1988 relating to the International Convention
on Load Lines, 1966”. Where the buoyancy of the timber deck cargo is taken into account with regard to damage
stability, uprights are to be in accordance with 2.3.2.3-12(1)(c), Part 1.

Fig. 10.4.1-1

Additional Requirements for Self-Unloading Ships
1 General
1.1  Application

Self-unloading ships specified in 1.3.1(19), Part B are to be in accordance with the following (1) to (3).

14.1, Part 2-2, 3.2 and 11.1, Part 2-3, are to be applied.

The side frames of self-unloading ships with single-side structures in cargo hold areas are to comply with /4CS
Unified Requirement S12, as may be amended.

For self-unloading ships to which Annex 1.1 “Additional Requirements for Bulk Carriers in Chapter XII of
the SOLAS Convention”, Chapter 1, Part 2-2 applies according to 1.1.1.2, regardless of Annexes A3 and A5
when applying said Annex 1.1, in cases where self-unloading ships with unloading systems that do not maintain
watertightness, the combination loads acting on the bulkheads in the flooded conditions are to be considered using

the extent to which the flooding may occur.
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Part 2-6 VEHICLES CARRIERS AND ROLL-ON/ROLL-OFF SHIPS

Chapter 1 GENERAL

1.1 General

1.11 Application

1.1.1.1 Application of this Part

1  The hull construction and equipment of ships intended to be registered as vehicles carriers, affixed with the
notation “Vehicles Carrier” (abbreviated as VC) or roll-on/roll-off ships affixed with the notation “Roll on-Roll off”’
(abbreviated as RORO), are to be in accordance with the requirements in Part 2-6 in addition to Part 1.

2 The requirements in Part 2-6 are for ships with multiple decks that having cargo spaces not normally subdivided
in any way and normally extending to either a substantial length or the entire length of the ship in which cargoes can
be loaded and unloaded normally in a horizontal direction.

3 Vehicles carriers or roll-on/roll-off ships with a different construction from that specified in -2 above, to which
the requirements in this Part are considered to be not applicable, are to be at the discretion of the Society.

1.2 Definitions
1.2.1 Naming Convention
1.2.1.1 Structural Nomenclature

Fig. 1.2.1-1 show the common structural nomenclature used in Part 2-6.

Fig. 1.2.1-1  Car Carriers

Deck longitudinal Upper deck
L
Side frame — (
Transverse
web frame | ‘ \
Pillar Side shell
R
A =
1 3
. .
Bilge plating — 117 0
Bottom longitudinal T Centre girder Floor
Side girder
Bottom shell
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Chapter 3 STRUCTURAL DESIGN PRINCIPLES

3.1 Minimum Requirements
3.1.1 Minimum Thickness
3.1.1.1 Structure in Cargo space

For the structure of the upper freeboard deck in cargo spaces, the requirements of 3.5, Part 1 may be applied.
3.1.2 Car Deck

3.1.2.1 Application
The car deck solely loaded with wheeled vehicles is to comply with the requirements of 3.1.2.

3.1.2.2 Minimum Thickness of the Car Deck
The thickness of the car deck is not to be less than 5 mm.

3.2 Loading Manual and Loading Computer

3.2.1 Loading Manual

3.2.1.1 Additional Requirements for the Loading Manual
The following matters are to be included in the loading manual.

(1) Tolerable cargo weight of the car deck and ramp way

(2) For ships undergoing a strength assessment as part of a whole ship analysis performed in accordance with the
requirements of Chapter 8, where said strength assessment is performed with a completely filled ballast tank to
account for ballast conditions, the loading manual are to note that the loading condition of the ballast tank are to
be kept completely filled at all times as part of operational restrictions

—234—



4.1

4.1.1

4.1.1.1

2023 Rules for the Survey and Construction of Steel Ships (Part C Part2-6) ClassNK

Chapter 4 LOADS

General

Overview

Structure and Overview of this Chapter

Each section of this Chapter defines the additional requirements shown in Table 4.1.1-1 as the loads used for each

formula and each strength assessment to determine the structural dimensions specified in each Chapter of Part 2-6 and

Part 1.
Table 4.1.1-1 Overview of Chapter 4
Section Title Overview
4.1 | General Requirements for the general principles of Chapter 4
) : Additional requirements for various loads to be considered in the
Loads to be Considered in Local ) ; .
4.2 local strength requirements specified in Chapter 6 and Chapter 6,
Strength
Part 1.
: : Additional requirements for various loads to be considered in the
Loads to be Considered in Strength of | | . . . .
4.3 . ) primary supporting structural strength requirements specified in
Primary Supporting Structures
Chapter 7 and Chapter 7, Part 1.
Load requirements to consider in performing a strength assessment
Loads to be Considered in Strength d . P 'g g
of the bottom construction by whole ship analysis among the
4.4 | Assessment of  the Bottom . ) ) :
) ) . | strength assessment requirements by cargo hold analysis specified in
Construction by Whole Ship Analysis
Chapter 8.
Loads to be Considered in Racking | Load requirements to consider in performing a racking strength
4.5 | Strength Assessment by Whole Ship | assessment by whole ship analysis among the strength assessment
Analysis requirements by cargo hold analysis specified in Chapter 8.
Loads to be Considered in Fatigue | Additional requirements for loading conditions to be considered in
4.6 | Strength Assessment by Whole Ship | the requirements for fatigue strength assessment by whole ship
Analysis analysis specified in Chapter 9.
. . . Additional requirements for loads to be considered in the additional
Loads to be Considered in Additional . ) )
4.7 . structural requirements specified in Chapter 10 and Chapter 10,
Structural Requirements
Part 1.
4.2 Loads to be Considered in Local Strength
4.2.1 General
4.2.1.1 General

1  The loads to be considered in the local strength requirements specified in Chapter 6 and Chapter 6, Part 1 are

also to be in accordance with the requirements of 4.2.

2
of 4.2.2.

Additional requirements for loads in the maximum load condition are to be in accordance with the requirements
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4.2.2 Maximum Load Condition

4.2.2.1 Lateral Loads

1  Inconsidering internal pressure due to cargo, the requirements of 4.7.2 are to be applied instead of the requirements
specified in 4.4.2, Part 1. Further, loads specified in 4.7.2 are not to be applied to the requirements of Chapter 6 and
Chapter 6, Part 1, and the requirements of Chapter 10 are to be applied instead.

2 Inapplying 4.4.2.4, Part 1, the parameters (GM, z; etc.) required to calculate the dynamic pressure due to ballast
water are to be the values in the ballast condition. The same parameters are to be applied where the dynamic pressure
due to liquid other than ballast water, such as the pressure due to fuel oil tank, is considered. However, the values in
Table 4.2.2-1 may be used if the parameters are not available.

Table 4.2.2-1 Simplified Formulae for Parameters

D ht T, (m) Z coordinate z; Radius of i
rau m L adius of gyration
Loading condition g. Le (m) of the centre of Metacentric height GM (m) &y
amidships . . Kyx (m)
gravity of the ship
TLC BZ 3CW LC — 1
iti 0.20 — - -

Ballast condition TgaL Ch1c > + TocCarc 24 Zg 0.40B

4.3 Loads to be Considered in Strength of Primary Supporting Structures

4.3.1 General

4.3.1.1 General

1  The loads to be considered in the requirements for the strength of the primary supporting structures specified in
Chapter 7 and Chapter 7, Part 1 are to be in accordance with the requirements of 4.3.

2 Additional requirements for loads in the maximum load condition are to be in accordance with the requirements
of 4.3.2.

3 The loads in the harbour condition may not be considered.

4.3.2 Maximum Load Condition

4.3.2.1 General

1  The requirements for simple girders are also to be in accordance with the relevant requirements of 4.2.

2 For the requirements of double hull, the loads specified in Table 4.3.2-1 are to be considered. However, where
deemed necessary by the Society, additional loading pattern that takes into account the loading condition described in
the loading manual may be required.

Table 4.3.2-1 Loads to be Considered in Maximum Load Condition

Struct Loading patterns Difference between
ructures
Vertical still water Equivalent external and internal
o be : Loaded to be design wave ressure to be
assessed Draught(m) | bending moment i g p
(kN-m) considered considered (kN/m?)
Double HM-1
S1 0.7T. M None
bottom SC SV max /HM—Z
Double bottom: Ppp
Double S2 Tsc Msy min Cargo Double side: Ppg
. BP-1P/BP-18
side S3 Tsc Mgy min Cargo
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4.3.2.2 External Pressure
For the requirements of double hull, the hydrostatic pressure and the hydrodynamic pressure at the equivalent
design wave specified in Table 4.3.2-2 are to be considered.

Table 4.3.2-2 External and Internal Pressure to be Considered

Structures to be PDB(kN/mz)(l)(z) PDS(kN/mZ)(l)(2)
assessed
Double bottom S1 Poxs + Poxw Poxs + Pexw
S2 Pexs + Pexw - Pin_sz Pexs + Pexw
Double side
S3 Pexs + Pexw - Pin,sB Pexs + Pexw
Notes:

P..s, P, : Hydrostatic and Hydrodynamic pressure (kN/m?) act on bottom shell in case of Ppg. Those values act
on side shell in case of Pjs. Each value is calculated in accordance with 4.6.2.4, Part 1.
Pi 2o Pin s3 ¢ The values considering the effect due to cargo (kN/m?), as given by the following formulae:
Pin_s2 = 0.5pgTsc
Pin s3 = pgTsc

(1)  Load calculation points are to be in accordance with 7.3.1.5, Part 1 for all loading conditions

(2)  When calculating loads, T, = 0.7Tg; for Sl and T, = Tg. for S2 and S3.

4.3.2.3 Internal loads
For the requirements of double hull, internal loads according to Table 4.3.2-2 are to be considered.

4.3.2.4 Vertical Bending Moment

1  For the requirements of double hull, the vertical still water bending moment and the vertical wave bending moment
in the equivalent design wave specified in 4.3.2.1-2 are to be considered.

2 The vertical wave bending moment considered for each equivalent design wave is to be in accordance with
4.6.2.10, Part 1.

4.4 Loads to be Considered in Strength Assessment of the Bottom Construction by Whole Ship Analysis

4.4.1 General

4.4.1.1 General
For the requirements of strength assessment of the bottom construction specified in 8.4, the loads specified in the
maximum load condition specified in 4.4.2 are to be considered.

4.4.2 Maximum Load Condition

4.4.2.1 Loading Conditions

1  Of the designed standard loading conditions described in the loading manual, the loading conditions specified in
Table 4.4.2-1 are to be considered.

2 Where deemed necessary by the Society, loading conditions not specified in this Chapter may be required
additionally.
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Table 4.4.2-1 Loading Conditions to be Considered in Maximum Load Condition

Vertical still water

Draught T, Equivalent
Loading condition Loading pattern raught i bending moment q.ulva e
(m) . design wave
Mgy, (kN) to consider
Standard full load Ballast tank: Empty‘!
S1 T. M, HMm-2
condition Fuel oil tank: Empty s¢ Sv-max "

. Ballast tank: Full®
Ballast condition S2 . TgaL Msy max HMm-2
Fuel oil tank: Empty -

Notes:
(1) While in a standard full load condition, ballast tanks in constant use while at sea can be considered to be loaded
with ballast.
(2) If the ballast tank is partially filled or empty by design, strength assessments are to be carried out with the
ballast tank empty to account for ballast conditions. When performing strength assessments with fully loaded
ballast tank to account for ballast conditions, the loading manual are to note that the ballast tank is to be kept

fully loaded at all times as an operational restriction.

4.4.2.2 Wave Conditions
1  Loads based on equivalent design wave HMm-2 are to be considered.
2 Where deemed necessary by the Society, additional equivalent design waves other than -1 above may be required.

4.4.23 External Pressure
1  The external pressure acting on outer shell P, (kN/m?) is to be calculated according to the following formula.
However, it is not to be less than 0.

Pox = Poxs + Pexw

P,..s: Hydrostatic pressure (kN/m?), as specified in 4.4.2.3-2

P,..,: Hydrodynamic pressure (kN/m?), as specified in 4.4.2.3-3
2 The hydrostatic pressure P, (kN/m?) corresponding to the draught T, (m) for the loading condition under
consideration is to be considered.
3 The hydrodynamic pressure P,,,, (kN/m?) for the equivalent design wave HMm-2 specified in Table 4.4.2-2 and
Fig. 4.4.2-1 is to be considered. Further, the hydrodynamic pressure of the wave is to be applied to the entire area in
the longitudinal direction.
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Table 4.4.2-2 Hydrodynamic Pressure for the Equivalent Design Wave HMm-2, P,,,,

Hydrodynamic pressure P,,,, (kN/m?)
z<T Tc <z<Z< T+ hy z> T+ hy

HMm-2 Poxw = max (PHMml pg(z — TLC)) Py, —pg(z —Tyc) 0

Notes:
Pumm: As given by the following formula:
Pyum = 0.5Ck ymCni_nimCrCrimrHs v (Pramma + Primmz)
Cr um: Coefficient considering the effect of ship operation, to be taken as 0.85
Cni_gm:  Coefficient considering nonlinear effects, to be taken as 0.9
Cy: Coefficient for maximum wave height, to be taken as 1.9
Cum1: Correction coefficient to regular wave height, as given by the following formula.
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
Tz ym: 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
Pyyma: As given by the following formula:

2m
Pymmi1 = pg - €xp [_ (z— TLC)]
Aum
Pyymz: As given by the following formula:
Pysmz = P9|Rs um|(6.0-107* - LcCy, . — 1.03)
R3 yu: As given by the following formula:

TLC 1.95
R3_HM = 116.4 (L_)
C

Py: Hydrodynamic pressure (kN/m?) at the waterline in the equivalent design wave to be considered, to be taken
as:
Fory = 0, the value of P,,,, aty = By, /2 and z = Ty
Fory < 0, the value of P,,,, aty = — B, /2 and z = T
B,1: Moulded breadth of a ship at the waterline at the draught in the cross section to be considered (m).

hy: Water head (m) equivalent to the pressure at the waterline, as given by the following formula:
he, = @
Y pg
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Fig. 4.4.2-1 Hydrodynamic Pressure Distribution at the Midship Section (Equivalent Design Wave HMm-2)

W
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4.4.2.4 Internal Pressure and Cargo Load

1  The cargo load acting on the decks Ppyx (kN/m?) and the pressure due to the ballast P, (kN/m?) are to be
considered in accordance with the loading conditions under consideration. However, only the load weight acting in still
water is to be considered, without considering the dynamic load due to ship motion and acceleration.

2 Thecargoload Pgpi (kN/m?)is to be considered as a distributed load acting uniformly on the car deck as specified
in Table 4.4.2-3. The direction of P.py is to be in accordance with the coordinate system specified in 1.4.3.6, Part 1.

Table 4.4.2-3 Cargo Load Prpx

Cargo Load Pcpy (kN/m?)
Car Deck (¥ —Wn_i/A;

Notes:

Win i: The weight of the vehicle (V) loaded onto the car deck i in the loading condition to be considered.
i: A suffix representing the height position of the car deck.

A;:  The area of the corresponding car deck (m?).

(1)  The weight of the cargo loaded onto each car deck is to be assumed to be evenly distributed across the deck and given a uniform distributed

load.

3 When loading cargo onto a movable car deck, the weight of the movable car deck itself W,cpx (kN) and the
weight of the vehicles loaded onto the car deck W, ;cpx (kN) are to be considered. Where storing the movable car deck,
the weight of the deck itself W, cpx (kN) is to be considered.

4  The load due to ballast water P,; (kN/m?) is to be in accordance with Table 4.4.2-4.

Table 4.4.2-4 Static Pressure of the Ballast Tank P;,

Static pressure Py (kN/m?)
Types of tanks
Z < Zop Z> Ziop
Ballast tank pg(zwp - z) 0

Notes:
Ztop:  The Z-coordinate of the highest point in the tank, excluding the small hatchway (m).

4.4.2.5 Weight of the Hull Structure, etc.

1  The effect of the weight of the hull structure is to be considered.

2 Where deemed appropriate by the Society, the effect of the equipment and the permanent ballast may be considered.
It may be considered as distributed load.

4.4.2.6 Hull Girder Loads
The vertical bending moment acting on the hull My,_y. (kN-m) is to be obtained from the following formula.
My_pe = Mgy + Myy_p, (kN-m)
Mgy :As specified in 4.4.2.1.
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My _p: The vertical wave bending moment in a hogging condition (kN-m), as given by the following formula.
MWV—h = 0.19C1C2LCZBC31
C,: As specified in Table 4.4.2-5. The mean value is calculated by linear interpolation.

Table 4.4.2-5 Coefficient of Distribution along the Ship Length, C,

x/Lc G,
x/L. <0 0.0
x/L. =0.4 1.0
x/L. = 0.65 1.0
x/L. > 1.0 0.0
4.5 Loads to be Considered in Racking Strength Assessment by Whole Ship Analysis

4.5.1 General

4.5.1.1 General
Where racking strength assessment as specified in 8.5 is carried out, the loads in the maximum load condition

specified in 4.5.2 are to be considered.
4.5.2 Maximum Load Condition

45.2.1 Loading Conditions
In principle, The condition where passenger cars fully are loaded is to be considered. However, additional loading
conditions are to be considered when there are loading conditions that result in a larger racking deformation than the

loading condition .

4.5.2.2 Wave Conditions
1  Loads based on the equivalent design wave specified in Table 4.5.2-1 are to be considered.
2 Where deemed necessary by the Society, additional equivalent design waves other than -1 above may be required.

Table 4.5.2-1 Load Cases to be Considered

Equivalent design . i
Heading Typical Features
wave

BR-1P Beam sea Port side: weather side down Minimum roll angle

BR-2P Beam sea Port side: weather side up Maximum roll angle
BR Starboard side: weather side )

BR-1S Beam sea Maximum roll angle

down

BR-2S Beam sea Starboard side: weather side up Minimum roll angle

4.5.2.3 External Pressure

1  The external pressure acting on outer hull P,, (kN/m?) is to be calculated in accordance with the following
formula. However, it is not to be less than 0.

Pex = Pexs + Poxw

P,.s: Hydrostatic pressure (kN/m?), as specified in 4.5.2.3-2.

P,..,: Hydrodynamic pressure (kN/m?), as specified in 4.5.2.3-3.
2 The hydrostatic pressure P, (kN/m?) corresponding to the draught T, for the loading condition under
consideration is to be considered.
3 The hydrodynamic pressure P, (kN/m?) for the equivalent design wave BR specified in 4.6.2.4, Part 1 is to be

considered.
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4.5.24 Internal Pressure and Cargo Load

1 In addition to the weight of the cargo (vehicles), the dynamic loads due to the ship motion is to be considered.
2 The internal pressure P, (kN/m?) acting on each car deck is to be in accordance with the following formula.
However, the value is not to be greater than 0 (that is, not to be the value where the direction of P;,, is upward). Further,
the direction of P;, is to be in accordance with the coordinate system specified in 1.4.3.6, Part 1.
Py = Pepg + Pepka
Ppk:The distributed load acting on the car deck in still water (kN/m?), in accordance with the requirements of
Table 4.5.2-2. The load is assumed to be distributed evenly over the car deck.
Pcpka: The dynamic load (kN/m?) acting on the car deck in wave, as given by the following formula:
For components acting in transverse direction, Pcpgxa=Pcpga—t
For components acting in vertical direction, Pcpxa=Pcpra—v
Pepka—1> Pepra—v: As specified in Table 4.5.2-3.
3 Where loading cargo onto a movable car deck, the weight of the movable car deck itself Wycpix (kN) and the
weight of the vehicles loaded W,,p, ;cpx (kN) are to be considered. The dynamic load in waves is also be taken into

consideration. Further, when storing a movable car deck, the weight of the deck itself W, px (kN) is to be considered.

Table 4.5.2-2 Cargo Load P.px

Cargo load Pqpx (kN/m?)

Car deck

—Wwn_i/A;

Notes:
Wy i The weight of the vehicle (V) loaded onto the car deck i in the loading condition under consideration.
i: A suffix representing the height position of the car deck.

A;: The area of the corresponding car deck (m?).

(1) The weight of the cargo loaded onto each car deck is to be assumed to be evenly distributed across the deck and given a uniform distributed load.

Table 4.5.2-3 Dynamic Load due to Cargo Hold Prprg

Direction under consideration (V Distributed load (kN/m?) due to the vehicle weight
o Wwn_i ay
Transverse direction Pepka-r = — —
A g
o Wwn_i az
Vertical direction Pepka-v = =———
i 9

Notes:
Wiwn i, Ai: As specified in Table 4.5.2-2.

ay,az: Accelerations in the transverse direction and vertical direction at each point on the car deck (m/s?), calculated
in accordance with Table 4.6.2-14, Chapter 4, Part 1.

@

Note that the dynamic loads due to ship motions and accelerations act in the opposite direction to accelerations.

4  Loads due to the ballast water and the fuel oil, etc. are not to be considered.
4.5.2.5 Weight of the Hull Structure, etc.
1

The effect of gravitational acceleration acting on the hull in still water is to be considered. Dynamic component
due to ship motion in waves is also be taken into consideration. Note that the dynamic component acts in the opposite
direction to acceleration.

2 Where deemed appropriate by the Society, the effect of the equipment and the permanent ballast may be considered.
It may be considered as distributed load.
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4.6 Loads to be Considered in Fatigue Strength Assessment by Whole Ship Analysis

4.6.1 General

4.6.1.1 General
Where performing fatigue strength assessment by Finite Element Analysis using the whole ship model specified
in Chapter 9, the loads specified in the cyclic load condition specified in 4.6.2 are to be considered.

4.6.2 Cyclic load Condition

4.6.2.1 Loading Conditions

1 In principle, the condition where passenger cars fully loaded and ballast condition are to be considered.

2 Of the loading conditions designed to occur over an extended period of time, loading conditions that greater
racking deformation occurs than the condition passenger cars fully loaded as selected in -1 above are to be considered
as additional loading conditions.

4.6.2.2 Wave Conditions
1  Loads based on the equivalent design wave specified in Table 4.6.2-1 are to be considered.
2 Where deemed necessary by the Society, additional equivalent design waves other than -1 above may be required.

Table 4.6.2-1 Load Cases to be Considered

Equivalent design . )
Heading Typical Features
wave

BR-1P Beam sea Port side: weather side down Minimum roll angle

BR-2P Beam sea Port side: weather side up Maximum roll angle
BR

BR-1S8 Beam sea Starboard side: weather side down Maximum roll angle

BR-2S Beam sea Starboard side: weather side up Minimum roll angle
4.6.2.3 External Pressure

1  The external pressure acting on outer shell P,, (kN/m?) is to be obtained from the following formula. However,
it is not to be less than 0.

Fox = Pexs + Pexw

P,...: Hydrostatic pressure (kN/m?), as specified in 4.6.2.3-2.

P,..,: Hydrodynamic pressure (kN/m?), as specified in 4.6.2.3-3.
2 The hydrostatic pressure P, (kN/m?) corresponding to the draught T;. for the loading condition under
consideration is to be considered.
3 The hydrodynamic pressure P.,,, (kN/m?) for the equivalent design wave BR specified in 4.7.2.4, Part 1 is to be
considered.

4.6.2.4 Internal Pressure and Cargo Load
1 In addition to the weight of the cargo (vehicles), the dynamic loads due to the ship motion are to be considered.
2 The internal pressure P;,(kN/m?) acting on each car deck is to be in accordance with the following formula.
However, the value is not to be greater than 0 (that is, not to be the value where the direction of P;,, is upward). Further,
the direction of P;, isto be in accordance with the coordinate system specified in 1.4.3.6, Part 1.
Pin = Pcpk + Pepka
Pcpk:The distributed load (kN/m?) acting on the car deck in still water in accordance with the requirements of
Table 4.6.2-2. The load is assumed to be distributed evenly over the car deck.
Pcpka: The dynamic load (kN/m?) acting on the car deck in waves, as given by the following formulae:
For components acting in transverse direction, Pcpgxa=Pcpga—t
For components acting in vertical direction, Pepxa=Pcpra—v
Pepka—1> Pepra—y: As specified in Table 4.6.2-3.
3 When loading cargo onto a movable car deck, the weight of the movable car deck itself Wycpx (kN) and the
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weight of the vehicles loaded W,,j, ;cpx (kN) are to be considered. The dynamic load in waves is also to be taken into

consideration. Further, when storing a movable car deck, the weight of the deck itself W,cpx (kN) is to be considered.

Table 4.6.2-2 Cargo Load P.px

Cargo Load Pcpi (kN/m?)
Car Deck ~Wwn_i/A;

Notes:

Wy i: The weight of the vehicle (k) loaded onto the car deck i in the loading condition under consideration.
i: A suffix representing the height position of the car deck.

A;:  The area of the corresponding car deck (m?)

(1) The weight of the cargo loaded onto each car deck is to be assumed to be evenly distributed across the deck and given a uniform distributed load.

Table 4.6.2-3 Dynamic Load due to Cargo Prpxa

Direction accounted for (V Distributed load from the vehicle weight (kN/m?)
L Wwn i ay
Transverse direction Pepka-r = — 1 g
i 9
o Wwh_i az
Vertical direction Pepga-v = — —_
Ai g

Notes:
Wwn i» Ai: As specified in Table 4.6.2-2.
ay,az: Acceleration in the transverse direction and vertical direction at each point on the car deck (m/ s?), calculated
based on Table 4.7.2-14, Chapter 4, Part 1.

(1) Note that the variable load caused by ship motion and acceleration acts in the opposite direction to acceleration.

4  The ballast load is to be as specified in 4.7.2.5, Part 1.

4.6.2.5 Weight of the Hull Structure, etc.

1  The effect of gravitational acceleration acting on the hull in still water is to be considered. Further, the dynamic
component due to ship motion in waves is also to be taken into consideration. Note that the dynamic component acts
in the opposite direction to acceleration.

2 Where deemed appropriate by the Society, the effect of the equipment and the permanent ballast may be considered.
They may be considered as distributed load.

4.7 Loads to be Considered in Additional Structural Requirements

4.7.1 General

4.7.1.1 General

1  The loads to be considered in the additional structural requirements specified in Chapter 10 and Chapter 10,
Part 1 are also to be in accordance with the requirements of 4.7.

2 Additional requirements for loads in maximum load condition are to be in accordance with the requirements of
4.7.2.

3 Additional requirements for loads in the harbour condition are to be in accordance with the requirements of 4.7.3.

4.7.2 Maximum Load Condition

4.7.2.1 Load Acting on the Car Deck and Movable Car Deck
1  The concentrated loads due to the wheels of the vehicle are to be considered as loads for car decks on the beams
attached to the car decks, in accordance with the following formula.
Pepx = Pwn-max * (1 + Cepi)
Pyn—max: Designed maximum wheel load (k). When the wheel load is given in units of ¢, multiply this value
by 9.81.
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Ccpi:As given by the following formula:
Qze-cpK

Cepk = Cwpy

Cwpz:Coefficient related to load condition, as specified in Table 4.4.2-8, Part 1.

Aze—cpi: Envelope acceleration (m/s?) in the vertical direction at the centre line of the car deck under
consideration, obtained from the formula specified in 4.2.4.1, Part 1. Further, the centre of gravity in
the longitudinal direction of the car deck under consideration is taken as the centre of the distance
between support points for beams on the car deck accounted for.

2 The load to be considered in the primary supporting members attached to the movable car deck Pycpx (AN/m?) is
to be in accordance with the following formula:

Prepk = (PLCDK_d + WLCDK) *(1+ Cepx)
Piepk ¢ Design deck load (kN/m?)

wicpk: Deck dead weight (kN/m?) per unit area
Ccpi:As specified in -1 above.

4.7.3 Harbour Condition

4.7.3.1 Load Acting on the Car Deck and Movable Car Deck
1  The designed maximum wheel load Py j_pma, 1S to be considered for the car deck.
2 The design deck load Pjcpg ¢ and deck dead weight wycpi are to be considered for the movable car deck.
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Chapter 6 LOCAL STRENGTH

6.1 General

6.1.1 Application

6.1.1.1 Plates and Stiffeners of Car Deck
The plates and stiffeners of the car deck are to be in accordance with 10.1.
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Chapter 7 STRENGTH OF PRIMARY SUPPORTING STRUCTURES

7.1 General
7.1.1 Application
7.1.1.1

For the double bottom and double-side skin structure, the requirements of the double hull structure specified in
7.3, Part 1 are to be applied. For other girder members that can be regarded as simple girders, the requirements of the
simple girder specified in 7.2, Part 1 are to be applied.

7.1.1.2 Application Example of Assessment Model

1  An application example of assessment model applying 7.2 and 7.3, Part 1 is shown in Fig. 7.1.1-1.

2 For girder members deemed to be simple girders with structures different from that shown in Fig. 7.1.1-1, the
boundary conditions and acting loads are to be considered, and the assessment model from Table 7.2.1-1, Part 1 is to
be appropriately selected.

Fig. 7.1.1-1  Application Example of Car Carriers

Deck transverse and deck girder
Assessment models 1 to 5 specified in
7.2, Part 1

Web frame
specified in 7.2.8,
Part 1

Triple bottom
specified in 8.4. Part 2-6
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Chapter 8§ STRENGTH ASSESSMENT BY CARGO HOLD ANALYSIS

8.1 General

8.1.1 Overview

8.1.1.1 Structure and Overview of this Chapter

1  This Chapter specifies a strength assessment method for ships exclusively involved in the transport of cars, trucks,
and other wheeled vehicles. This Chapter are to apply instead of the strength assessment by cargo hold analysis
specified in Chapter 8, Part 1.

2 The structure and overview of this Chapter are shown in Table 8.1.1-1.

3 The standard procedure for strength assessment by whole ship analysis is specified in Fig. 8.1.1-1.

Table 8.1.1-1 Overview of Chapter 8

Section Title Overview
8.1 General Requirements for the general principles of this Chapter
8.2 Structural Models Extent of model, members to be modelled, meshing, etc.
8.3 | Considerations for Corrosion Net scantling approach

Requirements concerning the scope of assessment, assessment target
Strength Assessment of the Bottom q g P g

8.4 Constructi members, boundary conditions, load conditions, and strength criteria
onstruction . .
in a strength assessment of the bottom construction
Requirements concerning the scope of assessment, assessment target
8.5 | Racking Strength Assessment members, boundary conditions, load conditions, and strength criteria
in a racking strength assessment
Fig. 8.1.1-1  Flowchart of Strength Assessment by Whole Ship Analysis
Assessment Range and Assessment Target Consideration for Corrosion
Members (For strength assessments of the (8.3)
bottom construction, see 8.4.1) )
(For racking strength assessment, 8.5.1)
X Boundary Conditions and Load Conditions
Structural Models (For strength assessments of the bottom construction,
(8.2) see 8.4.2)
\L (For racking strength assessment, 8.5.2)
Finite Element Analysis (FEA)
Yield Strength Assessment Buckling Strength Assessment
(For strength assessments of the bottom (For strength assessments of the bottom
construction, see 8.4.3.1) construction, see 8.4.3.2)
(For racking strength assessment, see 8.5.3) (For racking strength assessment, NA)
Note: Numbers in the flowchart represent the corresponding section number.
8.1.2 Application

8.1.2.1 Applicable Ships

1  Yield strength assessment and buckling strength assessment of the bottom construction, and yield strength
assessment of members supporting racking is to be performed in accordance with the requirements of this Chapter for
ships falling under the following:
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(1) Ships exclusively involved in the transport of cars, trucks, and other wheeled vehicles.

(2) Ships for which the assessments deemed necessary by the Society

(3) Other ships intended to be registered with the notation “PS-DA”

2 Even if a ship does not fall under t -1(1) to (3) above, yield strength assessment and buckling strength assessment
of the primary supporting structure may be performed in accordance with the requirements of this Chapter.

3 For ships with type of construction to which the requirements in this Chapter are not applicable, the requirements
of this Chapter may be applied taking the ship’s characteristics, etc. into accountn.

8.1.3 Other General Requirements

8.1.3.1
Other general requirements are to be applied in accordance with the requirements of 8.1.3, Part 1.

8.2 Structural Models

8.2.1 Extent of Model and Members to be Modelled

8.2.1.1 Extent of Model

1  Extent of model is to be the entire ship. The full depth and full width are to be modelled.

2 Structures that do not affect strength assessments (superstructure, etc.) may not be modelled. However, where
omitting the modelling, the distributed load equivalent to the structure is to be taken into consideration in the racking
strength assessment specified in 8.5.

8.2.1.2 Members to be Modelled

1  Members forming the primary supporting structures are to be modelled. Models are to include stiffener attached
to plate members and girders. In addition, models are also to include the car deck, and girders and stiffeners attached
to the car deck.

2 Small members that affect strength assessment of the hull construction slightly may not be modelled.

8.2.2 Elements

8.2.2.1 Types of Elements
The types of elements are to be in accordance with 8.3.2.1, Part 1.

8.2.2.2 Element Characteristics
The characteristics of elements is to be in accordance with 8.3.2.2, Part 1.

8.23 Meshing

8.2.3.1 General

As specified in 8.3.3.1, Part 1. However, members outside the scope of assessment (e.g. car decks and ramp ways)
may have a larger size than the typical mesh size specified herein. Mesh sizes are to be change smoothly between
members to be assessed and the members with the larger mesh size.

8.2.3.2 Modelling the Openings

1  For elements around openings, in locations where application of the stress correction method specified in 8.4.3.1
is taken as being inappropriate, such openings are to be modelled. The openings are to be modelled by recreating
opening’s shape or removing the appropriate element in consideration of size and position of the openings.

2 For models used in racking strength assessments specified in 8.5, other openings used to transport vehicles such
as ramp ways, and other openings where contribution to racking deformation cannot be ignored (for example, ducts
and stairs) are also to be modelled. Further, openings and manholes in the web of primary supporting members may be
omitted from models where deemed appropriate by the Society.

8.2.33 Modelling Brackets
The modelling of brackets is to be in accordance with 8.3.3.3, Part 1.

8.2.34 Local Models
Local models are to be in accordance with 8.3.3.5, Part 1.

— 249 —



CIaSSNI( 2023 Rules for the Survey and Construction of Steel Ships (Part C Part2-6)

8.3 Consideration for Corrosion
8.3.1 Net Scantling Approach
8.3.1.1

The net scantling approach specified in 3.3, Part 1 is to be applied to members to be assessed in strength
assessments of the bottom construction specified in 8.4 with regard to the plate thickness in structural models and
buckling strength assessments specified in 8.4.4. The gross scantling is to be applied in members other than the above.

8.4 Strength Assessment of the Bottom Construction

8.4.1 Evaluation Area and Members to be Assessed

8.4.1.1 Evaluation Area
The strength assessment of the bottom construction are to be applied to the bottom construction of cargo region
shown in Fig. 8.4.1-1 (double bottom or triple bottom structures).

Fig. 8.4.1-1 Evaluation Area

Bosun store, etc.

Cargo region

E/R, etc.

Evaluation Area

8.4.1.2 Members to be Assessed
The following members within the evaluation area are to satisfy the strength criteria specified in 8.4.
(1) Bottom shell
(2) Inner bottom plating and triple bottom tank top plate
(3) Bottom girder
(4) Floor
(5) Other members deemed necessary by the Society

8.4.2 Boundary Conditions and Loads Conditions

8.4.2.1 General

In strength assessment of the bottom construction, the analysis in which the lateral loads are applied and the
analysis in which the vertical bending moment is applied are to be performed separately. And yield strength assessment
and buckling strength assessment are to be carried out based upon superimposition of the stresses obtained from these
analyses.

8.4.2.2 Boundary Conditions

1  Where analysis in which the lateral loads are applied is carried out, the boundary conditions are to be in accordance

with the following (1) to (3) as shown in Fig. 8.4.2-1.

(1) Displacement in the longitudinal and transverse directions is to be restrained at the aft end of the ship.
Displacement in the transverse direction is to be restrained at the fore end of the ship.

(2) Ifthere is a ramp way at the stern of the ship, the aft end of side shell is to be fixed.
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(3) Displacement in the vertical direction at the intersection between the garage deck and the side shell is to be
restrained.

2 When analysis in which the vertical bending moment is applied, around both ends of ship are fixed as shown in

Fig. 8.4.2-2.

Fig. 8.4.2-2 Boundary Condition and loads application

Garage deck

Freeboard .

deck ) ﬁ
5x=5y=0 ﬁ ﬁ ﬁ Lateral loads

(a) When analysing the lateral load applied

1kN-m
6x=6y=6z=0

6x=6y=6z=0

(b) When analysing only the vertical bending moment applied

8.4.2.3 Loads Conditions

1 Loads based on 4.4 are to be considered. When analysing the lateral load applied, the external pressure, internal
pressure, weight of hull structure, etc. specified in 4.4.2.3, 4.4.2.4 and 4.4.2.5 are to be considered. When analysing the
vertical bending moment applied, the vertical bending moment specified in 4.4.2.6 is to be considered.

2 For external pressure, and internal pressure due to liquid, a constant pressure calculated at the element’s centroid
is to be applied to the shell element of the loaded surface (e.g. outer shell for external pressure and tank or cargo hold
boundaries for internal pressure).

3 The weight of the cargo loaded onto the car deck is to be assumed to be evenly distributed across the deck and
given as the distributed load for the car deck.

4  When cargo is loaded onto a movable deck, the dead weight of the movable car deck and the cargo weight shared
across each panel are to be given as the nodal load at the movable deck support point.

5  When a movable deck is stored, the weight of the movable car deck is to be given as the nodal load to the panel
storage point.

6  When analysing the vertical bending moment applied, the method applying unit moments is to be used as standard.
The stresses corresponding to the moments specified in 4.4.2.6 are to be calculated based on the stresses obtained
through structural analysis with unit moments applied.

7  When analysing the vertical bending moment applied, the weight of the hull structure and other factors are not to
be considered.
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8.4.3 Strength Assessment

8.4.3.1 Yield Strength Assessment
Yield strength assessment is to be carried out in accordance with 8.6.1, Part 1.

8.4.3.2 Buckling Strength Assessment
Buckling strength assessment is to be carried out in accordance with 8.6.2, Part 1.

8.5 Racking Strength Assessment

8.5.1 Evaluation Area and Members to be Assessed

8.5.1.1 Evaluation Area

Racking strength assessment is to be applied to the cargo region shown in Fig. 8.5.1-1.

Fig. 8.5.1-1 Evaluation Area

Bosun store, etc.

Cargo area

E/R, etc. +

- - = - - - - =~ -
= - - --:A:- -:.:_ = -
- b P Ll TN L. ind W kT Pl i)

Y
W.B.T, FO.T, etc.

8.5.1.2 Members to be Assessed

1  The primary supporting members supporting racking deformation within the evaluation area are to satisfy the
strength criteria specified in 8.5. Typical members to be assessed in each type of construction are to be in the following

(1) and (2).
(1) Members to be assessed in type of construction where racking deformation is
bulkheads and transverse bulkheads are to be as follows:
(a) Around opening of transverse bulkheads
(b) Partial bulkheads
(c) Pillars positioned in the same cross section as transverse bulkheads

(2) Members to be assessed in type of construction where racking deformation is supported by transverse frames are

as follows:
(a) Pillar
(b) Side frame
(c) For the ship with transverse bulkhead, the bulkhead
2 For type of construction that cannot be easily categorised into the type specified

which racking deformation is expected to be supported are to be selected appropriately taking into account the members

for each type of construction specified in -1 above.
8.5.2 Boundary Conditions and Loads Conditions

8.5.2.1 Boundary Conditions

1  Translational and rotational displacements are to be appropriately restrained at both ends of the ship.

2 If'there is a ramp way at the stern of the ship, the aft end of side shell is to be fixed.
3 Boundary conditions applied to a finite element model are shown in Fig. 8.5.2-1.
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Fig. 8.5.2-1 Example of Boundary Conditions

Garage deck

Freeboard .

deck

8.5.2.2 Loads Conditions

1  Loads specified in 4.5 are to be considered.

2 For external pressure, and internal pressure due to liquid, a constant pressure calculated at the element’s centroid
is to be applied to the shell element of the loaded surface (e.g. outer shell for external pressure and tank or cargo hold
boundaries for internal pressure).

3 The weight of the cargo loaded onto the car deck is to be assumed to be evenly distributed across the deck and
given as the distributed load for the car deck.

4  When cargo is loaded onto a movable deck, the weight of the movable car deck and the cargo weight shared across
each panel are to be given as the nodal load at the movable deck support point.

5  When a movable deck is stored, the weight of the movable car deck is to be given as the nodal load to the panel
storage point.

853 Yield Strength Assessment

8.5.3.1 Reference Stress
1 The equivalent stress a,, (N/mm?) given by the following formula is to be used as the reference stress of shell

elements for yield strength assessment. The stress at the element centroid of the mid-plane is to be used.

Ocq = \/012 — 0,05 + 0,2 + 37,52
01, 0, T13: In-plane normal stresses of each element (N/mm?), as given by the following formulae:
For XY plane elements, o, = 0, 0, = gy, T2 =0
For YZ plane elements, 0y = 0,,, 0, = 0;, T1; =Ty,
For XZ plane elements, 0, =0, 0, =0d,, T, =0
XY plane, YZ plane, XZ plane: Based on the coordinate system specified in 1.4.3.6, Part 1.
0y, 0z, Ty,: Stresses of each element, with subscripts signifying the direction corresponding to the
coordinate system specified in 1.4.3.6, Part 1.
2 For rod elements or beam elements, axial stress o, (N/mm?) is to be used as the reference stress. The axial stress
at the middle of the element length is to be used.

8.5.3.2 Strength Criteria

1  Members to be assessed within the evaluation are to satisfy the following formula:
/1y < Ayperm
Ay: Yield utilisation factor, as given by the following formulae:

For shell elements, A, = Oeq
» 7Y 188/K
For rod elements, A, = M
» 7Y 188/K

Ayperm: Permissible utilisation factor, be taken as 1.0
2 Notwithstanding -1 above, yield strength assessments of intersections of pillars and deck transverses are
considered to be satisfied for the structural types specified in 8.5.1.2-1(2) or similar structural types when the following
formula is satisfied:
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tis—grOy—-is = 1.7 * tag—grOy—ae
tis—gr: Thickness (mm) (gross scantling) of intersections of pillars and deck transverses.
0Oy is: Specified minimum yield stress (N/mm?) of intersections of pillars and deck transverses.

Lat—gr: Smallest thickness (mm) (gross scantling) of the web of the deck transverses at the same height of
the intersection.
Oy a¢: Smallest specified minimum yield stress (N/mm?) of the web of the deck transverses at the same

height of the intersection.
3 Where members do not satisfy the criteria specified in -1 and -2 above, a detailed fatigue strength assessment are
to be performed for the members and so as to ensure a sufficient fatigue lifetime.
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Chapter 9 FATIGUE

9.1 General

9.1.1 Application of Fatigue Requirements

9.1.1.1 Application

Ships exclusively involved in the transport of cars, trucks, and other wheeled vehicles are to be assessed for fatigue
strength based on the hot spot stresses obtained by simplified stress analysis according to 9.3, Part 1 and finite element
analysis according to 9.4, Part 1.

9.2 Structural Details to be Assessed
9.2.1 Structural Details to be Assessed by Finite Element Analysis
9.2.1.1

1  Critical structural details to be assessed for fatigue strength by finite element analysis according to 9.4, Part 1 are
the primary supporting members supporting racking deformation.

2 Representative structural details in type of construction where racking deformation is supported mainly by partial
bulkheads and transverse bulkheads are to be in accordance with Table 9.2.1-1.

3 Representative structural details in type of construction where racking deformation is supported by transverse
frames are to be in accordance with Table 9.2.1-2.

4  For type of construction that cannot be easily categorised into the type specified in -2 and -3, the members by
which racking deformation is expected to be supported are to be selected appropriately.

5 The positions to be assessed for fatigue strength are to be selected appropriately based on the structural details
specified in -2 to -4. The positions to be assessed for fatigue strength are to be approved in advance by the Society.

6  Notwithstanding the requirements specified in -5, where documents demonstrating sufficient fatigue strength are
submitted and deemed appropriate by the Society, the fatigue strength assessment of the structure may be omitted.

Table 9.2.1-1 Structural Details of Primary Members to be Assessed in Type of Construction Where Racking
Deformation is Supported Mainly by Partial Bulkheads and Transverse Bulkheads

No. | Critical structural details of hull structure

Intersections of partial bulkhead web frame and car deck located in the same cross section
of transverse bulkhead

2 | Intersections of pillar and car deck located in the same cross section of transverse bulkhead

3 | Opening corner of transverse bulkheads

4 | Other areas with large stress concentration

Table 9.2.1-2  Structural Details of Primary Members to be Assessed in Type of Construction Where Racking
Deformation is Supported by Transverse Frames Occurs in Transverse Frames

No. | Critical structural details

1 | Intersections of pillar and car deck

2 | Intersections of transverse frame and car deck

3 | Other areas with large stress concentration
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9.3 Loading Conditions and Fraction of Time to be Considered
9.3.1 General
9.3.1.1

1  Standard loading conditions and fraction of time are to be in accordance with Table 9.3.1-1.
2 Notwithstanding the requirements specified in -1 above, when considering loading conditions and fraction of time
other than those in Table 9.3.1-1, it is necessary to consider appropriate combinations.

Table 9.3.1-1 Standard Loading Conditions and Fraction of Time

Loading conditions Fraction of time «;,
Full load condition (standard loading) 50 %
Ballast condition 50 %
9.4 Boundary Conditions and Load Conditions
9.4.1 Boundary Conditions

9.4.1.1

1  Translational and rotational displacements are to be appropriately restrained at both ends of the ship.
2 If'there is a ramp way at the stern of the ship, the aft end of side shell is to be fixed.

3 Boundary conditions applied to a finite element model are shown in Fig. 9.4.1-1.

Fig. 9.4.1-1 Example of Boundary Conditions

Garage deck
Freeboard .
deck
6x=6y=06z=0
9.4.2 Load Conditions
9.4.2.1

1  Loads specified in 4.6 are to be considered.

2 For external pressure, and internal pressure due to liquid, a constant pressure calculated at the element’s centroid
is to be applied to the shell element of the loaded surface (e.g. outer shell for external pressure and tank or cargo hold
boundaries for internal pressure).

3 The weight of the cargo loaded onto the car deck is to be assumed to be evenly distributed across the deck and
given as the distributed load for the car deck.

4  When cargo is loaded onto a movable deck, the weight of the movable car deck and the cargo weight shared across
each panel are to be given as the nodal load at the movable deck support point.

5  When a movable deck is stored, the weight of the movable car deck is to be given as the nodal load to the panel
storage point.
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9.5 Screening Assessment

9.5.1 General

9.5.1.1 General

1  This 9.5 specifies a method for assessing the fatigue strength of structural details including those specified in 9.2
using coarse mesh models instead of the very fine mesh models specified in 9.4, Part 1.

2 When the fatigue damage calculated based upon the method specified in this 9.5 does not satisfy the criteria,
fatigue strength assessment using a very fine mesh model is to be carried out.

3 The hot spot to be assessed, stress concentration factor derivation method, etc. is to be submitted beforehand to
the Society for approval, when the fatigue strength is assessed according to the method specified in this 9.5.

9.5.1.2 Application
The method specified in this 9.5 is applied to general structural details to be assessed, as specified in Table 9.2.1-
1 and Table 9.2.1-2.

9.5.1.3 Confirmation of Calculation Method and Accuracy of Analysis

1  The analysis method and analysis program are to have the following functions.

(1) The effects of bending, shear, axial, and torsional deformation are to be effectively taken into consideration.

(2) The behaviour of the 3-D structural model is to be represented effectively under reasonable boundary conditions.
(3) The method and program are to be confirmed to have sufficient analytical accuracy.

2 The analysis method is to be approved in advance by the Society. The submission of details regarding the analysis
method and verification of accuracy may be required when deemed necessary by the Society.

9.5.2 Finite Element Modelling

9.5.2.1 General
Coarse mesh models used in screening assessments are to be in accordance with 8.2.

9.5.2.2 Corrosion Models
Coarse mesh models used for screening assessments are to be made using tt,,s (mm). The corrosion addition to
be considered is to be in accordance with the requirement in 3.3.4, Part 1.

9.5.3 Loading Conditions and Fractions of Time to be Considered

9.5.3.1 General
Loading conditions and fractions of time are to be in accordance with 9.3.1.

9.54 Boundary Conditions and Load Conditions

9.5.4.1 General
Boundary conditions and load conditions to be considered are to be in accordance with 9.4.

9.5.5 Hot Spot Stress

9.5.5.1 General
1  Hot spot stress may be obtained by using the stress acting on element midpoints of shell elements irrespective of
the hot spot type used in the screening assessment.
2 The hot spot stress range and mean stress are to be obtained from the following formulae when conditions “71”
and “i2” for the same equivalent design wave for the same loading condition () are considered. The orthogonal
direction to the weld line is represented by the x-direction and the parallel direction is represented by the y-direction.
Ay ort)iy = Kscr * A0aaj x,i()
A0ys pari(jy = Kscr * A0adj y,i(j)
Kscr:  Stress concentration factor as given in -3 below.
A0qqj xi(jy: Stress range (N/mm?) in the x-direction in the x-y coordinate system of the equivalent design wave
“” for loading condition (j) according to the following formula:
A(Taaj,x,i(j) = |Uadj,x,i1(j) - O'aaj,x,iz(j)|
Oadj x,i1(j): Surface stress (N/mm?) in the x-direction in the x-y coordinate system
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[7:2]

of the equivalent design wave “i1” for loading condition “/” on
element midpoint of element in way of hot spot
Oadj x,i2(j)" Surface stress (N/mm?) in the x-direction in the x-y coordinate system

[733]

of the equivalent design wave “i2” for loading condition “/” on
element midpoint of element in way of hot spot
AGaqj yicj): Stress range (N/mm?) in the y-direction in the x-y coordinate system of the equivalent design wave

[T
1

for loading condition “/”” according to the following formula:
AGadjy,ic) = |0aajying) = Gaajyizei]
Oadj y,i1(j): Surface stress (N/mm?) in the y-direction in the x-y coordinate system

[733]

of the equivalent design wave “i1” for loading condition “/” on
element midpoint of element in way of hot spot
Oadj y,i2(j): Surface stress (N/mm?) in the y-direction in the x-y coordinate system

[733]

of the equivalent design wave “i2” for loading condition “/” on

element midpoint of element in way of hot spot

_ Oadj_x,i1(j) T Oadj _x,i2(j)
Omean_ort,i(j) — Kscr 2

_ 9adj yi1() t Tadj y,i2()
Omean_par,i(j) = Kscr 2

3  Kscr for a representative hot spot of a representative transverse section is to be obtained by the following. The

application method of an obtained K- to other transverse sections is to be approved in advance by the Society.

(1) Hot spot stress range for a representative hot spot of a representative transverse section is to be obtained by fatigue
strength assessment using a very fine mesh model.

(2) Nominal stress range is to be obtained in the same location as assessed in (1) above by finite element analysis
using a coarse mesh model

(3) Kscr is to be obtained as the ratio of stress range obtained by (1) and (2) above.

9.5.6 Fatigue Strength Assessment

9.5.6.1 General

1  This 9.5.6 specifies requirements for the fatigue strength assessment method using the hot spot stresses obtained
in 9.5.5.

2 The fatigue strength assessment in this 9.5 is based on Miner’s linear cumulative damage rule.

3  Total cumulative fatigue damage is to be calculated for all loading conditions by using each fatigue damage in the
in-air environment where the coating is effective and in the corrosive environment where the coating is not effective,
considering the ratio of period of each environment.

9.5.6.2 Reference Stress for Fatigue Strength Assessment
Hot spot stress ranges used in screening assessments, Adgg (), are AGps ore,(j) and Adgs par(j). and fatigue

damage is to be calculated for each stress range.
where,
AGFs ore,() = ml?"X(AUFS_ort,i(j))
AGEs par,(jy = MaxX(A0ks par,i())
AGEs orei(j): Hot spot stress range (N/mm?) for screening assessment according to the hot spot stress in
the direction orthogonal to the weld line, as obtained from the following formula:

AUFS_OTt,i(j) = fmean_ort,i(j) ) AO-HS_ort,i(j)
A0gs par,i(jy: Hot spot stress range (N/mm?) for screening assessment according to the hot spot stress in
the direction parallel to the weld line, as obtained from the following formula:
AO-FS_par,L'(j) =0.72 'fmean_par,i(j) ' AO-HS_par,i(j)
Fmean_ort,i()> fmean_pari(i): Correction factor for mean stress effect, as obtained by the
following formulae for each combination of Adys orei()) »

Omean_ort,i(j) and AGHS_paT.i(j)’ Omean_par,i(j) respectively.
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OmCor,i(j)

.~ =min|1.0,0.8 + 0.2
(fmean,l(J) mm[ + 200y,

] : O-mCOT,i(j) =0

UmCor,i(j)

= 0.6,0.8 + 0.2
fmean,i(j) = max [ 2A0ys,(j

] : O—mCor,L'(j) <0
Where,0,ncori(j) 18 to be obtained as follows:
{ Omcor,i(j) = Omean,i(j) *O9max < Oygq
Omcor,i(j) = OvEq — Omax + Umean,i(j) 'Omax = OyEq
Omax = Max;(j)(A0hsi(j) + Omean,i()))
Oypq = max(315, oy)
Aoys orti(j)s AOus par,i(j): As given in 9.5.5.1-2.
Umean_ort,i(j)’ O_mean_par,i(j): AS given in 9.5.5.1'2.

9.5.6.3 Fatigue Damage Calculation and Fatigue Strength Assessment Criterion
1  The cumulative fatigue damage D is to be obtained from the following formula:

b= z gy - Dy
7

a(j): Fraction of time of loading condition (j) in the fatigue design life, as given in Table 9.3.1-1.
D(jy:  Cumulative fatigue damage for the fatigue design life for loading condition (j) calculated by the following

formula:
Tpr —T¢ Tc
Dy = —F——Dgair(iy - + = Deor(j
0 =" Pary F 7 Deor i
Dair,jys Deory - Cumulative fatigue damage in the in-air environment and corrosive
environment for the fatigue design life for loading condition ().
Nor _A05)) m
D =2 ") _.1"(1+_)
@) KZ,air (lnNR)m/f ‘u(]) f
N Al i m
Dcor(j) — _'oF  _TUFS,G) | 1"(1 +_>
' KZ,COT (lnNR)m/f f

Np: Total number of cycles in the fatigue design life Tpy .
_ 60 x 60 x 24 x 365.25

= “fo- T
DF 4logl, fo " Tor
fp: Ship’s operation rate, taken as 0.85
Aoy (j): Fatigue stress range (N/mm?) at the reference probability level of exceedance of 1072

m: Inverse of the slope of the S-N curve, taken as m = 3

Ni: Number of cycles corresponding to the reference probability of exceedance of 102, taken as Ny = 100

& Weibull shape parameter, taken as & =1

I'(x):Complete Gamma function

Ko qir:  Constant of the design S-N curve for in-air environment, taken as 1.52 x 10*2

K, cor: Constant of the design S-N curve for corrosive environment, taken as 7.60 x 101!

Aoy, Stress range (N/mm?) corresponding to the intersection of the two segments of design S-N curve at N =10’
cycles, taken as 4o, = 53.4

Ky Coefficient taking into account the change of inverse slope of the S-N curve, m,

For in-air environment

(1 F o) ™ (14 () o)
r(i+ %)

By =1-

( Aa, )f N
Viiy = n
6)] AUFS,(j) R

For corrosive environment

hoy =1
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y(a, x): Incomplete Gamma function

Am: Change in inverse slope of S-N curve at N = 107 cycles, taken as Am = 2.
2 Fatigue strength assessment criterion is to be in accordance with 9.5.5, Part 1.
3 Correction factor for post-weld treatment by grinding is not to be considered.
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Chapter 10ADDITIONAL STRUCTURAL REQUIREMENTS

10.1 Car Deck

10.1.1 Plates and Beams

10.1.1.1 General

1  Plates and beams on car decks are to be accessed according to the conditions described in (1) and (2) below.

(1) Maximum load condition

(2) Harbour condition (for forklifts and other vehicles only used for cargo handling in harbours)

2 The concentrated load from vehicles is to be taken into consideration for decks loaded with wheeled vehicles and
beams installed on decks.

10.1.1.2  Section Modulus of Beams

1  The section modulus of beams of decks loaded with wheeled vehicles (hereinafter referred to as “car decks™) is
not to be less than that obtained from the following formula. However, Where the span length or moment of inertia
changes along the continuous beam, the scantlings of the beam are to be determined by direct strength calculation as
specified in -2.

M
Cload Cl CSUY

Cioaa: The safety factor in relation to dynamical influence caused by ship motion, which is 1.0 under

x103 (em?)

maximum load conditions, and 1.2 under harbour conditions (vehicles used for cargo handling only).
C;: Coefficient determined as follows:
1.0 for b/S < 0.8
1.25—0.31b/S for b/S > 0.8
S: Beam spacing (m)
b: Length (m) of wheel print measured at right angle to beams (See Fig. 10.1.1-1) For vehicles with
ordinary pneumatic tires, values in Table 10.1.1-1 may be used.
C,s: Coefficient related to the influence of axial force, according to Table 10.1.1-2.

oy: Standard yield stress (N/mm?)
M: My, M, and Mj;; obtained from the following formula, whichever is the greatest (kN-m)

=S i (5]

Y [ IR )
=l P i~ (] z (=P e+s )

st emo ()]

j-1

M, —M,
Ms; = |\Rgay;— ) Pp(ay—ap)— 7 a g —M;

r=0

Where: Pjo =0, ;=0
£:  Span (m) of beam between support points
P P,., P The wheel load at each support point, Pcpgx (kN) in 4.7.2.1 and 4.7.3.1. Subscript

10 oy F e
“ Ii” means the ith load point from left end of the Ith beam (See Fig. 10.1.1-2).
Subscript “ Z/j (or IIr)” means the jth (or rth) load point from left end of the IIth
beam (See Fig. 10.1.1-2). Subscript “ I/k” means the kth load point from left end of
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the II1th beam (See Fig. 10.1.1-2).
@i, Aprj, A Distance (m) from each support point to the point of action of wheel load (See Fig.

10.1.1-2), when wheels are so arranged that M may be at its maximum value.
N, Ny, Njy: Number of wheel loads between each span
R j;: The value obtained from following the formula

N
1
Rﬂ=;zpm (¢—an)
=1

Fig. 10.1.1-1 Measurement of Wheel Print Length

Wheel
~ print
- a / Beam Wheel
-} » print
b4
r 1 jva ~ Beam
—  Wheels Beam ZTL 7%
5 Wheels Beam
I H ———Beam Beam
Case (D) Case (II)
Fig. 10.1.1-2 Measurement of P;;, a ;;, € etc.
1311 Pli PINI Pﬂl Pﬂf P[INH Pllll PI][k Pl]INm
| ] ]
=~y J ~%ny -t
- a @ g 2 me
a — a
IN; N l[[NHl
£ £ ' {

Table 10.1.1-1 Wheel Print Length (m) (Pneumatic Tires)

Wheel print length parallel to axle in Fig. 10.1.1-1, a | Wheel print length right angles to axle in Fig. 10.1.1-
in Case (I), b in Case (II) 1, b in Case (I), a in Case (II)
Singl 1
et Tire width —P
tire 20
Doubl 9
o.u ¢ 2xTire width. Gap between tires, if any, may be added. —/P
tire 250
Notes:
P: Maximum design wheel load (kN). Where the maximum design wheel load is given in fons, the value of P isto

be multiplied by 9.81 to convert it into (kN).
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Table 10.1.1-2 Value of C;

Cs
L logm|
Longitudinal beams of strength decks 1.0 - 5
Y
Other than those above 1.0
Notes:
Opum: According to 6.2.3, Part 1 under maximum weight conditions.
According to the following formula under harbour conditions.
Opy = |———(z — z5)| x 10°
Vertical

Mpr: The vertical bending moment in the harbour, according to 4.3.1.1, Part 1.
Iyerticar: The moment of inertia around the horizontal neutral axis of the transection
of the member under consideration (net scantling approach) (cm*)
z:  Z coordinate at the load calculation point of the member under consideration
(m)
zg: Z coordinate of the horizontal neutral axis of the transection under
consideration (m)
Further, the coordinate system and load calculation point are to be as prescribed in 1.4.3.5, Part
1 and 3.7.1.3, Part 1, respectively.

2 Scantlings of beams of car decks may be determined by the direct calculation methods shown below.
(1) The model of structures and the method of calculation are to be those approved by the Society.

(2) Loads are in accordance to 4.7.2.1 and 4.7.3.1.

(3) The allowable stresses for calculation of the section modulus are to be as shown in Table 10.1.1-3.

Table 10.1.1-3 Allowable Stress (N/mm?)

Members Maximum load condition Harbour condition (vehicles used

for cargo handling only)

Longitudinal beams of strength decks Csoy 12 Csoy
1
Other than those above oy 12 Oy
Notes:

Cs: Coefficient related to the influence of axial force, according to Table 10.1.1-2.
oy: Standard yield stress (N/mm?)

10.1.1.3 Thickness of Car Deck
The thickness of car deck is to be in accordance with (1) or (2) below.
(1) Where the distance between the centres of wheel prints in a panel is not less than 25 + a:
2S—b'
25+a
S:  Beam spacing (m)
P:  Pcpg (kN)in 4.6.2.1. However, when b > S, the value is to be multiplied by S/b.
b': b or S, whichever is the smaller (m)

-Px 103 (mm)

b: Length (m) of wheel print measured at right angle to beams. (See Fig. 10.1.1-1)
a: Length (m) of wheel print measured in parallel with beams. (See Fig. 10.1.1-1)

However, for vehicles with ordinary pneumatic tires, values of a and b in Table 10.1.1-1 may be used.
C: Coefficient determined as follows.
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1 CcollCload
C== |———
2 C,oy
C..u: The safety factor in relation to the plastic collapse load of the plate, which is 1.7
Cioqq: The safety factor in relation to dynamical influence caused by ship motion, which is 1.0 under
maximum load conditions, and 1.2 under harbour conditions (vehicles used for cargo handling only).
C,: Axial force influence coefficient, according to Table 10.1.1-4.
(2) Where the distance between centres of wheel prints in a panel is less than 2S + a (Fig. 10.1.1-3):

A
C\]m “nP X 103(mm)
Where: C, S, a, b' and P: As prescribed in (1) above.
e: Sum of distances (m) between centres of wheel prints where wheels are placed side by side at a spacing of
less than 2S + a in one panel. (See Fig. 10.1.1-3)
n:  Number of wheel loads in the range of e

Table 10.1.1-4 Value of C,

Members Cq
o . OBM
Longitudinal framing system 1- .
Strength deck Y
. logml
Transverse framing system 1.0 - 5
Y
Other than those above 1.0
Notes:

ogum: As specified in the note of Table 10.1.1-2.
oy: Standard yield stress (N/mm?)

Fig. 10.1.1-3 Method for Measuring e

——mmmEm e

[P

1
[ (] ]
Beam é N Z é/

:11{2__'“"““_-__—"—

fe——2.5+ a or more ——st= »

25+ a or more ——=

e (In case n=3)

10.1.1.4  Car Deck Girders
The scantlings of deck girders of car decks and girders of similar thin plate construction are to be determined in
accordance with the method which is to be as deemed appropriate by the Society.

10.2 Movable Car Deck

10.2.1 Movable Car Deck Girders

10.2.1.1 General

Deck girders of movable car decks and girders of similar thin plate construction are to be in accordance with the
requirements of 10.2.
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10.2.1.2  Strength Requirement*
1  The scantlings of movable car deck girders are to be determined in accordance with the following requirements in
-2 to -4.
2 The effective breadth of compressive plate flange for each girder is to be determined by the following (1) and (2)
corresponding to the stiffening direction of the panel.
(1) Effective breadth for girders parallel to the stiffening direction:
The value specified in 3.6.3, Part 1.
(2) Effective breadth (b,f,) for girders crossing at right angles with the stiffening direction:

bere = Y (<572 (nm)

n
Where buckling stiffeners for deck plates are fitted properly, these may be taken into account for the

determination of effective breadth. However, it is not to exceed the value specified in 3.6.3, Part 1.
C,;: Coefficient as given by the following formula However, where it exceeds 1.0, it is to be taken as 1.0.

_ 371.75 b 0.075 0.75 7b
o= (5 o (55 ()

1 for girders located on the periphery of the car deck, and 2 for the others
Spacing (mm) of girders crossing at right angles with the stiffening direction

Spacing (mm) of stiffeners

SRS

Coefficient determined as follows.
b [og
P=iE
t : Thickness (mm) of car deck plating
op: Minimum upper yield stress or proof stress (N/mm?) of the car deck material
E: Modulus of elasticity (N/mm?) of the material to be assumed equal to 2.06 x 10° for steel
3 Design load and allowable stresses are to be in accordance with the requirements of the following (1) and (2).
(1) Design load P (kN/m?)
As specified in 4.7.2.1-2 and 4.7.3.1-2.
(2) Allowable stresses (N/mm?)
As specified in Table 10.2.1-1.

Table 10.2.1-1 Allowable Stresses

Maximum load Harbour condition (vehicles

condition used for cargo handling only)
Normal Stresses Or 0.830
Shear Stresses 0.580% 0.480

Notes:
op: Minimum upper yield stress or proof stress (N/mm?) of the
material

4  Where the scantlings of girders are determined based upon direct calculations, the method of assessments are to
be a grillage model analysis or that as deemed appropriate by the Society. “The method of assessment ... as deemed
appropriate by the Society” mentioned above means an assessment method that can take into account the elastic
buckling effects of compression panels of the car deck. Otherwise, a linear FE analysis using the shell elements and a
buckling strength check of compression panels in accordance with the requirements of Annex 8.6, Part 1 “Buckling
Strength Assessment Based on Cargo Hold Analysis” may be conducted.

10.2.1.3 Structural Details
The thickness of web plates is not to be less than that obtained by the following formula, except where an analysis
of the buckling strength of the web plate has been conducted.

¢ (mm)
d: Depth of girders (mm)
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C: Coefficient as given by the following:
65 for symmetrically flanged girders
55 for asymmetrically flanged girders

10.2.2 Support Structures of Movable Car Deck

10.2.2.1

1  The requirements in 10.2.2 apply to structures supporting movable car deck.

2 Support structures of movable car deck are to be arranged appropriately considering factors such as the shape and
the design load.

3 The connections of supporting members to hull structural members are to be suitably constructed so as to avoid
stress concentration. If necessary, suitable reinforcement is to be provided by means of stiffeners, brackets, etc.

4  Where deck panels are suspended by wire ropes, the ropes are to comply with the requirements of Part L or the
requirements of the standards as deemed appropriate by the Society, and be subjected to suitable corrosion prevention
treatment. The safety factor of the wire ropes is not to be less than the value specified in Table 10.2.2-1.

Table 10.2.2-1 Safety Factor of Stresses in Wire Rope

Maximum load condition Harbour condition (vehicles used for
cargo handling only)
10* 10*
8.85W + 1910 12 8.85W + 1910
However, it may not exceed 4. However, it may not exceed 4.8.
Notes:

W: Safe working load (fon)

5  Gross scantlings of supporting structural members are to be determined to withstand the design loads defined in
10.2.1.2-3 (1), using the allowable stresses (N/mm?) shown in Table 10.2.2-2.

Table 10.2.2-2 Allowable Stresses

Maximum load Harbour condition (vehicles
condition used for cargo handling only)
Bending stress o 0.500% 0.420p
Shear stress t 0.340% 0.280
Equivalent st 0.63
quivalent stress 0.640,
ae

Notes:
Equivalent stress: g, = Va2 + 3t2(N/mm?)
op: Minimum upper yield stress or proof stress (N/mm?) of the material
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Chapter 12WELDING

12.1 Additional Requirements for Joints at Specific Locations

12.1.1 Car Deck

12.1.1.1 Deck Beams Supporting Vehicles

1  The impact of the dynamic load caused by vehicular traffic is to be taken into account when determining the kind
of stiffeners used and the fillet welding method for connecting those stiffeners to the car deck.

2 The method used to weld the stiffeners to the car deck is to be at least in accordance with the requirements specified
in Table 12.1.1-1 according to the type of stiffener and frequency of vehicular traffic.

3 Notwithstanding -2 above, the requirement stipulated in 12.2.1.3-4, Part 1 of the Rules applies. Where continuous
welding is carried out only on one side, at least 72 welding is to be carried out on the other side, as specified below.
(1) Upto 0.1¢ from the end of the beams

(2) 0.1 on either side of the intersection of beams and girders

Table 12.1.1-1 Method of Fillet Weld ¥

Deck panels on which vehicular traffic is | Panels other than those specified in the
frequent ') left column
General type F2 (Both sides or One side) F4 or F2 (One side)
Channel type 2 F2 (Both sides) F4
Channel type ¥ F2 (Web side of flange) F4 (Web side of flange)

¢1: Deck panels which are subject to the dynamic load in the vicinity of the ramp way and is on the route
taken by vehicles when moving between decks

¢2: Channel type beams as shown in Fig. 12.1.1-1, which are joined to the deck with spot-welds or intermittent
welds

¢3: Channel type beams as shown in Fig. 12.1.1-2, which are joined to the deck with a full penetration weld.
C9: “f2” and “F4” in this table and  is as specified in Table 12.2.1-1, Chapter 12, Part 1.
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Fig. 12.1.1-1

Intermittent
weld

| /I ___Deck

2 Deck panels on which vehicular traffic is ‘frequent

F4 Panels other than the specified above

Stiffeners

2 Deck panels on which vehicular trafficlis frequent

F4 Panels other than the specified above ,

Stiffeners

L+

Fig. 12.1.1-2

Continuous
welding joints / Full penetration

{ h 4 YDeck

__ 3

72 Deck panels on which vehicular traffic Iis frequent
—

4 Panels other than the specified above |

Stiffeners

/-_—-..—-—__J

12.1.1.2 Girders of Movable Car Decks
The connection of girder webs to the car deck is to use the fillet welding method in accordance with Table 12.1.1-
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Table 12.1.1-2 Fillet Weld of Girder to Movable Car Deck "9

Panels on which vehicular | Panels other than those

traffic is frequent "V specified in the left column
(1) Girders on the deck panel periphery
(2) Within 0.3# midspan of girders
other than mentioned in (1) ¢?
(2) Within 0.1¢ of end parts of girders . .
F2 (Both sides) F2 (Both sides)

other than mentioned in (1) ¢?

(4) Within 0.2¢" of intersections of
girders other than mentioned in (1) ¥

(5) Other than those above F2 (One side), at least

¢D: Deck panels which are subject to the dynamic load in the vicinity of the ramp way and is on the route
taken by vehicles when moving between decks

(2. ¢’ is the total length of each girder

(3); ¢ is the span of each girder, and 0.1¢' on either side of the intersection of girders is to be welded

(9. “F2” in this table is as specified in Table 12.2.1-1, Chapter 12, Part 1
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1.1

1.11

Part 2-7 TANKERS

Chapter 1 GENERAL

General

Application

1.1.1.1 Application of This Part

1

)
2

3

2
(M

2
3

The hull construction and equipment of the following ships are to be in accordance with the requirements in Part
2-7 in addition to Part 1.

Ships intended to be registered as tankers affixed with the notation “Tanker” (abbreviated as T)

Ships intended to be registered as ships carrying dangerous chemicals in bulk affixed with the notation “Chemical
Tanker” (abbreviated as CT)

Ships carrying liquid cargoes in independent tanks , excluding ships carrying dangerous chemicals in bulk and
ships carrying liquefied gases in bulk, , affixed with the notation “Tank Carrier” (abbreviated as 7C)

The requirements in Part 2-7 are for ships described in the following (1) and (2).

Ships carrying liquid cargoes in tanks integrated with their hull structures as well as having one or more
longitudinal bulkheads and single decks with double bottoms and double side hull structures

Ships with single decks and self-supporting tanks that do not form part of the hull structure

Ships with a different construction from that specified in -2 above, to which the requirements in this Part are

considered to be not applicable, are to be at the discretion of the Society.

4

Depending on ship size, navigating area and cargoes carried, the relevant requirements of Chapter 14, Part D,

Chapter 4, Part H, Part R, Part S as well as the Rules for Marine Pollution Prevention Systems are to also be

applied.

1.2

1.2.1

Definitions

Naming Convention

1.2.1.1 Structural Nomenclature

Fig. 1.2.1-1 and Fig. 1.2.1-2 show the common structural nomenclature used in Part 2-7.
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Chapter 2 GENERAL ARRANGEMENT DESIGN

2.1 Structural Arrangements

2.1.1 Arrangement and Separation

2.1.11 Separation of Cargo Oil Tanks, etc.

1  Cofferdams are to be provided in accordance with the following (1) to (6):

(1) Cofferdams of air-tight construction with a sufficient width for access are to be provided at fore and aft
terminations of cargo oil spaces and at spaces between cargo spaces and accommodation spaces. However, for oil
tankers intended to carry cargo oil having a flash point above 60 °C, the preceding requirements may be suitably
modified.

(2) Cofferdams specified in (1) may be used as pump rooms.

(3) Fuel oil or ballast water tanks may be concurrently used as the cofferdams to be provided around cargo oil tanks
subject to approval by the Society.

(4) Where a cargo oil tank is adjacent to the fore peak (fore peak tank), the collision bulkhead is to be free from
openings. (See 14.3.2 and 14.3.3, Part D)

(5) Divisions between compartments defined as cofferdams and other compartments (except cargo oil tanks and fuel
oil tanks) are not to have any openings with the exception of bolted watertight manholes provided in chain locker
bulkheads, etc. (no watertight door is permitted).

(6) Electrical equipment is to be dealt with referring to the relevant requirements in Chapter 4, Part H.

2 When separating bulkheads with a cofferdam, the standard layout is such that the distance between bulkheads is

at least 600 mm.

2.1.1.2 Airtight Bulkheads

1  All areas where there are cargo oil pumps and cargo oil piping are to be segregated by an air-tight bulkhead from
areas where stoves, boilers, propelling machinery, electric installations other than those of explosion-proof type in
accordance with 4.2.4 and 4.3.3, Part H or machinery with a source of ignition is normally present. However, for oil
tankers carrying cargo oil having a flash point above 60 °C, the requirements may be suitably modified.

2 Cofferdams which are not utilised as main or auxiliary pump rooms and compartments utilised as cofferdams
under the freeboard deck are to meet the requirements for the strength of deep tanks. The bulkhead between the main
pump room and engine room is to have structural scantlings of a watertight bulkhead in ships of not less

than 100 m in length L. and of an airtight bulkhead in ships of less than 100 m in length L.

2.1.1.3 Openings

1  Ventilation inlets and outlets are to be arranged so as to minimise the possibilities of vapours of cargoes being
admitted to an enclosed space containing a source of ignition or collecting in the vicinity of deck machinery and
equipment which may constitute an ignition hazard. Especially, ventilation openings for machinery spaces are to be
situated as far afterwards as practicable from cargo spaces.

2 Ullage openings, sighting ports and tank cleaning openings are not to be arranged in enclosed spaces.

2.1.14 Superstructures and Deckhouses

1  The arrangement of openings on the boundaries of superstructures and deckhouses are to be such as to minimise

the possibility of accumulation of vapours of cargoes. Due consideration in this regard is to be given to the openings

in superstructures and deckhouses when the ship is equipped with cargo piping to load or unload at the stern.

2 The deckhouse protecting the entrance to pump rooms is to be in accordance with the following requirements.

(1) The strength of the front wall is to be equivalent to that of the wall of the bridge.

(2) The strength of side walls and after wall are to be equivalent to that of the front wall of the poop.

(3) The height of doorway coamings is not to be less than 600 mm above the freeboard deck. However, the height
may be reduced to not less than 450 mm for ships with a class notation of Coasting Service.

—272—



2023 Rules for the Survey and Construction of Steel Ships (Part C Part2-7) ClassNK

2.1.1.5 Length of Deep Tanks
The length of deep tanks is not to exceed 0.2Lf (m).
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Chapter 4 LOADS

4.1 General

4.1.1 Overview

4.1.1.1 Structure and Overview of this Chapter
This Chapter specifies the additional requirements shown in Table 4.1.1-1 as the loads used for the formulae and
strength assessments to determine the scantlings specified in Part 2-7 and Part 1.

Table 4.1.1-1 Overview of Chapter 4

Section Title Overview

4.1 General General requirements

Additional requirements for loads to be considered
4.2 | Loads to be Considered in Local Strength for the local strength specified in Chapter 6 and
Chapter 6, Part 1.

. . . Additional requirements for loads to be considered
Loads to be Considered in Strength of Primary

4.3 ) for strength of primary supporting structures
Supporting Structures . .
specified in Chapter 7 and Chapter 7, Part 1.
: ) Additional requirements for loads to be considered
Loads to be Considered in Strength Assessment by i
4.4 ) for strength assessment by cargo hold analysis
Cargo Hold Analysis . .
specified in Chapter 8 and Chapter 8, Part 1.
Additional requirements for loads to be considered
4.5 | Loads to be Considered in Fatigue for fatigue strength assessment specified in Chapter
9 and Chapter 9, Part 1.
4.2 Loads to be Considered in Local Strength
4.2.1 General

4.2.1.1 General

1  The loads to be considered in the requirements of local strength specified in Chapter 6 and Chapter 6, Part 1 are
to also be in accordance with 4.2.

2 Additional requirements for loads in the maximum load condition are to be in accordance with 4.2.2.

4.2.2 Maximum Load Condition

4.2.2.1 Lateral Loads

1  When applying 4.4.2, Part 1, the parameters (GM, z;, etc.) required to calculate pressure dynamic pressure due
to cargo are to be values in the full load condition regardless of the cargo density to be considered. However, the values
in Table 4.2.2-2 may be used if the parameters are not available.

2 Where loads acting on the supporting structures of independent prismatic tanks are calculated, the vertical
envelope acceleration ayz, specified in 4.2.4, Part 1 is to be considered. The parameters (GM, z;, etc.) required to
calculate the loads are to be the same as specified in -1 above.

3 In applying 4.4.2, Part 1, the parameters (GM, z;, etc.) required to calculate pressure dynamic pressure due to
ballast water in ballast tanks are to be the values in the ballast condition. The same parameters are to be applied where
the dynamic pressure due to liquid other than ballast water, such as the pressure due to fuel oil tank, is considered. For
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ships loaded with ballast water in their cargo tanks in the emergency ballast condition, the parameters required to
calculate dynamic pressure due to the ballast water are to be the values in the emergency ballast condition. However,

the values in Table 4.2.2-1 may be used if the parameters are not available.

Table 4.2.2-1 Simplified Formulae of parameters

Z coordinate z;
Draught T, i f th t Radius of ti
Loading condition s ke (m)in | (m)o . © centre Metacentric height GM (m) Acius of gyration
the midship part of gravity of the Ky (m)
ship
Full load B TSC Bz 3CW -1
T. 0.25— —+ ——Z 0.35B
condition ¢ Cp 2 TeCp 24 ¢
k + BZ 3CW_LC - 1
Ballast condition TgaL 0.20 2 TycCpic 24 0.40B
B_LC — 2z
Emergenc Tic + B 3twie 1
y _Le
Tosr 0.20 2 TycC 24 0.40B
Ballast condition BAL-E Cp 1c LemBLe
-z
4.3 Loads to be Considered in Strength of Primary Supporting Structures
4.3.1 General
4.3.1.1 General

1  The loads to be considered in the requirements of strength of primary supporting structures specified in Chapter
7 and Chapter 7, Part 1 are to be in accordance with 4.3.

2 Additional requirements for loads in maximum load conditions are to be in accordance with 4.3.2.

3 Additional requirements for loads in the harbour condition are to be in accordance with 4.3.3.

4.3.2

43.21

Maximum Load Condition

General

1  Loads for simple girders are to also in accordance with the relevant requirements of 4.2.
2 The loads specified in Table 4.3.2-1 are to be considered for double hull. However, where deemed necessary by
the Society, additional loading patterns taken the loading conditions into account specified in the loading manual may

be requested.
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Table 4.3.2-1 Loads to be Considered in Maximum Load Condition

Loading patterns (V

Difference between

maximum load condition

is not allowed where the cargo tank is empty.
(3) For the ships designed so that the draught is greater than 0.6Tg. where the cargo tank to be assessed is loaded,

draught is not allowed where the cargo tank is loaded.

Structures . '

to be Vertical still water Loaded o be Eq.ulvalent external and internal

assessed Draught(m) | bending moment i design wave pressure to be

considered considered (kN/m?)
(kN-m)

Double | 1 0.9Tsc Msy max None HM-1

bottom $20) 0.6T,¢ Mgy min Liquid cargo /HM-2 Double bottom: Py

Double S3(2) O'9TSC MSV,min None BP-IP Double Slde: PDS
side 540 0.6T5¢ Mgy nin Liquid cargo /BP-1§

Notes:

(1) For the ships designed with the emergency ballast condition, the loading condition is to be considered in

(2) For the ships designed so that the draught is smaller than 0.9T;, where the cargo tank to be assessed is empty,
the draught may be considered. In this case, it is clearly stated in the loading manual that exceeding the draught

the draught may be considered. In this case, it is clearly stated in the loading manual that being less than the

4.3.2.2 External Pressure

For the requirements of double hull, the hydrostatic pressure and the hydrodynamic pressure at the equivalent

design wave specified in Table 4.3.2-2 are to be considered.

Table 4.3.2-2 External and Internal Pressure to be Considered

1.

Structures to be
4 Py B(kN/mz) Me) Pp S(kN/mz) Q1)
assessed
Sl Pexs+Pexw Pexs+Pexw
Double bottom
S2 Pexs+Pexw_(Pls+Pld) Pexs+Pexw_(Pls+Pld)
) S3 Pexs +P€XW Pexs +Pexw
Double side
54 Pexs+Pexw_(Pls+Pld) Pexs+Pexw_(Pls+Pld)
Notes:

P, P, : Hydrostatic and Hydrodynamic pressure (kN/m?) act on bottom shell in case of Ppg. Those values act
on side shell in case of Ppg. Each value is calculated in accordance with 4.6.2.4, Part 1.

P, Py : Static and dynamic pressure due to liquid cargo (kN/m?) act on inner bottom plating in case of Ppg.
Those values act on side shell in case of Ppg. Each value is calculated in accordance with 4.6.2.5, Part

(1) The parameters (GM, z;, Kyx) required to calculate loads is given by the follows.
S1, S3: As given by the formula for full load condition specified in Table 4.2.2-1
S2, S4: As given by the formula for ballast condition specified in Table 4.2.2-1

(2) Load calculation points is in accordance with 7.3.1.5, Part 1 for all loading conditions.

4.3.2.3 Internal Pressure

For the requirements of double hull, internal pressure due to liquid cargo is to be considered in accordance with
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1  The vertical still water bending moments and the vertical wave induced bending moments for the equivalent design
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Vertical Bending Moments

waves specified in 4.3.2.1-2 are to be considered for the requirements of double hull structures.
2 The vertical wave induced bending moment considered for each equivalent design wave is to be in accordance

with 4.6.2.10, Part 1.
4.3.3

4.3.3.1 General

Harbour Condition

The loads specified in Table 4.3.3-1 are to be considered in the requirements for double hull.

Table 4.3.3-1 Loads to be Considered in Harbour Condition

Struct Loading patterns V Difference between
uctures
to b external and internal
0 be Vertical bending moment
assessed Draught(m) l e Loaded to be considered pressure to be
in harbour(kN-m) considered (kN/m?)
Double Pl Tsc Mpr max None
bottom ' _
P2 ThaL Mpr min Liquid cargo Double bottom: Ppp
Double P3 Toc Mot max None Double side: Ppg
side P4 TgaL Mpr min Liquid cargo
4.3.3.2 External Pressure

For the requirements of double hull, the hydrostatic pressure is to be considered in accordance with Table 4.3.3-

Table 4.3.3-2 External and Internal Pressure to be Considered

Struct to b
ructures to be Py g (kN/m?)) Pps(kN/m?) (M
assessed
Pl Poxs Fexs
Double bottom
P2 Pexs_Pls PexS_PlS
P3 Poxs Fexs
Double side
P4 Pexs_Pls PexS_PlS
Notes:

Pexs’ Pexw :

Hydrostatic pressure (kN/m?) act on bottom shell in case of Ppg. The value act on side shell in case of

Pps. Each value is calculated in accordance with 4.6.2.4, Part 1.

P, Py

Static pressure due to liquid cargo (kN/m?) act on inner bottom plating in case of Ppg. The value act on

side shell in case of Ppg. Each value is calculated in accordance with 4.6.2.5, Part 1.

(1) Load calculation points is in accordance with 7.3.1.5, Part 1 for all loading conditions.

4.3.3.3

Internal Pressure

For the requirements of double hull, the internal pressure due to liquid cargo is to be considered in accordance

with Table 4.3.3-2.
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4.3.3.4 Vertical Bending Moment in Harbour
The vertical bending moment in harbour to be considered for the requirements of double hull is to be in accordance
with 4.3.3.1.

4.4 Loads to be Considered in Strength Assessment by Cargo Hold Analysis

4.4.1 General

44.1.1 General

1  The loads to be considered for strength assessment by cargo hold analysis specified in Chapter 8 and Chapter 8,
Part 1 are to also be in accordance with 4.4.

2 Additional requirements for loads in the maximum load condition are to be in accordance with 4.4.2.

3 Additional requirements for loads in the harbour condition are to be in accordance with 4.4.3.

4.4.2 Maximum Load Condition

4.4.2.1 Loading Conditions

In applying 4.6.2.1, Part 1, as for dangerous chemical bulk carriers, the loading conditions specified in Table
4.4.2-1 are to be considered. Loading conditions specified in the loading manual may be required additionally where
deemed necessary by the Society.
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Table 4.4.2-1 Loads in Maximum Load Condition

Vertical still
Loading . water Equivalent
condition Loading pattern Draught bending design wave
moment
Port Mgy max HM-2/FM-2
S1 | 0.9Tg¢ HM-1/FM-1
Mgy min BR-1P/S
Starboard BP-1P/S
Partial load
condition
Port Mgy max HM-2/FM-2
S2 ‘ l 0.9Tsc HM-1/FM-1
Mgy min BR-1P/S
Starboard BP-1P/S
Port Mgy max HM-2/FM-2
Jumping
load S3 0.9Tsc HM-1/FM-1
condition 0 BR-1P/S
Starboard BP-1P/S
Port
HM-1/FM-1
54 0.6Ts¢ Mgy min BR-1P/S
BP-1P/S
Zig_zag Starboard
load
condition Port
HM-1/FM-1
S5 0.6Ts¢ Mgy min BR-1P/S
BP-1P/S
Starboard
Port 0 HM-2/FM-2
Jumping
load S6 0.6Tsc HM-1/FM-1
condition Mgy min BR-1P/S
Starboard BP-1P/S
Port
NNy \\\\\ AR
Emergency \\\ HM-1/FM-1
Py
Ballast S7 N Tga—k Mgy min BR-1P/S
COHditiOl’l Y &\\ A BP']P/S
Starboard

E: Liquid cargo
RXNN: Ballast water

Notes:
The radius of gyration (m) around the X-axis is taken as 0.38B. However, the value calculated based on the

weight distribution according to the loading condition under consideration may be used.
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4.4.2.2 Hull Girder Loads
In applying 4.6.2.10, Part 1, the vertical still water bending moment for the loading condition under consideration
is to be in accordance with 4.4.2.1.

4.4.3 Harbour Condition

4.4.3.1 Loading Conditions
In applying 4.6.3.1, Part 1, the loading conditions specified in Table 4.4.3-1 are to be considered.

Table 4.4.3-1 Loading Conditions to be Considered in Harbour Condition

Loading . Vertical bending moment
condition Loading pattern Draught in the harbour
Port
Pl { J Tpas Mpr_ min
Starboard
Harbour
condition Port
P 2 ‘ J TS(; MPT_max
Starboard
E: As specified in Table 4.4.2-1.

4.4.3.2 Hull Girder Loads
In applying 4.6.3.5, Part 1, the value of Mpy is to be taken as the value specified in 4.4.3.1.

4.5 Loads to be Considered in Fatigue

4.5.1 General

4.5.1.1 General

1  The loads to be considered for fatigue strength assessments specified in Chapter 9 and Chapter 9, Part 1 are to
be in accordance with 4.5.

2 Additional requirements for loads in the cyclic load condition are to be in accordance with 4.5.2.

4.5.2 Cyclic Load Condition

4.5.2.1 Loading Conditions
In applying 4.7.2.1, Part 1, the loading conditions specified in Table 4.5.2-1 are to be considered. The loading
conditions specified in the loading manual may be required additionally where deemed necessary by the Society.
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Table 4.5.2-1 Loads in Cyclic Load Condition

Loadin, Vertical still Equivalent
118 Loading pattern Draught | water bending q
condition design wave
moment
Port
Full load
condition A1 ‘ { J Tsc
Starboard
Port
Jump.u'lg load D ‘ | 0.9Ty,
condition
Starboard
Port
FA3 { J 0.6Ts¢
Values for the I,
Starboard ;
Zig-zag  load loqupg FM
condition conditions BR
Port under
. . BP
‘ | consideration
FA4 0.6Ts¢
Starboard
Port
Jumping load
condition FAS 0.6Tsc
Starboard
Port
Ballast
condition FA6 Tpar
b T W b W ™ b W ™
Starboard

[, BN: As specified in Table 4.4.2-1.
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Chapter 6 LOCAL STRENGTH

6.1 Independent Prismatic Tanks
6.1.1 Plates and Stiffeners
6.1.1.1

The plates and stiffeners of independent prismatic tanks respectively are to be in accordance with 6.3 and 6.4,
Part 1. However, in applying 6.3 and 6.4, Part 1, the coefficients €, and C, related to the influence of axial force
are to be assessed as 1.0.

6.1.2 Supporting Structures in Independent Prismatic Tanks

6.1.2.1 General

The arrangements and scantlings of the supporting structures of independent prismatic tanks are to comply with
6.1.2. However, this does not apply to cases where such arrangements and scantlings are determined by other
appropriate methods.

6.1.2.2 Materials*

1  Materials deemed appropriate by the Society are to be used for supporting structures.

2 For the materials referred to in -1 above, documents showing their properties at room temperature and operating
temperature are to be submitted.

6.1.2.3 Strength Criteria
Compressive stresses g,(N/mm?) acting on each plate which composes the supporting structures, excluding top
plate, is to comply with the following criteria:
Oq < Ocr
0,: The compressive stress acting on each plate which composes the supporting structures, excluding top plate,
as given by the following:

2 (N/mm?)

7 = Amin
Where:
F,: Load acting on the supporting structures as given by the following:
Fy = (pLVe X 10° + mr)(g + az) (N)
p. - Cargo density (ton/m?)
V,: Tank volume (m?) supported by the supporting structure under consideration
m;: Mass of tank, insulation and equipment (kg)
az.: Vertical envelope acceleration acting on the centre of gravity of the cargo tank under
consideration, according to 4.2.2.1, Part 2
Apin: Minimum horizontal sectional area (mm?) which is obtained by subtracting half of
corrosion addition t, from all side of the plates (See Fig. 6.1.2-1)
0., Allowable stress obtained as follows, whichever is smaller.

% (N/mm?)

Cy0yq (N/mm?)

Where:

Oyq: Yield stress (N/mm?) of the material used for the supporting structure

C,: Reduction factor for each plate which composes the supporting structures, excluding top plates, as
obtained by Table 6.1.2-1. Assessed plate which is not rectangular may be approximated using Table

6.1.2-2.
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Fig. 6.1.2-1 Example of Supporting Structure (Excluding Top Plate) and the Relevant Minimum Horizontal Sectional
Area

M
Minimum horizontal sectional area —pirg— 0.5¢,

0.5¢,
i

Table 6.1.2-1 Reduction Factor for Plane Plate Panels

Aspect ratio @ | Buckling factor K Reduction factor C,
1
O-a
C,=1 for <08
a-l, ¢ a>1 K=4 1 022
C, =1.13 (1— 7) for 1> 0.8
|<—-Za
2
O_ll
B
|
1
: 1 C,=1 for 1 <0.7
a-ly g >0 K =0425+—
: * a? | Co=— for 1> 0.7
" A"4+0.51
1
ld

Explanations for boundary conditions:
----- plate edge free
— plate edge simply supported

A: Reference degree of slenderness, to be taken as:

Oyq
A= f—y
Koy

og: Reference stress (N/mm?), to be taken as:
t 2
lg

Where:

t: Net plate thickness (mm) of plate member

l,: Length of the side of the plate panel (mm)
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Table 6.1.2-2 Trapezoidal Panel Approximation
Shape

Approximation

A rectangle is derived with [, being the
mean value of the bases and « - [, being
N By the height of the original panel.

— 284 —



2023 Rules for the Survey and Construction of Steel Ships (Part C Part2-7) ClassNK

Chapter 7 STRENGTH OF PRIMARY SUPPORTING STRUCTURES

7.1 General
7.1.1 Application
7.1.1.1

1  The requirements in this Chapter apply to ships of less than 150 m in length L.

2 Notwithstanding -1 above, strength assessments for deck girders with respect to deck loads and green sea loads
are to be carried out in accordance with this Chapter.

3 For the double bottom and double-side skin structure, the requirements of the double hull structure specified in
7.3, Part 1 are to be applied. For other girder members that can be regarded as simple girders, the requirement of the
simple girder specified in 7.2, Part 1 are to be applied.

7.1.1.2 Application Example of Assessment Model for Oil Tanker
1  An application example of an assessment model applying 7.2 and 7.3, Part 1 is shown in Fig. 7.1.1-1.
2 For girder members that have a structure not shown in Fig. 7.1.1-1 and can be regarded as a simple girder, the

boundary conditions and acting loads are to be considered, and an assessment model from Table 7.2.1-1, Part 1 is to
be appropriately selected.

Fig. 7.1.1-1  Application Example of Oil Tanker

Deck transverse
(assessment models 1 to 5
specified in 7.2, Part 1)

— LR B T'.’r:rr = T
'; Horizontal girder T 7
g (assessment models 1 to 5 {
= specified in 7.2, Part 1) (
£ bbb L
g3 - i ' =
@ 2 ——
P
=]
g &
- =
2 Vertical transverse B I
2 ey (assessment models 1 to 5 A 7 j = =
= — == specified in 7.2, Part 1) - J
- — C & // o
[

Double bottom
(Type D4 specified in 7.3, Part 1)

7.1.1.3 Application Example of Assessment Model for Chemical Tanker
1  An application example of an assessment model applying 7.2 and 7.3, Part 1 is shown in Fig. 7.1.1-2.
2 For girder members that have a structure not shown in Fig. 7.1.1-2 and can be regarded as a simple girder, the

boundary conditions and acting loads are to be considered, and an assessment model from Table 7.2.1-1, Part 1 is to
be appropriately selected.
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Fig. 7.1.1-2  Application Example of Chemical Tanker

. 1 1
Deck transverse 1 1 A |
(assessment models 1 to 5 ; — E sﬂl {
N - [ ] =
specified in 7.2, Part 1) = T Fi
x | | T T

i

o B |

T
| TIPS ST IR ST T

Corrugated
bulkheads |
- (7.2.7, Part 1)

Double side shell
(Type D4 specified in 7.3, Part 1)

Double bottom
(Type D4 specified in 7.3, Part 1)

7.2 Independent Prismatic Tanks
7.2.1 Girders Supporting Stiffeners
7.2.1.1

Stiffening girders supporting the plate stiffeners of independent prismatic tanks are to be in accordance with 7.2,
Part 1. However, in applying said 7.2, the coefficient C; related to the influence of axial force is to be taken as 1.0.
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Chapter 8 STRENGTH ASSESSMENT BY CARGO HOLD ANALYSIS

8.1 General

8.1.1 Overview

8.1.1.1 Structure and Overview of this Chapter
1  This Chapter specifies a method for strength assessment by cargo hold analysis in tankers.
2 The structure and overview of this Chapter are shown in Table 8.1.1-1.

Table 8.1.1-1 Overview of Chapter 8

Section Title Overview

Additional requirements related to the overview and
8.1 General L .
application of this Chapter

82 Evaluation Area and Members to be | Additional requirements related to evaluation area and
) Assessed members to be assessed

Additional requirements related to extent of model,
8.3 Structural Models .
members to be modelled, meshing, etc.

8.4 Boundary Conditions and Loads | Additional requirements related to boundary conditions
) Conditions and loads conditions

Additional requirements related to yield strength
8.5 Strength Assessments q y &
assessments

8.1.2 Application

8.1.2.1
Ships that strength assessment by cargo hold analysis is required, which fall under 8.1.2.1-1(2), Part 1 are
dangerous chemical bulk carriers with the length L, of 150 m or more.

8.2 Evaluation Area and Members to be Assessed

8.2.1 Evaluation Area

8.2.1.1 Members to be Assessed
In applying 8.2.2.1, Part 1, the structures and members to be assessed are to be as follows for dangerous chemical
bulk carriers with a length L, of 150 m or more.
(1) Double bottom structures (bottom shell, inner bottom plating, centre girder, side girder and floor)
(2) Double side shell structures (side shell, longitudinal bulkhead, side stringer and side transverse)
(3) Deck structure (upper decks and deck transverses)
(4) Bulkhead structures (transverse bulkheads and longitudinal bulkheads)
(5) Other members and locations deemed necessary by the Society

8.3 Structural Models

8.3.1 General

8.3.1.1 Extent of Model
In applying 8.3.1.1, Part 1, the model is, in principle, to represent three adjacent cargo holds with the target the
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middle and the full depth and the full width of the holds are to be modelled.

8.3.1.2 In way of Lower End of Vertically Corrugated Bulkheads

1 In applying 8.3.3.1-2, Part 1, plating and primary supporting members around the lower end of vertically
corrugated bulkheads are to be modelled by shell elements with a mesh size of 100 mm X 100 mm or less.

2 Inapplying -1 above, members for reinforcements directly under vertically corrugated bulkheads across the inner
bottom plating are to be appropriately modelled. Shell elements are to be used for modelling if necessary.

8.4 Boundary Conditions and Loads Conditions
8.4.1 Boundary Conditions
8.4.1.1

In applying 8.5.1, Part 1, boundary conditions are to be in accordance with 8.4.1, Part 2-2.
8.4.2 Loads Conditions

8.4.2.1 Loads to be Considered
In applying 8.5.2, Part 1, loads based also upon the additional requirements specified in 4.4 are to be considered.

8.4.2.2 Methods for Applying Moments to Structural Models
In applying 8.5.2, Part 1, the vertical bending moment and horizontal bending moment act on the target hold are
to be adjusted in accordance with 8.4.2, Part 2-2.

8.5 Strength Assessments

8.5.1 Yield Strength Assessments

8.5.1.1 Reference Stress

1 Inapplying 8.6.1.1, Part 1, the averaged stresses of multiple elements within the range deemed appropriate by the
Society may be taken as the reference stress for locations where the mesh size specified in 8.3.1.2 is applied. A range
for which the web depth of the vertically corrugated bulkhead is divided into three parts (that is, approximately
300 mm x 300 mm) is to be taken as the standard range.

2 Inapplying -1 above, stress is not to be averaged across structural discontinuities.
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Chapter 9 FATIGUE

9.1 General

9.1.1 Application of Fatigue Requirements

9.1.1.1 Application
Ships with a length L; of 150 m or more are to be assessed for fatigue strength based on the hot spot stresses
obtained by simplified stress analysis according to 9.3, Part 1 and finite element analysis according to 9.4, Part 1.

9.2 Structural Details to be Assessed

9.2.1 Structural Details Subject to Finite Element Analysis

9.2.1.1

1  Critical structural details to be assessed for fatigue strength by finite element analysis according to 9.4, Part 1 are
shown in Table 9.2.1-1.

2 Notwithstanding the requirements specified in -1 above, where documents demonstrating sufficient fatigue
strength are submitted and deemed appropriate by the Society, the fatigue strength assessment of the structure may be
omitted.

Table 9.2.1-1 Structural Details of Primary Members to be Assessed in the Hull Structure

No. | Critical structural details of hull structure

Intersections between inner bottom plating, bilge hopper plating, upper deck, lower stool,
and corrugated bulkhead

2 | Intersections between lower stool and inner bottom plating in way of bottom girder

Intersections of cross joints between side stringer and transverse bulkhead horizontal
stringers

4 | On-deck transverse girder toe

Intersections between transverse corrugated bulkhead and longitudinal corrugated
bulkhead

Transverse bulkhead vertical web toe(intersections between inner bottom plating and
upper deck)

7 | Intersections between bilge hopper plating and inner bottom plating

8 | Intersections between bilge hopper plating and inner longitudinal bulkhead

9 | Other areas with large stress concentrations

9.3 Loading Conditions and Fraction of Time to be Considered
9.3.1 General
9.3.1.1

1  Standard loading conditions and fraction of time are to be in accordance with Table 9.3.1-1 and Table 9.3.1-2.
2 Notwithstanding the requirements specified in -1 above, when considering loading conditions and fraction of time
other than those in Table 9.3.1-1 and Table 9.3.1-2, it is necessary to consider appropriate combinations.
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Table 9.3.1-1 Standard Loading Conditions and Fraction of Time for Oil Tankers

Loading condition Fraction of time «;
Full load condition (homogeneous loading) 50 %
Ballast condition 50 %

Table 9.3.1-2 Standard Loading Conditions and Fraction of Time for Chemical Tankers

Loading conditions Fraction of time a;
Full load condition (homogeneous loading) 20%
Full load condition (alternate loading) 20%
Full load condition (zig-zag loading) 20%
Ballast condition 40%
9.4 Boundary Conditions and Load Conditions
9.4.1 Boundary Conditions

9.4.1.1
In applying 9.4.4.1, Part 1, the boundary conditions are to be in accordance with 8.4.1.1, Part 2-2.

94.2 Load Conditions

9.4.2.1 Method of Applying Moments to the Structural Model

In applying 9.4.4.2, Part 1, the method of applying moments to the structural model is to be in accordance with
8.4.2.2, Part 2-2. However, the vertical bending moment and horizontal bending moment (kN-m) specified in Table
9.4.2-1 are to be used as My _;4ry and My_;4r4 instead of those specified in Table 8.4.2-1, Part 2-2.

Table 9.4.2-1 My_tq,g and My_tq,

Cyclic load condition

Vertical bending moment My _;4.q My _ue

Horizontal bending moment My _;q,¢ My _pe

Note:

My_pg, My_ng:  Vertical bending moment and horizontal bending moment (kN-m) under cyclic load

condition, to be in accordance with 4.7.2.10, Part 1.
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9.5 Detailed Design Standards
9.5.1 General
9.5.1.1

The structural details of the end bracket of girder, and bracket or cross tie provided on the back side of the girder
(Fig. 9.5.1-1 and Fig. 9.5.1-2), are to be in accordance with 9.6.2.2, Part 1 when the stress is high.

Fig. 9.5.1-1 Intersections of Transverses Girders and Cross Ties

— v D

/

i A

% % -

Fig. 9.5.1-2  Intersections of Horizontal Girders

gl 4

- m&
¢
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Chapter 10 ADDITIONAL STRUCTURAL REQUIREMENTS

10.1 General

10.1.1 General

10.1.1.1  Structural Continuity

1  Primary structural members are to be so arranged to ensure strength continuity throughout cargo areas. In addition,
structures in the forward and afterward parts of cargo areas are to be effectively strengthened so that strength continuity
is not sharply impaired.

2 Sufficient consideration is to be given to the fixity at the ends of primary structural members with respect to their
supporting and stiffening systems against out-of-plane deflections, and their construction is to minimise local stress
concentrations.

3 At the forward and afterward ends of a cargo oil tank, precautions are to be taken to maintain continuity between
the ends of the longitudinal bulkhead and the longitudinal members of the deck (See Fig. 10.1.1-1).

Fig. 10.1.1-1 Continuity of Longitudinal Bulkhead at Ends
Upper Deck

\ Brackets asterisked are
* . .
to be in large size.

J Longitudinal
bulkhead

™

*J Double bottom Tank-top

Bottom shell plating

10.1.2 Primary Structural Members

10.1.2.1 General

1  Girders provided within the same plane are to be arranged to avoid sharp changes in strength and rigidity. Brackets
of a suitable size are to be provided at the ends of girders, and bracket toes are to be sufficiently rounded.

2 Where the depth of longitudinal girders is large, stiffeners are to be arranged in parallel with the face plates.

3 Tripping brackets are to be provided on the web plate transverses at appropriate intervals and also at the inner
edge of end brackets. Where width of face plates of each girder exceeds 180 mm on a one side, the tripping brackets
are to support face places as well.

4  Webs for the upper and lower end brackets of side transverses and vertical webs on longitudinal bulkhead and
areas in the vicinity of their inner ends are to be stiffened specifically by closer spacing.

10.1.2.2  Structural Details

Structural details of transverses are to be in accordance with the following (1) and (2).

(1) Additional stiffeners are to be provided for locations where shear stress and/or compressive stress are expected to
be high (e.g. bracket parts at the ends of transverses). These locations are not to provide lightening holes, and are
to be provided colour plates for slots for penetration of longitudinals.

(2) When angle bars are used instead of flat bars as stiffeners installed on transverses, their moments of inertia with
effective plates are to be approximately equivalent to the required ones.
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12.1.1

12.1.1.1

Regarding the welding of tankers, Chapter 12, Part 1 is to apply for matters not specified in 12.1.

12.1.2

12.1.2.1
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Chapter 12

Welding in Tankers

Application

Fillet Welding

WELDING

The application of fillet welding to structural members within cargo areas is to be as given in Table 12.1.2-1.

12.1.2.2

The leg lengths of fillet welds in the areas given in the following (1) and (2) is to be at least 0.7 times the plate

thickness as specified in this Chapter.

(1) Fillet welds at the connections between the outermost girders in double bottoms and floors

(2) Fillet welds at the connections between the lowermost girders in double side hulls and transverses

12.1.2.3

In areas where bending, shearing or axial force is particularly significant, the leg lengths of fillet welds are to be

suitably increased or are to be bevelled and welded.

Table 12.1.2-1

Application of Fillet Welding

Column Item Application Kind of weld
| Shell, deck, longitudinal bulkhead or inner 1
bottom plating
2 2 Web plates Web plates F1
[
2 Face plates 2
g Web plates of longitudinal frames, beams and
4 S Slots in web plates horizontal stiffeners on longitudinal 2
5 bulkheads
=
5 5 o ) Web plates F3
Tripping brackets and stiffeners . )
. Longitudinal frames, beams and horizontal
6 provided for web plates i o F1
stiffeners for longitudinal bulkheads
Longitudinal frames, beams and horizontal o .
7 . o Shell, deck or longitudinal bulkhead plating F3
stiffeners for longitudinal bulkheads
. Members forming cross ties (web plates to
8 Cross ties F3
face plates)
9 Face plates of transverses or girders Fl
Notes:

Where the end bracket toe radius is small, it is recommended that F1 be used for the appropriate length at the bracket toe.
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Chapter 14 EQUIPMENT

14.1 Special Requirements for Hatch Covers

14.1.1 General

14.1.1.1 Ships Having Unusually Large Freeboards
Ships considered to have unusually large freeboards may be given special consideration with regards to 14.1.

14.1.2 Cargo Oil Tank Hatch Covers

14.1.2.1  General

1  The thickness of hatch coaming plate is not to be less than 10 mm. Where the length and coaming height of a

hatchway exceed 1.25 m and 760 mm respectively, vertical stiffeners are to be provided to side or end coamings, and

the upper edges of coamings are to be suitably stiffened.

2 Hatch covers are to be constructed of steel or other approved materials. The construction of steel hatch cover is to

comply with the following (1) to (4). The construction of hatch covers for materials other than steel is to be at the

discretion of the Society.

(1) Cover plate thickness is not to be less than 12 mm.

(2) Where hatchway area exceeds 1 m? but does not exceed 2.5 m?, cover plates are to be stiffened by flat bars of 100
mm in depth spaced not more than 610 mm apart. Where cover plates are 15 mm or more in thickness, stiffeners
may be dispensed with.

(3) Where hatchway area exceeds 2.5 m?, cover plates are to be stiffened by flat bars of 125 mm in depth spaced not
more than 610 mm apart.

(4) For circular hatchway coamings, fasteners or devices with equivalent efficacy are to be placed at a centre distance
of 457 mm or less. For rectangular hatchway coamings, fasteners or devices with equivalent efficacy are to be
placed within 230 mm from each corner and at a centre distance of 380 mm or less and the structure is to allow
hatch cover plates to be attached so as to be oiltight.

14.1.2.2  Hatch Covers of Glass-Fibre Reinforced Plastics
Where glass-fibre reinforced plastic hatch covers are provided for cargo oil tanks, they are to comply with the

following requirements.

(1) The basic material is to be of a fire-resistant nature.

(2) Model tests are to be carried out according to the standard fire test method specified in 3.2.47, Part R, through
exposing the inside face to fire. This standard fire test is to be carried out for a duration of not less than 20 minutes
at a highest temperature of 790 °C to confirm that there is no passage of flame until the end of the first 20 minutes
of the test.

(3) Steaming tests are to be carried out to confirm that there are no deformations causing leakage.

(4) Models of different dimensions are to be subject to hydraulic tests at pressures not less than 27.5 kPa to confirm
their strength.

(5) Covers are to be designed to be set either at a full-open position or full-close position only. Notices indicating this
manner of handling is to be fitted to cover upper surfaces.

14.1.2.3  Materials of Tank Cleaning Hatch Covers

1  Materials used for tank cleaning hatch covers provided for cargo oil tanks are to be as follows.

(1) Covers may be constructed of brass, bronze or steel, but are not to be constructed of aluminium.

(2) Synthetic materials such as glass-fibre reinforced plastics materials may be used only when all the requirements
under -1 above can be met.

2 Tank hatch cleaning cover tightening devices are to be capable of keeping ample tightness under pressures

corresponding to water heads of 2.4 m above tank tops. If such devices are constructed as mentioned below or

equivalent, the hatch coaming height required by 14.6.9.1-2, Part 1 may be reduced in accordance with 14.6.9.1-1,

Part 1.
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(1) Where liners are placed on tank tops and covers are tightened by bolts, the pitch between bolts is not to exceed
150 mm, and the number of bolts is not to be less than ten. The use of parts such as butterfly-nuts that allow the
hatches to be opened by simple manipulation is not permitted. Furthermore, liners are to be constructed of the
same materials as the upper deck.

(2) Hatches having hinged covers with arms are to have coamings, and their construction is to be such that they cannot

be opened simply by hand (See Fig. 14.1.2-1).

Fig. 14.1.2- 1 Tank-Cleaning Hatch Covers

(N:N.' ™~ Removable handle
/ Hinge

Opening Upper deck
in deck

14.1.3 Hatch Covers for Tanks Other Than Cargo Oil Tanks

14.1.3.1

At exposed positions one freeboards and forecastle decks or on the tops of expansion trunks, hatchways serving
spaces other than cargo oil tanks are to be provided with steel watertight covers having scantlings complying with 14.6,
Part 1.

14.2 Special Requirements for Freeing Arrangements

14.2.1 Freeing Arrangements

14.2.1.1 General

1  Ships with bulwarks are to be provided with open rails for at least half the length of the exposed areas of freeboard
decks or are to be provided with other effective freeing arrangements. The upper edges of sheer strakes are to be kept
as low as practicable.

2 Notwithstanding -1 above, open guardrails installed on more than half the length of the exposed areas of freeboard
decks may be replaced by freeing ports in the lower parts of bulwarks for at least 33 % of the total bulwark area.

3 Where superstructures are connected by trunks, open rails are to be provided for the entire length of exposed areas
of freeboard decks.

4  Gutter bars 300 mm or more in height fitted around the weather decks of tankers in way of cargo manifolds and
cargo piping are to be treated as bulwarks. Freeing ports are to be arranged in accordance with 14.9, Part 1. Closures
attached to the freeing ports for use during loading and discharge operations are to be arranged in such a way that
jamming cannot occur while at sea.
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Part 2-8 SHIPS CARRYING LIQUEFIED GASES IN BULK
(INDEPENDENT SPHERICAL TANKS OF TYPE B)

Chapter 1 GENERAL

1.1 General

1.11 Application

1.1.1.1 Application of this Part

1 The hull construction and equipment of ships intended to be registered as ships with independent spherical tanks
of type B carrying liquefied gases in bulk, affixed with the notation “Independent Spherical Tanks of Type B”
(abbreviated as IST Type B), are to be in accordance with the requirements in Part 2-8 in addition to Part 1.

2 The requirements in Part 2-8 are generally for ships having double bottoms, double side structure and single deck,
and in which a spherical or similar cargo tank is supported by a tank skirt and a tank cover is provided on the upper
deck.

3 Ships with independent spherical tanks of type B carrying liquefied gases in bulk with a different construction
from that specified in -2 above, to which the requirements in this Part are considered to be not applicable, are to be at

the discretion of the Society.

1.2 Definitions
1.2.1 Naming Convention
1.2.1.1 Structural Nomenclature

Fig. 1.2.1-1 show the common structural nomenclature used in Part 2-8.

Fig. 1.2.1-1  Ships Carrying Liquefied Gases in Bulk (Independent spherical tanks of type B)

o —
- -~ - — “‘\
- - ~ ~
Tank cover ol ,«" ~“~\~ Sso
N s N Cargo tank
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/ \
’ \
/ \
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!y \ \  Upper deck
I v
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L [ |
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I i
1 1
1 1
i I .
“ ,' [ Side shell
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‘\ Foundation deck / Longitudinal
bulkhead
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Side girder Bottom shell  Inner bottom plating
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Chapter 3 STRUCTURAL DESIGN PRINCIPLES

Loading Manual and Loading Instrument

Loading Manual

d Additional Requirements for the Loading Manual

In applying 3.8.2.1-3, Part 1, the loading manual is to include the following items as operational limitations.
Where, of the loading conditions considered in the strength assessment by the cargo hold analysis specified in
Chapter 8, one cargo tank is empty (one-tank-empty condition) and strength assessment is performed with ballast
tanks adjacent to the empty cargo tank as fully loaded, the ballast tanks are to be fully loaded under the loading
conditions in the loading manual that corresponds to the one-tank-empty condition.

Of the loading conditions corresponding to the one-tank-empty conditions considered for the strength assessment
by the cargo hold analysis specified in Chapter 8, the designed maximum and minimum draught values specified
by the designer.

Where designing assuming one and/or a few the cargo tanks be empty, the designed position of the empty cargo
tanks and its combinations, etc.
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Chapter 4 LOADS

4.1 General

4.1.1 Overview

4.1.1.1 Structure and Overview of this Chapter

Each section of this Chapter specifies the additional requirements shown in Table 4.1.1-1 as the loads used for
each formula and each strength assessment to determine the scantlings specified in each Chapter of Part 2-8 and Part
1.

Table 4.1.1-1 Overview of Chapter 4

Section Title Overview

4.1 | General Requirements for the general principles of Chapter 4

Additional requirements for loads to be considered in the
4.2 | Loads to be Considered in Local Strength requirements of local strength specified in Chapter 6,
Part 1.

) ) Additional requirements for loads to be considered in the
Loads to be Considered in Strength Assessment by

4.3 ) requirements for strength assessment by cargo hold
Cargo Hold Analysis . . .
analysis specified in Chapter 8 and Chapter 8, Part 1.
Additional requirements for loads to be considered in the
4.4 | Loads to be Considered in Fatigue requirements of fatigue strength assessment specified in
Chapter 9 and Chapter 9, Part 1.
4.2 Loads to be Considered in Local Strength
4.2.1 General

4.2.1.1 General

1  The loads to be considered in the requirements of local strength specified in Chapter 6, Part 1 are also to be in
accordance with the requirements of 4.2.

2 Additional requirements for loads in the maximum load conditions are to be in accordance with the requirements
of4.2.2.

4.2.2 Maximum Load Condition

4.2.2.1 Lateral Loads

In applying 4.4.2, Part 1, the parameters (GM, z; etc.) required to calculate the dynamic pressure due to ballast
water are to be the values in the ballast condition. The same parameters are to be applied where the dynamic pressure
due to liquid other than ballast water, such as the pressure due to fuel oil tank, is calculated.

4.3 Loads to be Considered in Strength Assessment by Cargo Hold Analysis

4.3.1 General

4.3.1.1 General
1  The loads to be considered for the strength assessment by the cargo hold analysis specified in Chapter 8 and
Chapter 8, Part 1 are also to be in accordance with the requirements of 4.3.

— 298 —



2023 Rules for the Survey and Construction of Steel Ships (Part C Part2-8) ClassNK

2 Additional requirements for loads in maximum load condition are to be in accordance with the requirements of
4.3.2.
3 Additional requirements for loads in harbour condition are to be in accordance with the requirements of 4.3.3.

4.3.2 Maximum Load Condition

43.2.1
1 Loading conditions which affect structural response of each structure to be assessed significantly are to be

Loading Conditions

considered appropriately from all possible loading conditions except those restricted in the loading manuals.

2 The loading conditions to be considered are to be in accordance with the following (1) to (3). However, where

restricting the loading conditions during voyage in the loading manual, the corresponding loading conditions may not

be considered.

(1) For cargo hold analysis in the midship part, the loading conditions are to be in accordance with Table 4.3.2-1.

(2) For cargo hold analysis of the aftmost cargo hold, the loading conditions are to be in accordance with Table 4.3.2-
2.

(3) For cargo hold analysis of the foremost cargo hold, the loading conditions are to be in accordance with Table
4.3.2-3.

3 The ballast tanks adjacent to the empty cargo hold in the one-tank-empty condition (See S2 in Table 4.3.2-1, Table

4.3.2-2 and Table 4.3.2-3) are to be taken as being empty where the ballast tanks are designed as being partially loaded

or empty and are to be taken as being fully loaded where the ballast tanks are designed as being fully loaded. Where

the ballast tanks are taken as being fully loaded, it is to be stated in the loading manual that the ballast tanks are to be

fully loaded in loading conditions where one cargo tank is in the one-tank-empty condition.

Table 4.3.2-1 Loading Condition in Maximum Load Condition (Cargo Hold in the Midship Part)

: Vertical still water .
Loading ) : Equivalent
.. Loading pattern Draught [ bending moment .
condition 2 design wave
Mgy
I 1 1 I Mgy max HM-2 /| FM-2
wes | | [@IOIQ] | -
condition )
T T T T T Mgy min BR-1P/-18
BP-1P/-18
AN NN 1 I Mgy max HM-2 /| FM-2
S2 O O O T, HM-1/ FM-1
N . | Mgy min BR-1P/-18
BP-1P/-1§
Condition I I N (N \NNAN Msy max HM-2 | FM-2
loaded/unloaded
. ltip] S3 T, HM-1/ FM-1
n mu tllp e | e . Mgy min BR-1P/-18
portst) BP-1P/-18
I N ANNNN NN | ] Mgy max HM-2 /| FM-2
s | OO0 | = | . |
SV_min - -
e — BP-1P/-1S8
NNNN AN ANNNN AN ANNNNN Mgy max HM-2 | FM-2
Ballast HM-1/ FM-1
.. S5 Tpar2
condition - Mgy min BR-1P/-1§8
NN AN DN AN AN BP-1P/-1S
E: Liquid cargo
KSSH: Ballast water
B3 Ballast water (See 4.3.2.1-3)
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Notes:
T,: Maximum draught (m) in condition loaded/unloaded in multi ports
Tgarz: Maximum draught () in ballast condition

(1)  The radius of gyration (m) around the X-axis is taken as 0.38B. However, the value calculated based on the weight distribution according
to the loading condition to be considered may be used.

(2) In the loading condition to be considered, instead of the vertical still water bending moment specified in the table, the maximum or maximum
vertical still water bending moment that occurs after considering all possible physical combinations such as fully filled or empty consumable

tank may be used.

Table 4.3.2-2 Loading Conditions in Maximum Load Condition (Aftmost Cargo Hold)

) Vertical still .
Loading ) . Equivalent
.. Loading pattern Draught water bending .
condition 5 design wave
moment Mg, ®
1 T Mgy max HM-2 | FM-2
F‘ﬂ:",ad s1 O O Tse HM-1/FM-1
condition T | MSV_min BR-1P/-1S
BP-1P/-1S8
Condition SSSNSRY | Msv_max HM-2 | FM-2
loa.ded/uill.oilded © O O T, HM-1/ FM-1
n my “]I? e Msy min BR-1P/-1S
ports’ BP-1P/-1S
RN OO Mgy max HM-2 | FM-2
Baclll'a.st $3 ToaLs HM-1/ FM-1
condition

R Mgy min BR-1P/-1S8

BP-1P/-1S8

[, NS5, BSS: As specified in Table 4.3.2-1.

Notes:
T., Tgapo:As specified in Table 4.3.2-1

(1)  The radius of gyration (m) around the X-axis is taken as 0.38B. However, the value calculated based on the weight distribution according
to the loading condition to be considered may be used.
(2) In the loading condition to be considered, instead of the vertical still water bending moment specified in the table, the maximum or maximum

vertical still water bending moment that occurs after considering all possible physical combinations such as fully filled or empty consumable

tank may be used.

Table 4.3.2-3 Loading Conditions in Maximum Load Conditions (Foremost Cargo Hold)

. Vertical still )
Loading : : Equivalent
. Loading pattern Draught water bending )
condition > design wave
moment Mg,
My max HM-2 | FM-2
Full load . Q O Too HM-1 / FM-]
condition MSmein BR-1P/ -1S
BP-1P/-1S
Condition Mgy max HM-2 | FM-2
loafled/unl.oaded © O O T, HM-1/ FM-1
in multiple Mgy min BR-1P/-1S8
ports() BP-1P/-1S

— 300 —




2023 Rules for the Survey and Construction of Steel Ships (Part C Part2-8) ClassNK

Q Mgy max HM-2 | FM-2

Ballast
" $3 O O TpaLz HM-1/ FM-1
condition Mgy min BR-1P/-1S
BP-1P/-1S

[, 5§, B88: As specified in Table 4.3.2-1.

Notes:
T,, Tgao:As specified in Table 4.3.2-1.

(1)  The radius of gyration (m) around the X-axis is taken as 0.38B. However, the value calculated based on the weight distribution according
to the loading condition to be considered may be used.
(2) In the loading condition to be considered, instead of the vertical still water bending moment specified in the table, the maximum or maximum

vertical still water bending moment that occurs after considering all possible physical combinations such as fully filled or empty consumable

tank may be used.

4.3.2.2 Hull Girder Loads
In applying 4.6.2.10, Part 1, the vertical still water bending moment for the loading condition under consideration

is to be in accordance with the requirements of 4.3.2.1.
4.3.3 Harbour Condition

4.3.3.1 Loading Conditions

In applying the requirements of 4.6.3.1, Part 1, the loading conditions are to be in accordance with the following
(1) to (3). However, where restricting loading conditions in harbour in the loading manual, the corresponding loading
conditions may not be considered.
(1) For the cargo hold analysis in the midship part, the loading conditions are to be in accordance with Table 4.3.3-1.
(2) Cargo hold analysis of the aftmost cargo hold, the loading conditions are to be in accordance with Table 4.3.2-2.
(3) Cargo hold analysis of the foremost cargo hold, the loading conditions are to be in accordance with Table 4.3.3-
3.

Table 4.3.3-1 Loading Conditions in Harbour Condition (Cargo Hold in the Midship Part)

Loading ) Vertical bending moment in
. Loading pattern Draught
condition harbour
| L1 L1 |
MPT_max
Pl O Tsc
Harbour I — - — Mpr_min
condition (1 INNNNNNAY T v
PT_max
” 0100 z
| DONSSNNRNY | Mp T_min

[, BSS§: As specified in Table 4.3.2-1.

Table 4.3.3-2 Loading Conditions in Harbour Condition (Aftmost Cargo Hold)

Loading ) Vertical bending moment in
. Loading pattern Draught
condition harbour
L1 |
MPT,max
Pl Tsc
Harbour [ 1 I Mpr min
condition NN 1 M
PT_max
: Ol | -
MPT_min

[, BS§: As specified in Table 4.3.2-1.
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Table 4.3.3-3 Loading Conditions in Harbour Condition (Foremost Cargo Hold)

Loading : Vertical bending moment in
.. Loading pattern Draught
condition harbour
MPT_max
P1 O Tsc
Harbour Mpr min
condition Mpr max
- O :
MPT_min
[, BS¥: As specified in Table 4.3.2-1.

4.3.3.2 Hull Girder Loads
In applying 4.6.3.5, Part 1, the vertical bending moment in harbour for the loading condition under consideration
is to be in accordance with the requirements of 4.3.3.1.

4.4 Loads to be Considered in Fatigue

4.4.1 General

44.1.1 General
1  The loads to be considered in the fatigue strength assessment specified in Chapter 9 and Chapter 9, Part 1 are
also to be in accordance with the requirements of 4.4.

2 Additional requirements for loads in the cyclic load condition are to be in accordance with the requirements of
4.4.2.

4.4.2 Cyclic Load Condition

4.4.2.1 Loading Conditions

The loading conditions under consideration are to be in accordance with Table 4.4.2-1. Where the difficulty occurs
in matching the loading pattern with those specified in Table 4.4.2-1 because of the arrangements of tanks, etc., the
pattern based upon the loading condition described in loading manual may be considered.

Table 4.4.2-1 Loading Conditions in Cyclic Load Condition

) Vertical still i
Loading . ) Equivalent
. Loading pattern Draught water bending .
condition design wave
moment

In case of cargo hold in the midship part
1 1 1 1 |

Q0[O

In case of the aftmost cargo hold;

Val t the ti f

Full load L I alues d e' 1me.o HM | FM
FA1 departure described in the

BR / BP

loading manual

condition

In case of the foremost cargo hold,
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In case of cargo hold in the midship part
NNANNNN N

OO0

ANNNN AN DN AN ANNNN N

In case of the aftmost cargo hold

Val t the ti f
Ballast ANRN N AN alues a e. 1me. o HM | FM
.. FA2 departure described in the
condition . BR/ BP
loading manual
OOUNNN

In case of the foremost cargo hold

@)@

UONNANN

[, ESSS: As specified in Table 4.3.2-1.

4.4.2.2 Hull Girder Loads
In applying 4.7.2.10, Part 1, the vertical still water bending moment for the loading condition to be considered is
to be in accordance with the requirements of 4.4.2.1.
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Chapter 5 LONGITUDINAL STRENGTH

5.1 Hull Girder Ultimate Strength

5.1.1 Strength Criteria

5.1.1.41 Effect of Double Bottom Bending
In the assessment decision specified in 5.4.2.3, Part 1, the coefficient ypp that takes into account the effect of
double bottom bending is as follows.
Ypg = 1.25
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Chapter 7 STRENGTH OF PRIMARY SUPPORTING STRUCTURES

7.1 General

7.1.1 Primary Supporting Structure

7.1.1.1 Members Related to the Primary Support Structure
The scantlings of the members related to the primary support structure are to be determined in accordance with
finite element analysis (FEA) based on the requirements of Chapter 8.
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Chapter 8 STRENGTH ASSESSMENT BY CARGO HOLD ANALYSIS

8.1 General

8.1.1 Overview

8.1.1.1 Structure and Overview of this Chapter
1  This Chapter specifies a method for strength assessment by cargo hold analysis in liquified gas bulk carriers.
2 The structure and overview of this Chapter are shown in Table 8.1.1-1.

Table 8.1.1-1 Overview of Chapter 8

Section Title Overview

Additional requirements related to the overview and
8.1 General L .
application of this Chapter

82 Evaluation Area and Members to be | Additional requirements related to evaluation area and
) Assessed members to be assessed

Additional requirements related to extent of model,
8.3 Structural Models .
members to be modelled, meshing, etc.

8.4 Boundary Conditions and Loads | Additional requirements related to the boundary

Conditions conditions and loads conditions

8.1.2 Application

8.1.2.1 Ships to be Assessed
Ships that strength assessment by cargo hold analysis is required, which fall under 8.1.2.1-1(2), Part 1, are to be
ships of which the length of L. is 90 m or more.

8.2 Evaluation Area and Members to be Assessed

8.2.1 Evaluation Area

8.2.1.1 Evaluation Areas and Target Holds

1 Inapplying 8.2.1.1-2(1), Part 1, the cargo hold in the midship part is as defined in Fig. 8.2.1-1.

2 Inapplying 8.2.1.1-2(3), Part 1, the foremost cargo hold and the aftmost cargo hold are to be selected as the target
hold. (See Fig. 8.2.1-1)

Fig. 8.2.1-1 Target Hold

Aft most Cargo hold
cargo hold H{ in the midship ----
part

Foremost
 cargo hold

8.2.2 Members to be Assessed

8.2.21 Members to be Assessed in Maximum Load Condition, Harbour Condition and Testing Condition
1 Inapplying 8.2.2.1, Part 1, the structures and members to be assessed are to be as follows:
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(1) Double bottom structure (bottom shell, inner bottom plating, hopper tank sloping, centre girder, side girder and
floor)

(2) Double side structure (side shell, longitudinal bulkhead, side stringer and side transverse)

(3) Deck structure (including the structure around the cross deck)

(4) Bulkhead structure (transverse bulkhead and longitudinal bulkhead)

(5) Foundation deck

(6) Other members and locations deemed necessary by the Society

2 Members forming the cargo tank structure (cargo tank, skirt, tank cover and etc.) are not taken as the members to

be assessed.

8.3 Structural Models
8.3.1 General
8.3.1.1 Extent of Model

In applying 8.3.1.1, Part 1, the model is, in principle, to represent three adjacent cargo holds with the target hold
in the middle and the full depth and the full width of the holds are to be modelled.

8.3.1.2
Density of materials is to be adjusted in consideration of the weight of equipment such as unmodelled cargo pumps,

Properties of Elements

piping, etc. and insulation.

8.3.2 Meshing

8.3.2.1
In principle, openings in the transverse girder in the bilge part are to be modelled by recreating the opening’s shape

Openings
or removing the appropriate elements in consideration of size and position of the opening.
8.4 Boundary Conditions and Loads Conditions

84.1 Boundary Conditions

8.4.1.1 Boundary Conditions for the Cargo Hold in the Midship Part
In applying 8.5.1, Part 1, where strength assessment are carried out for the cargo hold in the midship part as the

target hold, the boundary conditions are to consist of the rigid links at model ends and point constraints (See Table
8.4.1-1).

Table 8.4.1-1 Boundary Conditions Where Strength Assessment is Carried out for the Cargo Hold in the Midship Part

as the Target Hold
Translation direction Rotation direction
Location and node o o o Around X Around Y Around Z
X direction | Y direction Z direction . . .
axis axis axis
Independent
Aft P . NA Fix Fix Fix —My_ena —My_ena
point
end . . T,
Dependent point Constraint by a rigid link
Independent ) . . .
. Fix Fix Fix Fix +M,_ +M,_
Fore point V-end V-end
end . . .
Dependent point Constraint by a rigid link
Notes:

(1)  NA means no constraint applied (i.e. free).

(2) MV—ends MH—end:
given in 8.4.2.2.

Adjustment vertical bending moment and adjustment horizontal bending moment, as

— 307 —



CIaSSNI( 2023 Rules for the Survey and Construction of Steel Ships (Part C Part2-8)

8.4.1.2

Boundary Conditions in Foremost/Aftmost Cargo Hold

In applying 8.5.1, Part 1, the boundary conditions are to consist of the rigid links at model’s aft ends and plane

constraints where the foremost cargo hold is taken as the target hold, and consist of the rigid links at model’s fore ends

and plane constraints where the aftmost cargo hold is taken as the target hold (See Tables 8.4.1-2 and 8.4.1-3).

Table 8.4.1-2 Boundary Conditions Where Strength Assessment is Carried out for the Foremost Cargo Hold as the

NA means no constraint applied (i.e. free).

Target Hold
Translation direction Rotation direction
Location and node . . . . . . Around X Around Y Around Z
X direction Y direction Z direction . . .
axis axis axis
Independent . . . . . .
. Fix Fix Fix Fix Fix Fix
oin
Aftend B
Dependent . L
. Constraint by a rigid link
point
Fore end NA
Notes:

Table 8.4.1-3 Boundary Conditions Where Strength Assessment is Carried out for the Aftmost Cargo Hold as the

Target Hold
Translation direction Rotation direction
. . . . . . Around X Around Y Around Z
X direction Y direction Z direction . . .
axis axis axis
Aft end NA
Independent . . . . . .
i Fix Fix Fix Fix Fix Fix
point
Fore end D dent
ependen . .
P . Constraint by a rigid link
point

Notes:

NA means no constraint applied (i.e. free).

8.4.1.3

Others

In cases where difficulty occurs in appropriately reproducing the hull girder loads and structural response of some

members within the target hold, because of being short or long with the length in longitudinal direction of the target
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hold and the adjacent cargo holds and the reasons other than it, the members may be assessed using boundary conditions
different from those specified in 8.4.1.1 and 8.4.1.2.

8.4.2 Loads Condition

8.4.2.1 Loads to be Considered

In applying 8.5.2, Part 1, loads based also upon the additional requirements specified in 4.3 are to be considered.

8.4.2.2 Method of Applying Loads to the Structural Model

1  Inapplying 8.5.2, Part 1, the vertical bending moment and horizontal bending moment act on the target hold are

to be adjusted in accordance with the following (1) to (3) based upon the boundary conditions specified in 8.4.1.1 and

the value of the moment for each analysis case.

(1) The maximum and minimum values of the vertical bending moment and horizontal bending moment act on the
target hold due to local loads are to be calculated by the following formulae. External pressure, internal pressure
and weight of the hull structure, etc., are considered as the local loads

My _yax = max(My_pgy () |xp—q < x < xth—f)

My _yin = min(MV—FEM(x)lxth—a Sx< xth—f)

My_pax = maX(MH—FEM (O|xpp-q < x < xth—f)

My _yin = min(My_pga (O Xen—q < x < Xpp_s)

Where:

Xth-a> Xth—f: X coordinate (m) of the aft and fore ends of the target hold

My _ gy (x): Vertical bending moment (kN-m) due to local loads at any position x, to be taken as follows:
xXi<x

My o () = (¥ = ZagRy—age = ) (x = ¥

L
My _pgy (x) = (x - xaft)RH—aft + Z(x — X fhi
i

x: X coordinate (m) of position x

Xaft> Xfore: X coordinate (m) of the aft and fore ends of the structural model

Ry_fore> Ry—art> Ru—fore> Ru—age: Vertical and horizontal reaction forces (kN) at the support points at
the fore and aft ends of the model, to be taken as follows:

Zi(xi - xaft)fvi

xfore - xaft

RV—fore -

RV—aft = _Z_fvi - RV—fore

Zi(xi - xaft)fhi

xfore - xaft

RH—fore -

RH—aft = _z'fhi - RH—fore
i

fvi» fani:  Vertical and horizontal components of the local loads at x; (k)
X;: X coordinate (m) of the considered longitudinal station x;.
(2) The adjustment vertical bending moment My _,,,; and adjustment horizontal bending moment My _,n,q (kN-m)
are obtained by the following formulae:
My _eng = MV—ta‘rg — My _pmqx, for MV—targ =0
My _eng = MV—targ — My _nin, for MV—targ <0
My_eng = MH—ta‘rg — My _max, for MH—targ =0
My_eng = MH—ta‘rg — My _min, for MH—targ <0
My_targ, My_targ: The maximum or minimum value in the target hold of the vertical bending moment and
horizontal bending moment (kN-m) specified in Table 8.4.2-1
(3) The adjustment moments My _,,; and My_.,, obtained from (2) above are to be applied to the independent
points at the fore and aft ends of the model.
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Table 8.4.2-1 My_;4q and My_;q,

Maximum Harbour Testing Flooded
load condition condition condition condition
M PT_max M FD_max
Vertical bending moment My _;4r-g My _ye or 0 or
MPT?min MFD?min
Horizontal bending moment My_,4.q My_ye 0 0 0
Notes:
My_pe, My_pe: Vertical bending moment and horizontal bending moment (kN-m) in maximum load condition.
Mpr max> Mpr min: Vertical bending moment in harbour (kN-m)
Mpp max> Mpp min: Vertical bending moment in flooded condition (AN-m)

Fig. 8.4.2-1 Example of Vertical Bending Moment Adjustment

FE

Vertical bending moment

Location X in longitudinal direction

Xth-a thh—f
Target holds

Yo Extent of structural model 1%
2 Where the foremost or the aftmost cargo hold is selected as the target hold, loads for adjustment are applied near
the model’s end opposite to the end to which the boundary conditions are applied so that vertical and horizontal bending
moment at the middle in the longitudinal direction of the target hold are equal to the value, including the slope of the
moment distribution, specified in Table 8.4.2-1. The adjustment loads are, in principle, applied at the cross section
where transverse girders are maintained from the baseline to the strength deck.

3 In cases where moments at the cross sections in the target hold exceed those to be considered as the result of
applying -1 above, because of being long with the length in longitudinal direction of the target hold and/or significant
gap between moments distribution to be considered and those due to local loads and the reasons other than them, the
stress caused by the excess moments may be subtracted in accordance with the method as deemed appropriate by the
Society. And for the same reasons and etc., where vertical shear force in the target hold exceeds the force specified in
4.3.2, Part 1, the effect due to the excess shear force may not be considered.
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Chapter 9 FATIGUE

9.1 General

9.1.1 Application of Fatigue Requirements

9.1.1.1 Application
Ships with a length L of 90 m or more are to be assessed for fatigue strength based on the hot spot stresses
obtained by simplified stress analysis according to 9.3, Part 1 and finite element analysis according to 9.4, Part 1.

9.2 Structural Details to be Assessed
9.2.1 Structural Details to be Assessed by Finite Element Analysis (FEA)
9.2.1.1

1  Critical structural details to be assessed for fatigue strength by finite element analysis according to 9.4, Part 1,
are shown in Table 9.2.1-1 and Table 9.2.1-2.

2 Notwithstanding the requirements specified in -1 above, where documents demonstrating sufficient fatigue
strength are submitted and deemed appropriate by the Society, the fatigue strength assessment of the structure may be

omitted.
Table 9.2.1-1 Structural Details of Primary Members to be Assessed in the Hull Structure
No. Critical structural details of hull structure
! Intersections of bilge hopper plating and girder or floor

(centreline side and inner longitudinal bulkhead side)

2 | Intersections of inner longitudinal bulkhead and foundation deck

3 | Intersections of tank skirt and foundation deck

Intersections of tank cover and upper deck
(from centreline to side-most position)

5 | Intersections of inner bottom plating and transverse bulkhead (at the centreline)

6 | Intersections of slant longitudinal bulkhead and foundation deck

7 | Intersections of knuckle part of transverse bulkhead in void space and deck

8 | Lower part of transverse web in under deck passage

Intersections of knuckle part of inner longitudinal bulkhead in fore and aft cargo holds and
their attached plating
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Table 9.2.1-2 Specific Structural Details to be Assessed to Continuous Tank Cover

No. Specific critical structural details to continuous tank cover

10 [ Intersections of tank cover top and sloping tank cover top

11 | Intersections of tank cover top and transverse bulkhead

12 | Intersections of tank cover bracket and accommodation space

13 | Intersections of tank cover bracket and upper deck

14 | Opening of manifold in tank cover

15 | Intersections of tank cover top and compressor motor room

16 | Opening in pipe dome

9.3 Loading Conditions and Time Ratios to Consider
9.3.1 General
9.3.1.1

1  Standard loading conditions and fraction of time are to be in accordance with Table 9.3.1-1.
2 Notwithstanding the requirements specified in -1 above, when considering loading conditions and fraction of time
other than those in Table 9.3.1-1, it is necessary to consider appropriate combinations.

Table 9.3.1-1 Standard Loading Conditions and Fraction of Time

Loading conditions Fraction of time «;,
Full load condition (homogeneous loading) 50 %
Ballast condition 50 %
9.4 Boundary Conditions and Load Conditions
9.4.1 Boundary Conditions

9.4.1.1
In applying 9.4.4.1, Part 1, the boundary conditions are to be in accordance with 8.4.1.

9.4.2 Load Conditions

9.4.2.1 Method of Applying Moments to the Structural Model

In applying 9.4.4.2, Part 1, the method of applying moments to the structural model is to be in accordance with
8.4.2.2. However, the vertical bending moment and horizontal bending moment (kN-m) specified in Table 9.4.2-1 are
to be used as My _¢qrg, Mpy_targ instead of that specified in Table 8.4.2-1.
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Table 9.4.2-1 My_;4q and My_;q,

Cyclic load condition

Vertical bending moment My _;4rg My _y¢

Horizontal bending moment My_;4g My _ye

Note:

My_ne, My_pe: Vertical bending moment and horizontal bending moment (kN-m) under cyclic

load condition, to be in accordance with 4.7.2.10, Part 1.
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Part 2-9

SHIPS CARRYING LIQUEFIED GASES IN BULK

(INDEPENDENT PRISMATIC TANKS TYPE A/B)

Chapter 1 GENERAL

1.1 General
1.11 Application
1.1.1.1 Application of this Part

1 The hull construction and equipment of ships intended to be registered as ships with independent prismatic tanks
of type A or type B carrying liquefied gases in bulk, affixed with the notation “Independent Prismatic Tanks of Type A”
(abbreviated as IPT Type A) or “Independent Prismatic Tanks of Type B” (abbreviated as IPT Type B), are to be in
accordance with the requirements in Part 2-9 in addition to Part 1.

2 The requirements in Part 2-9 are for ships described in the following (1) and (2).

LPG carriers

M

Generally, ships of single side skin constructions having double bottoms, bilge hopper tanks and topside tanks,
and that support independent prismatic tanks in the cargo hold by vertical, transverse and longitudinal direction.

(2) LNG carriers

Generally, ships of double side skin constructions having double bottoms and bilge hopper tanks, and that support

independent prismatic tanks in the cargo hold by vertical, transverse and longitudinal direction.

3 Ships with independent prismatic tanks carrying liquefied gases in bulk with a different construction from that
specified in -2 above, to which the requirements in this Part are considered to be not applicable, are to be at the

discretion of the Society.

1.1.1.2

Relationship with Other Rules of the Society*

In applying 1.2.2.5, Part 1, the relevant requirements specified in Part N are shown for the reference.

Table 1.1.1-1 Relationship with the Other Rules

Tank type and hull
structure

Items

Relevant rules, etc. other than Part C

Tank type A, B
(hull structure)

Applications of steels

4.19.1, Part N and Chapter 6, Part N

Tank type B
(Cargo tank
structures)

Local strength evaluation ("

4.21.3, Part N

Buckling strength evaluation

4.22.3-2, Part N

Fatigue strength evaluation of tank internal
component

4.22.4, Part N

Evaluation of crack propagation of tank
internal component

4.22.4, Part N

Fatigue strength evaluation of primary
members of supports (at the side of cargo
tank)

4.22.4, Part N

Design for small leak protection system

(amount of cargo leak, evaluation of

4.4.3, Part N
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evaporation capacity of secondary barriers,
etc.)

Vibration analysis 4.13.5, Part N

Sloshing evaluation (within allowable

4.14.3, Part N
Tank type A, B | filling levels) ar

(Cargo tank Thermal stress analysis (considering
structures) transient condition for cargo temperature | 4.13.4, Part N
below -55°C)
Notes:

(1) Local strength evaluation of tank type A is to be in accordance with this Chapter 6.

1.2 Definitions

1.2.1 Terms

1.2.11 Definition of Terms

1 Independent tank type A are tanks primarily designed using classical ship-structural analysis procedures in
accordance with recognised standards.

2 Independent tank type B are tanks designed using model tests, refined analytical tools and analysis methods to
determine stress levels, fatigue life and crack propagation characteristics.

3 Gap effect means the increment of reaction force on supports caused by allowable construction tolerances taken

into consideration during installation of cargo tanks.
1.2.2 Naming Convention

1.2.21 Structural Nomenclature

1  Fig. 1.2.2-1 show the common structural nomenclature used in Part 2-9.

2 Supports in Part 2-9 means supports in vertical direction (bottom supports), supports in transverse direction (anti-
rolling chocks), supports in longitudinal direction (anti-pitching chocks) and anti-floatation arrangements (anti-
floatation chocks). Fig. 1.2.2-2 show the typical structures of various supports.

3 Supporting structures in Part 2-9 include various supports, adjacent hull and cargo tank structures, bearing blocks
inserted in the contact surfaces between cargo tanks and various supports and coamings/ dam plates, etc. Fig. 1.2.2-3
show the typical supporting structures.
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Fig. 1.2.2-1  Ships Carrying Liquefied Gases in Bulk (Independent Prismatic Tanks)
(Example of midship section of LPG carrier with independent prismatic cargo tanks)

Deck transverse Upper deck
)\

/

. Topside tank \ <—— Side shell
Side frame sloping plate !
\. Support in

transverse direction

Support in . )
\\ vertical direction Bilge hopper plating
\_

IEUIS= =\ 2\
T = /
Bottom shell Side girder

Fig. 1.2.2-2  Various Supports (Examples of Supports in Vertical, Transverse, and Longitudinal Direction )

Intersection of Top Plate
and Support Bkt.

Example of Supports in Vertical Direction

Intersection of Top Plate
and Support Bkt.

Intersection of Top Plate
and Support Bkt.

Example of Supports in Transverse Directions (anti-rolling chock) and Longitudinal Directions (anti-pitching chock)
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Fig. 1.2.2-3  Bearing Block, Coaming/Dam Plate and Support Seat Top Plates of Supporting Structures
(Example of Supports in Vertical Direction)

2

]
) | — Bearing Block
Support Seat Top Plating

Supporting Structure Example 1

D
Coaming
/

iz
| Bearing Block
]

Support Seat Top Plating /

Supporting Structure Example 2

=3
Bearing Block
Coaming
/

Resm\ﬁ;—s—s—s—s—rs—s—s—s—rﬁ
/

Support Seat Top Plating

Supporting Structure Example 3
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1.3 Plans and Documents to be Submitted
1.3.1 General
1.3.1.1

In the application of Chapter 8 and Chapter 9 in this Part, the following documents are to be submitted to the
Society:
(1) Trim, longitudinal strength and stability calculation sheets listing the operational loading conditions (including
any limitations related to such loading conditions)
(2) Documents containing the following information in the application of Chapter 8
(a) Software used for direct load analysis if applicable
(b) Calculation condition and results for direct load analysis if applicable
(c) Analytical loading conditions (including parameters such as draught, still water vertical bending moment,
etc.)
(d) Location of the centre of gravity of each tank
(e) Modelling procedures of support structures and method for contact assessments
(f) Modelling procedures of cargo tanks including the adjustment necessary to consider the weight of primary
fittings such as piping, pumps, insulation materials (e.g. specific gravity adjustments, etc.)
(g) Friction coefficients used in analysis (including justification of the use of any values different from standard
values in this Part if so adopted)
(h) Summary of the reaction and friction forces of the supports derived from finite element analysis for strength
assessment by cargo hold analysis
(i) Procedures for selection of support structures to be assessed in strength assessment by local structural analysis
(j) Permissible construction tolerances to be considered in design (control values for gaps between contact
surfaces at supports and procedures to be followed when considering the gap effect in design and permissible
work tolerances considered in buckling strength assessments (the latter only applies type B tank)) and
documents related to the gap controls for cargo tank installation
(k) Summary of the reaction and friction forces derived from finite element analysis for strength assessment by
local structural analysis (included documents showing the assessments for design reaction forces due to gap
effect to consider any increase in reaction forces for a particular support due to possible relative gap between
contact surfaces to be calculated based on the permissible construction tolerances put in place for installing
cargo tanks)
(3) Documents containing the following information in the application of Chapter 9
(a) Documentation containing information as specified in (2)(a) to (g) above
(b) Procedures for selection of locations for fatigue strength assessment
(¢) Summary of the reaction and friction forces derived from fatigue strength assessment
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Chapter 3 STRUCTURAL DESIGN PRINCIPLES

3.1 Loading Manual and Loading Computer

3.1.1 Loading Manual

3.1.1.1 Additional Requirements for the Loading Manual
In applying 3.8.2.1-3, Part 1, the loading manual is to include the following items as operational limitations.

(1) Where, of the loading conditions considered in the strength assessment by the cargo hold analysis specified in
Chapter 8, one cargo tank is empty (one-tank-empty condition) and strength assessment is performed with ballast
tanks adjacent to the empty cargo tank as fully loaded, the ballast tanks are to be fully loaded under the loading
conditions in the loading manual that corresponds to the one-tank-empty condition.

(2) Of the loading conditions corresponding to the one-tank-empty condition considered for the strength assessment
by cargo hold analysis specified in Chapter 8, the maximum and minimum design draught values specified by
the designer.

(3) Where designing assuming one and/or a few cargo tanks be empty, the designed position of the empty cargo tanks
and its combinations, etc.

(4) Where the cargo tank is not allowed to be loaded asymmetrically port and starboard in the harbour condition, this
is to be clearly stated in the loading manual.
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Chapter 4 LOADS

4.1 General

4.1.1 Overview

4.1.1.1 Structure and Overview of this Chapter

Each section of this Chapter specifies the additional requirements shown in Table 4.1.1-1 as the loads used for
each formula and each strength assessment to determine the scantlings specified in each chapter of Part 2-9 and Part
1.

Table 4.1.1-1 Overview of Chapter 4

Section Title Overview

4.1 General Requirements for the general principles of Chapter 4

Additional requirements for loads to be considered
4.2 Loads to be Considered in Local Strength for the requirements of local strength specified in
Chapter 6 and Chapter 6, Part 1.

Additional requirements for loads to be considered
Loads to be Considered in Strength Assessment by | for the requirements of strength assessment by cargo

4.3 . . . .
Cargo Hold Analysis hold analysis specified in Chapter 8 and Chapter 8,
Part 1.
Additional requirements for loads to be considered
4.4 Loads to be Considered in Fatigue for fatigue strength assessment requirements

specified in Chapter 9 and Chapter 9, Part 1.

Guidelines on the relationship between the loading
Annex | Relationship Between Operational Loading | conditions to be considered for strength assessment

4.3 Conditions and Analytical Loading Conditions by cargo hold analysis and the loading conditions
described in the loading manual

4.1.2 Design Load Scenarios and Loads to be Considered

4.1.2.1
In addition to the requirements of 4.1.2.1, Part 1, the Design load scenarios and loads in the following (1) to (3)

are to be considered in accordance with the requirements of this Chapter:

(1) 30-degree static heel condition: Lateral loads due to seawater and cargo where the ship is heeled at 30 degrees
(Relevant requirements: 4.13.9, Part N)

(2) Collision condition: Possible lateral loads due to seawater and cargo in the condition where the ship collides
(Relevant requirements: 4.15.1, Part N)

(3) Flooded condition (IGC): Loads act on anti-floatation arrangements and support structures of the arrangements
where the cargo tank is empty and the cargo hold is flooded up to the summer load line (Relevant requirements:

4.15.2, Part N)
4.2 Loads to be Considered in Local Strength
4.2.1 General

4.2.1.1 General
1  The loads to be considered for the requirements of local strength specified in Chapter 6 and Chapter 6, Part 1
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are also to be in accordance with the requirements of 4.2.

2 Additional requirements for loads in maximum load conditions are to be in accordance with the requirements of
4.2.2.

3 Loads for tank type 4 cargo tanks are to be in accordance with the requirements of 4.2.3.

4.2.2 Maximum Load Condition

4.2.2.1 Lateral Loads

1 In applying 4.4.2, Part 1, the parameters required to calculate the dynamic pressure due to cargo are to be the
values in the loading condition where cargo is loaded in the cargo hold to be considered and the draught is at a minimum
(e.g. one-tank-loaded condition). The radius of gyration (m) around X-axis is to be taken as 0.38B, but the value
calculated based upon the weight distribution according to the loading condition to be considered may be used.

2 Inapplying 4.4.2, Part 1, the parameters (GM, z; etc.) required to calculate the dynamic pressure due to ballast
water are to be the values in the ballast condition. The same are to be applied where the dynamic pressure due to liquid
other than ballast water, such as the pressure due to fuel oil tank, is calculated.

4.2.3 Loads to be Considered in Tank Type A

4.2.3.1 Loads to be Considered in Tank Boundary Plates
The load P, (kN/m?)to be considered for tank boundary plates is to be in accordance with the following formula.
However, P, is used only where P}, is set as specified in 4.13.2-3, Part N.
P, = max(P;, P,, P3)

Py =P+ Py
PZ =P15_2/0.95
P3=Pheel

Py: Static pressure and design vapour pressure (kN/m?), as specified in 4.4.2.4, Part 1.

Py;: Dynamic pressure (kN/m?), in accordance with 4.4.2.4, Part 1.

Py ,: Static pressure and design vapour pressure in harbour condition (kN/m?). As for Py specified in 4.4.2.4,
Part 1, it is the value obtained by replacing the design vapour pressure with P, specified in 4.13.2-3,
Part N.

Ppeer: Maximum static pressure in 30-degree static heel condition (kN/m?)

4.2.3.2 Loads Considering Increase of Pressure due to a Fire
The Load Py (kN/m?) considering increase of pressure due to a fire is to be in accordance with the following

formula. However, P, is used only where Py is set as specified in 4.13.2-3, Part N.
Pf = maX(Pfl,sz)
Pry = P 51+ Py
sz = Pls_f2/0.95

P £1: Static pressure and design vapour pressure (kN/m?), as obtained by multiplying the design vapour
pressure P, by 1.2 in Pj specified in 4.4.2.4, Part 1.

Py: Dynamic pressure (kN/m?) in accordance with the requirements of 4.4.2.4, Part 1.

P g2 Static pressure and design vapour pressure in harbour condition (kN/m?). As for P specified in

4.4.2.4, Part 1, it is the value obtained by replacing the design vapour pressure with 1.2 times the
value of P, specified in 4.13.2-3, Part N.

4233 Loads to be Considered in Centreline Bulkheads
The load P, (kN/m?) to be consider for centreline bulkheads is to be in accordance with the following formula:
P¢, = max(Pepq, Peras Pers)

Peiqn =Py
Perz = Prear
Peis = Pope

P,;: Dynamic pressure (kN/m?) in accordance with the requirements of 4.4.2.4, Part 1.

Pyeer:  Static pressure (kN/m?) from maximum difference between liquid levels of both sides of the cargo tank
in the 30-degree static heel condition.

Pype: Internal pressure (kN/m?) of cargo tank according to operational restrictions, to be taken as follows.
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Where operations are limited, operational limitations are to be specified in the loading manual.
Where asymmetric loading of both side of cargo tanks is not allowed in harbour condition, F,,, = 0.4P¢;,
Where asymmetric loading of both side of cargo tanks is allowed in harbour condition, F,,, = P;5/0.95
Where asymmetric loading of both side of cargo tanks is allowed in maximum load condition, F,,, = P;s + P4

4.3 Loads to be Considered in Strength Assessment by Cargo Hold Analysis

4.3.1 General

4.3.1.1 General

1  The loads to be considered in strength assessment by the cargo hold analysis specified in Chapter 8 and Chapter
8, Part 1 are to be in accordance with the requirements of 4.3.

2 Additional requirements for loads in the maximum load condition are to be in accordance with the requirements
of 4.3.2.

3 Additional requirements for loads in the harbour condition are to be in accordance with the requirements of 4.3.3.
4  The loads in the 30-degree static heel condition are to be in accordance with the requirements of 4.3.4.

5  The loads in the collision condition are to be in accordance with the requirements of 4.3.5.

6  The loads in the flooded condition (IGC) are to be in accordance with the requirements of 4.3.6.

4.3.2 Maximum Load Condition

4.3.2.1 General

1  As for strength assessment of the cargo tank structure and support structure of tank type B, the loads based on the
direct load analysis are to be considered instead of the wave loads specified in 4.3.2. The wave loads specified in 4.3.2
may be used for the strength assessment of the hull structure; however, since the same structural model as in the
assessment of the cargo tank structure is used, it is recommended that the load based on the direct load analysis be
considered.

2 In-1 above, “Guidelines for Direct Load Analysis and Strength Assessment” is to be applied.

4.3.2.2 Loading Conditions

1 Loading conditions which affect structural response of each structure to be assessed significantly are to be

considered appropriately from all possible loading conditions except those restricted in the loading manual.

2 The loading conditions to be considered are to be in accordance with the following (1) to (3). However, where

restricting the loading conditions on sea-going in the loading manual, the corresponding loading conditions may not be

considered.

(1) For cargo hold analysis in the midship part, the loading conditions are to be in accordance with Table 4.3.2-1.

(2) For cargo hold analysis of the aftmost cargo hold, the loading conditions are to be in accordance with Table 4.3.2-
2.

(3) For cargo hold analysis of the foremost cargo hold, the loading conditions are to be in accordance with Table
4.3.2-3.

3 The ballast tanks adjacent to the empty cargo hold in the one-tank-empty condition (See S2 in Table 4.3.2-1, Table

4.3.2-2 and Table 4.3.2-3) are to be taken as being empty where the ballast tanks are designed as being partially loaded

or empty and are to be taken as being fully loaded where the ballast tanks are designed as being fully loaded. Where

the ballast tanks are taken as being fully loaded, it is to be stated in the loading manual that the ballast tanks are to be

fully loaded in loading conditions where one cargo tank is in the one-tank-empty condition.
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Table 4.3.2-1 Loading Conditions in Maximum Load Condition (Cargo Hold in the Midship Part)

Loading
condition

Loading pattern

Draught

Vertical
still water
bending
moment
Mg, @

Equivalent
design wave

Full load
condition

S1

TS C

MSV_max

HM-2 | FM-2
PCL-2

M SV_min

HM-1/ FM-1
BR-1P/-18
BP-1P/-18
AV-1P/-18
PCL-1

Condition
loaded/unloaded
in multiple
ports("

S2

DISSNNNASNY

Tl e_max

MSV_max

HM-2 /| FM-2
PCL-2

M SV_min

HM-1/ FM-1

BR-1P/-18

BP-1P/-1S8
PCL-1

S3

TZ e_max

MSV_max

HM-2 /| FM-2
PCL-2

M SV_min

HM-1/ FM-1
BR-1P/-18
BP-1P/-1S8
AV-1P/-18
PCL-1

54

NNNNNNNNY 1NN NNN

aRR—

TZ e_min

MSV_max

HM-2 | FM-2
PCL-2

M SV_min

HM-1/ FM-1
BR-1P/-18
BP-1P/-1S8
AV-1P/-18
PCL-1

S5

Tl e_max

M SV_max

HM-2 | FM-2
PCL-2

M SV_min

HM-1/ FM-1
BR-1P/-1S8
BP-1P/-1S8
AV-1P/-18
PCL-1

S6

NNNNNNNNNNY

Tle_min

MSV_max

HM-2 | FM-2
PCL-2

MSV_min

HM-1/ FM-1
BR-1P/-1S8
BP-1P/-1S8
AV-1P/-1S8
PCL-1

S7

—W
7

NNNNNNAN

Tle_max

MSV_max

HM-2 | FM-2
PCL-2

MSV_mL'n

HM-1/ FM-1
BR-1P/-1S8
BP-1P/-1S
AV-1P/-18
PCL-1

S8

Tle_min

MSV_max

HM-2 | FM-2
PCL-2
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Vertical
. still water .
Loading . . Equivalent
. Loading pattern Draught bending .
condition design wave
moment
M SV(Z)
| < 5 HM-1/ FM-1
( ) | , BR-1P/-18
! Mgy min BP-1P/-18
\ I AV-1P/-18
[ NNNNNNNN

PCL-1
HM-2 /| FM-2

MSV_max PCL-Z

Ballast

. 59 1 Tsa1mas HM-1/ FM-1
condition J - BR-1P/-1S
Msvmin | pp1p/-15

PCL-1

I Liquid cargo
ESS: Ballast water
RSSY: Ballast water (See 4.3.2.2-3)

Notes:

Tie max: Maximum draught designed for loaded/unloaded conditions in multiple ports which is the basis of the one-
tank-empty condition (m), and the value are specified by the designer. The value is to be described in the
loading manual as an operational restriction.

Tie min: Minimum draught designed for loaded/unloaded conditions in multiple ports which is the basis of the one-
tank-empty condition (m) , and the value are specified by the designer. The value is to be described in the
loading manual as an operational restriction.

T2e max: Maximum draught designed for loaded/unloaded conditions in multiple ports which is the basis of the two-
tank-empty condition (m) , and the value are specified by the designer.

T2 min: Minimum draught designed for loaded/unloaded conditions in multiple ports which is the basis of the two-
tank-empty condition (m) , and the value are specified by the designer.

Tsar max: Maximum draught (m) in ballast condition

(1)  The radius of gyration (m) around the X-axis is taken as 0.38B. However, the value calculated based on the weight distribution according to
the loading condition to be considered may be used.
(2) Inthe loading condition to be considered, instead of the vertical still water bending moment specified in the table, the maximum or maximum

vertical still water bending moment that occurs after considering all possible physical combinations such as fully filled or empty consumable

tank may be used.

Table 4.3.2-2 Loading Conditions in Maximum Load Condition (Aftmost Cargo Hold)

Vertical still
Loadi water Equivalent
oadin uivalen
.. 5 Loading pattern Draught bending q,
condition design wave
moment
Mgy®
HM-2 /| FM-2
MSV,max PCL-2
Full load
S1 T
condition Sc HM-1/ FM-1
M BR-1P/-18
SV_min BP-1P/-1S
PCL-1
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Vertical still
Loadi water Eauivalent
oadin uivalen
. 8 Loading pattern Draught bending q'
condition design wave
moment
M SV(Z)
HM-2 | FM-2
ANANNANNANAM Msy max PCL-2
S2 ................. e —— ................| Tle_max HM_I /FM_l
AARANRANANAN M . BR-1P/-1S
Condition Sv._min BP-1P/-1S
loaded/unloaded PCL-1
in multiple
gD HM-2 | FM-2
pO § ANSNANANAANN MSV_max PCL_2
SRR ||| E—— | T )
54 ‘ ‘ temin HM-1/ FM-1
JARRARRARNAN i BR-1P/-18
Msv_min BP-1P/-1S
PCL-1
HM-2 | FM-2
! MSV_max PCL-Z
Ballast ‘ W W :
.. S9 J{ J = TBAL_max HM-1 /FM‘I
condition ‘ ‘ y BR-1P /-1
SV_min BP-1P/-1S
PCL-1

[, BSSS, BSS8: As specified in Table 4.3.2-1.

Notes:
Tie max> TsaL max: As specified in Table 4.3.2-1.

(1)  The radius of gyration (m) around the X-axis is taken as 0.38B. However, the value calculated based on the weight distribution according to
the loading condition to be considered may be used.
(2)  Inthe loading condition to be considered, instead of the vertical still water bending moment specified in the table, the maximum or maximum

vertical still water bending moment that occurs after considering all possible physical combinations such as fully filled or empty consumable

tank may be used.
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Table 4.3.2-3 Loading Conditions in Maximum Load Condition (Foremost Cargo Hold)

Vertical
) still water .
Loading ) ) Equivalent
.. Loading pattern Draught bending .
condition design wave
moment
Mgy ®
HM-2 /| FM-2
MSV_max PCL-2
HM-1/FM-1
Full load g Tee BR-1P/-1S
condition Mgy min BP-1P/ -1S
AV-1P/-18
PCL-1
HM-2 /| FM-2
MSV_max PCL-2
HM-1/ FM-1
2 The max y BR-1P/-1S
SV_min
Condition BP ifci/ 1‘15
Foaded/.unloaded M2 ] FM2
in multiple Msv max PCL-2
portst) HM-1/FM-1
S4 Tie min BR-1P/-1S
Msy min | BP-1P/-1S
AV-1P/-18
PCL-1
HM-2 | FM-2
MSV_max PCL-2
Ballast 9 T HM-1/ FM-1
condition pAL-max Mo BR-1P/-1§
Sv_min BP-1P/-18
PCL-1
[, RSN, BSS: As specified in Table 4.3.2-1.
Notes:
Tie max> Tie min> IpaL max: As specified in Table 4.3.2-1.
(1)  The radius of gyration (m) around the X-axis is taken as 0.38B. However, the value calculated based on the weight distribution according
to the loading condition to be considered may be used.
(2) In the loading condition to be considered, instead of the vertical still water bending moment specified in the table, the maximum or
maximum vertical still water bending moment that occurs after considering all possible physical combinations such as fully filled or
empty consumable tank may be used.

4.3.2.3 Wave Conditions

Loads based on the equivalent design waves specified in Table 4.3.2-4 are to be additionally considered.
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Table 4.3.2-4 Concept of Equivalent Design Wave

Equivalent design

Heading Typical Features
wave
. . . Vertical acceleration at the centre of gravity of
AV-1P Oblique sea Port side: weather side up ) ) gravity
the cargo hold is maximum
Vertical acceleration at the centre of gravity of
AV-2P Oblique sea | Port side: weather side down L sraviy
AP0 the cargo hold is minimum
Vertical acceleration at the centre of gravity of
AV-18 Oblique sea Starboard: weather side up i i gravity
the cargo hold is maximum
Vertical acceleration at the centre of gravity of
AV-2S Oblique sea | Starboard : weather side down . gravity
the cargo hold is minimum
Hydrodynamic pressure at the centre line of
PCL-1 Head sea Sagging condition Y Y P L
PCL the bottom is minimum
Hydrod i t th tre line of
PCL Head sea Hogging condition ydrodynamic pressu.re a .e centre line o
the bottom is maximum

(1) The wave AV is applied where the position of the centre of gravity of the cargo hold to be assessed is 0.6 < x/L.

4.3.2.4 External Pressure due to Seawater

In applying 4.6.2.4, Part 1, hydrodynamic pressure P,,,, specified in (1) to (2) is to be additionally considered.
(1) Hydrodynamic pressure in the equivalent design wave AV is in accordance with Table 4.3.2-5 and Fig. 4.3.2-1.
(2) Hydrodynamic pressure in the equivalent design wave PCL is in accordance with Table 4.3.2-6 and Fig. 4.3.2-2.
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Table 4.3.2-5 Hydrodynamic Pressure P, in Equivalent Design Wave 4V

Hydrodynamic pressure P, (kN/m?)
AV-1P Povw = max(Pyy, pg(z — Ty())
AV-2P Poxw = max(_PAV' pg(z — TLC))
Py, —pg(z — Tyc) 0
AV-1S Povw = max (Pay, pg(z — Tyc))
AV-2S Porw = maX(_PAV'Pg(Z - TLC))

Notes:
P,y:  As given by the following formula:
Py = 0.5Ck_avCni_avCumCaviHs av(Pav1 + Pavz + Pays + Paya + Pavs)
Cr av : Coefficient considering the effect of ship operation, to be taken as 0.85.
Cn1_av: Coefficient considering nonlinear effects, to be taken as 0.9.
Cy: Coefficient for maximum wave height, to be taken as 1.9.
C4y1: Correction coefficient for regular wave height, as given by the following formula:
Cav1 = 0.135(LcCy 1)
Hs 4y: Significant wave height (m), as given by the following formula but not to be less than 2.0.
Hs gy = —0.21T; 4* + 5.07T; 4 — 15.7
T, av:Average zero up-crossing wave period (s), as give by the following formula:

2mA,
Ty ay = 0.71 /TAV+ 3.0

Aqv: Wavelength (m) in the equivalent design wave under consideration, as given by the following
formula:
Ay = 6.0-(0.014L; + 3.3)/T;¢
Pyy1: As given by the following formula:

2n
Pyy1 = pg - exp (E (z - TLC)) Cavz * cos(eay1 — €av2)

C4y-: Coefficient, as specified in Table 4.3.2-7.
eay1: The phase of the incident wave, as specified in Table 4.3.2-7.
eav2: The phase of Equivalent design wave 4V, as given by the following formula:

2
£y = 10,287 - exp (—7.0%)
c

P,yo: As given by the following formulae:

For equivalent design waves AV-1P and AV-2P:

FOTy > 00, PAVZ
2(x — xg)
—7
c

2(x = xg)
—n

C

= pg {0.6 sin( —[-2.0-1075 (x — xg) + 2.0-1073](y% + zz)}

Fory < 0.0, Py, =pg {0.6 sin( ) —1.0-1073-(y? + 22)}
For equivalent design waves AV-1S and AV-2S:
2(x —x¢)
Fory > 0.0, Py, = pg1{0.6sin
Fory <0.0, Py,

=pg {0.6 sin (Mﬂ) —[=2.0-107% (x —x5) + 2.0 - 1073](y? + zz)}
c

n) —1.0-1073 - (y? + 22)}
c

P,y3: As given by the following formulae:
For equivalent design waves AV-1P and AV-2P:
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Fory > 0.0, Pyy3

(50 — x6) -5 “31(v2 4 2
= pg {—0.8 sin <3—Lc7r> +[-1.0-107° - (x —x5) +2.0-107°](y* + z )}

5(x — xg)
Fory <0.0, P,; =pg{—0.8sin — )t 1.0-1073 - (y? + z%)
c
For equivalent design waves AV-1S and AV-2S:
(50 —x¢)
Fory > 0.0, Py3; =pg3—0.8sin —50 " +1.0-1073- (y? + z2)
c
Fory <0.0, Pyy3
5(x —x
= pg {—0.8 sin <%n) +[-1.0-107% (x —x5) + 2.0 - 1073](y? + zz)}
c
Pyy4: As given by the following formula:
Paya = pg|Rs av| cos(1.78m — 0.42¢,y,)

R3 ay: As given by the following formula:
2
[0 5 2 ) ~1 6( 2 ), 3.2] _ 082y ) (— ”CW—“LC) T
KavLc KAVLC nlc 24y LC
R3 AV — + 9.03_ - 0.3
2Cw 1c L

[KAVB - exp(—2Kay TucCyp 1c”) Cwictl ¢

K,y As given by the following formula:
2

Ky = ! an + 2. 57
Vg AAV AAV
P,4ys: As given by the following formula:

L¢
Pyys = _P9|R5_AV| <X - 7) - (—0.95)

Rs 4yt As given by the following formula:
21
—0.54(0.33Cy 1c — 0.12)exp (— = TLCCVP_LC>
Rs 4y = - 10
0.26 (KAVLc +1.0) Kuy B - exp(=2Kay Ty Crp 1c*) - 45— L
Py.:  Hydrodynamic pressure (kN/m?) at the waterline in the equivalent design wave to be considered, to be taken
as:

Fory = 0, the value of P,,,, aty = B, /2 and z = T
Fory <0, the value of P,,,, aty = — By, /2 and z = Ty
B,1: Moulded breadth (m) at the waterline of the draught in the cross section to be considered.

hy: Water head (m) equivalent to the pressure at the waterline, as given by the following formula:
Py,
hW i
12

Fig. 4.3.2-1 Hydrodynamic Pressure Distribution near 0.7L. in the Equivalent Design Wave 4V

Port starboard Port Starboard
Wave é) é 4 > Wave
E—
TLC

T
|
I
|
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;

AV-1P AV-1S
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Wave

Fig. 4.3.2-2  Hydrodynamic Pressure Distribution near 0.7L. in the Equivalent Design Wave 4V
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Table 4.3.2-6 Hydrodynamic Pressure P,,,, in Equivalent Design Wave PCL

Hydrodynamic pressure P,,., (kN/m?)

z<T Tic <z < T+ hy z>Tyc + hy
PCL-1 Porw = maX(_PPCL'Pg(Z - TLC))
Py, —pg(z —Tyc) 0
PCL-2 Pexw = maX(PPCLﬂ PQ(Z - TLC))

Ppcy:

Notes:
Py, hy: As specified in Table 4.3.2-5.

As given by the following formula:

PPCL = O'SCR_PCLCNL_PCLCMCPCLIHS_PCL (PPCLI + PPCLZ + PPCLS)

Cr pcy : Coefficient considering the effect of ship operation, to be taken as 0.85.
Cy1_pc1: Coefficient considering nonlinear effect, to be taken as 0.9.

Cy: Coefficient for maximum wave height, to be taken as 1.9.

Cpci1: Correction coefficient for regular wave height, as given by the following formula:

—— +0.75

CPCLl -
vV LCTLC

Hg pcy: Significant wave height (m) , as given by the following formula but not to be less than 2.0.
HS_PCL = _0'21TZ_PCL2 + 5'07TZ_PCL - 15.7
T, pci: Average zero up-crossing wave period (s), as given by the following formula:

’an
TZ_PCL = 071 % + 28

Apcr: Wavelength (m) in the equivalent design wave to be considered, as given by the following

formula:

0.8x
/‘lPCL = LC (06 + THS

0.3 —

)

Xrue: X coordinate (m) at the centre of gravity of cargo tank in the target hold

Ppcr1: As given by the following formula:

2n
Ppci1 = pg - exp 1 (z—- TLC)) Cpcrz * cos(epcrt — epcr2)
PCL

Cpcra: Coefficient, as specified in Table 4.3.2-7.
epcr1: The phase of the incident wave, as specified in Table 4.3.2-7.
epcr2: The phase of Equivalent design wave PCL, as given by the following formula:

Epcrz =T [1 — |sgn (xTHG — 0.5) —sgn (xTHG — 0.5) cos (1.5 (xTHG — 0.5) n)]
L¢ L¢

L¢
Ppcrz: As given by the following formula:
5(Tsc — T,
Prciz = pg|Rs pes| cos <{1.25 1073+ L, + 0.056 [M + 1]}n - emz>
- Tsc — That

R3 pcr: As given by the following formula:
2(Ty e — Tsc)

R =25-1073-
s-pet [ Tsc — Tgar

+1]B+0.2
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Ppcr3: As given by the following formula:

L¢
Ppcrz = _pg|R5_PCL| <x - 7) cos ((0-05\/ Ape — 1-28)” - EPCLZ)
Rs pcr: As given by the following formula:

_ 37'[(1 - CW_LC) ApcL *
Rs pc = 2B L

Fig. 4.3.2-3  Hydrodynamic Pressure Distribution at the Midship Part in the Equivalent Design Wave PCL

I I
i patz-Tic , ,é |
= | Y |
! !
! !

™ Tic
' /
VOLVIOIOUIOLLLLELE T e eeeeeeeeees v
PCL-1 PCL-2
Table 4.3.2-7 Phase of Incident Wave in the Equivalent Design Wave
CRE>0 CRE<0 CRE=0 and CIMZO CRE=0 and CIM<0
Cavz, Cpcr2 1 -1 1 -1
Cim T
Eavis Epcri arctan (E) E
Notes:
Crg:  As given by the following formula:
L¢
. . 2m (x - 7) 3
For equivalent design waves AV-1P and AV-2P, Cgrp = cos| m + ol + 7)/
AV
L
| | 2n [(x=F) v3
For equivalent design waves AV-1S and AV-2S, Cgrgp = cos| m + 7ol I 7y
AV
. . 2m L
For equivalent design wave PCL, Crp = cos|m+— (x - 7)
PCL
Aav: As specified in Table 4.3.2-5.
Apcr: As specified in Table 4.3.2-6.
Civ:  As given by the following formula:
3 L ;
| | o] (=F) v3
For equivalent design waves AV-1P and AV-2P, C; = sin| —|— T 7)]
AV
_ L .
| | | (=F) V3
For equivalent design waves 4V-1S and AV-2S, C;y = sin o] I — + 7)]
AV

) 2 L¢
For equivalent design wave PCL, Cjy = sin| — (x - —)
ApcL 2

4.3.2.5 Internal Pressure due to Loaded Liquid

1  Inapplying 4.6.2.5, Part 1, where the cargo tank is equipped with swash bulkhead, it is to be assumed that there
is no swash bulkhead when calculating dynamic pressure due to cargo.

2 In applying 4.6.2.5, Part 1, the acceleration at any position with respect to the equivalent design wave 4V and
PCL is to be in accordance with Table 4.3.2-8.
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Table 4.3.2-8 Acceleration at Any Position, ay, ay, a,

Equivalent Longitudinal acceleration ay Transverse acceleration ay Vertical acceleration a,
design wave (m/s?) (m/s?) (m/s?)
. A
—0.5g - sin¢ 0.1gsin® <1.7ﬂ - 0.6) a; — 0.1a,y
AV-1P +0.1a; — 0.95a4( ) +0.01GMa, + 0.1a,(z — z;) L¢
. - 0. zZ—z
! > ¢ +[—0.9a,(x — x¢)] +0.95a5(x — xg)
— . i 1
0.5g - sin¢ 0.1gsin® (—1.7ﬂ + 0.6) as + 0.1a,y
AV 2P 0.1a; + 0.95a5( ) —0.01GMa, — 0.1a,(z — z;) L¢
—0. . zZ—z
r 1 5 G +[0.9a4(x — x,)] —0.95as(x — x¢)
— . i 2
—0.5g - sin¢ 0.1gsin® (1.7ﬂ - 0.6) as; +0.1a,y
AV -18 +0.1a; — 0.95a4( ) —0.01GMa, — 0.1a,(z — z;) L¢
. - 0. zZ—z
! i ¢ +[0.9a,(x — x,)] +0.95a5 (x — xg)
S A
0.5g - sin ¢ 0.1g -sin6 (—1.7ﬂ + 0.6) a; — 0.1a,y
AV -2S8 0.1a, + 0.95a( ) +0.01GMa, + 0.1a,(z — z;) L¢
—0.1a 95a5(z -z
! > ¢ +[=0.9a,(x — x)] —0.95a5(x — x¢)
T, T,
—0.15= sing — 0.3 =S¢, 15f—Ta3
PCL-1 D b 0 Lc
) fr fr
+(—40——-0.2)as(z — z;) —|—40—-0.2 | as(x — x5)
LC LC
PCL
TLC . TLC fT
0.157511’1(1)4‘0.370,1 —15L—a3
PCL-2 fr 0 fr ¢
+(40—+ o.z) a5(z — 25) —(4o—+ 0.2)a5(x ~xg)
LC LC
Notes:

aq, a,, a3, A4, As, Ag: As specified in 4.2.3, Part 1.
6, ¢: Asspecified in 4.2.2, Part 1.

Xg: X coordinate (m) at the centre of gravity of the ship, taken as x; = 0.45L.. However, the value calculated
based on the weight distribution according to the loading condition to be considered may be used.
Zg: Z coordinate (m) at the centre of gravity of the ship in the loading condition to be considered

GM:  Metacentric height (m), the value specified in the loading condition to be considered is to be used.
Aav: As specified Table 4.3.2-5.

4.3.2.6 Hull Girder Loads

1 Inapplying 4.6.2.10, Part 1, the vertical still water bending moment for the loading condition to be considered is
to be in accordance with the requirements of 4.3.2.2.

2 Inapplying 4.6.2.10, Part 1, the coefficients C,, and C,, for equivalent design waves 4V and PCL are to be in
accordance with Table 4.3.2-9.
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Table 4.3.2-9 Coefficients C,, and Cyy

. . Myy_p or Myy_g My y
Equivalent design wave
Cyy Condition Can Condition
) Port side
AV-1P Sagging 1-09f; )
(Compression)
AV-2P Hogging 09fr—1 Port side (Tension)
AV 0.5
Starboard sid
AV-18 Sagging 09fr—1 arboat ?1 ©
(Compression)
) Starboard side
AV-2S Hogging 1-09f; .
(Tension)
PCL-1 Sagging
PCL 0.8 0 -
PCL-2 Hogging

4.3.3 Harbour Condition

4.3.3.1 Loading Conditions

In applying the requirements of 4.6.3.1, Part 1, the loading conditions are to be in accordance with the following
(1) to (3). However, when restricting loading conditions in harbour in the loading manual, the corresponding loading
conditions may not be considered.
(1) For the cargo hold analysis in the midship part, the loading conditions are to be in accordance with Table 4.3.3-1.
(2) Cargo hold analysis of the aftmost cargo hold, the loading conditions are to be in accordance with Table 4.3.3-2.
(3) Cargo hold analysis of the foremost cargo hold, the loading conditions are to be in accordance with Table 4.3.3-
3.

Table 4.3.3-1 Loading Conditions in Harbour Condition (Cargo Hold in the Midship Part)

Loading ) Vertical bending
.. Loading pattern Draught .
condition moment in harbour
I I —
f ) M PT_max
Pl 77777777777777777 % TSC
. | | . M PT_min
NN
| PT_max
P2 & Tp max
NNNNNNNNN 1NN N —— Moy
Harbour m i ; -
.. P3 TP min
condition m ) - M
NN | | ONNNNNNNNNN | S R — PT_min
T I /__T
P4 ”[ ]N """""""" [ 0.5Ts¢ 0
I I N it iV
| | ﬁ
P5 ”[ ]N """""""" o 0.5Ts¢ 0
| | ~—T[ T "/

0, 58, B8S: As specified Table 4.3.2-1.
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Notes:

Tp max: Maximum draught (/) in the conditions where cargo tank is empty in harbour; the value determined by
the designer.

Tp min: Minimum draught (m) in the conditions where cargo tank is loaded in harbour; the value determined by
the designer.

Table 4.3.3-2 Loading Conditions in Harbour Condition (Aftmost Cargo Hold)

Loading : Vertical bending
. Loading pattern Draught )
condition moment in harbour
|
) M PT_max
Pl | [T Tsc
. | . M PT_min
RRRRRRRRNRY
M PT_max
P2 ................. e Tp_max
ANLLALANNANN Mpr min
ENNNARARANANT
T M PT_max
Harbour | | —— .
‘e P3| B TP_min
condition
[ANANNAAANNNN B - - J M PT_min
| ﬁ
P4 ] """"""""" o 0.5Ts¢ 0
1 N~—]}— T 1
| 7_——__§
P5 J """"""""" < 0.5Ts¢ 0
1 N——— T 1

[, RSN, B8 As specified Table 4.3.2-1.

Notes:
Tp max> Ip min :  As specified in Table 4.3.3-1.
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Table 4.3.3-3 Loading Conditions in Harbour Condition (Foremost Cargo Hold)

Loading : Vertical bending
.. Loading pattern Draught .
condition moment in harbour
MPT_max
P1 Tsc
M PT_min
MPT_max
P 2 TP_max
M PT_min
MPT_max
- P3 TP_mL‘n
M PT_min
P4 0.5Ts¢ 0
P5 0.5Ts¢ 0
0, B8N, B88: As specified Table 4.3.2-1.
Notes:
Tp max> Tp min :  See Table 4.3.3-1.

4.3.3.2 Internal Pressure due to Cargo
Where design vapour pressure P, that exceeds P, is given in harbour, in accordance with 4.13.2-3, Part N, P,
is to be considered instead of P,. However, P, is to be less than 0.07 MPa.

4.3.3.3 Hull Girder Loads
In applying 4.6.3.5, Part 1, the vertical bending moment in harbour for the loading condition under consideration
is to be in accordance with the requirements of 4.3.3.1.

4.3.4 30-Degree Static Heel Condition

4.3.4.1 Loading Conditions
The standard loading condition is to be in accordance with Table 4.3.4-1.
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Table 4.3.4-1 Loading Conditions in 30-Degree Static Heel Condition
Loadi Vertical bendi
oa.1.ng Loading pattern Draught ertical bending
condition moment

In case of cargo hold in the midship part

~
( = [ [ N fol

~
~
~ X

=)
Full load > o/ 30 dey
u ‘o.a I L I I | W\ g To, 0
condition

In cases of the aftmost and foremost cargo holds

are to be the same as above.
[ As specified Table 4.3.2-1.

Notes:
As for ships whose hull structure and cargo tank structure are asymmetrical, both the port down heel condition and

the starboard down heel condition are to be considered.

4.34.2 Wave Conditions
Any wave conditions may not be considered in the 30-degree static heel condition.

4343 External Pressure
The external pressure acting on outer shell P,,_ygg. (kN/m?) is to be given by the following formula. However,
it is not to be less than 0.

Pex—neeL = Ps—neeL
Ps_ypp.:  Hydrostatic pressure (kN/m?), as specified in Table 4.3.4-2.

Table 4.3.4-2 Hydrostatic Pressure in 30-Degree Static Heel Condition
Hydrostatic pressure Ps_p g, (kN/m?)

HEEL-1 pgl(Tgc — z)cosBy + ysinby]
HEEL-2 pgl(Tgc — z)cosOy — ysinby]
Notes:

6y: Roll angle, taken as /6

4.3.44 Internal Pressure
The internal pressure Pj,_ gy (kN/m?) acting on the cargo tank is to be given by the following formula. However,

it is not to be less than 0.

Pin-neer = Prs—nesL
Pig_pgpL: Static pressure (kN/m?), as specified in Table 4.3.4-3.

Table 4.3.4-3 Static Pressure in 30-Degree Static Heel Condition

Static pressure Pg_prp. (KN/m?)

HEEL-1 pcgl(zg — z)cosOy + (y — yg)sinfy] + Py
HEEL-2 pcgl(zg — z)cosOy — (y — yp)sinfy] + Py
Notes:

zg: Z coordinate (m) of the tank top position where the ship is heeled

yg: Y coordinate (m) of the tank top position where the ship is heeled

0y As specified in Table 4.3.4-1.

P,: Design vapour pressure (kN/m?), not to be less than MARVS specified in
1.1.4, Part N.
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4.3.4.5 Weight of Hull Structure
Self-weight of hull structure and cargo tank structure depending on 30-degree heel is to be considered.

4.3.4.6 Hull Girder Loads
The vertical bending moment My,_; (kN-m) and horizontal bending moment My_r (kN-m) under consideration

in 30 degree static heel condition are to be given by the following formulae:

My_r =0
My_r =0
4.3.5 Collision Condition

4.3.5.1 Loading Conditions
The standard loading condition is to be in accordance with Table 4.3.5-1.

Table 4.3.5-1 Loading Conditions in Collision Condition

Loadi Vertical bendi
oacing Loading pattern Draught ertical bending

condition moment

In case of cargo hold in the midship part
I I

P b == =

Cl ~ i i

condition

In cases of the aftmost and foremost cargo holds

are to be the same as above.
[E: As specified in Table 4.3.2-1.

4.3.5.2 Wave Conditions
Any wave condition may not be considered in collision condition.

4.3.53 External Pressure
The external pressure acting on outer shell P,,_co. (KN/m?) is to be given by the following formula. However, it
is not to be less than 0.

Pex—coL = Ps—coL
Ps_cor:  Hydrostatic pressure (kN/m?), as specified in Table 4.6.2-5, Part 1.

4.3.54 Internal Pressure
The internal pressure Py,_co, due to cargo (kN/m?) acting on the cargo tank is to be in accordance with the
following formula. Dynamic pressure in two conditions that acceleration of 0.5g in aft direction and 0.25g in
forward direction is to be considered. In addition, Pj,_co; is not to be less than 0.
Pin—coL = Prs—cor + Prp-coL
Pig_coL: Static pressure (kN/m?), as specified in Table 4.3.5-2.
Pip_co,: Dynamic pressure due to cargo (kN/m?), as specified in Table 4.3.5-3.

Table 4.3.5-2 Static Pressure in Collision Condition

Static pressure Prs_cor
pcg(ztop — Z) + P

Notes:
Ztop: The Z-coordinate of the highest point in the cargo tank (1)

P,: Design vapour pressure (kN/m?), not to be less than MARVS specified in
1.1.4, Part 1.
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Table 4.3.5-3 Dynamic Pressure due to Cargo in Collision Condition

Dynamic pressure Pyp_co. (AN/m?)

COL-1 0.5p09(x — x40)
COL-2 —0.25p.9(x — x7,)
Notes:

Xfe: X coordinate () at the fore end of the cargo tank

Xq4e: X coordinate (m) at the aft end of the cargo tank

4.3.5.5 Hull Girder Loads

The vertical bending moment My,_; (kN-m) and horizontal bending moment My_; (kN-m) in the collision
condition are to be in accordance with the following formulae:

My_r =0
My =0
4.3.6 Flooded Condition (IGC)

4.3.6.1 Loading Conditions
The standard loading condition is to be in accordance with Table 4.3.6-1.

Table 4.3.6-1 Loading Conditions in Flooded Conditions (IGC)

Loading ) Vertical bending
. Loading pattern Draught
condition moment

In case of the cargo hold in the midship part

[T

In the case of the aftmost cargo hold
I

: FLI ]N ,,,,,,,,,,,,,,,,

In the case of the foremost cargo hold

i«

TS um 0

T

[: Seawater
Notes:
Teum: Draught (m), as specified in 4.15.2, Part N.

4.3.6.2 Wave Conditions
Any wave condition may not be considered in the flooded condition (IGC).

4.3.6.3 External Pressure

The external pressure P,,_pp (kN/m?) acting on outer shell and cargo tanks is to be in accordance with the
following formula. However, it is not to be less than 0.

Pex—rp = Ps—pp
Ps_pp: Hydrostatic pressure (kN/m?), as specified in Table 4.6.2-5, Part 1.
4.3.6.4 Internal Pressure

The internal pressure P,,_gp (kN/m?) acting on the hull due to flooding of the cargo hold is to be in accordance
with the following formula. However, it is not to be less than 0.
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Pin—rp = Ps_pp
Ps_gp: Hydrostatic pressure (kN/m?), as specified in Table 4.6.2-5, Part 1.

4.3.6.5 Hull Girder Loads
The vertical bending moment My, _; (kN-m) and horizontal bending moment My_; (kN-m) in the flooded
condition are to be in accordance with the following formulae:

My_r =0

My_r =0
4.4 Loads to be Considered in Fatigue
4.4.1 General

4.4.1.1 General
1  The loads to be considered in fatigue strength assessment specified in Chapter 9 and Chapter 9, Part 1 are to be
in accordance with the requirements of 4.4.

2 Additional requirements for loads in the cyclic load condition are to be in accordance with the requirements of
44.2.

4.4.2 Cyclic Load Condition

4.4.2.1 General

As for strength assessment of the cargo tank structure and support structure of tank type B, the loads based on the
direct load analysis are to be considered instead of the wave loads specified in 4.4.2. The wave loads specified in 4.4.2
may be used for the strength assessment of the hull structure; however, since the same structural model as in the
assessment of the cargo tank structure is used, it is recommended that the load based on the direct load analysis be
considered.
2 In-1 above, “Guidelines for Direct Load Analysis and Strength Assessment” is to be applied.

4.4.2.2 Loading Conditions

In applying 4.7.2.1, Part 1, the loading conditions specified in Table 4.4.2-1 are to be considered. Where the
difficulty occurs in matching the loading pattern with those specified Table 4.4.2-1 in because of the arrangement of
tanks, etc., the pattern based upon the loading condition described in the loading manual may be considered.

Table 4.4.2-1 Loading Conditions in Cyclic Load Condition

Vertical )
) ) Equivalent
Loading ) .. still water )
.. Loading condition Draught ) design
condition bending
wave
moment

In case of the cargo hold in the midship part

EEE

In case of the aftmost cargo hold
T

Values at the time of HM /| FM
Full load ) . .
diti FA1 departure described in BR/BP
ndition
0 © ‘ the loading manual AV PCL

In case of the foremost cargo hold
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Ballast
condition

In case of the cargo hold in the midship part

FA2

AN

LREALURLVRAY

Values at the time of HM | FM
departure described in BR/ BP
the loading manual | AV / PCL

I, BSSS:  As specified in Table 4.3.2-1.

4.4.2.3 Wave Conditions

Loads based on the equivalent design waves specified in Tables 4.4.2-2 are to be additionally considered.

Table 4.4.2-2 Concept of Equivalent Design Wave

Equivalent design ) )
Heading Typical Features
wave
AV-1P Oblique | Port side: weather side | Vertical acceleration at the centre of gravity of the cargo
sea up hold is maximum
AV2P Oblique | Port side: weather side | Vertical acceleration at the centre of gravity of the cargo
4D sea down hold is minimum
AV-1S Oblique | Starboard: weather side | Vertical acceleration at the centre of gravity of the cargo
sea up hold is maximum
AV2S Oblique | Starboard: weather side | Vertical acceleration at the centre of gravity of the cargo
sea down hold is minimum
. . Hydrodynamic pressure at the centre line of the bottom is
PCL-1 Head sea Sagging condition ..
PCL minimum
Hydrodynamic pressure at the centre line the bottom is
PCL-2 Head sea Hogging condition Y Y presst .
maximum
(1) The wave AV is applied where the position of the centre of gravity of the cargo hold to be assessed is 0.6 < x /L.

4.4.2.4 External Pressure due to Seawater

Hydrodynamic pressure P, specified in (1) to (2) is to be additionally considered.

(1) Hydrodynamic pressure in the equivalent design wave AV is specified in Table 4.4.2-3 and Fig. 4.4.2-1.

(2) Hydrodynamic pressure in the equivalent design wave PCL is specified in Table 4.4.2-4 and Fig. 4.4.2-2.
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Table 4.4.2-3 Hydrodynamic Pressure P, in Equivalent Design Wave 4V

Hydrodynamic pressure P, (kN/m?)
ZSTLC TLC<ZSTLC+2h’W Z>TLC+2h’W
AV-1P Povw = max(Pyy, pg(z — Ty())
AV-2P Pow = max(_PAV' pg(z — TLC)) 1
PWL_Epg(Z_TLC) 0
AV-1S Povw = max (Pay, pg(z — Tyc))
AV-2S Poyw = max(_PAV' pg(z — TLC))
Notes:
P,y:  As given by the following formula:

Pay = 0.5Cr_avCunCav1Hs av (Pav1 + Pavz + Pays + Paya + Pays)
Cr_av: Coefficient for fatigue, to be taken as 0.25.

Cy»> Cay1, Hs ay: As specified in Table 4.3.2-5.

Pivi> Pava> Pavs> Pava, Pays: As specified in Table 4.3.2-5.

Py.:  Hydrodynamic pressure (kN/m?) at the waterline in the equivalent design wave to be considered, as given by
the following formula:

Py = Poyw, for|y| = B,y /2 and z = Ty

B,1: Moulded breadth (m) at the waterline of the scantling draught in the cross section under consideration.

hy Water head (m) equivalent to the pressure at the waterline, as given by the following formula:
Py,
h‘W =
Pg

Table 4.4.2-1 Hydrodynamic Pressure Distribution near 0.7L. in the Equivalent Design Wave AV

Port starboard Port Starboard
5‘ Wave

Tic E Tie
A\

Table 4.4.2-2 Hydrodynamic Pressure Distribution near 0.7L. in the Equivalent Design Wave AV

Port Starboard SPort Starboard

Wave

Y A

AV-1P AV-1S

Wave Wave

AV-2P AV-2S
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Table 4.4.2-4 Hydrodynamic Pressure P, in Equivalent Design Wave PCL

Hydrodynamic pressure P, (kN/m?)

ZSTLC TLC<ZSTLC+2hW Z>TLC+2h’W
PCL-1 Porw = max(—Puu, pg(z — Tic)) 1
PWL_Epg(Z_TLC) 0
PCL-2 Poxrw = maX(PHM'Pg(Z - TLC))

Notes:
Py, hy: As specified in Table 4.4.2-3.
Ppc: As given by the following formula:
Ppcr, = 0.5Cr perCrCreriHs per (Prcia + Preiz + Prers)
Cr pc1: Coefficient for fatigue, to be taken as 0.25.
Cy»> Cpcri, Hs pcr: As specified in Table 4.3.2-6.
Ppci1, Ppcrz, Ppcrz: As specified in Table 4.3.2-6.

Table 4.4.2-3 Hydrodynamic Pressure Distribution in the Midship Part in the Equivalent Design Wave PCL
T T

i (z-Tyc)

— | () £ \
|
|

*

' Tic

PCL-1

4.4.2.5 Internal Pressure due to Loaded Liquid
In applying 4.7.2.5, Part 1, the acceleration at any position with respect to the equivalent design wave 4V and
PCL is to be in accordance with Table 4.4.2-5.
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Table 4.4.2-5 Acceleration at Any Position ay, ay, a,

Equivalent Longitudinal acceleration ay Transverse acceleration ay Vertical acceleration a,
design wave (m/s?) (m/s?) (m/s?)
. A
—0.5g - sin¢ 0.1gsin® <1.7ﬂ - o.e) a; — 0.1a,y
AV-1P +0.1a; — 0.95a4( ) +0.01GMa, + 0.1a,(z — z;) L¢
. - 0. zZ—z
! 5 G +[—0.9a,(x — x5)] +0.95a5(x — x5)
— . i 1
0.5g - sin¢ 0.1gsin® (—1.7ﬂ + 0.6) as + 0.1a,y
AV -2P 0.1a, + 0.95a5( ) —0.01GMa, — 0.1a,(z — z;) L¢
—0. . zZ—z
r ! 5 G +[0.9a4(x — x,)] —0.95as(x — x¢)
— . i 2
—0.5g - sin¢ 0.1gsin® (1.7ﬂ - 0.6) as; +0.1a,y
AV -18 +0.1a, — 0.95a4( ) —0.01GMa, — 0.1a,(z — z;) L¢
. - 0. zZ—z
! i ¢ +[0.9a,(x — x,)] +0.95a5 (x — xg)
S A
0.5g - sin ¢ 0.1g -sin6 (—1.7ﬂ + 0.6) a; — 0.1a,y
AV 28 0.1a; + 0.95a( ) +0.01GMa, + 0.1a,(z — z;) L¢
—0.1a 95a5(z -z
! > ¢ +[=0.9a,(x — x)] —0.95a5(x — x¢)
T, T,
—0.15= sing — 03 =S¢, 15f—Ta3
PCL-1 D b 0 Lc
) fr fr
+(—40——-0.2)as(z — z;) —|—40—-0.2 | as(x — x5)
LC LC
PCL
TLC . TLC fT
0.157511’1(1)4‘0.370,1 —15L—a3
PCL-2 fr 0 fr ¢
+(40—+ o.z) a5(z — 25) —(4o—+ 0.2)a5(x ~xg)
LC LC
Notes:
aq, ay, Az, A4, Qas, Ag: As specified in 4.2.3, Part 1.

6, ¢: Asspecified in 4.2.2, Part 1.
X coordinate (m) at the centre of gravity of the ship, taken as x; = 0.45L.. However, the value calculated

ZG:
GM:

based on the weight distribution according to the loading condition to be considered may be used.

Z coordinate (m) at the centre of gravity of the ship in the loading condition under consideration

Metacentric height (m), the value specified in the loading condition under consideration is to be used.

Aav: As specified in Table 4.3.2-5.

4.4.2.6 Hull Girder Loads

1 Inapplying 4.7.2.10, Part 1, the vertical still water bending moment for the loading condition under consideration
is to be in accordance with the requirements of 4.4.2.2.

2 Inapplying 4.7.2.10, Part 1, the coefficients C,, and C,, for equivalent design waves 4V and PCL are to be in
accordance with Table 4.4.2-6.

Table 4.4.2-6 Coefficients C,,, and C,p

Equivalent design Myvy_p or Myy_g My y
wave (o Condition Cyp Condition
Port sid
AV-1P Sagging | 0.25— 0.225f; ort SIce
(Compression)
AV-2P Hogging 0.225fr — 0.25 Port side (Tension)
AV 0.125 Starboard sid
AV-1S Sagging | 0.225f — 0.25 arboara sice
(Compression)
Starboard sid
AV-2S Hogging | 0.25 — 0.225f; aroaTa sice
(Tension)
PCL-1 Saggi
PCL 0.2 s 0 -
PCL-2 Hogging
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Annex 4.3 OPERATIONAL LOADING CONDITIONS AND ANALYTICAL
LOADING CONDITIONS

Anl General

Anl.1 General

Anl.1.1
1  The purpose of this Annex is to specify the relationship between the analytical loading condition and operational
loading condition for reference purposes.

An2 Operational Loading Condition and Analytical Loading Condition

An2.1 Operational Loading Condition

An2.1.1

1  Operational loading condition refers to “all loading conditions assumed in the design of individual vessels”. This
means a combination of loading conditions for each tank in all cargo areas as specified in the loading manual. Such
conditions, however, do not include ones that are either directly or indirectly prohibited by the loading manual (i.e.
conditions that are substantially restricted by the allowable values for the vertical still water bending moment, allowable
values for the vertical still water shear force, draught, etc.).

2 Where evaluating a liquified gas carrier with four holds, the possible operational loading conditions are shown in
Fig. An1, except the half-loaded condition of each tank, etc.

Fig. Anl Example of Operational Loading Conditions (Liquified Gas Carrier with Four Holds)

Operational loading conditions

Full load condition B B D @
s )
e e 5

1 tank empty condition

|

:
i
W
i
I
i

J
0
ik el

- y 0y T s [ ey
ank empty condition | g e
[ [ A 1
Ol s { || m:%s?fﬁl/
P R Y ] R CCo00e000¢ COTREDX
S . oy
BN — = C T
3 tank empty condition R
[ [ ] [
Lo | N N [
B .. ] [ Y
allast condition [
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An2.2 Analytical Loading Condition

An2.2.1
1  The analytical loading condition refers to a loading condition reproduced using partial structural models in order
to appropriately analyse structural responses that may occur in the operational loading condition of An2.1.1-1.

An2.3 Examples of Operational Loading Condition and Analytical Loading Condition

An2.3.1  General

1  Where evaluating the operational loading conditions of a liquified gas carrier with four holds (See Fig. Anl), the
analytical loading conditions to be examined differ depending on the target hold. The analytical loading conditions of
each assessed target hold are referred to Fig. An2, Fig. An3, Fig. An4 and Fig. AnS, respectively. Fig. An3 and Fig.
An4 may be used as the analytical loading conditions when the No. 2 and No. 3 holds are assessed at the same time.

2 Where considering the requirements of Table 4.3.2-1 (2), Table 4.3.2-2 (2) and Table 4.3.2-3 (2), it is necessary
to calculate the maximum or minimum vertical still water bending moment that can physically exist by filling or
emptying each tank (including the consumption tanks) based on the operational loading condition corresponding to Fig.
An2, Fig. An3, Fig. An4 and Fig. An5S.
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Fig. An2 Analytical Loading Conditions and Operational Loading Conditions
for No. 1 Cargo Hold (Foremost Cargo Hold) Evaluations
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I Liquid cargo
ESSN: Ballast water
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Analytical Loading Conditions and Operational Loading Conditions

for No. 2 Cargo Hold Evaluations
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Fig. An4 Analytical Loading Conditions and Operational Loading Conditions
for the No. 3 Cargo Hold Evaluations
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Fig. An5 Analytical Loading Conditions and Operational Loading Conditions
for the No. 4 Cargo Hold (Foremost Cargo Hold) Evaluations
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I Liquid cargo
ESSN: Ballast water

An2.3.2 Loading Condition that Differs from the Analytical Loading Condition

1 Inacase where it is difficult to say that it is appropriate to consider the analytical loading condition required by

in 4.3.2 due to reasons such as the boundary position of the ballast tank being different, the fuel oil tank being located

in the cargo hold analysis modelling range, the size of the cargo hold before and after the target hold being significantly

different, etc., the loading conditions to be considered are determined on a case-by-case basis, and such loading

conditions are to be the ones deemed to be severe for the hull structure of the ship in question.

2 The following (1) to (4) are to be considered when applying -1 above.

(1) Difference between internal pressure and external pressure acting on the ship bottom structure or ship side
structure

(2) Internal pressure acting on the bulkhead structure

(3) Relationship between draught and cargo weight

(4) Vertical still water bending moment
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Chapter 5 LONGITUDINAL STRENGTH

5.1 Hull Girder Ultimate Strength

5.1.1 Strength Criteria

5.1.1.41 Effect of Double Bottom Bending
In the assessment decision specified in 5.4.2.3 in Part 1, the coefficient y,p that takes into account the effect of
double bottom bending is as follows.
vYpg = 1.15
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Chapter 6 LOCAL STRENGTH

6.1 Independent Prismatic Tanks

6.1.1 General

6.1.1.1 Application
The scantlings of the plates and stiffeners which are subject to internal pressures due to liquid cargoes are to be in
accordance with 6.1.

6.1.2 Design Load Scenarios and Applied Loads for Assessment Target Members

6.1.2.1
The design load scenarios and applied loads for assessment target members/compartments are to be in accordance
with Table 6.1.2-1.

Table 6.1.2-1 Design Load Scenarios and Applied Loads for Assessment Target Members/Compartments

Applied load
Members/compa Desien Load
esigh Loa Reference
rtments to be Scenarios Lateral Load Load
assessed load type component Lateral load | Hull girder load
(P) My g, My—n¢)
Maximum load - . .
) . Internal Liquid | Static/dynamic
Tank casing condition 4.2.3.1
pressure cargo loads
(normal)
) Harbour condition Internal Liquid :
Tank casing Static load 4.2.3.1
(normal) pressure cargo
30-d static Internal Liquid
Tank casing ceree . au Static load 4.2.3.1
heel condition pressure cargo
Maximum load
) condition Internal Liquid | Static/dynamic
Tank casing i ) 4.2.3.2
(Pressure increasing | pressure cargo loads
due to a fire)
Harbour condition L.
. . . Internal Liquid .
Tank casing (Pressure increasing Static load 4.2.3.2
pressure cargo
due to a fire)
. Maximum load L. . .
Centreline . Internal Liquid Static/dynamic
D condition 4.2.3.3
bulkhead( pressure cargo loads
(normal)
Centreline 30-degree static Internal Liquid )
) . Static load 4.2.3.3
bulkhead" heel condition pressure cargo
Conditi d
Centreline ondt IOT] oneer Internal Liquid )
) operational Static load 4.2.33
bulkhead® . pressure cargo
restrictions
Note:

(1) Where openings which cannot be closed (excluding vapour spaces at the centreline bulkhead) are installed, the
requirements need not be applied.

— 353 —




CIaSSNI( 2023 Rules for the Survey and Construction of Steel Ships (Part C Part2-9)

6.1.3 Plates and Stiffeners

6.1.3.1

1 Plates and stiffeners of independent prismatic tanks are to satisfy the requirements of 6.3 and 6.4, Part 1

respectively for design load scenarios and applied loads specified in Table 6.1.1-1. In applying 6.3 and 6.4, Part 1, the

following requirements (1) to (3) are to be complied with.

(1) For design load scenarios considering pressure rising due to a fire in those in Table 6.1.2-1, the plate and stiffeners

are to be evaluated by using formulae for flooded conditions. In addition, for other design load scenarios, the

evaluations are to be carried out by using formulae for maximum load conditions.

(2) The coefficients C, and C, related to the influence of the axial force are to be taken as 1.0 respectively.

(3) In applying 6.4, Part 1, Cg,fr, is to be 1.1, and oy /1.33 or op/2.66, whichever is less, is to be used instead
of gy, where oy is the specified minimum tensile strength at room temperature, as specified in 8.5.1.1-2.

2 In addition to -1 above, where high density cargoes are partially loaded into cargo tanks, strength assessments

are to be carried out taking into account the cargo density and cargo loading height.

3 Instructures where the membrane or axial force due to internal pressure cannot be neglected, the requirements

in -1 above is to be applied with necessary modification.
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Chapter 7 STRENGTH OF PRIMARY SUPPORTING STRUCTURES

7.1 General

7.1.1 Primary Supporting Structure

7.1.1.1 Members Related to the Primary Support Structure
The scantlings of the members related to the primary support structure are to be determined in accordance with
finite element analysis (FEA) based on the requirements of Chapter 8.
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Chapter 8§ STRENGTH ASSESSMENT BY CARGO HOLD ANALYSIS

8.1 General

8.1.1 General

8.1.1.1 Structure and Overview of this Chapter

1  This Chapter specifies methods for the strength assessment by cargo hold analysis in liquified gas bulk carriers
with independent prismatic tanks type A/B. The requirements in this Chapter specify a method for the strength
assessment of the cargo tank structures and supporting structures of the tank, as well as a method for the strength
assessment of the primary supporting structures of the hull.

2 The structure and overview of this Chapter are shown in Table 8.1.1-1.

3 The procedures for the strength assessment of the primary supporting structures of the hull and cargo tank
structures are shown in Fig. 8.1.1-1, and those for the strength assessment of the supporting structure of the tank are
shown in Fig. 8.1.1-2. The strength assessment for the supporting structures oh the tank and others is to be performed
based on the local structural analysis specified in 8.6.

Table 8.1.1-1 Overview of Chapter 8

Section Title Overview

Additional requirements related to the overview and
8.1 General L .
application of this Chapter

8.2 Evaluation Area and Members to be Additional requirements related to evaluation area and
) Assessed members to be assessed

Additional requirements related to extent of model,
8.3 Structural Models .
members to be modelled, meshing, etc.

8.4 Boundary Conditions and Load Additional requirements related to the boundary
) Conditions conditions and loads conditions

Strength assessment criteria for the primary supporting
8.5 Strength Assessment
structures of the hull and cargo tank structures

8.6 Strength Assessment by Local The strength assessment method and criteria for the

Structural Analysis supporting structure and others
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Fig. 8.1.1-1  Strength Assessment Flowchart of Primary Supporting Structures of Hull and Cargo Tank Structures

Selection of load conditions to be
considered

l

Selection of Target Holds(8.2) ||

Considerations for Corrosion

—| Boundary Conditions (8.4.1)

Structural Models (8.3) l Loads Conditions (8.4.2)
‘| Finite Element Analysis (FEA) | | Contacts and Frictions
| | (8.3.4)
Yield Strength Assessment Buckling Strength Assessment Confirmation on Reaction Forces
(8.5.1) (8.5.2) of Supports

Note: Numbers in parentheses indicate section numbers in Part 2-9.
See also Chapter 8, Part 1 (Fig. 8.1.1-1).

Fig. 8.1.1-2  Strength Assessment Flowchart of Supporting Structures of Tanks

Selection of load conditions to be - - -
. Consideration for Corrosion
considered [A]

D Of(g‘ ;; get Holds | Boundary Conditions (8.4.1)
Structural Models (8.3) Loads Conditions [B] (8.4.2)
Finite Element Analysis (FEA) [C] || Contacts and Frictions (8.3.4)

\L

Confirmation on Reaction Forces of
Supports

J L

Selection of Supports for detailed mesh analysis [D] (8.6.1.2-3) Maximum Reaction Forces of Supports

\ 4

Gap Effect (8.6.2.5)

Designed Reaction Forces of Supports
[E]

Note: Numbers parentheses indicate section number in Part 2-9.
The symbols in [ ] correspond to the symbols shown in the Fig. 8.6.1-1.
See also Chapter 8, Part 1 (Fig. 8.1.1-1).

8.1.2 Application

8.1.2.1 Ships to be Assessed
Ships that strength assessment by cargo hold analysis is required, which fall under 8.1.2.1-1(2), Part 1 are to be
ships of which the length of L. is 90 m or more.
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8.2 Evaluation Area and Members to be Assessed

8.2.1 Evaluation Area

8.2.1.1 Evaluation Area and Target Holds

1  Inapplying 8.2.1.1-2(1), Part 1, the cargo hold in the midship part is as defined in Fig. 8.2.1-1.

2 Inapplying 8.2.1.1-2(3), Part 1, the foremost cargo hold and the aftmost cargo hold are to be selected as the target
hold. (See Fig. 8.2.1-1)

________________________________________________

1

1

1

i |

Aftmost Cargo hold Foremost '

" cargo hold “77 in the midship part ~" |||~ cargo hold i

1

|0 i

1

1

__________________________________________________ s
8.2.2 Members to be Assessed

8.2.21 General
In applying 8.2.2, Part 1, the structures and members to be assessed are to be in accordance with 8.2.2.

8.2.2.2 Members to be Assessed in Maximum Load Condition, Harbour Condition and Testing Condition
Where strength assessment in the maximum load condition, the harbour condition and the testing condition, the
members and locations specified in the following (1) to (3) are to satisfy the criteria specified in this Chapter.
(1) The structures and members of the hull to be assessed are as follows:
(a) Double bottom structure (bottom shell, inner bottom plating, centre girder, side girder and floor)
(b) Double side structure (side shell, longitudinal bulkhead, side stringer and side transverse)
(c) Single-side skin construction (side shell and side frame)
(d) Bilge hopper tank structure (hopper tank sloping and girders inside the tank)
(e) Topside tank structure (topside tank sloping plate and girders inside the tank)
(f) Deck structure (upper deck and tank dome opening)
(g) Bulkhead structure (transverse bulkhead and longitudinal bulkhead)
(h) Other members and locations deemed necessary by the Society
(2) The structures and members of the cargo tank construction to be assessed are as follows:
(a) Tank boundary forming independent prismatic tank
(b) Centreline bulkhead in independent prismatic tank
(c) Swash bulkhead in independent prismatic tank
(d) Primary supporting members in independent prismatic tank (transverses and girders)
(3) The structures and members of local detailed structures to be assessed are as follows:
(a) The supporting structures of cargo tank structures are to be assessed, in accordance with the following (i) to
(vi).
i) Supports in vertical direction (e.g. bottom supports) as well as adjacent hull and cargo tank structures
ii) Supports in transverse direction (e.g. anti-rolling chocks) as well as adjacent hull and cargo tank
structures
iii) Supports in longitudinal direction (e.g. anti-pitching chock) as well as adjacent hull and cargo tank
structures
iv) Anti-floatation arrangements (e.g. anti-floatation chocks) as well as adjacent hull and cargo tank
structures
v) Bearing blocks inserted in the contact surfaces of the cargo tanks and any of the supports listed in (i) to
(iv) above
vi) Coamings, dam plates and securing bolts
(b) Structural discontinuous parts other than supporting structures
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i)  Tank dome openings in decks (areas difficult to be assessed in accordance with (1) above)
ii) Other locations deemed necessary by the Society

8.2.2.3 Members to be Assessed in 30-Degree Static Heel Condition
Where strength assessment in 30-degree static heel condition is carried out, the members and locations specified
in 8.2.2.2(2) and (3)(a) are to satisfy the criteria specified in this Chapter.

8.2.24 Members to be Assessed in Collision Condition and Flooded Condition (IGC)
When strength assessment in collision condition and flooded condition (IGC) is carried out, the members and
locations specified in 8.2.2.2 (3)(a) are to satisfy the criteria specified in this Chapter.

8.3 Structural Models

8.3.1 General

8.3.1.1 Extent of Model
In applying 8.3.1.1, Part 1, the model is, in principle, to represent three adjacent cargo holds with the target hold
in the middle and the full depth and the full width of the holds are to be modelled.

8.3.1.2 Members to be Modelled
In addition to modelling of the hull construction, bulkheads and primary structural members of cargo tanks and
supporting structures of the tanks are to be modelled.

8.3.2 Elements

8.3.2.1 Properties of Elements
Density of materials is to be adjusted in consideration of the weight of equipment such as unmodelled cargo pumps,
piping, etc. and insulation.

8.3.2.2 Element Types

1  The bearing blocks inserted in the contact surfaces of the cargo tanks and any of supports are to be modelled using
the elements by which analysis taken contacts and frictions occur on the contact surface into account can be carried out
appropriately.

2 Members of the tripping brackets, etc. that surround the supports are to be modelled using shell elements.

8.3.3 Meshing, etc.

8.3.3.1 General

1  Any of supports is to be modelled so that analysis taken contacts and frictions occur on the contact surface into
account can be carried out appropriately in accordance with 8.3.4.

2 As for any of supports and their surrounding structures, stiffness of the actual construction is to be reproduced as
much as possible, especially for the stiffness of supporting direction.

3 The coamings of tank dome openings are to be modelled so as to reproduce the actual construction as much as
possible.

8.3.4 Contacts and Frictions

8.34.1 Settings for Considering the Contacts and Frictions

1 Where strength assessment for the hull construction and cargo tank structure is carried out, the contacts between

the cargo tanks and various supports and the frictions that occur on the contact surface of the cargo tanks and various

supports are to be considered based upon any of the methods specified in the following (1) to (3):

(1) A method in which the contacts and frictions are analysed by defining the contact and friction conditions for the
elements on the contact surface in the analysis program.

(2) A method in which the contacts and frictions are analysed using gap elements. This method considers the contact
and friction by matching the element decomposition of the surfaces that are thought be in contact, creating the
elements that connect the two corresponding points one by one, and setting the contact direction (the direction in
which the gap closes) and the initial gap. If two different points that are connected are displaced relative to the
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opening direction of the gap, they will not be constrained and the final state will be calculated by repeatedly
calculating. If two different points that are connected are displaced relative to the closing direction of the gap, the
final state will be calculated by repeatedly calculating while constraining the set initial gap as much as possible.
(3) A method in which the contacts and frictions are analysed using rod elements or beam elements. This method
calculates the final state by repeatedly calculating while applying a rod or beam element to the contact part and,
for contact, deleting the element that generates a tensile reaction force, and, for friction, setting the shear rigidity
and flexural rigidity of the beam element that exceeds the maximum friction force to 0. The term maximum
frictional force used here means a value obtained by multiplying the reaction force generated in each support
structure by the friction coefficient p.
2 Where strength assessment for the supporting structures of the tanks is carried out, in principle, the method
specified in -1(1) above is to be used in order to estimate an appropriate distribution of reaction forces and friction
forces that occur on the supporting structures.

8.3.4.2 Friction Forces that Occur between Cargo Tank and Various Supports

1  The magnitude of the frictional forces is to be considered up to the value obtained by multiplying the reaction
force value generated in each support structure by the friction coefficient u.

2 The frictional coefficients for the analysis according to the combinations of typical materials used in the contact
surface are shown in Table 8.3.4-1.

Table 8.3.4-1 Typical Frictional Coefficients u

Combinations of materials in contact with each
other Frictional coefficient u
Material 1 Material 2

Steel Wood 0.2

Steel Resin 0.2
8.4 Boundary Conditions and Loads Conditions
8.4.1 Boundary Conditions
8.4.1.1

In applying 8.5.1, Part 1, the boundary conditions are to be in accordance with 8.4.1, Part 2-8.
8.4.2 Loads Conditions

8.4.2.1 Loads to be Considered
In applying 8.5.2, Part 1, loads based also upon the additional requirements specified in 4.3 are to be considered.

8.4.2.2 Method of Applying Moments to the Structural Model
In applying 8.5.2, Part 1, the vertical bending moment and horizontal bending moment act on the target hold are
to be adjusted in accordance with the method specified in 8.4.2 in Part 2-8.

8.5 Strength Assessment

8.5.1 Yield Strength Assessment

8.5.1.1 Criteria

1  The yield strength assessment for the primary supporting structures of hull is to be in accordance with the
requirements of 8.6.1, Part 1.

2 In the yield strength assessment for the cargo tank structures of the tank-type 4, the criteria obtained by the

following formula are to be satisfied.
Ay < Aperm
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For ferrite steels, 1, =
Or ferrite Steels, 4y = nin (0.794y, 0.5305)

Specified minimum tensile strength at room temperature (N/mm?), taken as follows.
For KL 24, taken as 400.
For KL 27, taken as 420.
For KL 33, taken as 440.
For KL 37, taken as 490.
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Yield utilisation factor, as given by the following formula. For rod elements, g, is to be taken as d,.

Oeq

Aperm: Permissible yield utilisation factor, as specified in Table 8.5.1-1.

3 As for yield strength assessment for the cargo tank structures of the tank-type B other than except the assessment

in test condition, the criteria obtained by the following formula are to be satisfied.
/1y < Aperm

Ay

For nickel steels, carbon manganese steels, Ay

For austenitic steels and alminum alloys, 4, =

Yield utilisation factor, as given by the following formula. For rod elements, g, is taken as g,.

Oeq

min (0.830y, 0.403)

Aperm: Permissible yield utilisation factor, as specified in Table 8.5.1-1.

~ min (0.83ay, 0.505)

4  As for yield strength assessment for the cargo tank structures of tank-type B in testing condition, the yield
utilisation factor obtained by the following formula is to satisfy the criteria as specified in -3 above.

Oeq
A =
Y 0.750y
Table 8.5.1-1 Permissible Yield Utilisation Factor
Harbour condition
. The condition that both
The condition that one .
. . ) sides of the cargo tank are
Maximum . 30-degree side of the cargo tank is .
Structures to Testing ) fully loaded, or one side of
load .. static heel fully loaded : where )
be assessed . condition . . . the cargo tank is fully
condition condition asymmetric loading of .
) ) loaded: where asymmetric
both sides of the tanks is ) i
| loading of both sides of
not allowed.V .
cargo tanks is allowed.
Cargo tank
(Type A4) 1.0 1.0 1.0 1.0 0.85
structure
Cargo tank
(Type B) 1.0 1.0® 1.0 1.0 0.85
structure
Notes:

(1) In case asymmetric loading of both sides of cargo tanks is not allowed in harbour condition, it is to be clearly stated

in the loading manual as an operational restriction.

(2) Provided that the accuracy of analysis is verified through prototype testing by using appropriate devices such as

strain gauges, the value 1.2 may be used. (See 4.22.6(2), Part N).

8.5.2

8.5.21

Criteria

Buckling Strength Assessment

1  The buckling strength assessment for the primary supporting structures of the hull is to be in accordance with

8.6.2, Part 1.

2 The buckling strength assessment for the cargo tank structures is to be in accordance with Table 8.5.2-1.

— 361 —



CIaSSNI( 2023 Rules for the Survey and Construction of Steel Ships (Part C Part2-9)

Table 8.5.2-1 Permissible Buckling Utilisation Factor

Harbour condition
. The condition that both
The condition that one des of th rank
; sides of the cargo tank are
Structure to Maximum Testing 30-degree | gide of the cargo tank is go tafl
load static heel _ fully loaded, or one side of
be assessed o condition o fully loaded : where the cargo tank is fully
Condition condition asymmetric loading of .
) ) loaded: where asymmetric
both sides of the tanks is ) )
loading of both sides of
not allowed.V .
cargo tanks is allowed.
Cargo tank
(Type A4) 0.9 0.9 0.9 0.9 0.77
structure
Cargo tank
(Type B) 0.9 0.9 0.9 0.9 0.77
structure
Notes:

(1) In case asymmetric loading of both sides of cargo tanks is not allowed in harbour condition, it is to be clearly stated
in the loading manual as an operational restriction.

8.5.2.2 Side Shell Plating with Transverse Stiffness

1 In applying Annex 8.6, Part 1 “Buckling Strength Assessment based on Cargo Hold Analysis”, for the side
shell with stiffened in transverse direction which is surrounded by the bilge hopper tanks and top side tanks, the stress
act on the members in the shorter side direction of the panels may be averaged regardless of the definition of the
reference stress g, which is in the shorter side direction of the panels specified in An3.2.2, Annex 8.6.

2 Inthe application of -1 above, where the requirements for hull girder ultimate strength specified in 5.4, Part 1 are
satisfied, for the strength assessments performed in the equivalent design waves HM-1, FM-1, AV-1P and AV-1S of the
maximum load condition, the stress under the shorter side direction of the panels acting on the said members is to be
considered up to the value obtained by the following formula:

?E tp\?
%imie = T3 =75 (1)
E: Young’s modulus (N/mm?), taken as 2.06 x 10°.

v: Poisson’s ratio, taken as 0.3.
t,: Thickness (mm) of the plate panel.
b

Length (mm) of the shorter side of the plate panel.

8.6 Strength Assessment by Local Structural Analysis

8.6.1 General

8.6.1.1 Application

1  The strength assessment method for various supports of cargo tanks and their surrounding structures is to be in
accordance with the requirements of 8.6.

2 The requirements of 8.6 may be applied for hull structure and cargo tank structures other than cargo tank supports
and their surrounding structures, provided that strength assessment using finite element analysis is carried out.

8.6.1.2 Assessment Procedure of Supporting Structures

1  For various supports and hull and cargo tank structures adjacent to the supports, strength assessment is to be
carried out by finite element analysis using structural models with mesh size finer than the typical mesh size specified
in 8.3.3.1, Part 1(hereinafter referred to as local models). a model in which local models are inserted in the structural
model specified in 8.3 (inserted model) or the local models are to be used.

2 Structural analysis using inserted model or local models is to be carried out for typical supports considering the

— 362 —



2023 Rules for the Survey and Construction of Steel Ships (Part C Part2-9) ClassNK

reaction force and displacements of various supports obtained by cargo hold analysis using the structural model

specified in 8.3, and considering the type of construction of the supporting structures including the structures adjacent

to the supports. At least, one location is to be assessed for each type and structure of supports.

3 Loads of combination of the loading condition to be considered, the wave condition and etc. are to be considered.

4  The loads for assessing the supporting structure are to be the same as those for assessing strength assessment of

the cargo tank structures. However, structural analysis may be carried out considering only the loads which are

dominant the supporting structures to be assessed (for example, the load that maximises the reaction force act on the

supporting structure).

5  The loads to be considered and the boundary conditions are to be applied to the structural model, and stress is to

be calculated using 3-dimensional finite element analysis. The following items (1) to (3) are to be considered.

(1) Gap effect

(2) Distribution of reaction forces that can occur on the contact surface between the cargo tank and various supports

(3) Friction force that can occur on the contact surface between the cargo tank and various supports

6  Strength assessment specified in the following (1) and (2) is to be carried out based upon the calculated stress.

(1) Strength assessment for stress concentration areas such as bracket toes

(2) Strength assessment for stress fields at locations other than (1) above (assessment classified as yield strength
assessment in typical mesh size)

Fig. 8.6.1-1  Strength Assessment Flow of Supporting Structures Using Local Models or Embedded Models

Consideration for Corrosion (8.6.3)

Selection of Supports for de local structural analysis [D] (8.6.1.2-3)

|| Reaction Forces of Supports [E]
(8.6.2.5-1 and -2)

Local Models and Embedded Models (8.6.2)

— Designed Friction Forces (8.6.2.5-3)

Finite Element Analysis

— Boundary Conditions [C] (8.6.4.1)

Strength Assessment for Support Structures (8.6.5)

External Pressure and Internal Pressure
(Al + [B] (8.6.4.2-1)

8.6.1.3 Assessment Procedure for Structural Discontinuous Parts other than Supporting Structures
For the assessment of structural discontinuous parts other than the supporting structures, 8.6.1.2 may be applied.
The requirements of (1) to (3) in 8.6.1.2-5 may not be considered.

8.6.2 Structural Models

8.6.2.1 Extent of Model

1 Where structural analysis using local models are carried out, the extent of model is to be determined so as not to
affect structural response of members to be assessed significantly by the boundary conditions. Moreover, the end of the
local model is to match the primary supporting members of the structural model specified in 8.3.

2 The minimum extent of the local model is to be in accordance with Table 8.6.2-1.

Table 8.6.2-1 Minimum Extent of Local Models
Vertical Depth of cargo tank girder from tank bottom plating or tank top

direction plating

Transverse | Each one girder spacing on the left and right of the assessment
direction target (i.e. two girder spacing in total)

Longitudinal | Each one transverse spacing to the fore and aft direction of

direction assessment target (two transverse spacing)
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3 Where embedded models are used, the local models are to be inserted in the structural models specified in 8.3.

8.6.2.2 Members to be Modelled

1 In addition to the members specified in 8.3.1.2, small brackets and face plates attached to the brackets are also to
be modelled within the range of the meshing of 50 mm size specified in 8.6.2.4.

2 Members and small openings expected to affect the structural response of the locations to be assessed are to be
modelled.

8.6.2.3 Types of Elements

1  The types of elements used in local models are to be in accordance with the following (1) to (4).

(1) Plating is to be modelled using shell elements.

(2) Stiffeners within the range of using the mesh size specified in 8.6.2.4-1 are to be modelled using shell elements.
Otherwise, stiffeners may be modelled using beam elements. However, the eccentricity of the neutral axis is to be
considered.

(3) The flanges of the primary supporting members and the flanges of the brackets within the range of using the mesh
size specified in 8.6.2.4-1 are to be modelled using shell elements. Otherwise, rod elements or beam elements may
be used.

(4) Bearing blocks inserted into the contact surfaces of various supports are to be modelled using solid elements.

2 In the inserted model, the types of elements used for other than the local model are to be in accordance with 8.3.

8.6.24 Meshing

1  The mesh size of local models is to be 50 mm X 50 mm or less.

2 For at least ten elements in all directions from the locations to be assessed, the requirements of -1 above are to be
followed. Mesh size outside the range is to change smoothly.

8.6.2.5 Other Items to be Considered

1  The design reaction forces considering the gap effect are to be based on the following (1) to (3):

(1) The tolerance assumed when installing the cargo tank are to be examined, and the resulting increment of reaction
force as the gap effect are to be considered. In this case, documents of investigations are to be submitted to the
Society. However, the gap effect in the assessment of the anti-floatation arrangements may not be considered.

(2) Where the investigation specified in (1) above is not carried out, the gap effect is to be an increase in reaction
force 12 % per 1 mm of work tolerance for the vertical support, and is to be an increase in reaction force of 10 %
per 1 mm tolerance for the left-right direction support and longitudinal direction support.

(3) When the tolerance is 0 mm in the work management of various supports, the increase in reaction force may not
be considered.

2 The presence of the distribution of design reaction forces that may occur in the contact surface between the cargo

tank and various supports are to be considered (See Fig. 8.6.2-1).

3 The design friction forces that can occur on the contact surface between the cargo tank and the various supports

are to be considered.
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Fig. 8.6.2-1 Example of Reaction Force Distribution on the Contact Surface of a Support
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8.6.3 Consideration for Corrosion

8.6.3.1 Net Scantling Approach
For the plate thickness of the local model and the scantlings of the stiffener, the net scantling approach specified
in 3.3, Part 1 is to be applied.

8.6.4 Boundary Conditions and Loads Conditions

8.6.4.1 Boundary Conditions

1 Where structural analysis using an inserted model is carried out, the requirements of 8.4.1 are to be followed.
Where there are independent point discrepancies at the boundaries of a local model, forced displacements may be
applied to these independent points using multipoint constraints. The use of linear multipoint constraint relations for
two adjacent independent points may be considered.

2 Where structural analysis using only local models are carried out, the displacement obtained by the structural
analysis based on the structural model of 8.3 and the calculation conditions of 8.4 is to be applied to the independent
points at the ends of the local model.

8.6.4.2 Loads Conditions

1 Loading conditions and wave conditions specified in 4.3 are to be taken into consideration. When performing an

analysis using only a local model, the loads (external pressure and internal pressure) acting on the structure reproduced

in the model are to be appropriately applied.

2 The load on the contact surface of a support is to be in accordance with the requirements of 8.6.2.5.

3 In various supports and their peripheral structures, analysis corresponding to the following Case A or B is to be

carried out for each loading condition in accordance with Table 8.6.4-1. However, regarding the state and combination

of the reaction force and friction force of a support, a detailed study can be conducted in consideration of the support

arrangement and the symmetry of the supporting structure, and where deemed appropriate by the Society, part or all of

Case B may be omitted.

Case A: An integrated model consisting of a hull structure and a cargo tank structure in an analysis case that considers
the magnitude (with distribution) of the reaction force generated on the contact surface and the magnitude
(with distribution) and orientation of the friction force in each loading condition (See Fig. 8.6.4-1) are to be
used. For the loads of various supports in this case, refer to Table 8.6.4-2.

Case B: Models of hull structure and cargo tank structure (See Fig. 8.6.4-2) are used in the analysis case considering
the reaction force (equal distribution) generated on the contact surface and the friction force (equal
distribution) in a specified direction. For the loads of various supports in this case, refer to Table 8.6.4-3.
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Table 8.6.4-1 Analysis Case

Support

Loading condition Analysis case

Design reaction force and friction
force

Support in vertical

Maximum load condition

30-degree static heel condition

arrangement

direction _ .
Testing condition Case A and Case
Support in transverse Maximum load condition B
direction 30degree static heel condition
Support in longitudinal Maximum load condition
direction Collision condition
Anti-floatation Case A

Flooded condition(IGC)

In the case of Case A, refer to Table
8.6.4-2.

In the case of Case B, refer to Table
8.6.4-3.

Fig. 8.6.4-1

—
s

—l

Example of Analysis Model of Case A
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Table 8.6.4-2 Loads to be Considered for Supports in Case A

Design reaction forces Design friction forces
Size
Design
Support type . o o L
maximum Distribution Value Distribution | Direction
) Gap effect
reaction
forces
Support in
bp . to be Automatically
vertical Ry . | .
o considered" considered by
direction R
) analysis, with the
Support in )
to be ) value obtained by )
transverse Ry ) | Automatically L To be considered
. considered i multiplying the )
direction considered by i ) automatically through
S rt in analysis design reaction an analysis
uppo . .
1 pi dinal R to be y force by the Y
ongitudina . -
1t X considered frictional
direction )
- - coefficient u asa
Anti-floatation Not .
Rp 2 . maximum.
arrangement } considered
Notes:

Ry: Reaction force in longitudinal direction generated on support in longitudinal direction (kV)
Ry: Reaction force in transverse direction generated on supports in transverse direction (kN)
R;: Reaction force in vertical direction generated on support in vertical direction (kN)

Rp 7 Reaction force in vertical direction generated on the anti-floatation arrangement (k)
u: Friction coefficient of contact surface

(1) The gap effect may be considered by adding the gap effect to the stress component obtained by analysis.

Table 8.6.4-3. Support Load Considered in Case B

Designed reaction force Designed friction force
Value
Types of Designed
supports maximum Distribution Magnitude Distribution Direction
) Gap effect
reaction
force
. +X direction
Vertical . .
. ] . -X direction
direction R, Considered Cr X UXRy, L
" +Y direction
suppo
pp -Y direction
horizontal N W N X directi
one one irection
direction Ry Considered Cr X U XRy L
-X direction
support
Longitudinal . .
directi R Not Co X X R +Y direction
irection
X considered FXH# X -Y direction
support
Notes:
Ry, Ry, Ry, w: As specified in Table 8.6.4-2.

Cr: Effective friction coefficient, taken as follows.
For a vertical support, 0.5
For a horizontal and front-rear support, 0.2

(1) The design reaction force is to be applied evenly through the bearing block.
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8.6.5 Strength Assessment

8.6.5.1 Reference Stress

1  Asthe reference stress used for strength assessment, the shell element is to be in accordance with the requirements
of 8.6.1.1-1, Part 1.

2 When using a mesh finer than the mesh of 50 mm X 50 mm, the value obtained by averaging the stresses of
multiple elements may be used as the reference stress within the range corresponding to the mesh of 50 mm X 50 mm.
However, it cannot be averaged beyond the structural discontinuous parts.

8.6.5.2 Criteria for Stress Concentration in Each Supporting Structure
1  Strength assessment is to be performed using the reference stress specified in 8.6.1.1-1, Part 1.
2 All members to be assessed are to satisfy the following criteria:
Ay < dperm
Ay: The yield utilisation factor is based on the requirements of 8.6.5.2-3, 8.6.5.2-4 and 8.6.5.2-5
depending on the assessment target. However, in the case of collision condition and flooded
condition (IGC), the requirements of 8.6.5.2-7 are to be applied regardless of the assessment target.

Aperm: Permissible yield utilisation factor, taken as 1.0.
3  The following yield utilisation factor is to be used for strength assessment of various supports.
o
Ay =—A—
Cfa CmUY
Cra: Coefficient for fatigue, taken as 1.0. However, taken as 1.2 for structures that satisfy the criteria for
fatigue strength assessment specified in Chapter 9.
Cn: Coefficient, taken as 1.7 for elements that do not come into contact with welding, 1.5 for elements

that come into contact with welding.

4  The following yield utilisation factor is to be used in strength assessment of a tank type A4 cargo tank structure.
Oeq
A =
Y C¢qCpy - min (0.790y, 0.5305)

Cra> Cp: As specified in -3 above.

og: Specified minimum tensile strength (N/mm?) at room temperature, as specified in 8.5.1.
5  The following yield utilisation factor is to be used in strength assessment of a tank type B cargo tank structure.
_ Teq
" C;Cp - min(0.830y, 0.505)
C¢qCrm - min (0.830y, 0.405)

For nickel steels, carbon manganese steels, A,

For austenitic steels and alminum alloys, 4,

Cta, Cp: As specified in -3 above.
og: As specified 8.5.1 above.
6  The following gield utilisation factor is to be used for strength assessment of hull structure.
e
Ay = CraCom - ;35/1(
Cra> Cpy: As specified in -3 above.
7  Regardless of the assessment target, the following yield utilisation factor is to be used for strength assessment of

collision condition and flooded condition (IGC).
_ e
Y 1.870y

8.6.5.3 Criteria for Other Stress Concentration
1  Strength assessment is to be performed using the reference stress specified in 8.6.1.1-1, Part 1. The average value
of the stresses of the elements in the range of the typical mesh size specified in 8.3.3, Part 1 may be used. However, it
is not to be averaged beyond different structures and structural discontinuous parts.
2 Various supports are to satisfy the following criteria.

ly < lperm

Ay: Yield utilisation factor, as given by the following formula:

Ocq
Ay = oo
Y

Aperm: Permissible yield utilisation factor to be taken as 1.0.
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3 The hull structure and cargo structure adjacent to various supports are to satisfy the following criteria for collision
condition and flooded condition (IGC). In the case of such structure, other conditions (maximum load condition, etc.)
may not be assessed.

Ay < lperm
Ay Yield utilisation factor, as given by the following formula:
Ocq
A, =—
YT gy,

Aperm: Permissible yield utilisation factor to be taken as 1.0.

8.6.5.4 Bearing Block Assessment
In principle, the direct stress ¢ (N/mm?) and shear stress 7 (N/mm?) generated by the design reaction force Rgeq
(kN) and design friction force Fj,,; (kN) of a support of a bearing block are to satisfy the following criteria.

o= % x 1073 < Ostrength
Ap Cs

= % x 1073 < Tstrength
Ap Cs

Apg: Cross-sectional area parallel to the contact surface of the bearing block (m?)
Ostrengtn: Minimum compressive strength of bearing block (N/mm?)
Tstrengen: Minimum shear strength of bearing block (N/mm?)

Cs: Safety factor, as specified in Table 8.6.5-1.

Table 8.6.5-1 Safety Factors

Scenario under consideration Cs

Maximum load condition

30-degree static heel condition 3.0

Testing condition
Collision condition/flooded condition(IGC) 1.5

8.6.5.5 Assessment of Other Members

1  Coaming/dam plates and secure ring bolts are to be properly assessed to have a structure that can withstand the
shear forces generated by the bearing blocks receiving frictional forces. The standard is to design a support so that it is
safe against a shear force of 10% of the reaction force.

2 The top plate of various supports and the bottom plate of a cargo tank (supporting structure) are to be properly
assessed so that the structure does not cause excessive deformation due to lateral load due to the design reaction force
of the support.
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Chapter 9 FATIGUE

9.1 General
9.1.1 General
9.1.1.1 Overview

1  Unless otherwise specified, the fatigue strength assessment method for the connections of platings and girders and
free edges of the base metals by finite element stress analysis for ships carrying liquified gases in bulk (independent
prismatic tank type A/B) is to be in accordance with this Chapter instead of Chapter 9, Part 1.

2 Regardless of the requirement in -1 above, the fatigue strength assessment of structural components of cargo tank
and supports (cargo tank side) of ships carrying liquified gases in bulk fitted with independent prismatic tank type B is
to be in accordance with 4.22.4, Part N.

3 The definitions of various supports that are required to be assessed in this Chapter and the application of fatigue
strength assessment to each support are shown in Fig. 9.1.1-1 and Table 9.1.1-1.

Fig. 9.1.1-1 Definition of Supports that are Required to be Assessed

Supports in transverse direction
(Upper part of cargo tank)

—

»

Supports in vertical direction

0 Cargo Tank Side
1

v Hull Side

\

Supports in transverse direction
(Lower part of cargo tank)

Table 9.1.1-1. Application of Fatigue Strength Assessment to Each Structure

Tank type Item Reference rules, etc.

Aand B Fatigue strength assessment of the primary members of the This Chapter
hull structure

A Fatigue strength assessment of the primary members of the This Chapter
cargo tank structure
Fatigue strength assessment of the structural component of

B 4.22.4, Part N
cargo tank
Fati trength t of th i b f

A atigue strength assessment of the primary members o This Chapter
supports
Fatigue strength assessment of the primary members of

B g g. Note | P i This Chapter
supports (hull side Nt D)

B Fatigue strength asses.sment of the primary members of the 4.22.4, Part N
supports (cargo tank side Mot D)

Notes:

1: See Fig. 9.1.1-1 for the definitions of the hull side and cargo tank side of supports.
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9.1.1.2 Application
Ships with a length L; of 90 m or more are to be assessed for fatigue strength based on the hot spot stresses
obtained by the simple stress analysis according to 9.3, Part 1 and the finite element analysis according to 9.3.

9.1.2 Assumptions

9.1.2.1
The following assumptions (1) to (9) are made in the fatigue strength assessment specified in this Chapter.

(1) A linear cumulative damage model (i.e. Miner’s rule) given in 9.5.4, Part 1 is used in the calculation of fatigue
damage.

(2) Fatigue design life Tpy is taken not less than 25 years.

(3) Rule quasi-static wave loads are determined at the 10~ probability level of exceedance by the Equivalent Design
Wave (EDW) concept.

(4) Stresses are assessed by the net scantlings t,,5, according to 9.3.

(5) Hot spot stress is used for fatigue strength assessment of weld toes and the free edge of members, and the effective
notch stress is used for fatigue strength assessment of the weld root.

(6) Excluding exceptional cases, fatigue strength assessment of welds is made for the weld toe. For the welded joints
where loads are carried to the weld, the assessment is to be in accordance with 9.1.4.2, Part 1, 9.1.4.3, Part 1 or
9.6, Part 1.

(7) The design S-N curve at two standard deviations below the mean S-N curve is used. The S-N curve in the in-air
environment is used for the period when the coating at the location being assessed is effective and the S-N curve
in the corrosive environment is used for the period when the effectiveness of the coating is lost.

(8) The long-term distribution of the stress range for wave loads is assumed to follow an exponential distribution.

(9) The acceptance criterion for fatigue strength assessment is given in 9.6.

9.2 Hot Spots to be Assessed
9.2.1 Hot Spots to be Assessed by Finite Element Analysis
9.2.1.1

1  The hot spots to be assessed for fatigue strength by finite element analysis according to this Chapter are the
structural details specified in the column of range 1 in Tables 9.2.1-1 to 9.2.1-4.

2 For ships for which the class notation “PS-FA-S” is affixed to classification characters, the structural details of
optional items listed in the range 2 column of Tables 9.2.1-1 to 9.2.1-4 are to be assessed.

3 Notwithstanding the requirement specified in -1, where documents demonstrating sufficient fatigue strength are
submitted and deemed appropriate by the Society, the fatigue strength assessment of the structure may be omitted.

4  Assessment is to be carried out for the midship, fore and aft cargo hold parts of the ships.

5  The target hold for fatigue strength assessment is to be the same as that selected for cargo hold analysis according
to 8.2.1.1.
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Table 9.2.1-1 Structural Details of Primary Members to be Assessed in the Hull Structure

sufficient.

No. Critical structural details of hull structure Range 1 (Igllr)lfznz)
1 | Intersections of bilge hopper plating and girder, floor X X
2 | Lower (and upper, if necessary) bracket toe of hold frame X X
3 | Intersections of the bulkhead and inner bottom plating XM X
4 | Dome opening of upper deck (corner part) X X
5 | Intersections of connection trunk and side shell plating and bilge hopper . v
plating
6 | Intersections of deck girder and deck longitudinal XM X
Note:

(1) Assessment is to be conducted only when the Society determines that fatigue strength is not

Table 9.2.1-2 Additional Assessment Target Structural Details for LNG Carriers

. . Range 2
No. Additional target locations for LNG carriers Range 1 g
(Option)
7 Intersections of upper knuckle part of bilge hopper plating and horizontal « %
girder, transverses
8 | Knuckle parts of longitudinal bulkhead — X

Table 9.2.1-3 Structural Details of Primary Members to be Assessed in the

Cargo Tank Structure

fitted with bottom transverses

.\ . Range 2
No. Critical structural details of cargo tank structure Range 1 -
(Option)
9 | Intersections of bracket ends of horizontal girder and centreline bulkhead — X
10 | Intersections of bottom transverses and centreline bulkhead — X
11 | Bracket toe of swash bulkheads — X
12 Intersections of tank bottom longitudinal frames and tripping brackets %
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Table 9.2.1-4 Structural Details of Primary Members to be Assessed in Supports

. . Range 2
No. Critical structural details of supports Range 1 g
(Option)
13 | Bracket toe of supports in vertical supports — X
14 | Bracket toe of upper part of supports in transverse direction —@ X
15 | Bracket toe of lower part of supports in transverse direction —@ X
16 Connection part of tripping bracket fitted with deck transverse (being () %
member of supports in transverse direction) and deck longitudinal
Notes:
(1) Assessment is to be conducted only when the Society determines that fatigue strength is not
sufficient.
(2) If 1.2 is used in the application of Cf, specified in 8.6.5.2, assessment is to be conducted.

9.3 Loading Conditions and Fraction of Time to be Considered
9.3.1 General
9.3.1.1

1  Standard loading conditions and fraction of time are to be in accordance with Table 9.3.1-1 according to the target
structure to be assessed.

2 Notwithstanding the requirements specified in -1 above, when considering loading conditions and fraction of time
other than those in Table 9.3.1-1 to Table 9.3.1-5, it is necessary to consider appropriate combinations.

Table 9.3.1-1 Standard Loading Conditions and Fraction for the Assessment of Hull Structure

Loading condition Fraction of time «;,
Full load condition (homogeneous loading) 50 %
Ballast condition 50 %

Table 9.3.1-2 Standard Loading Conditions and Fraction for the Assessment of Cargo Tank Structure

Loading condition Fraction of time «;,

Full load condition (homogeneous loading) 50 %

Table 9.3.1-3 Standard Loading Conditions and Fraction for the Assessment of Structural Details on the Hull Side of
Supports in Vertical Direction

Loading condition Fraction of time «;,
Full load condition (homogeneous loading) 50 %
Ballast condition 50 %

Table 9.3.1-4 Standard Loading Conditions and Fraction for the Assessment of Structural Details on the Cargo Tank
Side of Supports in Vertical Direction

Loading condition Fraction of time «;

Full load condition (homogeneous loading) 50 %
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Table 9.3.1-5 Standard Loading Conditions and Fraction for the Assessment of Structural Details of Supports in
Transverse Direction

Loading condition Fraction of time «;,
Full load condition (homogeneous loading) 50 %
9.4 Finite Element Analysis

9.4.1 General

94.1.1 General

The requirements of the evaluation method for hot spot stresses of connection of platings and girders, and the free
edges of base materials by very fine finite element analysis is specified in 9.4. The hot spot stress takes into account
structural discontinuities due to the structural details of joints but does not consider local stress concentrations due to
the presence of welds.

9.4.1.2 Confirmation of Calculation Method and Accuracy of Analysis
The analysis method and analysis program are to be in accordance with 9.4.1.2, Part 1.

9.4.1.3 Strength Assessment Based on Advanced Analysis

In the application of 9.4, the strength assessment based on an advanced analysis, such as direct load analysis, may
be conducted when deemed appropriate by the Society. However, when the hot spot stress is calculated from the stress
obtained by the analysis, no other methods than those specified in 9.4 are to be adopted.

9.4.14 Types of Hot Spot Stresses
The types of hot spot stresses are in accordance with 9.4.1.4, Part 1.

9.4.2 Finite Element Method

9.4.2.1 General

1  The standard method for evaluation of hot spot stresses for fatigue strength assessment is to incorporate very fine
finite element mesh zones for areas of high stress concentration into the global model.

2 The coarse mesh model of the cargo holds is to be made according to 8.3. Alternatively, this very fine mesh
analysis can be carried out by means of separate local finite element models with very fine mesh zones in conjunction
with the boundary conditions obtained from a global model of the cargo holds. In this case, the corrosion deductions
of the global model of the cargo holds are to be in coincidence with those of the local finite element model.

9.4.2.2 Extent of Modelling, Members to be Modelled, Corrosion Model, Mesh Size and Note on Modelling
Extent of modelling, members to be modelled, corrosion model, mesh size, and note on modelling is to be in
accordance with 9.4.2.2, 9.4.2.3, 9.4.2.5, 9.4.2.7 and 9.4.2.8, Part 1.

9.4.2.3 Types of Elements

1  The types of elements used for modelling is to be in accordance with the following (1) to (4):

(1) Plating and girders are to be modelled using shell elements.

(2) Stiffeners, the face plates of primary supporting members and the face plates of brackets in the very fine mesh
zone are to be modelled using shell elements.

(3) Inprinciple, stiffeners outside the very fine mesh zone are to be modelled using beam elements and the eccentricity
of the neutral axis is to be considered.

(4) Face plates of primary supporting members and of brackets outside the very fine mesh zone are to be modelled
using rod elements or beam elements.

(5) Solid elements are to be used to represent bearing blocks inserted into the contact surfaces.

2 For the characteristics of the elements, refer to 8.3.2.1.

9.4.24 Note for Modelling Especially for Ships Carrying Liquefied Gases in Bulk (Independent Prismatic
Tanks Type A/B)
1  Stiffness of supports in coarse mesh model is to be reproduced the same as far as possible with the stiffness values
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in fine mesh model as well as real construction. Stiffness in the normal direction to each contact surface requires
particular care for accuracy in this respect.

2 Density of cargo tank steel is to be adjusted accordingly to consider the additional masses coming from primary
fittings not being modelled such as piping, pumps, insulation materials.

3 Shell elements, not rod or beam elements, are to be used when modelling members located near supports such as
tripping brackets, etc.

4  Modelling of coamings in upper deck for tank dome openings are to be precise as possible.

9.4.3 Contacts and Frictions

9.4.3.1 Settings to Consider the Contacts and Frictions
Settings for considering contact and friction is to be in accordance with 8.3.4.1.

9.4.3.2 Friction Force Generated Between a Cargo Tank and Various Supports

1  Magnitude of friction force considered is to be determined appropriately with the upper limit which is the reaction
force generated by each support multiplied by the friction coefficient pu.

2 Friction coefficients for combination of contact surfaces of representative materials are given in Table 9.4.3-1. the
value other than those found in Table 9.4.3-1 may be used in case where relevant documents justifying the adequacy
of its use are to be submitted to the Society and approved by the Society.

Table 9.4.3-1 Typical Frictional Coefficients u

Combination of materials used
Frictional coefficient u
Material 1 Material 2
Steel Wood 0.2
Steel Resin 0.2

9.4.3.3 Factors to be Considered Regarding Very Fine Mesh Analysis
Consideration is to be given to the following (1) and (2) items when carrying out very fine mesh analysis.

(1) Reaction force distribution which may be generated on the contact surfaces between cargo tanks and their various
supports (See Fig. 9.4.3-1)

(2) Design friction force which may be generated on the contact surface between cargo tanks and their various
supports

9.4.3.4 Analysis Cases
For each selected support, analyses are to be carried out for Case A in accordance with Table 9.4.3-2.
Case A: Analysis to investigate responses against naturally occurring (for each particular load case applied)
friction/ direction and reaction force with uneven distribution over the contact surface. This is normally realised by
using internal models consisting of hull and cargo tank structures. (See Fig. 9.4.3-2)

Table 9.4.3-2 Analysis Cases to Consider when Assessing Supports

Design reaction

Types of supports Load scenario Analysis case force and friction
force
Vertical direction Seagoing conditions Case A Table 9.4.3-3
Transverse direction Seagoing conditions Case A Table 9.4.3-3
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Fig. 9.4.3-1

Example of Reaction Force Distribution for Contact Surface

on of Top Plate

Deformation of cargo
tank due to inertia force

']

L]

t iI  Before Deformation l

After Deformation |

Seat Top 1 L—l—
Plating of / r
Support l I
| 1
L) L}
7z Y
X l—> Y L>X

Fig. 9.4.3-2  Example of Analysis Model of Case A

Table 9.4.3-3 Design Reaction Forces and Design Friction Forces Considered in Case A

high

3010,] UOIIIBAY JO OPMIUTEIN

low

Designed reaction force Designed friction force
Magnitude
Support type Maximum Distributio | Directio
design gap  effect | pigyribution Magnitude
i Consideratio n n
reaction
n
forces
u-R
Vertical direction R, None Upper limit of the
. friction force obtained
Automaticall .
. by the above formula Automatically
y considered . . .
duri (friction force X considered during
urin . . .
g. design reaction force). | analysis
Transverse direction Ry None analysis Automatically
considered during
analysis.
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9.5 Boundary Conditions and Load Conditions
9.5.1 Boundary Conditions
9.5.1.1

In applying 9.4.4.1, Part 1, the boundary conditions are to be in accordance with 8.4.1, Part 2-8.

9.5.2 Load Conditions

9.5.2.1 Method of Applying Moments to the Structural Model

In applying 9.4.4.2, Part 1, the method of applying moments to the structural model is to be in accordance with
8.4.2.2, Part 2-8. However, the vertical bending moment and horizontal bending moment (kN-m) specified in Table
9.5.2-1 are to be used as My _;4rg; Mpy_tqrg instead of that specified in Table 8.4.2-1, Part 2-8.

Table 9.5.2-1 My_;4q and My_,g,

Cyclic load condition

Vertical bending moment My _;4.q My _ue

Horizontal bending moment My_;44

MH—HG

Notes:

My_pg, My_pg:  Vertical bending moment and horizontal bending moment (kN-m) under cyclic load
conditions, to be in accordance with 4.7.2.10, Part 1.

9.6 Fatigue Strength Assessment
9.6.1 General
9.6.1.1

1  Fatigue strength assessment is to be in accordance with 9.5, Part 1.

2 Notwithstanding the requirement in -1 above, the fatigue strength assessment criteria is to be in accordance with
the following formula:

n-Csr-D <10

n: Correction factor of fatigue damage based on fatigue load used in the assessment, as given in table 9.5.5-
1, Part 1.

Csr: Correction coefficient of fatigue damage, to be obtained from the followings according to the assessment
target.

For hull structure, cargo tank structure, supports in vertical direction and supports in transverse
direction (upper part of cargo tank): 1.0
For supports in transverse direction (lower part of cargo tank): 1.1
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Chapter 10ADDITIONAL STRUCTURAL REQUIREMENTS

10.1 Tank Structures for Sloshing

10.1.1 General

10.1.1.1  Application

1  For the members of cargo tank structures of independent prismatic tanks type A/B which satisfy the following (1)

to (3), the scantlings specified in this 10.1 are considered to be satisfied when obtained using the sloshing loads

specified in 4.8.2.4, Part 1.

(1) Independent prismatic tanks with volumes of not less than 100 m3

(2) Independent prismatic tanks designed for possible to loading at filling ratios of not less than 20 % and not more
than 90 %

(3) Where the period of longitudinal oscillation of independent prismatic tanks is within the range of +20 % of pitch
period and within 1.5 seconds from the same period, and where the period of transverse oscillation of independent
prismatic tanks is within the range of £20 % of roll period and within 1.5 seconds from the same period.

2 Inapplying -1(3) above, where only one of the conditions is applicable, only the sloshing load due to the relevant

ship motion need be considered.

3 In applying -1(3) above, tank natural periods are to be calculated for each 10 % of the filling ratio, and only the

sloshing load due to the filling ratio corresponding to the conditions of -1(3) above need be considered.

10.1.1.2 Scantling Approach
The required scantlings specified in this 10.1 are to be net scantlings. Corrosion additions for independent
prismatic tanks are to be in accordance with 3.3.4.3, Part 1.

10.1.2 Plates

10.1.2.1 Tank Type A
The thickness of plates on which sloshing loads act is to be not less than the value obtained from the following
formula.

. b | Py, x 1073
=7 |T15Cam ™

b: Length (mm) of the shorter side of the plate panel.

Py, : Equivalent pressure (kN/m?) for the plate panels, as specified in Table 10.1.2-1.
C,: Coefficient of axial force effect, to be taken as 1.0.

Operm: Permissible stress (N/mm?), as specified in Table 10.1.2-2.

Table 10.1.2-1 Equivalent Pressure for Plate Panels

Member to be assessed Poy

- Front and aft walls of tank p
slh—p

(4.8.2.4-4(1), Part 1)

- Transverse wash bulkheads
- Tank top plates near front and aft walls of tank»

- Tank side walls
- Centreline bulkheads

Py
- Longitudinal wash bulkheads sty

(4.8.2.4-4(2), Part 1)

Tank top plates near tank side walls®"
- Sloping plates above and below tank side walls®

Notes:
Numbers in parentheses indicate section number.

(1) Pgu—p applies to plate panels within the range 0f 0.3¢y;, from the front and aft walls of tanks, while Pg;,_, applies to plate

panels within the range of 0.3b,, from centreline bulkheads / tank side walls. Definitions of ., and b, are specified in
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Table 4.8.2-13, Part 1 and Table 4.8.2-14, Part 1.

(2)  Notwithstanding (1) above, where large sloping plates are arranged between tank top plates and tank side walls, tank top

plates may be excluded from the members to be assessed.

Table 10.1.2-2 Permissible Stress (Tank Type A)

Member Uperm
— Ferrite steels min (0.790y, 0.5303)
Notes:

oy :Specified minimum yield stress (N/mm?)
op :Specified minimum tensile stress at room temperature (N/mm?), to be taken as:
For K124, taken as 400
For KL27, taken as 420
For K133, taken as 440
For KL37, taken as 490

10.1.2.2 Tank Type B
The thickness of plates on which sloshing loads act is to be not less than the value obtained from the formula
specified in 10.1.2.1. However, permissible stress 0perm (N/mm?) is to be in accordance with Table 10.1.2-3.

Table 10.1.2-3 Permissible Stress (Tank Type B)

Member to be assessed Operm

- Nickel steels, carbon manganese steels min (0.83ay, 0.503)
- Austenitic steels and aluminum alloys min (0.83ay, 0.403)
Notes:

oy, 0g: As specified in Table 10.1.2-2

10.1.3 Stiffeners

10.1.3.1
The section modulus of stiffeners attached to plates on which sloshing loads act is to be not less than the value

obtained from the following formula.

7= Mo 103 (an)

so-perm

Mgy, : Equivalent bending moment (kN-m), as specified in Table 10.1.3-1.

C, : Coefficient of axial force effect, to be taken as 1.0.

Operm: Permissible stress (N/mm?), as specified in Table 10.1.2-2 or Table 10.1.2-3.

Table 10.1.3-1 Equivalent Bending Moment for Each Member to be Assessed

Member to be assessed Stiffened system Mg,
Longitudinal Mg, (4.8.2.4-5(1), Part 1)
ongitudina
- Stiffeners attached to tank top plates"® : Msn-r(4.8.2.4-52), Part 1)
Mg, (4.8.2.4-5(2), Part 1)
Transverse

M, (4.8.2.4-5(1), Part 1)

Stiffeners attached to front and aft walls of tank
Stiffeners attached to transverse wash bulkheads System A® Mg, _(4.8.2.4-5(1), Part 1)
Stiffeners attached to vertical girders which are attached to
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centreline bulkheads

- Stiffeners attached to vertical girders which are attached to
tank side walls

System B® Mgp_,(4.8.2.4-5(2), Part 1

- Stiffeners attached to horizontal girders which are attached ystem sin=p( @), )
to front and aft walls of tank

- Stiffeners attached to cross-tie of transverse direction

- Stiffeners attached to tank side walls

- Stiffeners attached to longitudinal wash bulkheads System A @ Mgy

- Stiffeners attached to sloping plates above and below tank (4.8.2.4-5(1), Part 1)
side walls

- Stiffeners attached to vertical girders which are attached to
front and aft walls of tank

- Stiffeners attached to horizontal girders which are attached System B®) Mgy
to tank side walls (4.8.2.4-5(2), Part 1)

- Stiffeners attached to horizontal girders which are attached
to centreline bulkheads

Notes:
Numbers in parentheses indicate section number.

(1) Mgp_p, applies to stiffeners attached to plate panels within the range of 0.3¢,; from the front and aft walls of tanks, while Mg;,_, applies to
stiffeners attached to plate panels within the range of 0.3b,, from centreline bulkheads / tank side walls. Definitions of £, and b, are
specified in Table 4.8.2-13 and Table 4.8.2-14, Part 1.

(2) Notwithstanding (1) above, where large sloping plates are arranged between tank top plates and tank side walls, stiffeners attached to the tank
top plates may be excluded from the members to be assessed.

(3) See Fig. 10.9.3-1, Part 1

(4) See Fig. 10.9.3-2, Part 1

10.1.4 Webs of Girders

10.1.4.1
The web thickness t,, for girders on which sloshing loads act is to be not less than the value obtained from the
following formula.

tw (mm)

T2 |115C,0p0rm

P, Equivalent pressure (kN/m?) for plate panels, as specified in Table 10.1.4-1
C,: Coefficient of axial force effect, to be taken as 1.0

b: Length (mm) of the shorter side of the plate panel

Operm: Permissible stress (N/mm?), as specified in Table 10.1.2-2 or Table 10.1.2-3

Table 10.1.4-1 Equivalent Pressure for Each Member to be Assessed

Member to be assessed Pop

- Horizontal girders attached to front and aft walls of tanks /

transverse wash bulkheads
P slh—p

- Vertical girders attached to tank side walls / centreline bulkheads / (4.8.2.4-4(1), Part 1)

longitudinal wash bulkheads
- Cross-ties in transverse direction

- Horizontal girders attached to tank side walls / centreline bulkheads

/ longitudinal wash bulkheads
P, sth-r

- Vertical girders attached to front and aft walls of tanks / transverse (4.8.2.4-4(2), Part 1)

wash bulkheads
- Cross-ties in longitudinal direction

— 380 —



2023 Rules for the Survey and Construction of Steel Ships (Part C Part2-9) ClassNK

Note:
Numbers in parentheses indicate section number.
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Part 2-10 SHIPS CARRYING LIQUEFIED GASES IN BULK
(INDEPENDENT TANKS OF TYPE C)

Chapter 1 GENERAL

1.1 General

1.11 Application

1.1.1.1 Application of this Part

1  The hull construction and equipment of ships intended to be registered as ships with independent tanks of type C
carrying liquefied gases in bulk, affixed with the notation “Independent Tanks of Type C” (abbreviated as IT Type C),
are to be in accordance with the requirements in Part 2-10 in addition to Part 1.

2 The requirements in Part 2-10 are generally for ships with independent tanks of type C carrying liquefied gases
in bulk, having double bottoms and a single deck in longitudinal framing systems.

3 Ships with independent tanks of type C carrying liquefied gases in bulk with a different construction from that
specified in -2 above, to which the requirements in this Part are considered to be not applicable, are to be at the

discretion of the Society.
1.2 Definitions

1.2.1 Terms

1.2.1.1 Definition of Terms
“Independent tank of type C” refers to a tank that complies with the requirements of 10.5, Part D.

1.2.2 Naming Convention

1.2.21 Structural Nomenclature
Fig. 1.2.1-1 show the common structural nomenclature used in Part 2-10.
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Fig. 1.2.1-1  Ships Carrying Liquefied Gases in Bulk (Independent Tanks of Type C)

Upper deck

Hatch coaming

Side shell

&7 - = T Deck longitudinal
A Transverse bulkhead P-4 AL, Y,
Side transverse . I I I | - Deck transverse
Bilge hopper top plating = ;';"'
&0 Bilge hopper plating @* ¥ j,Ta_r,'K’.SUpPP'tt d
Side longitudinal s LT A
Inner bottom plating Tl
77~ ‘ .. Inner bottom longitudinal
Bilge plating ] . = e S o

Bottom longitudinal ~ Side girder Centre girder

Floor Bottom shell
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Chapter 4 LOADS

4.1 General

4.1.1 Overview

4.1.1.1 Structure and Overview of this Chapter
Each section of this Chapter defines the additional requirements shown in Table 4.1.1-1 as the loads used for each
formula and each strength assessment to determine the scantlings specified in each Chapter of Part 2-10 and Part 1.

Table 4.1.1-1 Overview of Chapter 4

Section Title Overview

Requirements for the general principles of Chapter
4

4.1 General

Additional requirements for loads to be considered
4.2 | Loads to be Considered in Local Strength for the local strength requirements specified in
Chapter 6, Part 1.

Additional requirements for loads to be considered
Loads to be Considered in Strength of Primary | for the requirements of strength of primary

4.3 . . . .
Supporting Structures supporting structures specified in Chapter 7 and
Chapter 7, Part 1.
4.2 Loads to be Considered in Local Strength
4.2.1 General

4.2.1.1 General
1  The loads to be considered in the requirements of local strength specified in Chapter 6, Part 1 are also to be in
accordance with the requirements of 4.2.

2 Additional requirements for loads in the maximum load condition are to be in accordance with the requirments of
4.2.2.

4.2.2 Maximum Load Condition

4.2.2.1 Lateral Loads

In applying 4.4.2, Part 1, the parameters (GM, z; etc.) required to calculate the dynamic pressure due to ballast
water are to be the values in the ballast condition. The same parameters are to be applied where the dynamic pressure
due to liquid other than ballast water, such as the pressure due to fuel oil tank, is calculated.

4.3 Loads to be Considered in Strength of Primary Supporting Structures

4.3.1 General

4.3.1.1 General

1  The loads to be considered in the requirements of strength of the primary supporting structures specified in
Chapter 7 and Chapter 7, Part 1 are to be in accordance with the requirements of 4.3.

2 Additional requirements for loads in the maximum load condition are to be in accordance with the requirements
0f4.3.2.

3 The loads in the harbour condition may not be considered.
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4.3.2 Maximum Load Condition

43.2.1 General

1  The requirements for simple girders are also to be in accordance with the relevant requirements of 4.2.

2 For the requirements of double hull, the loads specified in Table 4.3.2-1 are to be considered. Where deemed
necessary by the Society, additional loading patterns which is taken into account the loading conditions described in

the loading manual may be required.

Table 4.3.2-1 Loads to be Considered in Maximum Load Condition

Loading pattern " Difference between
Structure to Vertical still water Equivalent external and internal
be assessed Draught(m) bending Loade.d tobe | design wave pressure to be
moment(kN-m) considered considered(kN/m?)
Double Sl Tsc Msv max None HM-2 Double bottom : Ppg
bottom 2 Toc My min None HM-1 Double side : Ppg
4.3.2.2 External Pressure

For the requirements of double hull, the hydrostatic pressure and the hydrodynamic pressure at the equivalent
design wave specified in Table 4.3.2-2. are to be considered.

Table 4.3.2-2 External and Internal Pressure to Be Considered

Pp g (kN/m?)(V2) Ppg(kN/m*)(V@)
Sl Pexs + PBXW Pexs + Pexw
Double bottom
S2 Pexs +P€JCW Pexs +P€XW
Notes:

Hydrostatic and Hydrodynamic pressure (kN/m?) act on bottom shell in case of Ppg. Those values act
on side shell in case of Pps. Each value is calculated in accordance with 4.6.2.4, Part 1.

PeXS’ PEXW:

(1) Load calculation points for calculating each component of loads such as P, are to be in accordance with 7.3.1.5, Part 1 for all loading

conditions.

(2) When calculating loads, T;c = Ts.

4.3.2.3 Vertical Bending Moment

1  For the requirements of double hull, the vertical still water bending moment and the vertical wave bending moment
in the equivalent design wave specified in 4.3.2.1-2 are to be considered.

2 The vertical wave bending moment under consideration for each equivalent design wave is to be in accordance
with 4.6.2.10, Part 1.
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Chapter 5 LONGITUDINAL STRENGTH

5.1 Hull Girder Ultimate Strength

5.1.1 Strength Criteria

5.1.1.41 Effect of Double Bottom Bending
In the assessment decision specified in 5.4.2.3 in Part 1, the coefficient y,p that takes into account the effect of
double bottom bending is as follows.
vYpg = 1.15
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Chapter 7 STRENGH OF PRIMARY SUPPORTING STRUCTURES

7.1 General
7.1.1 Application
7.1.1.1

For the double bottom and double-side skin structure, the requirements of the double hull structure specified in
7.3, Part 1 are to be applied. For other girder members that can be regarded as simple girders, the requirement of the
simple girder specified in 7.2, Part 1 are to be applied.

7.1.1.2 Application Example of Assessment Model for Liquified Gas Bulk Carriers with Independent Tanks
Type C

1  An application example of assessment model applying 7.2 and 7.3, Part 1 is shown in Fig. 7.1.1-1.

2 For girder members deemed to be simple girders with structures different from that shown in Fig. 7.1.1-1, the

boundary conditions and acting loads are to be considered, and the assessment model from Table 7.2.1-1, Part 1 is to

be appropriately selected.

Fig. 7.1.1-1  Application Example of Liquified Gas Bulk Carriers with Independent Tanks Type C

Hatch side girder X -

(Assessment models 1 to 5
specified in 7.2, Part 1)

I Deck transverse

(Assessment models 1 to 5

Web frame
specified in 7.2, Part 1)

(Assessment models 1 to 5

specified in 7.2, Part 1)

Side transverse

I Yd&

(Assessment models 1 to 5

specified in 7.2, Part 1)

T

Double bottom
(Type S2 specified in 7.2, Part 1)

Note:
Where bottom structure is single bottom, 7.2 is to be applied.
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7.2 General
7.2.1 Application
7.2.1.1

Where the ship is single bottom and the aspect ratio € /By is 2.0 or more, to be in accordance with 7.2.2. £y
and By are defined in Fig. 7.2.1-1. Where the aspect ratio is small, it is to be as deemed appropriate by the Society.

Fig. 7.2.1-1 Breadth By and Length £, of Single Bottom

78HD/  Saddle Saddle  \T.BHD
z : :
- T /J L
«—»

X
By Y

A
v

7.2.2 Evaluation Members to be Assessed

7.2.21 Floors
Strength assessments are to be carried out in accordance with the requirements for simple girders specified in 7.2
of Part 1. The full length ¢ of the floor is to be By shown in Fig. 7.2.1-1.

7.2.2.2 Girders
Girder scantlings are to be of the same degree as floor scantlings.
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Chapter 8 STRENGTH ASSESSMENT BY CARGO HOLD ANALYSIS

8.1 General
8.1.1 Application
8.1.1.1

Ships corresponding to 8.1.2.1-1(2), Part 1 are to be ships having a cargo hold with a length of 30 m or more.
8.1.2 Members to be Assessed

8.1.2.1
In applying 8.2.2, Part 1, the members forming the cargo tank structures may not be assessed.

8.1.3 Structural Models

8.1.3.1 Members to be Modelled
In applying 8.3.1.2, Part 1, the cargo tank structures and the cargo tank supporting structures are to be modelled
appropriately.

8.1.3.2 Properties of Elements

In applying 8.3.2.2, Part 1, where the equipment such as cargo pumps or pipes and insulation are not modelled,
the density of material at locations where the cargo tank structures are modelled is to be adjusted in consideration of
their weight.
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Part 2-11 SHIPS CARRYING LIQUEFIED GASES IN BULK
(MEMBRANE TANKS)

Chapter 1 GENERAL

1.1 General

1.11 Application

1.1.1.1 Application of this Part

1  The hull construction and equipment of ships intended to be registered as ships with membrane tanks carrying
liquefied gases in bulk, affixed with the notation “Membrane Tanks” (abbreviated as MT), are to be in accordance with
the requirements in Part 2-11 in addition to Part 1.

2 The requirements in Part 2-11 are generally for ships with membrane tanks carrying liquefied gases in bulk,
having double bottom structure, bilge hopper tanks, double side structure, and double deck structure in longitudinal
framing systems.

3 Ships with membrane tanks carrying liquefied gases in bulk with a different construction from that specified in -
2 above, to which the requirements in this Part are considered to be not applicable, are to be at the discretion of the

Society.

1.1.1.2 Relationship with Other Rules of the Society*
In applying 1.2.2.5, Part 1, the relevant requirements specified in Part N are shown for the reference.

Table 1.1.1-1 Relationship with the Other Rules

Structures Items Relevant rules, etc. other than Part C

Hull structures Applications of steels 4.19.1, Part N and Chapter 6, Part N

Membrane containment system assessments | Requirements of system designers

Fatigue strength assessments 4.24.6, Part N

Crack propagation evaluations 4.24.6, Part N

Membrane tanks | Sloshing evaluation (within allowable
. 4.14.3, Part N
filling levels)

Thermal stress analysis (considering
transient condition for cargo temperature | 4.13.4, Part N
below -55°C)

1.2 Definitions

1.2.1 Terms

1.2.1.1 Definition of Terms

1  “Membrane tanks” are non-self-supporting tanks that consist of a thin liquid and gastight layer (membrane)
supported through insulation by the adjacent hull structure.

2 “System designers” means the designers of membrane cargo containment systems.
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1.2.2 Naming Convention

1.2.21 Structural Nomenclature
Fig. 1.2.2-1 show the common structural nomenclature used in Part 2-11.

Fig. 1.2.2-1  Ships Carrying Liquefied Gases in Bulk (Membrane Tanks)

Trunk deck sloping plate Trun\i< deck Deck girder

| | | ¥ I

Upper deck
Inner deck /
Inner deck sloping plate
i ) Longitudinal
Side stringer bulkhead
\\
Side shell
e
Bilge hopper plating
Inner bottom plating

N y ’ Y,
\

Side girder Bottom shell
1.3 Plans and Documents To Be Submitted
1.3.1 General
1.3.1.1

In the application of Chapter 8 and Chapter 9 in this Part, the following documents are to be submitted to the
Society:
(1) Trim, longitudinal strength and stability calculation sheets listing the operational loading conditions (including
any limitations related to such loading conditions)
(2) Documents containing the following information in the application of Chapter 8
(a) Software used for direct load analysis if applicable
(b) Calculation condition and results for direct load analysis if applicable
(c) Analytical loading conditions (including parameters such as draught, still water vertical bending moment,
etc.)
(d) Location of the centre of gravity of each tank
(3) Documents containing the following information in the application of Chapter 9
(a) Documentation containing information as specified in (2)(a) to (d) above
(b) Procedures for selection of locations for fatigue strength assessment

—391 —



CIaSSNI( 2023 Rules for the Survey and Construction of Steel Ships (Part C Part2-11)

31

3.1.1

311

)

2

3

Chapter 3 STRUCTURAL DESIGN PRINCIPLES

Loading Manual and Loading Instruments

Loading Manual

Nl Additional Requirements for the Loading Manual

In applying 3.8.2.1-3, Part 1, the loading manual is to include the following items as operational limitations.
Where, of the loading conditions considered in strength assessment by the cargo hold analysis specified in
Chapter 8, one cargo tank is empty (one-tank-empty condition) and strength assessment is performed with ballast
tanks adjacent to the empty cargo tank as fully loaded, the said ballast tanks are to be fully loaded under the loading
conditions in the loading manual that corresponds to the one-tank-empty condition.

Of the loading conditions corresponding to the one-tank-empty conditions considered in strength assessment by
the cargo hold analysis specified in Chapter 8, the designed maximum and minimum draught values specified by
the designer

When designing assuming one and/or a few cargo tanks be empty, the designed position of the empty cargo tanks
and its combinations, etc.
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Chapter 4 LOADS

4.1 General

4.1.1 Overview

4.1.1.1 Structure and Overview of this Chapter

Each section of this Chapter specifies the additional requirements shown in Table 4.1.1-1 as the loads used for
each formula and each strength assessment to determine the scantlings specified in each Chapter of Part 2-11 and Part
1.

Table 4.1.1-1 Overview of Chapter 4

Section Title Overview

Requirements for the general principles of Chapter
4

4.1 General

Additional requirements for loads to be considered
4.2 | Loads to be Considered in Local Strength in the local strength requirements specified in
Chapter 6 and Chapter 6, Part 1.

Additional requirements for loads to be considered
Loads to be Considered in Strength Assessment by | in the requirements for strength assessment by cargo

4.3
Cargo Hold Analysis hold analysis specified in Chapter 8 and Chapter 8,
Part 1.
Additional requirements for loads to be considered
4.4 | Loads to be Considered in Fatigue in the fatigue strength assessment requirements
specified in Chapter 9 and Chapter 9, Part 1.
Requi ts for loads to b idered in th
Loads to be Considered in Additional Structural equ}remen > or foads 0_ © comst ere' n ,e
4.5 . additional structural requirements specified in
Requirements
Chapter 10.
4.1.2 Design Load Scenarios and Loads to be Considered
4.1.2.1

In addition to the requirements of 4.1.2.1, Part 1, the design load scenarios and loads in the following (1) and (2)

are to be considered in accordance with the requirements of this Chapter.

(1) 30-degree static heel condition: Lateral loads due to seawater and cargo where the ship is heeled at 30 degrees
(Relevant requirements: 4.13.9, Part N)

(2) Collision condition: Lateral loads may be due to seawater and cargo in the condition where the ship collides
(Relevant requirements: 4.15.1, Part N)

4.2 Loads to be Considered in Local Strength

4.2.1 General

4.2.1.1 General

1  The loads to be considered in the requirements of local strength specified in Chapter 6 and Chapter 6, Part 1 are
also to be in accordance with the requirements of 4.2.

2 Additional requirements for loads in the maximum load condition are to be in accordance with the requirements

—393 —



CIaSSNI( 2023 Rules for the Survey and Construction of Steel Ships (Part C Part2-11)

of 4.2.2.
4.2.2 Maximum Load Condition

4.2.2.1 Lateral Loads

1 Inapplying 4.4.2.4, Part 1, the parameters (GM, z;, etc.) required to calculate the dynamic pressure due to cargo
are to be the values in the loading condition that cargo is loaded only in the cargo hold to be considered and the draught
is at a minimum (e.g. one-tank-loaded condition). The radius of gyration (m) around x-axis is to be taken as 0.38B, but
a value calculated based upon the weight distribution according to the loading condition to be considered may be used.
2 Inapplying 4.4.2.4, Part 1, the parameters (GM, z;, etc.) required to calculate the dynamic pressure due to ballast
water are to be the values in the ballast condition. The same parameters are to be applied where the dynamic pressure
due to liquid other than ballast water, such as the pressure due to a fuel oil tank, is calculated.

4.3 Loads to be Considered in Strength Assessment by Cargo Hold Analysis

4.3.1 General

43.1.1 General

1  The loads to be considered in strength assessment by cargo hold analysis specified in Chapter 8 and Chapter 8,
Part 1 are also to be in accordance with the requirements of 4.3.

2 Additional requirements for loads in the maximum load condition are to be in accordance with the requirements
0f4.3.2.

3 Additional requirements for loads in the harbour condition are to be in accordance with the requirements of 4.3.3.
4  The loads in the 30-degree static heel condition are to be in accordance with the requirements of 4.3.4.

5 The loads in the collision condition are to be in accordance with the requirements of 4.3.5.

4.3.2 Maximum Load Condition

4.3.2.1 Loading Conditions

1 Loading conditions which affect structural response of each structures to be assessed significantly are to be

considered appropriately from all possible loading conditions except those restricted by the loading manual.

2 The loading conditions to be considered are to be in accordance with the following (1) to (3). However, where

restricting the loading conditions on sea-going in the loading manual, the corresponding loading conditions may not be

considered.

(1) For cargo hold analysis in the midship part, the loading conditions are to be in accordance with Table 4.3.2-1.

(2) For cargo hold analysis of the aftmost cargo hold, the loading conditions are to be in accordance with Table
4.3.2-2.

(3) For cargo hold analysis of the foremost cargo hold, the loading conditions are to be in accordance with Table
4.3.2-3.

3 The ballast tanks adjacent to the empty cargo hold in the one-tank-empty condition (See S2 in Table 4.3.2-1, Table

4.3.2-2 and Table 4.3.2-3) are to be taken as being empty where the ballast tanks are designed as being partially loaded

or empty, and are to be taken as being fully loaded where the ballast tanks are designed as being fully loaded. Where

the ballast tanks are taken as being fully loaded, it is to be stated in the loading manual that the ballast tanks are to be

fully loaded in loading conditions where one cargo tank is in the one-tank-empty condition.
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Table 4.3.2-1 Loading Conditions in Maximum Load Condition (Cargo Hold in the Midship Part)

Loading
condition

Loading pattern

Draught

Vertical still
water
bending
moment?)

Equivalent
design wave

Full load
condition

S1

M SV_max

HM-2/FM-2
PCL-2

M SV_min

HM-1/FM-1
BR-1P/-18
BP-1P/-18
AV-1P /-18

PCL -1

Condition

loaded/unloaded

in multiple
ports(

S2

NNNNNNNNNN

Tl e_max

M SV_max

HM-2/FM-2
PCL -2

M SV_min

HM-1/FM-1
BR-1P/-18
BP-1P/-18

PCL -1

S3

NANNNNNNN

\N

TZ e_max

M SV_max

HM-2/FM-2
PCL -2

MSV_min

HM-1/FM-1
BR-1P/-18
BP-1P/-18
AV-1P /-18

PCL -1

5S4

NNNNNNNNNN

e

TZe_min

MSV_max

HM-2/FM-2
PCL -2

MSV_min

HM-1/FM-1
BR-1P/-18
BP-1P/-18
AV-1P /-18

PCL -1

S5

NNNNNNNNNNN

ANNNNNNNNNN

Tl e_max

MSV_max

HM-2/FM-2
PCL -2

MSV_mL'n

HM-1/FM-1
BR-1P/-1S
BP-1P/-1S
AV-1P /-18

PCL -1

S6

NNNNNNNNNNN

ANNNNNNNNNN

Tl e_min

MSV_max

HM-2/FM-2
PCL -2

M SV_min

HM-1/FM-1
BR-1P/-1S
BP-1P/-1S
AV-1P /-18

PCL -1

S7

NN

ONNNNNNNNNN

Tl e_max

M SV_max

HM-2/FM-2
PCL -2

MSV_mL'n

HM-1/FM-1
BR-1P/-1S8
BP-1P/-18
AV-1P /-18

PCL -1

S8

NANNNNNNNNY

ONNNNNNNNNN

Tl e_min

MSV_max

HM-2/FM-2
PCL -2

MSV_min

HM-1/FM-1
BR-1P/-18
BP-1P/-18
AV-1P /-18
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Vertical still

Loading ) water Equivalent
.. Loading pattern Draught . .
condition bending design wave
moment®
PCL -1
HM-2/FM-2
NANNNNNNNN (NAANNANNNN Mgy max PCL -2
Ballast [N [ | S| E— | T HM-1/FM-1
condition BaLz Mo BR-1P/-18
ADUANANANAN KRURNURRARN ARNNANNNRNAN Sv_min BP-1P/-18
PCL-1

[ Liquid cargo
EXSN: Ballast water
E=SN: Ballast water (See 4.3.2.1-3)

Notes:

Tpara:

Tle_max :

Tle_min:

TZe_max:

TZe_min:

Maximum draught designed for loaded/unloaded conditions in multiple ports which is the basis of the one-
tank-empty condition (m), and the value are specified by the designer. The value is to be described in the
loading manual as an operational restriction.

Minimum draught designed for loaded/unloaded conditions in multiple ports which is the basis of the one-
tank-empty condition (), and the value are specified by the designer. The value is to be described in the
loading manual as an operational restriction.

Maximum draught designed for loaded/unloaded conditions in multiple ports which is the basis of the two-
tank-empty condition (m), and the value are specified by the designer.

Minimum draught designed for loaded/unloaded conditions in multiple ports which is the basis of the two-
tank-empty condition (m), and the value are specified by the designer.

Maximum draught in the ballast condition (m)

(1)  The radius of gyration (m) around the X-axis is taken as 0.38B. However, the value calculated based on the weight distribution according to
the loading condition to be considered may be used.

(2) In the loading condition to be considered, instead of the vertical still water bending moment specified in the table, the maximum or maximum
vertical still water bending moment that occurs after considering all possible physical combinations such as fully filled or empty consumable

tank may be used.
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Table 4.3.2-2 Loading Conditions in Maximum Load Condition (Aftmost Cargo Hold)

. Vertical still .
Loading . . Equivalent
. Loading pattern Draught | water bending )
condition 5 design wave
moment®
HM-2/FM-2
M. SV_max PCL-2
Full load TR [ S T HM-1/FM-1
condition s¢ Mo . BR-1P/-18
SV-min BP-1P/-1S
PCL-1
HM-2/FM-2
M. SV_max PCL-2
77777777777777777777777777777777777777777 HM-1/FM-1
52 Tie max BR-1P/-1§
Condition Msy_min BP-1P/-1S
loaded/unloaded PCL-1
in multiple M HM-2/FM-2
pOI’tS(l) NN SV_max PCL-2
PR [ P S | _ HM-1/FM-1
Le_min M BR-1P/-1S
NANANANNNN SV_min BP-1P/-18
PCL-1
M HM-2/FM-2
SV_max PCL-2
Ballast 59 ‘ 7 HM-1/FM-1
condition | a2 | BR-1P/-1S
Sv_min BP-1P/-1S
PCL-1
[, SSS, BSS8: As specified in Table 4.3.2-1.
Notes:
Tie max> Tie min> Igar2: As specified in Table 4.3.2-1.
(1)  The radius of gyration (m) around the X-axis is taken as 0.38B. However, the value calculated based on the weight distribution according to
the loading condition to be considered may be used.
(2) In the loading condition to be considered, instead of the vertical still water bending moment specified in the table, the maximum or maximum
vertical still water bending moment that occurs after considering all possible physical combinations such as fully filled or empty consumable
tank may be used.
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Table 4.3.2-3 Loading Conditions in Maximum Load Condition (Foremost Cargo Hold)

. Vertical still .
Loading ) : Equivalent
. Loading pattern Draught | water bending .
condition ) design wave
moment?®
HM-2/FM-2
MSV_max PCL-2
HM-1/FM-1
Full 1
u 'olad s1 Tec BR-1P/-18
condition Mgy min BP-1P/-1S
AV-1P /-18
PCL-1
HM-2/FM-2
MSV_max PCL-2
HM-1/FM-1
2 Tie max y BR-1P/-18
SV_min _ a
Condition B }; (ljf /IIS
loaded/unloaded -
oa‘ € unooa € HM-2/FM-2
in multiple Msy max PCL-2
po () NNNNANNNNN L FM
S4 | ([t Tye min BR-1P/-1S
- Msy min BP-1P/-18
AV-1P /-18
PCL-1
HM-2/FM-2
RESERIIIRIEOORRY Msv max PCL-2
Ballast NN | | E— T HM-1/FM-1
condition ) BALz Moo . BR-1P/-18
SNAANANANARNNNN Sv.min BP-1P/-18
PCL-1
[, BSSS, BSS8: As specified in Table 4.3.2-1.
Notes:
Tie max> Tie min> Tsarz: As specified in Table 4.3.2-1.
(1)  The radius of gyration (m) around the X-axis is taken as 0.38B. However, the value calculated based on the weight distribution according to
the loading condition to be considered may be used.
(2) Inthe loading condition to be considered, instead of the vertical still water bending moment specified in the table, the maximum or maximum
vertical still water bending moment that occurs after considering all possible physical combinations such as fully filled or empty consumable
tank may be used.

4.3.2.2 Wave Conditions
Loads based on the equivalent design waves specified in Tables 4.3.2-4 are to be additionally considered.
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Table 4.3.2-4 Concept of Equivalent Design Wave

Equivalent design . .
Heading Typical Features
wave

) Port side: weather | Vertical acceleration at the centre of gravity of the cargo
AV-1P Oblique sea . . .
side up hold is maximum

) Port side: weather | Vertical acceleration at the centre of gravity of the cargo
AV-2P Oblique sea

AP0 side down hold is minimum
AV-1S Oblique sea Starboarq side: Vertical acceleration at tl.le cent.re of gravity of the cargo
weather side up hold is maximum
AV2S Oblique sea Starboa?d side: Vertical acceleration at tl?e ce.nt.re of gravity of the cargo
weather side down hold is minimum
Hydrodynamic pressure at the centre line of the bottom is
PCL-1 Head sea Sagging condition Y Y P ..
PCL minimum

. .. Hydrodynamic pressure at the centre line of the bottom is
PCL-2 Head sea Hogging condition )
maximum

(1) The wave AV is applied where the position of the centre of gravity of cargo hold to be assessed is x/L->0.6.

4.3.2.3 External Pressure due to Seawater
In applying 4.6.2.4, Part 1, hydrodynamic pressure P,,,, for the equivalent design wave AV and PCL specified
in 4.3.2.4, Part 2-9 is to be additionally considered.

4.3.2.4 Internal Pressure due to Loaded Liquid
In applying 4.6.2.5, Part 1, the acceleration at any position with respect to the equivalent design wave 4V and
PCL is to be considered. The acceleration is to be in accordance with 4.3.2.5, Part 2-9.

4.3.2.5 Hull Girder Loads

1 Inapplying 4.6.2.10, Part 1, the vertical still water bending moment for the loading condition to be considered is
to be in accordance with the requirements of 4.3.2.1.

2 Inapplying 4.6.2.10, Part 1, the coefficients C,, and C,, for equivalent design waves 4V and PCL are to be in
accordance with 4.3.2.6, Part 2-9.

4.3.3 Harbour Condition

4.3.3.1 Loading Conditions
In applying 4.6.3.1, Part 1, the loading conditions specified in the following (1) to (3) are to be considered.
However, when restricting loading conditions in the harbour in the loading manual, the corresponding loading
conditions may not be considered.
(1) For cargo hold analysis in the midship part, the loading conditions are to be in accordance with Table 4.3.3-1.
(2) For cargo hold analysis of the aft most cargo hold, the loading conditions are to be in accordance with Table 4.3.3-
2.
(3) For cargo hold analysis of the foremost cargo hold, the loading conditions are to be in accordance with Table
4.3.3-3.
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Table 4.3.3-1 Loading Conditions in Harbour Condition (Cargo Hold in the Midship Part)

Loading Loadi t Draucht Vertical bending moment in
. oading pattern rau
condition Ep £ the harbour
MPT_max
P1 Tse
MPT_min
Harbour Mpr_max
.. P 2 1 | TP_max
conditions M )
A ANANNNNNNN PT_min
ANNNNNANNAN NNNANNNNNN
MPT_max
P3| T min
AN WOV I I TT1T T 1 MPT—an
0, SN, BS: As specified in Table 4.3.2-1.
Notes:

Tp max: Maximum draught (m) in the conditions where cargo tank is empty in the harbour; the value determined by
the designer.

Tp min:  Minimum draught (m) in the conditions where cargo tank is loaded in the harbour; the value determined by
the designer.

Table 4.3.3-2 Loading Conditions in Harbour Condition (Aftmost Cargo Hold)

Loading ) Vertical bending moment in
. Loading pattern Draught
condition the harbour
M PT_max
P 1 777777777777 "' TSC
1 1 L1 1 1 MPT—min
Harbour N N Mpr_max
‘e P2 : TP_max
condition X M
&\\\‘ ] n\\\\\\ PT_min
MPT_max
o T e e | R TP_min
NNNNNNNNN ) I I - — MP T_min

0, SN, BS8: As specified in Table 4.3.2-1.

Notes:
Tp max> Ip min :  As specified in Table 4.3.3-1.
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Table 4.3.3-3 Loading Conditions in Harbour Condition (Foremost Cargo Hold)

Loading ) Vertical bending moment in
.. Loading pattern Draught
condition the harbour
I\ MPT_max
Pl | | I/ Tsc
‘ MPT_min
NNNRE
Harbour | | |l \ f X Mpr max
.. P 2 : = TP_max
conditions S M
AANNN NN mva Y, PT_min
MPT_max
P3|, TP_min
B MPT_min

0, SN, BS: As specified in Table 4.3.2-1.

Notes:
Tp max> TP min- As specified in Table 4.3.3-1.

4.3.3.2 Internal Pressure due to Loaded Liquid

In applying 4.6.3.3, Part 1, where a design vapour pressure Pj that exceeds the design vapour pressure P, is
given in accordance with the requirements of 4.13.2-3, Part N, the vapour pressure is to be considered. P;, is to be
less than 70 kN/m?>.

4.3.3.3 Hull Girder Loads

In applying 4.6.3.5, Part 1, the vertical bending moment in harbour for the loading condition to be considered is
to be accordance with the requirements of 4.3.3.1.

4.3.4 30-Degree Static Heel Condition
4.3.4.1 Loading Conditions

The standard loading condition is to be in accordance with Table 4.3.4-1.

Table 4.3.4-1 Loading Conditions in 30-Degree Static Heel Condition

Loading

. Loading pattern Draught Vertical bending moment
condition

In case of cargo hold in the midship part;

\‘J\n\ 30 deg
- H1 Tec 0

In cases of the aftmost and foremost cargo

holds are to be the same as above.

[ As specified in Table 4.3.2-1.

Notes :

As for ships whose hull structure and cargo tank structure are asymmetrical, both the port down heel condition
and the starboard down heel condition are to be considered.

4.3.4.2 Others

Requirements other than the loading condition (wave conditions, external pressure, internal pressure and hull
girder loads) are to be in accordance with the requirements of 4.3.4, Part 2-9.
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4.3.5 Collision Condition

4.3.5.1 Loading Conditions
The standard loading condition is to be in accordance with Table 4.3.5-1.

Table 4.3.5-1 Loading Conditions in Collision Condition

Loadin,
.1, 8 Loading pattern Draught Vertical bending moment
condition

[: See Table 4.3.2-1.

4.3.5.2 Other
Requirements other than the loading condition (wave conditions, external pressure, internal pressure and hull
girder loads) are to be in accordance with the requirements of 4.3.5, Part 2-9.

4.4 Loads to be Considered in Fatigue

4.4.1 General

4.4.1.1 General
1  The loads to be considered for fatigue strength assessment specified in Chapter 9 and Chapter 9, Part 1 are also
to be in accordance with the requirements of 4.4.

2 Additional requirements for loads in the cyclic load condition are to be in accordance with the requirements of
44.2.

4.4.2 Cyclic Load Condition

4.4.2.1 Loading Conditions

In applying 4.7.2.1, Part 1, the loading conditions specified in Table 4.4.2-1 are to be considered. Where the
difficulty occurs in matching the loading pattern with those specified in Table 4.4.2-1 because of the arrangements of
tanks, etc., the pattern based upon the loading condition described in loading manual may be considered.
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Table 4.4.2-1 Loading Conditions in Cyclic Load Condition

. . . Equivalent
Loading . Vertical still water .
. Loading pattern Draught : design
condition bending moment
wave
In case of cargo hold in the midship part
In case of the aftmost cargo hold
. HM | FM
Values at the time of
Full load . . BR/ BP
. FAl | [ departure described in the
condition ) AV | PCL
loading manual
In case of the foremost cargo hold
In case of cargo hold in the midship part
In case of the aftmost cargo hold
. HM /| FM
Values at the time of
Ballast ) ) BR/ BP
. FA2 departure described in the
condition | [ [ ) AV /| PCL
loading manual
In case of the foremost cargo hold
[, E89: As specified in Table 4.3.2-1.

4.4.2.2 Wave Conditions
Loads based upon the equivalent design waves specified in Table 4.4.2-2 is to be additionally considered.
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Table 4.4.2-2 Concept of Equivalent Design Wave

Equivalent design . .
Heading Typical Features
wave

) Port side: weather | Vertical acceleration at the centre of gravity of the cargo
AV-1P Oblique sea . . .
side up hold is maximum

) Port side: weather | Vertical acceleration at the centre of gravity of the cargo
AV-2P Oblique sea

AP0 side down hold is minimum
AV-1S Oblique sea Starboarq side: Vertical acceleration at tl.le cent.re of gravity of the cargo
weather side up hold is maximum
AV2S Oblique sea Starboa?d side: Vertical acceleration at tl?e ce.nt.re of gravity of the cargo
weather side down hold is minimum
Hydrodynamic pressure at the centre line of the bottom is
PCL-1 Head sea Sagging condition Y Y P ..
PCL minimum

Hydrodynamic pressure at the centre line of the bottom is
PCL-2 Head sea Hogging condition y Y P

maximum

(1) The wave AV is applied where the position of the centre of gravity of cargo hold to be assessed is x/L->0.6.

4.4.2.3 External Pressure due to Seawater
In applying 4.7.2.4, Part 1, hydrodynamic pressure P,,,, for the equivalent design wave AV and PCL specified
in 4.4.2.4, Part 2-9 is to be additionally considered.

4.4.2.4 Internal Pressure due to Loaded Liquid
In applying 4.7.2.5, Part 1, the acceleration at any position with respect to the equivalent design wave 4V and
PCL is to be considered. The acceleration is to be in accordance with 4.4.2.5, Part 2-9.

4.4.2.5 Hull Girder Loads

1 Inapplying 4.7.2.10, Part 1, the vertical still water bending moment for the loading condition to be considered is
to be accordance with the requirements of 4.4.2.1.

2 Inapplying 4.7.2.10, Part 1, the coefficients C,, and C,, for equivalent design waves 4V and PCL are to be in
accordance with 4.4.2.6, Part 2-9.

4.5 Loads to be Considered in Additional Structural Requirements

4.5.1 General

4.5.1.1 General

1  The loads to be considered for the additional structural requirements specified in Chapter 10 are also to be in
accordance with the requirements of 4.5.

2 The loads to be considered for the strain control of the inner hull structural members required by the system
designer are to be in accordance with the requirements of 4.5.2.

4.5.2 Loads to be Considered in Strain Control of Inner Hull Structural Members

4.5.2.1 Loading Conditions
The loading conditions to be considered are to be in accordance with the requirements of 4.3.2.

4.5.2.2 Wave Conditions
The loads based upon the equivalent design waves specified in Table 4.5.2-1 are to be considered.
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Table 4.5.2-1 Concept of Equivalent Design Wave

Equivalent design

Heading Typical Features
wave

. . . Wave conditions that maximise the strain of the
FMT-1 | Head/following sea | Sagging condition

inner bottom
FMT

. ) .. Wave conditions that maximise the strain of the
FMT-2 | Head/following sea | Hogging condition

inner bottom

4.5.2.3 External Pressure due to Seawater

Hydrostatic pressure P, is to be in accordance with the requirements of 4.6.2.4, Part 1. Hydrodynamic pressure
P, in the equivalent design wave FMT is specified in Table 4.5.2-2 and Fig. 4.5.2-1.

Table 4.5.2-2 Hydrodynamic Pressure P, in Equivalent Design Wave FMT

Hydrodynamic pressure P,,., (kN/m?)

FMT-1 P,w = max (_PFMT' pg(z — TLC))
Py, —pg(z —Tyc) 0
FMT-2 Poxw = max (PFMT:PQ(Z - TLC))

Notes:

Peyr: As given by the following formula:

Peyr = 0.5Ck pmrCyi_rur CuCrmr1Hs_pyr (Pemr1 + Pemrz + Pemrs)

Cr rur: Coefficient, to be taken as 0.85.

Cny pur: Coefficient considering nonlinear effects, to be taken as 0.9.

Cy: Coefficient for maximum wave height, to be taken as 1.9.

Crury: Correction coefficient for regular wave height, as given by the following formula:
Cepyry = 0.22L.°%2

Hg ppr: Significant wave height (m), as given by the following formula but not to be less than 2.0.
Hs pyr = —0.21Ty pyr? + 5.07Ty pyr — 15.7

T; pur: Average zero up-crossing wave period (s), as given by the following formula:
2mA
Ty pur = 0.71 f gFMT +25
Aryr: Wavelength (m) in the equivalent design wave under consideration, as given by the

following formula:
Aemr = (113 + 0.12f7)LcCyy 1c
Pryr1: As given by the following formula:
2
Arar (z— TLC))
Pryro: As given by the following formula:
Peyrz = pg|R3_FMT| (1.0
R3 pyr: As given by the following formula:
R3 pyr = 0.18
Pryr3: As given by the following formula:

C

Cyg: The ratio of the ¥ coordinate at the point where the load acts or where calculating the acceleration
to By, to be taken as the following formula. However, the value is not to exceed 1.0, and C,5 =
0 in the case of By; = 0.
_ 12yl
B Bxl

Pryr1 = pg - exp(

—405—



CIaSSNI( 2023 Rules for the Survey and Construction of Steel Ships (Part C Part2-11)

B,,: Moulded breadth () at the waterline of the draught at the cross section under consideration.

B,; = 0 in case where cross section is located above the waterline.

Pyt Hydrodynamic pressure (kN/m?) at the waterline in the equivalent design wave to be considered, 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) which is equivalent to the pressure at the waterline, to be taken as the following formula:
_ Py
hW -
Py
Table 4.5.2-1 Hydrodynamic Pressure in Equivalent Design Wave FMT
| |
i pglz-T.) |
—— \ y Pt \ ey
= ! Y ! =
| |
H » H Tic
! !
Vs
LVLRLLTDELLTTELY LTI eeeeeeees™yy
FMT-1 FMT-2
4.5.2.4 Internal Pressure due to Loaded Liquid
As for the internal pressure in the equivalent design wave FMT, P, specified in 4.6.2.5, Part 1 is to be considered.
4.5.2.5 Weight of the Hull Structure, etc.
The effect of the weight of the hull structure, etc. is to be considered.
4.5.2.6 Hull Girder Loads

The vertical bending moment My _; (kN-m) and horizontal bending moment My _py; (kN-m) acting on the hull

are to be in accordance with the following formulae:
My_p¢ = Mgy + CopMyy
My—ne = CanMwn

Mgy, :As specified in the requirements of 4.3.2.

Table 4.5.2-3 Coefficients C,,, and Cyy

Equivalent u Myy_p_or Myy_g My y
design wave v Cyy Condition Cun Condition
FMT-1 Values for the loading 1.0 Sagging —
conditions under
FMT . . . 0.0
FMT-> | consideration, as specified in 1.0 Hogging _
the requirements of 4.3.2.
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Chapter 5 LONGITUDINAL STRENGTH

5.1 Hull Girder Ultimate Strength

5.1.1 Strength Criteria

5.1.1.41 Effect of Double Bottom Bending
In the assessment decision specified in 5.4.2.3 in Part 1, the coefficient y,p that takes into account the effect of
double bottom bending is as follows.
vYpg = 1.15
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Chapter 7 STRENGTH OF PRIMARY SUPPORTING STRUCTURES

7.1 General

7.1.1 Primary Supporting Structure

7.1.1.1 Members Related to the Primary Support Structure
The scantlings of the members related to the primary support structure are to be determined in accordance with
direct calculation based on the requirements of Chapter 8.
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Chapter 8 STRENGTH ASSESSMENT BY CARGO HOLD ANALYSIS

8.1 General

8.1.1 Overview

8.1.1.1 Structure and Overview of this Chapter
1  This Chapter specifies methods for strength assessment by cargo hold analysis in liquefied gas bulk carriers.
2 The structure and overview of this Chapter are shown in Table 8.1.1-1.

Table 8.1.1-1 Overview of Chapter 8

Section Title Overview

Additional requirements related to the overview and
8.1 General L .
application of this Chapter

82 Evaluation Areas and Members to be [ Additional requirements related to evaluation area and
) Assessed members to be assessed

Additional requirements related to extent of model,
8.3 Structural Models .
members to be modelled, meshing, etc.

Boundary Conditions and Loads | Additional requirements related to the boundary

8.4
Conditions conditions and loads conditions
8.5 Strength Assessment Additional requirements related to strength assessment
8.1.2 Application

8.1.2.1 Ships to be Assessed
Ships that strength assessment by cargo hold analysis is required, which fall under 8.1.2.1-1(2), Part 1, are to be
ships that L, is 90 m or more.

8.2 Evaluation Area and Members to be Assessed

8.2.1 Evaluation Area

8.2.1.1 Evaluation Area and Target Holds

1  Inapplying 8.2.1.1-2(1), Part 1, the cargo hold in the midship part is as defined in Fig. 8.2.1-1.

2 Inapplying 8.2.1.1-2(3), Part 1, the foremost cargo hold and the aftmost cargo hold are to be selected as the target
hold. (See Fig. 8.2.1-1)

...............................................

N

H | y
| Il |
i Aftmost _ cargo }}Old‘ Foremost !
i[[ cargohold |[77 1n the midship ==~ " cargo hold | |
1 part !
i Il i
i | ]
T e e e e e e R g e e e e s
8.2.2 Members to be Assessed
8.2.21 Members to be Assessed in Maximum Load Condition, Harbour Condition and Testing Condition

In applying 8.2.2.1, Part 1, the structures and members to be assessed are to be as follows:
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(1) Double bottom structure (bottom shell, inner bottom plating, centre girder, side girder and floor)
(2) Double side shell structure (side shell, longitudinal bulkhead, side stringer and side transverse)
(3) Double deck structure (upper deck, inner deck, deck girder and deck transverse)

(4) Bulkhead structure (transverse bulkhead and longitudinal bulkhead)

(5) Other members and locations deemed necessary by the Society

8.2.2.2 Members to be Assessed in 30-degree Static Heel Condition
The structures and members to be assessed are to be in accordance with 8.2.2.1.

8.2.23 Members to be Assessed in Collision Condition
The structures and members to be assessed are to be transverse bulkheads and the members within the region of 1
transverse spacing in the longitudinal direction from the transverse bulkheads.

8.3 Structural Models

8.3.1 General

8.3.1.1 Extent of Model
In applying 8.3.1.1, Part 1, the model is , in principle, to represent three adjacent cargo holds with the target hold
in the middle and the full depth and the full width of the holds are to be modelled.

8.3.1.2 Properties of Elements
Density of materials is to be adjusted in consideration of the weight of equipment such as unmodelled cargo pumps,
piping, etc. and insulation.

8.4 Boundary Conditions and Loads Conditions
8.4.1 Boundary Conditions
8.4.1.1

In applying 8.5.1, Part 1, the boundary conditions is to be in accordance with 8.4.1, Part 2-8.
8.4.2 Loads Condition

8.4.2.1 Loads to be Considered
In applying 8.5.2, Part 1, loads based also upon the additional requirements specified in 4.3 are to be considered.

8.4.2.2 Method of Applying Moments to the Structural Model
In applying 8.5.2, Part 1, the requirements specified in Table 8.4.2, Part 2-8 are to be followed.

8.5 Strength Assessment

8.5.1 Yield Strength Assessment

8.5.1.1 Criteria
The permissible yield utilisation factor A, for the 30-degree static heel condition and collision condition is

to be in accordance with Table 8.5.1-1.

Table 8.5.1-1 Permissible Yield Utilisation Factor

30-degree static heel condition Collision condition
Oy
1.0 235/K
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Chapter 9 FATIGUE

9.1 General

9.1.1 Application of Fatigue Requirements

9.1.1.1 Application
Ships with a length L of 90 m or more are to be assessed for fatigue strength based on the hot spot stresses
obtained by simplified stress analysis in 9.3, Part 1 and the finite element analysis in 9.4, Part 1.

9.2 Structural Details to be Assessed
9.2.1 Structural Details to be Assessed by Finite Element Analysis
9.2.1.1

1  Critical structural details to be assessed for fatigue strength by finite element analysis according to 9.4, Part 1,
are shown in Table 9.2.1-1.
2 Assessments are to be carried out for the midship, fore and aft cargo hold parts of the ship.

Table 9.2.1-1 Structural Details of Primary Members to be Assessed in the Hull Structure

No. | Important structural details of hull structure

1 | Intersections between bilge hopper plating and inner bottom plating

2 | Intersections between bilge hopper plating and inner longitudinal bulkhead

3 | Intersections between inner longitudinal bulkhead and slanted inner deck

4 | Intersections between slanted inner deck and inner deck

5 | Intersections between upper deck and slanted trunk deck

6 | Intersections between transverse bulkhead vertical girder and double bottom girder

7 | Intersections between transverse bulkhead horizontal girder and side stringer

8 | Intersections between transverse bulkhead vertical girder and deck girder

9 | Fore and aft end of trunk deck structure
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9.3 Loading Conditions and Fraction of Time to be Considered
9.3.1 General
9.3.1.1

1  Standard loading conditions and fraction of time are to be in accordance with Table 9.3.1-1.
2 Notwithstanding the requirements specified in -1 above, when considering loading conditions and fraction of time
other than those in Table 9.3.1-1, it is necessary to consider appropriate combinations.

Table 9.3.1-1 Standard Loading Conditions and Fraction of Time

Loading conditions Fraction of Time ag
Full load condition (homogeneous loading) 50 %
Ballast condition 50 %
9.4 Boundary Conditions and Load Conditions
9.4.1 Boundary Conditions

9.4.1.1
In applying 9.4.4.1, Part 1, the boundary conditions are to be in accordance with 8.4.1, Part 2-8.

94.2 Load Conditions

9.4.2.1 Method of Applying Moments to the Structural Model

In applying 9.4.4.2, Part 1, the method of applying moments to the structural model is to be in accordance with
8.4.2.2, Part 2-8. However, the vertical bending moment and horizontal bending moment (kN-m) specified in Table
9.4.2-1 are to be used as My_;qrg, My_tqrg instead of those specified in Table 8.4.2-1, Part 2-8.

Table 9.4.2-1 My_tq,g and My_tq,

Cyclic load condition

Vertical bending moment My _;4.q My _ue

Horizontal bending moment My _;q,¢ My_pe

Notes:

My_pg, My_ng:  Vertical bending moment and horizontal bending moment (kN-m) under cyclic load

condition, to be in accordance with 4.7.2.10, Part 1.
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Chapter 10 ADDITIONAL STRUCTURAL REQUIREMENTS

10.1 Special Requirements for Inner Hull Members

10.1.1 General

10.1.1.1
The requirements for strain control of inner hull structural members required by the system designer are specified
in 10.1.

10.1.2 Strain Control of Inner Hull Structural Member

10.1.2.1
The inner hull structural members in cargo holds fitted with membrane tanks are to be in accordance with the
following (1) or (2) corresponding to tank type. Requirements for strain control for tank types other than the following
(1) and (2) are to be at the discretion of the Society.
(1) Ships fitted with membrane tanks of GTT MARK I1I series or similar structures
Gst—gr + O-dyn—gr + aloc—gr <185
Ost—gr:  Bending stress (N/mm?) due to the maximum still water bending moment based on gross scantlings.
Ogyn-gr: Bending stress (N/mm?) due to the maximum wave bending moment corresponding to the
exceedance probability of 10°® in the North Atlantic wave environment, based on the gross scantlings.
Oloc—gr: Maximum local bending stress (N/mm?) due to local deflection of inner hull when considering
alternate loading conditions, calculated by structural analysis using design condition FMT specified
in 4.5.2, based on gross scantlings.
(2) Ships with membrane tanks of the GTT NO96 series and similar structures
Ost—gr + Ogyn—gr < 120
Ost—gr> Ogyn—gr: As given in -1 above

10.2 Tank Structures for Sloshing

10.2.1 General

10.2.1.1 Application

1  For the members of hull structures acting as boundaries of cargo tanks which satisfy the following (1) to (3), the

scantlings specified in this 10.2 are considered to be satisfied when obtained using the sloshing loads specified in

4.8.2.4, Part 1.

(1) Cargo tanks with volumes of not less than 100 m*

(2) Cargo tanks designed for possible loading at filling ratios of not less than 20 % and not more than 90 %

(3) Where the period of longitudinal oscillation of cargo tanks is within the range of +20 % of pitch period and within
+1.5 seconds from the same period, and where the period of transverse oscillation of cargo tanks is within the
range of £20 % of roll period and within 1.5 seconds from the same period.

2 Inapplying -1(3) above, where only one of the conditions is applicable, only the sloshing load due to the relevant

ship motion need be considered.

3 In applying -1(3) above, the tank natural periods are to be calculated for each 10 % of the filling ratio, and only

the sloshing load due to the filling ratio corresponding to the conditions of -1(3) above need be considered.

10.2.1.2  Scantling Approach
The required scantlings specified in this 10.2 are to be net scantlings.

10.2.2 Plates

10.2.2.1
The thickness of plates on which sloshing loads act is to be not less than the value obtained from the formula
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specified in 10.9.2, Part 1. Equivalent pressure is to be in accordance with Table 10.2.2-1.

Table 10.2.2-1 Equivalent Pressure for Plate Panels

C,,: Coefficient, to be taken as 0.85

Numbers in parentheses indicate section number.

Members to be assessed Psin

- Transverse bulkheads Cin P, slh—p

- Tank top plates near transverse bulkheads (4.8.2.4-4(1), Part 1)
- Longitudinal bulkheads C. P

- Inner deck sloping plates m sth=r

- Bilge hopper plating (4.8.2.4-4(2), Part 1)
Notes:

10.2.3 Stiffeners

10.2.3.1

The section modulus of stiffeners attached to plates on which sloshing loads act is to be not less than the value

obtained from the formula specified in 10.9.3, Part 1. Equivalent bending moments are to be in accordance with Table

10.2.3-1.

Table 10.2.3-1 Equivalent Bending Moment for Each Member to be Assessed

Stiffened

Member to be assessed Mg

system

Vertical CnMgyp_(4.8.2.4-5(1), Part 1)
- Stiffeners attached to transverse bulkheads

Horizontal CrnMgip_p(4.8.2.4-5(2), Part 1)
- Stiffeners attached to longitudinal bulkheads cM
- Stiffeners attached to inner deck sloping plates Longitudinal m st

- Stiffeners attached to bilge hopper plating

(4.8.2.4-5(1), Part 1)

Notes:
Numbers in parentheses indicate section number.
C,,: Coefficient, to be taken as 0.85
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MAJOR CHANGES AND EFFECTIVE DATES

I AMENDMENTS DATED 1 JULY 2022 (Rule No. 62) AND 27 DECEMBER 2022 (Rule No. 89)

Complete revision of Part C.

EFFECTIVE DATE AND APPLICATION

1. The effective date of the amendments is 1 July 2023.
2. Notwithstanding the amendments to the Rules, the current requirements apply to the
following ships:

(1)  ships for which the date of contract for construction is before the effective date; or
(2)  sister ships of ships subject to the current requirements for which the date of contract

for construction is before 1 January 2025.

Remarks

This revised version of the Rules includes proposed amendments scheduled to be officially announced no later
than 30 June 2023.

Please note that proposed amendments are subject to change prior to their official announcement.

A list of changes and corrections (if any) for these amendments will be posted in the “Comprehensive Revision of

Part C of the NK Rules” section of the Society’s official website.
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GUIDANCE FOR THE SURVEY AND CONSTRUCTION OF STEEL SHIPS

Part C HULL CONSTRUCTION AND EQUIPMENT

Part 2-1 CONTAINER CARRIERS

C10 ADDITIONAL STRUCTURAL REQUIREMENTS

C10.5 Special Requirements for Container Carriers Applying Extremely Thick Steel Plates

C10.5.1 Special Requirements for Container Carriers Applying Extremely Thick Steel Plates

C10.5.1.3 Measures for Prevention of Brittle Fracture

1  The “Other measures deemed by the Society to be equivalent in effectiveness to brittle crack arrest designs”
referred to in Note (1) in Table 10.5.1-1 of 10.5.1.3, Part 2-1, Part C of the Rules, refers to the case of implementing
non-destructive testing specified in M8.4.3-2, Part M of the Guidance by ultrasonic flaw detection testing or the
phased array ultrasonic flaw detection testing according to the TOFD method as specified in 8.4.3-8, Part M of the
Rules.

2 Where the measures specified in -1 above is applied, it may be considered as equivalent in effectiveness as
measures specified in (2) and (3) in 10.5.1.4-6, Part 2-1, Part C of the Rules.

C10.5.1.4 Brittle Crack Arrest Design

1 “Appropriate measures” described in 10.5.1.4-6 (3), Part 2-1, Part C of the Rules refers to separating, in principle,

the block-to-block butt joint of the hatch side coaming and the block-to-block butt joint of the strength deck by 300

mm or more.

2 In acase where detailed materials (including implementation methods and non-destructive testing procedures for

a joint) indicating validity are submitted to the Society and approved as an alternative to -1 above, the alternative is to

be in accordance to (1) or (2) below. In this case, the Society may request a brittle crack test to confirm the effectiveness

of these measures.

(1) An arrest hole is to be provided at the lower end of the block-to-block butt joint of the hatch side coaming. In this
case, special attention is to be paid to the fatigue strength around the arrest hole.

(2) An insert plate made of high arrest steel is to be inserted into the lower end of the block-to-block butt joint of the
hatch side coaming, or embed it with weld metal having sufficient brittle crack arrest characteristics.

C10.5.1.5 Selection of Brittle Crack Arrest Steels

1 In10.5.1.5-1, Part C of the Rules, when the steels evaluated by an evaluation method other than that specified in
3.12, Part K of the Rules are to be brittle crack arrest steels, technical documents showing the validity of the evaluation
method and the brittle crack arrest properties equivalent to the BCA6000 or BCA8000 specified in 3.12, Part K of the
Rules are to be submitted to the Society for approval. If necessary, additional tests may be required.

2 An example of “partial penetration weld” specified in 10.5.1.5-3 , Part 2-1, Part C of the Rules is shown in Fig.
C10.5.1-1. In this figure, the standard welding leg length is 5 mm and the standard root surface is 1/3 or more of the
thickness 7t of the hatch side coaming.
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Fig. C10.5.1-1 Example of Partial Penetration Weld Between Hatch Side Coaming and Upper Deck

i Welding leg length: 5 mm

t: thickness of hatch side coaming
4 V

1/3z

3 The “alternative weld details” specified in 10.5.1.5-3, Part C of the Rules refers to a full penetration weld.
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Part 2-7 TANKERS

Cé LOCAL STRENGTH

Cé6.1 Independent Prismatic Tanks

C6.1.2 Supporting Structures in Independent Prismatic Tanks

C6.1.2.2  Material
The “material deemed appropriate by the Society” specified in 6.1.2.2-1, Part 2-7, Part C of the Rules, arc a
material such as resin or PolyWood.
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Part 2-9 SHIPS CARRYING LIQUEFIED GASES IN BULK
(INDEPENDENT PRISMATIC TANKS OF TYPE A/B)

C1 GENERAL

Cl1.1 General

Cl1.1.1 Application

C1.1.1.2  Relationship with Other Rules of the Society
As for the requirements of application of steels in Table 1.1.1-1 of 1.1.1.2, Part 2-9, Part C of the Rules, each
requirement of 46CFR154.170(b), 46CFR154.174, 46CFR154.176 is to be considered additionally where applying

conformity certification of special requirements of USCG liquified gas bulk carriers.
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Part 2-11 SHIPS CARRYING LIQUEFIED GASES IN BULK
(MEMBRANE TANKS)

C1 GENERAL

Cl1.1 General

Cl1.1.1 Applications

C1.1.1.2  Relationship with Other Rules of the Society
As for the requirements of application of steels in Table 1.1.1-1 of 1.1.1.2, Part 2-11, Part C of the Rules, each
requirement of 46CFR154.170(b), 46CFR154.174, 46CFR154.176 is to be considered additionally where applying

conformity certification of special requirements of USCG liquified gas bulk carriers.



MAJOR CHANGES AND EFFECTIVE DATES

I AMENDMENTS DATED 1 JULY 2022 (Notice No.47) AND 27 DECEMBER 2022 (Notice No.64)

Complete revision of Part C.

EFFECTIVE DATE AND APPLICATION

1. The effective date of the amendments is 1 July 2023.
2. Notwithstanding the amendments to the Guidance, the current requirements apply to the
following ships:

(1) ships for which the date of contract for construction is before the effective date; or
(2) sister ships of ships subject to the current requirements for which the date of contract for

construction is before 1 January 2025.

Remarks

This revised version of the Rules includes proposed amendments scheduled to be officially announced no later
than 30 June 2023.

Please note that proposed amendments are subject to change prior to their official announcement.

A list of changes and corrections (if any) for these amendments will be posted in the “Comprehensive Revision of

Part C of the NK Rules” section of the Society’s official website.
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