Related to Part C of the Rules

Amended Rules and Guidance
Rules for the Survey and Construction of Steel Ships Part C
Guidance for the Survey and Construction of Steel Ships Part N

Reason for Amendment
A comprehensive review of Part C of the Rules began in late 2017 and resulted in a
comprehensive revision of Part C (hereinafter referred to as the “new Part C). This new Part C
was formally approved by the ClassNK Technical Committee at its first meeting of 2022. A
thorough impact assessment and review of the new Part C was subsequently conducted in
cooperation with shipyards, and this assessment identified some requirements that shipyards
felt still needed some brushing up.

Accordingly, relevant requirements in the new Part C as well as relevant requirements in Part
N of the Guidance are amended in response to the aforementioned feedback received from
shipyards.

Outline of Amendment
Amends requirements related to matters pointed out in the feedback received from shipyards
who participated in the thorough impact assessment and review of the new Part C.
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“Rules for the survey and construction of steel ships™ has been partly amended as follows:

Part C HULL CONSTRUCTION AND EQUIPMENT

Part1 GENERAL HULL REQUIREMENTS
Chapter1 GENERAL

1.1 General
1.1.2 Application
1.1.2.1 General

Sub-paragraph -1 has been amended as follows.
1 The requirements in Part C apply to ships constructed of welded steel structures, composed

of stiffened plate panels, ard having a length £L (as defined in 2.1.2, Part A) of not less than 90 m,
and intended for unrestricted service.

1.4 Symbols and Definitions
1.4.2 Primary Symbols and Units
1.4.2.2 Ship’s Main Data

Unless otherwise specified, the symbols of a ship’s main data and their units used in Part C
are those defined in Table 1.4.2-2.
Table 1.4.2-2 has been amended as follows.

Table 1.4.2-2 Ship’s Main Data

Symbol Meaning Unit
Lc Ship length, but to be taken as 90 m where not greater than 90 m (See 1.4.3.1-1) m
(Omitted)
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143 Definitions
1.4.3.1 Principal Particulars

Sub-paragraph -1 has been amended as follows.

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

m in cases where not greater than 90 m:

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

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

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

33 Net Scantling Approach
3.33 Corrosion Model for Strength Assessment
3.3.3.1

Table 3.3.3-1 has been amended as follows.

Table 3.3.3-1 Assessment of Corrosion Applied to the Gross Scantlings

. . Applied corrosion
Structural t P ty/anal t .
ructural requiremen roperty/analysis type addition
(Omitted)
FE model® 0.5 ¢,
Strength assessment by cargo hold analysis
Buckling strength te
(Omitted)
FE model®D 0.5t
Torsional strength assessment by whole ship analysis
Buckling strength te
(Omitted)
Fatigue strength assessment (finite element analysis) Finite element model™® 0.25 ¢,
Torsio%lal fatigue strength assessment by whole ship Finite element model@D 025¢,
analysis
Whole ship analysi.s (other than torsional yield strength Finite element model@) 05t,
assessment and fatigue strength assessment)
(Notes)
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3.5 Minimum Requirements

3.5.2 Slenderness Requirements

Paragraph 3.5.2.1 has been amended as follows.

3.5.2.1 Application
1 All structural members are to meet the slenderness requirements specified in—=¥here-struetural

_-7=_=___-7:=_-7:__:__:__:_=_A_:_:___=_A_:=__;__:z_-_::.:.-__:_3__-____=.-_=_-_-_==_-_5_-___:=_=___3_: ______ 1 FE 0 3_5.2 except
for those listed below:

Bilge plates within the cylindrical part of the ship and the radius gunwale

Structure members in superstructures and deck houses in cases where such members do

not contribute to longitudinal strength.

Pillars in superstructures and deckhouses are to comply with the applicable slenderness and

proportion requirements specified in 3.5.2.
2 Where structural members are deemed by the Society as having an effectiveness equivalent to
those compliant with 3.5.2, such members are to be deemed compliant with 3.5.2.
23  Notwithstanding -1 above, thickness of shell plating, s=atertight deck, bulkhead and web of
girder and stiffness of stiffener need not to comply with 3.5.2, provided that buckling strength
requirements specified in 5.3 and 8.6.2 are satisfied.

3.5.2.2 Thickness of Various Structural Members

1 The thickness t (mm) of various structural members is to satisfy the following criteria:

b [oay
t2—= |=5=
C\N 235

b: For plating, b is to be taken as the plate breadth (mm1)
For webs, b is to be taken as the web depth (mm). However, where the stiffener is
provided on the web, b may be taken as the maximum breadth taking the stiffener into
account.
For face plates, b is to be taken as the half breadth of the face plate (mm)
For circular section pillars, b is to be taken as their mid-thickness radius (mm)

C: Slenderness coefficient as specified in Table 3.5.2-1
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Table 3.5.2-1 has been amended as follows.

Table 3.5.2-1 Slenderness Coefficients

Type of structural member C

Shell plating;

Upper decks

; 100
Inner bottom plating

Girder webs
Watertight) and Nnon-tight bulkheads
Watertight decks'!) 125
Non-watertight decks within cargo hold regions

Non-watertight decks outside cargo hold regions 150
Angles and T-section stiffener webs 75

Webs of bulb sections 45

Webs of pillars 35

Flat bars 22

Face plates of stiffeners and girders 15

Face plates of pillars 12

Circular section pillars 50

Note:

(1) This includes deep tank boundaries.

Paragraph 3.5.2.4 has been amended as follows.
3.5.24 Stiffness of Stiffeners

The scantlings of stiffeners are to comply with one of the following (1) to (3) as applicable

depending on the structure:

(1

2

3)

For longitudinal stiffeners
The value of the moment of inertia I, (cm®) is to satisfy the following:

Iy = 1.430%A 5 >3t

Aggpr: Sectional area (cm?) of stiffeners with attached plating, taking into account the
effective breadth specified in 3.6.3
oy: Specified minimum yield stress (N/mm?) of attached plating
For non-longitudinal stiffeners attached to watertight members
The value of the moment of inertia Iy, (cm®) is to satisfy the following:

Iy = 0.720%Agpf e >3t

Aggs: Sectional area (cm?) as specified in (1) above

oy : Specified minimum yield stress (N/mm?) as specified in (1) above

For non-longitudinal stiffeners attached to a non-watertight member

The value of the moment of inertia I, (cm®) is to satisfy (2) above. However, in the case of
flat bar stiffeners, it is also acceptable if gross scantlmg depth hw—gr (mm) e%&t=ba¥
St=l=ﬁf%ﬁei% satisfies the followmg, :
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3.5.2.9 Edge Reinforcement in Way of Openings

Sub-paragraph -1 has been amended as follows.

1 The depth of web h,,_g, (mm) of edge stiffeners fitted in way of openings (See Fig. 3.5.2-1)
is to satisfy the following:

Oy
hy, —gr = max| 50, 0.05] 538

[: Length of edge stiffener in way of opening as defined in Fig. 3.5.2-1 (m)
2 The thickness of the web and flange of the edge stiffener are to satisfy in 3.5.2.2 and 3.5.2.3.

Fig. 3.5.2-1 Typical Edge Reinforcements
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Chapter4 LOADS

4.4 Loads to be Considered in Local Strength
4.4.2 Maximum Load Condition

4.4.2.4 Internal Pressure Due to Liquid Loaded

1 Static pressure P (kN/m?) acting on tanks or ballast holds loaded with liquids is to be as
specified in Table 4.4.2-5.

Table 4.4.2-5 has been amended as follows.

Table 4.4.2-5 Internal Static Pressure P in Tanks and Ballast Holds Loaded with Liquids

Type of tank or hold Stitlé pzrteos:ure A ) Z > Zeop
Cargo tanks fully loaded with liquid cargo (excluding liquefied gas) PL9(Zeop — 2) + Ppy 0
Cargo tanks fully loaded with liquefied gas and liquefied gas fuel tanks pLg (Ztop - Z) + Py 0
Ballast holds pLg(Ztop - Z) 0
Ballast tanks and other tanks PLg (Ztop - Z%%h@) — Ppay 0

Notes:
p1: Density of liquid loaded (2/m?), as specified in Table 4.4.2-6
Ztop: Z coordinate of the highest point (m) of the tank, excluding small hatchways ¢+

Ppy: Design vapour pressure (kN/m?), but not to be taken less than 25 kN/m?
Py: Design vapour pressure (kN/m?). For cargo tanks, this value is not to be less than the MARVS specified in 1.1.4, Part N. For
liquefied gas fuel tanks, this value is not to be less than the MARVS specified in 2.2.1, Part GF.
Pgyy: Hydrostatic pressure (kN/m?) at ballast draught Tp,, (m) considered as a component for offsetting internal pressure, as
specified in Table 4.4.2-7. For members subject to simultaneous external and internal pressures, the actual hydrostatic pressure
value is to be considered. For other members etherthanit, the value is to be taken as 0.

Paragraph 4.4.3 has been amended as follows.
4.4.3 Testing Condition

4.4.3.1 External Pressure

(1) Case 1 (Per_..q): Hydrostatic pressure (kN/m?) corresponding to the draught described in the

test plan at Classification Surveys during Construction approved by the Society in accordance

with 2.1.5, Part B.
(2) Case 2 (Per_..»): Hydrostatic pressure (kN/m?) corresponding to the draught Tr4; or 0.33Tc,.

whichever is smaller. However, where the draught of pressure tests at Special Surveys is given

in the loading manual, the hydrostatic pressure corresponding to said draught may be

considered instead.

4.4.3.2 Internal Pressure

1 Internal pressure Be=g Pop_jny and Per_i,o (kN/m?) acting on the hull and tanks is to be
in accordance with Table 4.4.3-1.

2 When a hydrostatic test is conducted under a condition exceeding the pressure specified in -1
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above, the actual pressure which occurs in the test is to be used.

3 When external pressure is considered as a component offsetting the internal pressure in a
member subjected to simultaneous internal and external pressures, the external pressure specified in
4.4.3.1 may be considered, identical cases are to be combined.

Table 4.4.3-1 Internal Pressure Ber—gr Por_jng and Por_j,, in Testing Condition

Position under consideration Internal pressure Ese=pz Psr_in1 and_Por_ino (kN/m?)
Br—m=pgter—2
z<7z
ST Por_ins = pg(zsr — )
Case 1
z > ZsT 0
z< Zggp Por_ins = Da(Zrnp + hgp — Z) + 25
Case 20V
2> Zpgp 0
Notes:

zgr: Height (m) of water head &+ #afor hydrostatic test, as specified in Table 4.4.3-2
Ztop: Z coordinate of the highest point (1) of the tank, excluding small hatchways

h,;-: Height (m) of air pipe or overflow pipe above the top of the tank

(1) Compartments to be assessed are ballast tanks only.

Table 4.4.3-2 Design Testing Water Head Height zgr
(Omitted)

4.4.3.3 Vertical Bending Moment
(Omitted)

4.5 Loads to be Considered in Strength of Primary Supporting Structures
4.5.3 Harbour Condition

4.5.3.2 Internal Pressure
Sub-paragraph -2 has been amended as follows.

1 Loads due to cargoes, ballast and other loaded materials are to be considered as the internal
pressure acting on the hull.

2 Internal pressure Ppr_;, (kN/m?®) acting on tanks loaded with liquids and ballast holds is to
be in accordance with the following formulag:

="
For ballast tanks, Ppr_;, = Pic + p ghg;,

For other tanks, Ppr_;, = Py

Py, Static pressure (kN/m?), as specified in 4.4.2.4-1

p.: Density of liquid loaded (#/m?), as specified in Table 4.4.2-6

hgi: Height of air pipe or overflow pipe above the top of the tank (1)
3 Internal pressure Ppr_;, (kN/m?®) acting on cargo holds loaded with dry bulk cargoes in the
fully loaded and partially loaded conditions is to be in accordance with the following formula:
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Ppr_in = Pps

Py: Static pressure (kN/m?), as specified in 4.4.2.5-1
4 Internal pressure P, (kN/m”) not corresponding to -2 and -3 above is to be the value
calculated by dividing the weight of the loaded material (kN) by the area (°) in the range subject to
the said loaded materials and is to be considered as a line load or a point load depending on the type
of the loaded material.

4.6 Loads to be Considered in Strength Assessment by Cargo Hold Analysis
4.6.2 Maximum Load Condition

4.6.2.5 Internal Pressure Due to Liquid Loaded

1 Static pressure Py, (kN/m?) acting on tanks and ballast holds loaded with liquids is to be in
accordance with Table 4.6.2-11.

Table 4.6.2-11 has been amended as follows.

Table 4.6.2-11  Static Pressure P;, in Tanks and Ballast Holds Loaded with Liquids

Type of tank or hold Static pressure Py (kN/m?)
Z < Zyop Z > Ziop
Cargo tanks fully loaded with liquid cargo (excluding liquefied gas) pLg(Zmp - Z) + Ppy 0
Cargo tanks fully loaded with liquefied gas and liquefied gas fuel tanks PLg (Ztop - Z) + Py 0
Ballast holds pLg(Ztop - Z) 0
Ballast tanks and other tanks pLY(Ztop — Z=+O5hezr) 0

Notes:
p..: Density of liquid loaded (#/1°), as specified in Table 4.6.2-12
Zop: Z coordinate of the highest point () of tank, excluding small hatchways €#)

Ppy: Design vapour pressure (kN/m?), not to be less than 25 kN/m?
P,: Design vapour pressure (kN/m?). For cargo tanks, this value is not to be less than the MARVS specified in 1.1.4, Part N. For
liquefied gas fuel tanks, this value is not to be less than the MARV'S specified in 2.2.1, Part GF.

4.6.3 Harbour Condition

4.6.3.3 Internal Pressure
Sub-paragraph -2 has been amended as follows.

1 Loads due to cargoes, ballast and other cargoes are to be considered as internal pressure acting
on the hull.

2 Internal pressure Ppr_;, (kN/m?”) acting on tanks and ballast holds loaded with liquids is to
be in accordance with the following formula:

="
For ballast tanks, Ppr_;, = Pis + py ghgiy

For other tanks, Ppr_;, = Pi¢

Py, Static pressure (kN/m?), as specified in 4.6.2.5-1

p.: Density of liquid loaded (#/m?), as specified in Table 4.6.2-12

h,;-: Height of air pipe or overflow pipe above the top of the tank (1)
3 Internal pressure Ppr_;, (kN/m?®) acting on cargo holds loaded with dry bulk cargoes in the
full and partial load conditions is to be in accordance with the following formula:
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Ppr_in = Pps
Py: Static pressure (kN/m?), as specified in 4.6.2.6-1

4 E€The container load Fj, o4 (KN) acting on cargo holds Eg=em—+25 and the container
load Fgp geck (KN) acting on hatch coamings, etc.; FEmpegeme—&*9 loaded with container cargoes

are to be in accordance with the following formulae:

Fin_nota = Fes

Fon_geck = Fes

F_s: Static load (kN) as specified in 4.6.2.7-2
5 Internal pressure P, (kN/m?”) due to loaded materials not corresponding to -2 to -4 above is to
be calculated by dividing the weight of the loaded material (k) by the area (m?) in the range

subject to the said loaded materials and is to be considered as a line load or a point load depending
on the type of the-eargeloaded material.

4.7 Loads to be Considered in Fatigue
4.7.2 Cyclic Load Condition

4.7.2.5 Internal Pressure Due to Liquid Loaded

1 Static pressureP;; (kN/m?”) acting on tanks and ballast holds loaded with liquids is to be in
accordance with Table 4.7.2-7.

Table 4.7.2-7 has been amended as follows.

Table 4.7.2-7 Static Pressure P;; in Tanks and Ballast Holds Loaded with Liquids

Types of tank and hold 2 SSZt:;c pressure Py (kN/m;)> Zeop
Cargo tanks fully loaded with liquid cargo (excluding liquefied gas) pLY (Ztop - Z) + Ppy 0
Cargo tanks fully loaded with liquefied gas and liquefied gas fuel tanks PLY (Ztop — Z) + Py 0
Ballast holds P19 (Ztop = 7) 0
Ballast tanks and other tanks P19 (Zeop — 2=+0-5here) 0

Notes:
pr.: Density of liquid loaded (#/m°), as specified in Table 4.6.2-12
Ztop: Z coordinate of the highest point (m) of the tank, excluding small hatchways €9

P,: Design vapour pressure (kN/m?). For cargo tanks, this value is not to be less than the MARVS specified in 1.1.4, Part N. For
liquefied gas fuel tanks, this value is not to be less than the MARV'S specified in 2.2.1, Part GF.

4.8 Loads to be Considered in Additional Structural Requirements
4.8.2 Maximum Load Condition
4.8.2.4 Sloshing Loads

Table 4.8.2-13 and Table 4.8.2-14 have been amended as follows.
4 Sloshing loads to be considered in plate panels are to be in accordance with the following (1)

and (2).
(1)  Equivalent pressures Pg_, (kN/m?) obtained in accordance with Table 4.8.2-13 are to be
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2

considered as sloshing loads due to pitch.
Equivalent pressures Pgy,_, (kN/m?) obtained in accordance with Table 4.8.2-14 are to be
considered as sloshing loads due to roll.

Table 4.8.2-13  Equivalent Pressure for Plate Panels and Sloshing Loads Due to Pitch

Relevant ship motion Equivalent pressure (kN/m?)
Fslh—p
i Pyn—p = -10°
e 112 ™ Gy -min (1000, Con)

Notes:
Csin1> Csina: Coefficients related to member and panel length depending on the type of stiffened system, to be taken as:

Foin—p: Equivalent impact force (kNV), to be taken as:

Csin1 = b, Cgppy = a for plate panels of stiffened system A

Csin1 = a, Cgqpp = b for plate panels of stiffened system B

Csin1 = by or bgsiné by, Cgpp =1 for vertically corrugated bulkheads
Stiffened system A (V: Transverse bulkheads, transverse wash bulkheads, front and aft walls of tanks with vertically
stiffened systems; vertical girders of vertically stiffened systems attached to longitudinal bulkheads or tank side walls;
tank top plates of longitudinally stiffened systems; horizontal girders stiffened in parallel to depth direction of webs which
are attached to transverse bulkheads or transverse wash bulkheads or front and aft walls of tanks
Stiffened system B®: Transverse bulkheads, transverse wash bulkheads, front and aft walls of tanks with horizontally
stiffened systems; vertical girders of horizontally stiffened systems attached to longitudinal bulkheads or tank side walls;
tank top plates of transverse stiffened systems; horizontal girders in perpendicular to depth direction of webs which are
attached to transverse bulkheads or transverse wash bulkheads or front and aft walls of tanks; cross-ties in transverse
direction
a: Length (mm) of the longer side of the plate panel
b: Length (mm) of the shorter side of the plate panel
bg, by,: Width (mm) of the flange and web of corrugated bulkheads respectively, as specified in 10.9.2.1
6: Angle (rad) of corrugated bulkheads, as specified in 10.9.2.1
1: Height (mm) of corrugated bulkheads, as specified in 7.2.7.3

p 5., o 4 Jal 10=3
25 CEC = I

Fanp = pr " Cama '{’tkl's *Cq Css s sin " Csinz 1073

pL:  Maximum design cargo density (¢/7°) in considered h;.. Table 4.4.2-6 may be applied correspondingly.
. Mhaopra 1o B cinO to hao eanl d+ L T oth 4+ 1
s ere—Copm bysinb—te-betrep to—bo—In-other —to-betaken-as—Sore
Maximum tank length (1)
C4: Coefficient depending on aspect ratio of the tank, as given by the following formula:

1.5,
C4 = 0.65 + 0.35 tanh (4 - )
tk

hy: Maximum tank height (1)
Css: Coefficient, as given by the following formula:

. Lc
Css = min (0.3 + = 1.0)

325’
as gin: Pitch angular acceleration (rad/s?), as specified in Table 4.8.2-11. The parameters for the ballast condition are to
be used.
Csinz: Coefficient related to members under consideration and the distance from the centre of gravity of the ship to the

tank, to be taken as:
Csinz = Cy1(0.0104|x1¢ — x| + 1.0)
Cp, : Parameter depending on hy, as specified in Table 4.8.2-15.
xr¢ X coordinate (m) at the volumetric centre of gravity of the tank under consideration
Xz  :X coordinate (1) at the centre of gravity of the ship, to be taken as x; = 0.45L,. Where deemed appropriate
by the Society, the value may be defined by the designer.

(1) See Fig. 10.9.3-1
(2) _SeeFig. 10.9.3-2
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Table 4.8.2-14  Equivalent Pressure for Plate Panels, Sloshing Load Due to Roll

Relevant ship motion Equivalent pressure (kN/m?)
Fslh—r
Poy_.. = . 106
Rl ST = C o min (1000, Copry)

Notes:

Csin1» Csinz: Coefficients related to member and panel length depending on the type of stiffened system, to be taken as:
Csin1 = b, Cgpo = a for plate panels of stiffened system A
Csin1 = a, Cgqpp = b for plate panels of stiffened system B
Csing = by or bysiné by, Cgp, =1 for vertically corrugated bulkheads

Fop—r:

Fopr =

Stiffened system A (V: Longitudinal bulkheads, longitudinal wash bulkheads, tank side walls with vertically stiffened
systems; vertical girders of vertically stiffened systems attached to transverse bulkheads or front and aft walls of tanks;
tank top plates of transverse stiffened systems; horizontal girders stiffened in parallel to depth direction of webs which are
attached to longitudinal bulkheads or longitudinal wash bulkheads or front and aft walls of tanks

Stiffened system B®@: Longitudinal bulkheads, longitudinal wash bulkheads, front and aft walls of tanks with
longitudinally stiffened systems; vertical girders of horizontally stiffened systems attached to transverse bulkheads or
front and aft walls of tanks; tank top plates of longitudinally stiffened systems; horizontal girders stiffened in
perpendicular to depth direction of webs attached to longitudinal bulkheads or longitudinal wash bulkheads or tank side
walls; cross-ties in longitudinal direction

a, b, bf, b, 0,1: As specified in Table 4.8.2-13

Equivalent impact force (kN), to be taken as:
— A K #5 a

P~ sm=mea: As specified in Table 4.8.2-13
by: Maximum tank breadth (1)

Ay

Roll angular acceleration (rad/s?), as specified in 4.2.3.4. The parameters for the ballast condition are to be used.

Csin3: Coefficient related to members under consideration, to be taken as:

Csinz = Cna
Cy,  : Parameter depending on h;, as specified in Table 4.8.2-15

(1) SeeFig.10.9.3-1

(2) See Fig.10.9.3-2
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Chapter 6 LOCAL STRENGTH

6.1 General
Paragraph 6.1.3 has been amended as follows.
6.1.3 Net Scantling Approach

6.1.3.1 General
The required scantlings specified in this chapter are net scantlings, unless otherwise specified.

6.2 Design Load Scenarios and Loads of the Ship to Be Assessed
6.2.1 General

6.2.1.1

1 Unless otherwise specified, a strength assessment is to be carried out for the maximum load
condition, the testing condition and flooded condition.

2 For longitudinal hull girder structural members, hull girder loads due to longitudinal bending
are to be considered in addition to lateral loads on plates and stiffeners.

3 Lateral loads are, in principle, assumed to act on one side of plates and stiffeners. However,
where any loads are constantly also acting on the other side, such loads may be taken into account.

4 Plates constituting boundaries of watertight compartments not intended to carry liquids and
stiffeners supporting such plates, excluding shell plating, stiffeners attached to shell plating, weather
deck plating and stiffeners attached to weather deck plating, are to be subjected to lateral loads
under flooded conditions.

6.2.2 Assessment Design Load Scenarios and Loads for Members to Be Assessed

6.2.2.1

For the plates constituting the boundaries of compartments and the stiffeners supporting such
plates listed in Table 6.2.2-1, the strength assessment specified in this chapter is to be carried out
considering the lateral loads and hull girder loads specified in the table. For members or
compartments corresponding to multiple conditions, the strength assessment is to be carried out for
all applicable loads.
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Table 6.2.2-1 Assessment Design Load Scenarios and Loads for Members or Compartments to
Be Assessed
Load
Compartmentsf or_ Design load Refer to the following:
members to be assessed | scenario Lateral Load
load Loadtype component Hull girder load
p Lateral load (P) £
My _yig: My—pc)
Outer shell External Static +
. . . S t . 4.4.2.2-1
(including stiffeners) pressure cawater dynamic loads
Cargo tanks, ballast .
Lo Static +
tanks, ballast holds and Liquid loaded .
dynamic loads
other tanks Internal
, ferna 44222
Maximum | pressure -
. Static +
Cargo holds(" load Dry bulk cargoes . 4.4.2.9
.. dynamic loads
conditions Statio +
Cargo holds® Others aue
dynamic loads
1 ter of th
including stiff ified 1
(including stiffeners) Others | P! ied loads dynamic loads | in 4.4.2.2-3 and -4
Internal decks® Static +
4.4.2.2-3
(including stiffeners) Cargoes dynamic loads
Members constituting Testin Internal
compartments subject to . .g Seawater Static loads 4.4.3.2 4.4.3.3
. . condition | pressure
hydrostatic testing
Compartments not
ing liquids® Fl I 1
carrying liquids 0(?d.ed nterna Seawater - 4.4.4.1 4.4.4.2
Transverse and conditions | pressure
longitudinal bulkheads

(Notes)

(1) For ships of single-side skin construction intended for carrying cargoes other than liquids, the outer shell (including stiffeners)
may be excluded from the assessment.

(2) For ships carrying cargoes other than bulk and liquid cargoes with the cargoes properly fastened or otherwise held in position so
that the cargo loads can be deemed as acting only on the inner bottom plating and internal deck, the assessment need be performed
only for the inner bottom plating and the internal deck.

(3) Not required to be applied to shell plating, stiffeners attached to shell plating, weather deck plating and stiffeners attached to
weather deck plating.
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6.3
6.3.2

Plates

Plates

Paragraph 6.3.2.1 has been amended as follows.

6.3.2.1

Bending Strength

Plate thickness is to be not less than the largest of the values obtained by the following
formula under all applicable design load scenarios specified in Table 6.2.2-1. Application of gross
or net scantlings in the values obtained from the following is specified in Table 6.3.2-1:

fr

s e
t = CsagetyCaspect X 1073 (mm)

. Strength coefficient as given in Table 6.3.2-1

1.15C, 0y

. Specified minimum yield stress (N/mm?)

Length (mm) of the shorter side of the plate panel
Length (mm) of the longer side of the plate panel
Aspect ratio to be taken as a/b.

Lateral pressure (kN/m?) corresponding to each Design load scenario specified in Table
6:22-16.3.2-1, to be calculated at the load calculation point specified in 3.7.

: Coefficient of axial force effect as specified in Table 6.3.2-32 when a = 2 or Table

6.3.2-43 when a < 2.

Caspect: Correction coefficient for the aspect ratio of the plate panel as given in Table

6.3.2-1 fer—eases—n—the—masamum—toad—ceonditton—and—the—testing—condition—o
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Table 6.3.2-1

Application of Gross or Net Scantlings and Each Parameter in the Evaluation for

Each Design Load Scenario

Application of

Lateral load

Design load scenario gross qr net P (kN/m? Member Caspect fo
scantlings P (kN/m?)
.
P, Po. Py and Pey L(.)ngltudmal hull
. . girder structural 1.0
To be in accordance with b
Maximum load condition Net scantling | 4.4.2.2-1 to -4 corresponding [nempers 2 12
to compartments/members to 1.07 — 0.28 | —
. Other members 4@1
be assessed in Table 6.2.2-1
but 1.0 for a > 2
Longitudinal hull
girder structural 1.0
Gross i Psreint ) members
Case 1 scm To be in accordance with 2 12
Scantiing 4.4.3.2 1.07 —0.28 ‘ — ]
Other members a
but 1.0 for @ > 2
Testi
~eSne Longitudinal hull
condition .
- girder structural 1.0
Per_; members
Case 2 Net scantling To be in accordance with 1 16
4.4.3.2
- Other members
1+(3)
Longitudinal hull
girder structural 1.0
Pep_i members
Flooded condition Net scantling To be in accordance with L 16
4.4.4.1

Other members

Table 6.3.2-32  Definition of C, (fora > 2)

Member C,
Longitudinal 1 (O’BM)
Longitudinal hull framing system Oy
girder structural
members Transverse 10— logu|
framing system ' oy
Other members 1.0
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Table 6.3.2-43  Definition of C, (for a < 2)

Member C, { n

Longitudinal 5 b

Longitudinal hull framing system el a

. logul
girder structural 1-
Oy
members Transverse )b .
framing system
Other members 1.0

Paragraph 6.3.3 has been amended as follows.

6.3.3 s Corrugated Bulkheads

6.3.3.21 Thickness of Corrugated Bulkheads

1 The thickness of the ﬂanges and webs of corrugated bulkheads %
e SHRE a under all applicable design load scenarios spemﬁed in Table
6 2 2 1is to be the largest of the values obtained by the following formula. Application of gross or
net scantlings in the values obtained from following formula is specified in Table 6.3.3-1:

| Ploghy
CSafety 1150—}/\/ %]i X 1073 (mm)

Csafety:  Safety factor taken-as==0 as specified in Table 6.3.3-1.

oy: Specified minimum yield stress (N/mm?)

P: Lateral pressure (kN/m?”) corresponding to each design load scenario specified in Fable
62:2-1 Table 6.3.3-1, to be calculated at the load calculation point specified in 3.7.

b: Width (mm) of the flange (face plate) and web, respectively, to be taken as by or b,
(mm) in Fig. 6.3.3-1.

y: Coefficient+taken-asfelews: as specified in Table 6.3.3-1.
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32 Notwithstanding -1 aad—2 above, horizontal corrugated bulkheads are to be as deemed

Fig. 6.3.3-1 Measurement Method of b

. 3 T
b = by or by,
Fable 6331 Valve of £
" ol (&)
T \&)
RPeb 16
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Table 6.3.3-1

Application of Gross or Net Scantlings and Each Parameter in the Evaluation for

Each Design Load Scenario

Application of

Lateral load

Design load scenario gross Qr net P N/ Y Member Csafory fo
scantlings
P,.. Py, Py, and Pgy
To be in accordance with
4.4.2.2-1 to -4 a+p? Flange and
Maxi load conditi Net tli - . 5 1.0 12
aximum load condition et scantling corresponding fo - Web 1.0 12
compartments/members to
be assessed in Table 6.2.2-1
Gross Por—ina a+p3 Flange and
Casel L To be in accordance with — 1.0 12
scantling a+tp Web
4.4.3.2 E—
Testing
condition
Flange 115 | slie(®
Per_:
Case 2 Net scantling To be in accordance with 1.0
4.4.3.2
Web 1.07 16
p Flange 1.1 811+ (—
Lpp_in
Flooded condition Net scantling To be in accordance with 1.0
4.4.4.1
— Web 1.07 16

tr and t,,: Thickness (mm) of the flange and web, respectively

bs and b,,: Width (mm) of the flange and web, respectively (See Fig. 6.3.3-1)
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6.4 Stiffeners
6.4.1 General
6.4.1.1 Application

Sub-paragraph -2 has been amended as follows.

1 Stiffeners subject to lateral loads are to be in accordance with the requirements in 6.4.2.
2 Notwithstanding -1 above, the side frames within the cargo region are to be in accordance
with 6.4.3.

6.4.2 Stiffeners

Paragraph 6.4.2.1 has been amended as follows.

6.4.2.1 Bending Strength

For all applicable design load scenarios specified in Table 6.2.2-1, the section modulus of
stiffeners is to be not less than the value obtained from the following formulae. Application of gross
or net scantlings in the values obtained from following formula is specified in Table 6.4.2-5:

Table 6.4.2-1 has been amended as follows.

Table 6.4.2-1 Required Section Modulus for Stiffeners Subject to Lateral Pressure

Design load scenario Required value
Maximum load condition 7= CsafetyCvifi bdglp |s¢ bdg2 (em)
Testing condition 12f;Csoy
C _plPIsthay”
Flooded conditions 7 =S4y foagrIP15€bag (em™)
16fCsoy
Chag: Effective bending span () as specified in 3.6.1.2.
s: Spacing (mm) of stiffeners
frag: Elastic bending moment distribution factor according to the type of end connection of stiffeners as

specified in Table 6.4.2-2.
fpag-p:  Plastic bending moment distribution factor according to the type of end connection of stiffeners as
specified in Table 6.4.2-3.
Cyg: Coefficient taken as follows:
1.0: For stiffeners arranged horizontally
1.2: For stiffeners not arranged horizontally

P: Lateral pressure (kN/m?) corresponding to each Design load scenario specified in Table 6:2:2-+6.4.2-5, to
be calculated at the load calculation point specified in 3.7.

Cs: Coeftficient for axial force effect as specified in Table 6.4.2-4.

fr: Coefficient taken as 1.25 for flat bars or 1.0 for other members.

f: Shape coefficient taken as 1.5 for flat bars or 1.2 for other members.

Csafety: Safety factor taken as 1.0.
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Table 6.4.2-5 has been amended as follows.

Table 6.4.2-5 Application of Gross or Net Scantlings and P _in the Evaluation for Each Design
Load Scenario
Application of gross Lateral load
or net scantlings P_(kN/m?)
P, Py, Py, and P;y,
To be in accordance with
Maximum load condition Net scantling 4.4.2.2-1 to -4 corresponding to
compartments/members to be
assessed in Table 6.2.2-1

Design load scenario

Per
Case 1 G tling o SEem
ase FOSS SCANTIL To be in accordance with 4.4.3.2
Testing condition
Per_:
Case 2 Net scantling SSE-im2
ase €l scantin, To be in accordance with 4.4.3.2
Pon_:
Flooded condition Net scantling HED=in

To be in accordance with 4.4.4.1

Paragraph 6.4.2.2 has been amended as follows.

6.4.2.2 Shear Strength of Webs

For all applicable design load scenarios specified in Table 6.2.2-1, the stiffener web thickness
is to be not less than the value obtained from the following formula. Application of gross or net
scantlings in the values obtained from following formula is specified in Table 6.4.2-5:

tw — CSafetyCVsthr|P|S€shr (mm)
sthrTeH
T.y: Permissible shear stress (N/mm?) taken as follows:
oy /V3
dgn: Effective shear depth (mm) as specified in 3.6.4.2.
L¢nr: Effective shear span (m) as specified in 3.6.1.3.
s: Spacing (mm) of stiffeners
Cys: Coefficient taken as follows:
1.0: For stiffeners arranged horizontally
1.4: For stiffeners not arranged horizontally
fsnr: Shear force distribution factor according to the type of end connection of stiffeners as
specified in Table 6.4.2-56.
Csafety: Safety factor taken as 1.2.
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Table 6.4.2-56  Definition of f,,

One end Other end
Fixed Flexibly fixed Sniped end
Fixed 1.00 1.15 1.25
Flexibly fixed 1.15 1.00 1.20
Sniped end 1.25 1.20 1.00
(Notes)
N A fixed end connection is a structure in which a stiffener is continuous or its ends are reinforced
with proper backing.
2) A flexibly fixed end connection is a structure fixed to an orthogonal stiffener and not reinforced
on the back with an effective supporting member, as shown in Fig. 6.4.2-1.

Paragraph 6.4.2.3 has been amended as follows.

6.4.2.3 Reinforcement of Stiffeners with Struts
1 (Omitted)

2 Where stiffeners are supported by struts provided in between the floors in a double bottom,
the section modulus and web thicknesses of bottom longitudinals and inner bottom longitudinals are
to be not less than the values calculated in 6.4.2.1 and 6.4.2.2 times those shown in Table 6.4.2-67.
However, in a cargo loaded condition where |P;,| > 2|P,,| or |P,,| > 2|P;,|, these values are to be

obtained from the formula shown in Table 6.4.2-78 instead of Table 6.4.2-67.

P;,,: Lateral pressure (kN/m?”) acting on the inner bottom plating of a hold loaded with cargo,
to be calculated as specified in any of 4.4.2.4 through 4.4.2.7 as applicable depending on
the load loaded in the cargo hold. For each load condition specified in 4.4.2.1, Py, is to

be calculated at the inner bottom plating in a location provided with struts.

P,,: External pressure (kN/m?) acting on the bottom shell, to be calculated as specified in
4.4.2.3. P,, is to be calculated at the bottom shell in a location provided with struts for

each load condition specified in 4.4.2.1.
3 (Omitted)

Table 6.4.2-67 Correction Factor C; for Struts

Ratio of the moment of inertia of stiffeners >1.0 >1.2 >14 >1.6 > 18
max(Ig, I;)/min(Ig, I;) <1.2 <14 <1.6 <18
Botion lﬁzli‘: (5663“20?) 0.625 0.670 0.700 0.725 0.745
longitudinals | Value for web
. ongttudinals i}/}}}}% E’{C ‘:1 (2);12) 0.750 0.775 0.800 0.815 0.825
et bottom | modalus (6.4.2.1 0.625 0.670 0.690 0.720 0.740
longitudinals Xilc‘ll(:‘s’z ‘(’::.2.2) 0.750 0.780 0.795 0.810 0.825

Table 6.4.2-28  Correction Factor C, for Struts in Ships Where |P;,| > 2|P,,| or |P,,| > 2
C |Pin| >2|Pex| |Pex| >2|Pin|
2 Bottom longitudinals Inner bottom longitudinals
] 3 1 Py, 1 3 1 P, o4 1
Value for section modulus (6.4.2.1) 21+1p, 13 ai+1p, 1712
i LA P iq L1 P 0id
Value for web thickness (6.4.2.2) 21+1P, 1 21+ 1P, 1

(Notes)
C;: Coefticient given in Table 6.4.2-67.

(1) Correction Factor C, is not to be less than Correction Factor Cj.
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Chapter 7 STRENGTH OF PRIMARY SUPPORTING STRUCTURES
Symbols has been amended as follows.

Symbols

For symbols not defined in this Chapter, refer to 1.4.

(Omitted)
Ppp: RefereneepPressure (kN/m?) for the double bottom to be calculated at the load calculation
point specified in 7.3.1.5, as specified in 44—=Chapter—<4—LPart2 the requirements for loads to be
considered for the strength of primary supporting structures specified in Chapter 4, Part 2
(Requirements by ship type)
Pps: RefereneepPressure (kN/m?) for the double side to be calculated at the load calculation point
specified in 7.3.1.5, as specified in 44—Chapter—4—Part2 the requirements for loads to be
considered for the strength of primary supporting structures specified in Chapter 4, Part 2
(Requirements by ship type)

(Omitted)
Cgx: Coefficient for the ratio of the effective breadth of longitudinal girders in double hull as given
in Fig. 7.3.3-1. The method for calculation of effective breadth is given in 3.6.3.1. However, Cgy is
to be taken as 0 where no longitudinal girder is provided.
Cgy: Coefficient for the ratio of the effective breadth of transverse girders in double bettesa hull as
given in Fig. 7.3.3-1. The method for calculation of the effective breadth is given in 3.6.3.1.
However, Cgy is to be taken as 0 where no transverse glrder is prov1ded For double bottom read
Cgy. For double side, Cgy isto beread as Cp, ane ers er-asthelons palgirde

(Omitted)

7.1 General
7.1.2 Application

Paragraph 7.1.2.1 has been amended as follows.

7.1.2.1 Application
1 The requirements in this Chapter app
applied in accordance with Table 1.2.2-1.

32 Glrders and plates to be ﬂange in double bottom or double side constituting a double hull are
to be in accordance with the requirements in 7.3. Other girders are to be in accordance with the
requirements in 7.2. (See Fig. 7.1.2-1)

43  Constructions of single bottom are to be according to the requirements specified in 7.2.

54 Notwithstanding -32 and -43 above, assessments may be carried out by direct strength
calculations deemed appropriate by the Society, such as beam analysis.
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Paragraph 7.1.3 has been amended as follows.
7.1.3 Net Scantling Approach

7.1.3.1 General
The required scantlings in this chapter are to be specified as net scantlings.
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7.2
7.2.2
7.2.2.2

Simple Girders

Assessment Conditions and Loads

Assessment Conditions and Loads for Members to Be Assessed

Table 7.2.2-1 has been amended as follows.

Table 7.2.2-1 Assessment Conditions and Loads for Members or Compartments to Be Assessed
Loads
Compartments/ . Assessment Refer to:
members to be Typical members .\
assessed condition Lateral Load tvpe Load
load P components Load (P) Hull girder load
( My_pg. My-pg)
Web fi id
Girders on shell . ¢ ram.es, St .e External Static + dynamic
. stringers (single side Seawater 4.4.2.2-1
plating : pressure loads
skin structure)
Cargo oil tanks,
ballast tanks, Stiffening girders, .. Static + dynamic
Liquid loaded
ballast holds and | corrugated bulkheads 1quicfoade loads
other tanks i
Maximum I‘:;Zii 442222
Careo holds® Stiffening girders, 10?4 P Dry bulk cargoes | Static + dynamic 44.2.9
8 corrugated bulkheads condition and others loads
ole i - :
Single-bottomed Girders, floors Unspecified Static + dynamic
cargo holds cargoes loads
. Green sea Green sea load, Greater of the
. Deck girders, deck (weather decks . . .
Girders on deck fransverses only), unspecified static + dynamic | pressures specified
Others y), unsp loads in 4.4.2.2-3 and -4
cargoes
Internal decks® Deck girders, deck Unspecified Static + dynamic 44223
transverses cargoes loads
Members
constituting o . .
Stiff d Test Internal Por_ing
compartments HHeTINg Sreers, e .n.lg femna Seawater Static loads . A as 4.4.4.3
. corrugated bulkheads | condition pressure specified in 4.4.3.2
subject to
hydraulic testing
Compartments
not carrying
A e .
liquids Stiffening girders, Floold.ed Internal Seawater i 4.4.4.1 4.4.42
Transverse and | corrugated bulkheads | condition pressure
longitudinal
bulkheads

(Notes)

(1) For ships of a single side skin structure intended for carrying cargoes other than liquids, girders on the shell plating may be excluded from the
assessment.

(2) For ships carrying cargoes other than bulk and liquid cargoes with the cargoes properly fastened or otherwise held in position so that the cargo
loads can be deemed as acting only on the inner bottom plating and internal deck, the assessment need only be performed for the inner bottom
plating and the internal deck.

(3) Not required for girders on shell plating and weather deck.
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7.2.3 Bending Strength

Paragraph 7.2.3.1 has been amended as follows.

7.2.3.1 Section Modulus
In each assessment condition, the section modulus of simple girders is to be not less than that
obtained from the following formula:

_ M| 3 (o
ZnSO - CSafetyf x 10 (cm )
Oall — OBM
Csafety:  Safety factor to be taken as +81.1
M: Maximum moment (kN-m) of the assessment model as specified in 7.2.3.2
04 Permissible bending stress (N/mm?) to be taken as follows:
235
K
K: Material factor as specified in 3.2.1.2
opum: Stress (N/mm?) due to the hull girder load at the girder to be assessed as specified in
7.2.2.3. However, for members other than longitudinal hull girder structural members,
oy 1S to be taken as 0.

7.2.6 Bending Stiffness

7.2.6.1 Depth of Girders

For the members specified in Table 7.2.6-1, depth is not to be less than that specified in the
table. However, the depth may be reduced provided that the member has equivalent moment of
inertia or deflection to the required members.

Oqu =

Table 7.2.6-1 has been amended as follows.

Table 7.2.6-1 Depth of Girders

Members Depth of Girders (m)

Web frame 0.180p44

Web frame supporting cantilever 0.12588}44

Web frame supporting side stringer 0.12588}44

Side stringer 0.12588}44
Side stringer forward of collision bulkhead 0.288p44
Web frame forward of collision bulkhead 0.288p44

Note:
Chag: Effective bending span (m) of the girder as given in 3.6.1.4

Paragraph 7.2.6.2 has been amended as follows.

7.2.6.2 Moment of Inertia of Girders
For the members specified in Table 7.2.6-2, moment of inertia is not to be less than that
obtained from following formula. However, the loads acting on the members is not distributed loads,
the moment of inertia is to be deemed appropriate by the Society.
SP&ly,,"

— — 8 24
I T x 108 (cm®)

S :  Spacing of girders (m)
P : Loads corresponding to each asses

27/96



Ypag: Effective bending span (m) of the girder as given in 3.6.1.4
E: Young’s modulus to be taken as 206,000 (N/mm?)
6 : Allowable values for deflection of girders as specified in Table 7.2.6-2

Table 7.2.6-2 Allowable values for deflection of girders

Loads P Allowable values &
Girders attached to Static pressure Py, of cargo specified in 4.4.2.7 and green £/1340 x 103
decks (except for cantilever) sea pressure Pgy, specified in 4.4.2.8, whichever is greater.
Girders supporting stiffeners Internal Pressure Prp_;, in flooded condition specified in 5/670 x 103
attached to watertight bulkheads 4.4.4.1
Girders supporting stiffeners in deep Static pressure Pj; specified in 4.4.2.4 $/2000 x 103
tanks

7.3 Double Hull Structures

7.3.2 Requirements for Scantlings

7.3.1 General

Paragraph 7.3.1.4 has been amended as follows.

7.3.14 Loading Conditions

The loading conditions to be considered in double hull strength assessments are to be in
accordance with=4-4s the requirements for loads to be considered for the strength of primary
supporting structures specified in Chapter 4, Part 2_(Requirements by ship type). The loading
condition of which Pp; = 0 may be waived.

Paragraph 7.3.2.1 has been amended as follows.

7.3.2.1 Bending Strength
In each assessment condition, the thickness of plating of double hull is to be in accordance
with the following requirements (1) and (2). The thickness of plating according to these
requirements is to be uniform at any point in the double hull under assessment.
(1) The thickness of bottom shell plating and inner bottom plating constituting a double bottom
and that of side shell plating and side longitudinal bulkheads constituting a double side are to
be not less than that obtained from the following formula:

CSafety (1 - Vz) |MX| |MY|
thso = X max ) (mm)
noo Ccnd DDH V%Rstf—xcbi—x(o-all - UBM) Vstf—bei—yéﬁo-all

Csafety:  Safety factor to be taken as 1.2

y,f_,,: Coefficient of the bending stiffness effect of stiffeners in the longitudinal direction,
as given in Table 7.3.2-1

Ystfoy: Coefficient of the bending stiffness effect of stiffeners in the transverse direction,
as given in Table 7.3.2-1
Cpi_: Coefficient of strength decrease due to bending in the longitudinal direction, as
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given in Table 7.3.2-1

Cpivy: Coefficient of strength decrease due to bending in the transverse direction, as
given in Table 7.3.2-1

My : Longitudinal bending moment (kN-m/m) per unit width in double hull as given in 7.3.3.1
(See Fig. 7.3.2-1).

My: Transverse bending moment (kN-m/m) per unit length in the double bettesa hull as given
in 7.3.3.1. When assessing double bottoms read My. When assessing double sides, My
is to be read as M #ethe 3 5 ength- (See Fig. 7.3.2-1).

Opum: Stress (N/mm?) due to hull glrder bendmg at the member under assessment to be
taken as follows:

MV—HG MH—HG

x 10°

(2= 2| + [T

Opy = l I
y—n50 Z-n50

My _pe: Vertical bending moment (kN-m) corresponding to each assessment condition
as given in 4.6.2.10 for the maximum load condition and 4.6.3.5 for the
harbour condition.

My _pe: Horizontal bending moment (kN-m) corresponding to each assessment
condition as given in 4.6.2.10 for the maximum load condition and 4.6.3.5 for
the harbour condition.

Iy _ns0: Moment of inertia (cm®) of the transverse section at the midpoint of £pp
about its horizontal neutral axis (net scantlings). The corrosion addition is
given in 3.3.4.

I,_n,s0: Moment of inertia (cm?) of the transverse section at the midpoint of #pg
about its vertical neutral axis (net scantlings). The corrosion addition is given
in 3.3.4.

z: Position (m) of the double hull on the Z coordinate, which is defined as follows:
For bottom shell plating, this position is to be taken as the lowest point of the bottom
shell plating of the double bottom under consideration at xpz = 0.
For inner bottom plating, this position is to be taken as the lowest point of the inner
bottom plating of the double bottom under consideration at xp5 = 0.
For side shell plating, this position is to be taken as either of the upper and lower
ends of the side shell plating of the double side under consideration at xp¢ = 0,
whichever is greater in distance from z,.
For longitudinal bulkhead, this position is to be taken as either of the upper and
lower ends of the longitudinal bulkhead of the double side under consideration at
xps = 0, whichever is greater in distance from z,.
y: Position (m) of the double hull on the Y coordinate, which is defined as follows:

For bottom shell plating, this position is to be taken as the outermost point of the
bottom shell plating of the double bottom under consideration at xpz = 0.
For inner bottom plating, this position is to be taken as the outermost point of the
inner bottom plating of the double bottom under consideration at x5 = 0.
For side shell plating, this position is to be taken as the point most distant from the
centreline of the side shell plating of the double side under consideration at xpg =
0.
For longitudinal bulkhead, this position is to be taken as the point most distant from
the centreline of the longitudinal bulkhead of the double side under consideration at
Xps = 0.

(2) Notwithstanding (1) above, where any of the requirements specified in 2.4.1.2-6(1) and

2.4.1.3-1(1) for the spacing of girders and floors in double bottom is not satisfied, the
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thickness of the bottom shell plating and inner bottom plating constituting a double bottom is
to be not less than that obtained from the following formula. Similarly, if any of the
requirements specified in 2.4.2.1(1) and 2.4.2.2(1) for the spacing of side transverses and side
stringers 1is not satisfied, the thickness of the side shell plating and longitudinal bulkheads
constituting a double side is to be not less than that obtained from the following formula.
However, Cry = 1.0 where no longitudinal girders are provided, while Cgy = 1.0 where no
transverse girders are provided.
toso = CSafety (1 - VZ)

Ccnd %‘ﬁDDH

X max( Myl Myl > (mm)
M@CEX(%H — Opm) ’Vstf—bei—yCEyggUau

Csafety:  Safety factor to be taken as 1.2
Yerm—6s—Vstf—xs Vstpoy. Cpix. Cpiy, Myyx, My and opy: As specified in (1)

Table 7.3.2-1 has been added as follows.

Table 7.3.2-1 Bending Strength Parameters for Double Hull

Longitudinal Transverse
framing system framing system
Cpi_y 1.0 0.5
Cpi—v 0.5 1.0
Vstf—x L1 1.0

—
(]
—
—_

Vstf—y
f
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Fig. 7.3.2-1 has been added as follows.

Fig. 7.3.2-1

Bending moment of double hull
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Double Hull
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(b) Double side bending moment
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E
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7.3.3 Moments and Shear forces

7.3.3.1 Moments
Sub-paragraph (2) has been amended as follows.

(2) The transverse or vertical bending moment per unit length in the double hull is to be obtained
from the following formula:
My = CyyPpyBpy® (kNm/m)

Cyy: Maximum transverse bending moment coefficient to be taken as follows depending on
the structural arrangement: When assessing double bottom, read My. When assessing
double side, Cyy is to be read as Cyy

((a) to (d) are omitted.)

Table 7.3.3-2 has been amended as follows.

Table 7.3.3-2  Moment Correction Factor [ for Double Bottom

Type of structure
DI
28PpsDpgB3s + 15Pp5DpsBip 12
240DpBps + 180DpsBps . PppBps?
D2 8PpsDppBps’ + 15PpsDpsBps’ 12
120Dp5Bps + 180DpsBps  PppBps?
D3 3PpsDpgBps® + 10PpsDpsBps® 12
60D5Bps + 120Dp5Bpp PopBpg®
o 3PpsDppBps’ + 5PpsDpsBig % 12
60DppBps + 60DpsBpp PpgBps”
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Table 7.3.3-3 has been amended as follows.

Table 7.3.3-3 Moment Correction Factor s for Double Side

Type of structure
D1

28PpsDppB3s + 15PpDpsB3s 60
240D,5Bps + 180DpsBpg  7PpsBZs

. 8PpsDppBps’ + 15PppDpsBpp’ y 15
120DpgBps + 180DpsBpp PpsBps®

D3 3PDSDDBBDS3 + 1OPDBDDSBD33 20
60Dp5Bps + 120Dp5Bpp PpsBps®

D4 3PpsDpsBps’ + 5PpsDpsBps’ 20
60DDBBDS + 6ODDSBDB PDSBDSZ

Paragraph 7.3.3.2 has been amended as follows.

7.3.3.2 Shear Forces
((1) and (2) are omitted.)
(3) The shear force in side stringers is to be given by the following formula:
F= Cf(xDH)Cf(zDH)CFXPDHSBDS (kN)
Crxpy):  To be taken as follows depending on the hatchway width:
(a) For the hatchway width is not more than 0.7B, or for no hatchway is provided

X
Crxpy) = Max (0.5,2.0 | {,D”|>
DS

(b) For the hatchway width exceeds 0.78
_ . 1%p ]
Cf(xDH) = max| 0.5, min|{ 1.0,2.5 7 + 0.25

DS
Crzpw) = 1.0
Crx: Maximum shear force coefficient for side stringers to be taken as follows:
Crx = Crxs + Ps(Crxr — Crxs)
Bs: Double side moment correction factor as given in Table 7.3.3-3. However.

Ls is to be taken as 1.0 where greater than 1.0.
Crxs and Cpyp:  Coefficients obtained according to the value of agy from
Tables 7.3.3-18 to Table 7.3.3-23, depending on the structural
model. For intermediate values of agg, these coefficients are to
be determined by interpolation.
(4) The shear force in side transverses is to be given by the following formula:
F= Cf(xDH)Cf(zDH)CFZPDHSBDS(kN)
Crxpy):  To be taken as follows depending on ag, for the double side:
(a) For agy = 4.0
Cf(x) =1.0
(b) For agy < 4.0
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— i lxpyl
Cr(x) = min| 1.0,max | 0.5, Cys ( 0.5 — 7 + 0.5
DS

Cys = min| 4.0,max| 1.667, 10 + 0.25
0.467 (— - 0. 25)
XEqQ
Crizpy):  To be taken as follows dependmg on the hatchway width:
(@) ot et -2 -
When hatchwavs are prov1ded ( Dl and D2 Tvpe)
, |Zpn|
Cf(ZDH) = max (O.S,mln (1.0,1.0 — 1.667 By
(b) he—hateh F When no hatchways are provided (D3 and
D4 Type)
— : |ZpH]
Cr(z) = max 0.5, min( 1.0,1.0 — 1.667 B
DS
Crz Maximum shear force coefficient for side transverses to be taken as follows:

Crz = Crzs + Bs(Crzr — Crzs)
Bs: Double side moment correction factor as given in Table 7.3.3-3

Crzs and Crzp:  Coefficients obtained according to the value of ag, from

Tables 7.3.3-18 to Table 7.3.3-23, depending on the structural
model. For intermediate values of agg, these coefficients are to
be determined by interpolation.

Table 7.3.3-18 has been amended as follows.

Table 7.3.3-18

—

Coefficients Cpys and Crzs at Double Side (D1) Where Boundary Condition with
Bottom Structure Is “Supported”

azp P~daigrless 0.4 0.5 0.6 0.7 s
Crxs 0.177 0.279 0307 Q330" 0.349 0.365
Crzs 0.141 \:’2%61‘ 0367 0.407 0.443
[29:00) 1.0 1.2 2.5 4.0 or more

Crxs 0.474 : 1.574 2.498 . 8.412

C 0.535 0.624 0.684 0.732

Eg 0.25 or less 0.4 0.5 0.6 0.7 0.8 0.9
Crxs 0.083 0.137 0.173 0.207 0.236 0.262 0.286
Crrs 0.082 0.127 0.153 0.178 0.200 0.219 0.238
[29:09) 1.0 1.2 1.6 2.0 2.5 4.0 or more

Crxs 0.308 0.340 0.386 0.415 0.435 0.524

Crre 0.254 0.284 0.328 0.360 0.382 0.409
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Table 7.3.3-19 has been amended as follows.

Table 7.3.3-19

Coefficients Cpxr and Crzr at Double Side (D1) Where Boundary Condition
with Bottom Structure Is “Fixed”

sg | O7Tomiess ] 04 0.5 0.6 0.7 0.9

Cryr 0.100 . 0.167 0.186 0214 0.223

Crzr 0.135 0210 0.320 0.348 0372

[29:00) 1.0 1.2 ; . 2.5 4.0 or more

Crxr 0.231 345 0.548 0.687 0.7 ~_0.927
/Ciﬁ-( — 0304 _ 0.429 0.474 0.495 0.504 040~

g 0.25 or less 04 0.5 0.6 0.7 0.8 0.9

Cryr 0.083 0.136 0.168 0.194 0.217 0.227 0.236

Crzr 0.159 0.235 0277 0313 0.344 0371 0.396

[29:00) 1.0 1.2 1.6 2.0 2.5 4.0 or more

Crxr 0.242 0.247 0.242 0.245 0.249 0.235

Crzr 0417 0451 0.494 0515 0.522 0.513

Table 7.3.3-22 has been amended as follows.

Table 7.3.3-22  Coefficients Cpys and Crzs at Double Side (D3 or D4) Where Boundary
Condition with Bottom Structure Is “Supported” —

) 0.4 0.5 0.6 0.7 0.3 0.9

Crxs 0.122 . 0.200 0.225 0. 240" 0.274 0.296

Crzs 0.064 0.107 0 ™ 0.175 0.192 0.205

[49:00) 1.0 1.2 " 2.5 4.0 or more

Crxs 0.314 , 0.360 0.364 : 0.365

CFZE (@m‘( 0.232 0.248 0.253 0.254 0.

4900} 0.25 or less 0.4 0.5 0.6 0.7 0.8 0.9

Crxs 0.107 0.158 0.188 0.215 0.239 0.260 0.278

Crzs 0.070 0.113 0.138 0.161 0.181 0.197 0.211

[49:09) 1.0 1.2 1.6 2.0 2.5 4.0 or more

Crxs 0.293 0.312 0.322 0.318 0.310 0.287

Crzs 0.222 0.237 0.253 0.258 0.259 0.259
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Table 7.3.3-23 has been amended as follows.

Table 7.3.3-23  Coefficients Cpyr and Cpzr at Double Side (D3 or D4) Where Boundary

\ Condition with Bottom Structure Is “Fixed” ;/

g ‘ﬁ&% 0.4 0.5 0.6 0.7 7@/ 0.9
Crxr 0.107 -l 0.175 0.195 Q2" 0.228 0.239
Cryp 0.140 0.215 : ~ 0308 0.323 0.333
[49:00) 1.0 1.2 : . 2.5 4.0 or more

Cryxp 0.247 - 0.255 0.255 3 0.258

C 0.350 0.350 0.350 0.350

[25:00) 0.25 or less 0.4 0.5 0.6 0.7 0.8 0.9
Crxp 0.100 0.144 0.167 0.186 0.202 0.215 0.223
Crrp 0.135 0.209 0.250 0.282 0.305 0.321 0.332
[49:00) 1.0 1.2 1.6 2.0 2.5 4.0 or more

Cryxp 0.228 0.232 0.226 0.220 0.213 0.195

Cryp 0.339 0.345 0.344 0.341 0.340 0.340

7.4 Pillars, Struts, Etc.

7.4.2

Scantling Requirements

Paragraph 7.4.2.1 has been amended as follows.

7.4.2.1

Buckling Strength Requirements (Euler Buckling)

For members subject to axial compressive loads, such as pillars or struts, their sectional area
is to be not less than that obtained from the following formula:

F 2
An50 = CSO__ x 10 (Cm )

cr
Safety factor to be taken as 1.4. However, when struts are placed between longitudinals

in double bottom and double side, Cs is to be taken as 2.8.
Compressive load (kN) specified in each requirement. However, the compressive load
may be obtained by direct strength analysis.

: Buckling strength of beams and pillars or such members as struts to be taken as follows:

Oy Oy 5
For Of > 7: O. = Oy (1 —E> (N/mm )
Oy
For oy < — i Oer = OF (N/mm?)
I 2
_ 2 2
o = Cgem“E (7) (N/mm~)

k: Minimum radius (mm) of gyration of beams and pillars or members such as
struts

[:  Distance (mm) from the top of the inner bottom plating, deck or any other
structure, to which the lower end of pillars, struts, etc., is attached, to the
bottom of the beam or deck girder supported by the pillars, struts, etc.

Cpc:Fixed end effect coefficient as specified in the following i) to iii):

1)  For corrugated bulkheads supported at each end with a stool with a width

36/96



exceeding 2 times the depth of the corrugation
Cge =4

ii) For corrugated bulkheads or cross ties supported at one end with a stool with a
width exceeding 2 times the depth of the corrugation

CBC == 2
ii1) Other cases
CBC == 1
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9.4

Chapter 9 FATIGUE

Finite Element Analysis

9.4.1.4 Types of Hot Spot

The types of hot spots are described in Table 9.4.1-1. These are defined according to their

location on the plate and their orientation to the weld toe as shown in Fig. 9.4.1-1.

Fig. 9.4.1-1 Types of Hot Spots

Non-welded hot spot

9.4.2.7 Mesh Size

-1 has been amended as follows.

1
(M

2
3)

4)

The size of the very fine mesh is to be in accordance with the following (1) to (4):

The very fine mesh finite element model for the evaluation of “a” type hot spot stress is to be

based on the shell element of standard mesh size tg, X tg,, where tg,. is the gross thickness

(mm) of the member for evaluation of the considered hot spot.

The very fine mesh finite element model for the evaluation of “b” type hot spot stress is to be

based on the shell element of standard mesh size 10 mm x 10 mm.

Except for the following (a) to (c¢), the mesh size of hot spots consisting of plates of different

thicknesses may, in principle, be the thickness of the thinnest plate among those evaluated.

(a) When the member for which fatigue strength is considered critical is assessed as “a” type,
the mesh size is to be equal to the thickness of that member.

(b) When the mesh size for “a” type hot spot is smaller than half the plate thickness, very
fine mesh zones corresponding to the respective mesh sizes are to be prepared.

(c) When “a” and “b” type hot spots exist together in one structural detail and the thickness
of the plate with “a” type hot spot exceeds 20 mm, very fine mesh zones corresponding
to the respective mesh sizes are to be prepared.

Notwithstanding the requirements in (1) to (3) above, a mesh size which is smaller than half
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9

the plate thickness may be used for type “a” hot spots where deemed appropriate by the
Society.
(45) The mesh size of very fine mesh finite element models for the evaluation of “a2” type spot is
not to be greater than the thickness of the considered plate.
2 The very fine mesh zone is to be extending over at least 10 elements in all directions from the
hot spot. The transition of the surrounding element size between the coarser mesh and the very fine
mesh zone is to be done gradually. This transition mesh is to be such that a uniform mesh with
regular shape gradually transitions from smaller elements to larger ones. An example of the mesh
transition in way of the side frame bracket toe is shown in Fig. 9.4.2-1.

9.4.5.2 has been amended as follows.

9.4.5.2 Hot Spot Locations and Stress Readout Points

1 The hot spot locations and stress readout points for welded joints are to be in accordance with
the following (1) to (4) depending on the type of hot spots. Examples of the types of welded joints
and the joints reproduced using shell models are shown in Fig. 9.4.5-1.

(1) Type al hot spot (See Fig. 9.4.5-2 to Fig. 9.4.5-4)

(a) The location of type al hot spot is the position shifted xgp;r (mm) in the direction
orthogonal to the weld line on the plates surface from the position of the node at the
intersection of the shell elements of the plates. When assessing hot spot stress, the hot
spot stress is obtained by reading out the stresses at positions shifted 0.5tn2s (mm) and
1.5tn2s (mm) in the direction orthogonal to the weld line from the hot spot location, based
on the thickness of the plates for which hot spot stress is to be assessed. However, when
using a mesh size smaller than half the thickness in accordance with 9.4.2.7-1(4), the hot
spot stress is obtained by reading out the stress at the positions shifted 0.4t,,5 (mm) and
1.0t,,5 (mm) in the direction orthogonal to the weld line from the hot spot.

(b) Xspipe 1s to be obtained from the following formula:

Cases other than ¢ = 90°
When continuous plates are assesseds:
Kripe = t2n25 t1n25 (mm)
Shift ™ 2sing * 2tang
When discontinuous plates are assessed:
Kripe = t2n25 (mm)
Shift ™ 2sing
Case ¢ = 90°
_ tan2s
Xshift = (mm)
tin2s: Thickness (mm) of plate containing the hot spot to be assessed (main plate)
tonzs: Thickness (mm) of plate intersecting the main plate (attached plate)
¢: Angle (deg) between attached plate and main plate
(2) Type a2 hot spot (See Fig. 9.4.5-5)

The location of type a2 hot spot is the position of the node at the intersection between the

shell element of a plate and the shell element edge face of a plate, gusset plate or bracket. The

hot spot stress is obtained by reading out the stress at positions shifted 0.5t,,5 (mm) and
1.5t,,,5 (mm) in the direction extending to the gusset plate or bracket from the hot spot, based
on the thickness of the plate for which hot spot stress is to be assessed. However, when using

a mesh size smaller than half the thickness in accordance with 9.4.2.7-1(4), the hot spot stress

is obtained by reading out the stress at the positions shifted 0.4t,,5 (mm) and 1.0t,,5 (mm)

in the direction extending to the gusset plate or bracket from the hot spot.
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(3) Type bl hot spot (See Fig. 9.4.5-6)

(a) The location of type bl hot spot is the position shifted xgp;r, (mm) along the shell
element edge face of the plate, gusset plate, or bracket from the position of the node at
the intersection between the shell element edge face of a plate, gusset plate or bracket
and the shell element of the plate. When assessing hot spot stress, the hot spot stress is
obtained by reading out the stresses at position shifted 5 mm and 15 mm along the shell
element edge face of the plate, gusset plate, or bracket from the hot spot.

(b) Xspipe 1s taken as follows:

t
Xshift = 2?25 (mm)
ShiFt = 2sing

¢: Angle (deg) between gusset plate edge and plate intersecting the considered plate
(attached plate)
tonzs: Thickness (mm) of plate intersecting the considered plate (attached plate)
(4) Type b2 hot spot (See Fig. 9.4.5-7)

(a) The location of type b2 hot spot is the position of the node at the intersection between the
shell element edge face of a plate, gusset plate, or bracket and the shell element of a plate.
When assessing the hot spot stress at the corner of plate edge or the plate edge face, the
hot spot stress is obtained by reading out the stresses at positions shifted 5 mm and 15
mm along the corner of plate edge or the plate edge face from the hot spot. When
assessing the hot spot at a weld toe at the corner of plate edge welded by butt joint, the
hot spot stress is obtained by reading out the stresses of two elements adjoining the hot

spot.
(b) Type b2-1 hot spot stress is to be corrected by multiplication with the following factor:
t2—n25 2
1-n25

t;: Thickness (mm) of plating to be assessed
t,: Thickness (mm) of plating not to be assessed

9.4.5.4 has been amended as follows.

9.4.5.4 Hot Spot Stress

1 The hot spot stress is to be obtained by linear extrapolation of the stress at the point on stress
readout line specified in 9.4.5.2 to the hot spot location specified in 9.4.5.2.
2 The hot spot stress is, in principle, to be obtained from the following formula:

oys = 1.5045 — 0.50, 5 (N/mm?)

Oos: Stress (N/mm?) at position shifted 0.5t,,,5 (mm) or 5 mm from hot spot

0,5 Stress (N/mm?) at position shifted 1.5t,,,< (mm) or 15 mm from hot spot
3 Notwithstanding the requirements specified in -2, the hot spot stress is to be obtained from the
following formula when using a mesh size smaller than half the plate thickness in accordance with
the requirements in 9.4.2.7-1(4).

Oys = 1.67 - (1.00 4 — 0.404 o) (N/mm?)

0p.4: Stress (N/mm?) at position shifted 0.4t,,5 (mm) from hot spot

01 o: Stress (N/mm?) at position shifted 1.0t,,,5 (mm) from hot spot
34  Notwithstanding the requirements specified in -2 and -3 above, when the hot spot on the tank
cover at the intersection of the tank cover and the upper deck of ships carrying liquefied gases in
bulk (independent spherical tanks), and the hot spot on the coaming at the intersection of the
coaming of the tank dome opening and the upper deck of ships carrying liquefied gases in bulk
(independent prismatic tanks) are to be evaluated, the hot spot stress for Ag,,; ; is obtained from
the following formula. The stress at xgp;r; position is to be obtained according to the procedure
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specified in -2_and -3 above:
Oys = [Gmembrane (xshift) +0.60 - Opending (xshift)] (N/mmz)
Omembrane (xshift): Membrane stress (N/mm?) at Xshife position
Opending (xsm-ft): Bending stress (N/mm?) at Xshife position obtained from the following
formula:

abending (xshift) = asurface (xshift) — Omembrane (xshift)
Osurface (xshift): Surface stress (N/mm®) at Xgpipe position
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Chapter 10 ADDITIONAL STRUCTURAL REQUIREMENTS

10.4 Deck Structure
10.4.6 Helicopter Decks

Paragraph 10.4.6.2 has been amended as follows.

10.4.6.2 Longitudinals and Beams of Helicopter Decks
The section modulus of the longitudinals and beams of a helicopter deck is not to be less than

that obtained by the following formula:
M 3

M )
—x10° (ecm?)

Csafety ay

oy: Specified minimum yield stress (N/mm?)

Csafery: Safety factor taken as 1.25.
M: Maximum bending moment (kN-m) acting on the longitudinals and beams. This value is
to be the value of (1) or (2) below, whichever is greater. However, this value is to be
specified in (1) when ¢; > #.

(1) &==£When a load of helicopter acts (See Fig. 10.4.6-1(a))

2L
M=
M= 7P¢
40
(2) &=<=£When two loads of helicopter act (See Fig. 10.4.6-1(b))
Py p 2
‘ﬂif —
8L

20¢
P: Load of helicopter (kN) (See 4.8.3.1)
£:  Spacing of longitudinals and beams ()
£,: Distance (m) between loads of helicopter P acting on longitudinals and beams
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\ Fig. 10.4.6-1 Loading Condition
p /

{1

P P, P
% % % A 4 A 4 %
[ 7 » [ 7 »
(a) (b)

10.6 Strengthened Bottom Forward
10.6.1 General
10.6.1.1  Application

Sub-paragraph -2 has been renumbered to -3, and Sub-paragraph -2 has been added as follows.

1 The requirements of this 10.6 are to be applied to ships having a bow draught under
0.037L,30 in ballast condition. The ballast condition means the condition where the ballast is
loaded only in ballast tanks such as the dedicated ballast tanks and separate ballast tank and in holds
also used for ballasting. Where more than one ballast condition is planned for a ship, these
requirements can be applied on the basis of the specific ballast condition provided in the loading
manual as the ballast condition used in stormy weather. However, this provision does not include
the exceptional ballast condition where the ballast is loaded in cargo oil tanks only in stormy
weather to ensure the safety of the ship. L.,3¢ is the length of the ship according to 1.4.2.2.

2 For ships subject to this 10.6, assessment of strengthened bottom forward is to be carried out
in accordance with 10.6.2 or 10.6.3.

23  The required scantlings specified in this 10.6 are to be net scantlings.

10.6.2 General Ships (Ship other than those with L; of not more than 150 m, V/,/L; of
not less than 1.4 and Cy of not more than 0.7)

Paragraph 10.6.2.1 has been amended as follows.
10.6.2.1 Application

> Speie

L H—oftd-orlarger—and—Cr—ef0-Forless—is—to-beasspeeifiednthis—10.6:2- For ships other
than those subject to 10.6.3. this 10.6.2 is to be applied.
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10.6.3 Small, Slender High-Speed Ships (Ships having L. of not more than 150 m,
V/\/Lc of not less than 1.4, and Cp of not more than 0.7)

Paragraph 10.6.3.1 has been amended as follows.

10.6.3.1 Application

For ships satisfying the following (1) to (3), this 10.6.3 is to be applied. However, for ships
always which are expected to carry a certain amount of cargo, such as container ships 10.6.2 may be
applied instead.

(1) Ships where Length L, is not greater than 150 m

(2)  V/.[Lc isnot less than 1.4
(3) Cg is not greater than 0.7

10.9 Tank Structures for Sloshing
10.9.2 Plates

10.9.2.1 has been amended as follows.

10.9.2.1
The thickness of plates on which sloshing loads act is to be not less than the value obtained
from the following formula.

. b |Pg, x 1073
=2 | 11800, ™

oy: Specified minimum yield stress (N/mm?)

b: Length (mm) of the shorter side of the plate panel. However, it is to be taken as breadth
of flange by (mm) or breadth of web b, (mm) in the case of corrugated bulkheads (See
Fig. 10.9.2-1)

a: Length (mm) of the longer side of the plate panel.

a: Aspect ratio, to be taken as a/b.

Pq;,: Equivalent pressure (kN/m?) for the plate panels, as specified in Table 10.9.2-1

C,: Coefficient of axial force effect as specified in Table 6.3.2-32 when a > 2 or Table
6.3.2-43 when a < 2. However, it is taken as 1.0 for corrugated bulkheads.

oy Stress (N/mm?) due to hull girder bending, as specified in 10.9.1.4
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Chapter 11 STRUCTURES OUTSIDE CARGO REGION

11.2 Bow Construction

11.2.1 General

Paragraph 11.2.1.2 has been amended as follows.

11.2.1.2  Net Scantlings Approach
Unless clearly indicated to be gross scantlings, the scantlings specified in this 11.2 are to be
net scantlings.

11.3 Superstructures and Deckhouses
11.3.2 Superstructures

11.3.2.3  Superstructure End Bulkheads
Sub-paragraph -2 has been amended as follows.

2 The section modulus of the stiffener on superstructure end bulkhead (gross scantlings) is not
to be less than that obtained by the following formula:
Zgr = 3505Pgy£2%210= x 1076 (cm’)
s and Pgy:  As specified in -1(1) above.
£: Distance (m) between the decks at the position. However, when the value is less than 2 m,
£ is taken as 2 m.

11.5 Stern Construction

11.5.1 Stern Frames

Paragraph 11.5.1.1 has been amended as follows.

11.5.1.1  General

1 The requirements in this 11.5.1 apply only to stern frames without rudder posts.

2 Stern frames may be fabricated from steel plates or made of cast steel with a hollow section.
For applicable material specifications and steel grades (See 3.2). Stern frames of other material or
construction will be specially considered.

3 Cast steel and fabricated stern frames are to be strengthened by adequately spaced horizontal
plates with gross thicknesses not less than 80 % of the required thickness for stern frame t;. Where
the radius of curvature is large, a centreline stiffener is to be provided, and t; is to be according to
Table 11.5.1-1 or Table 11.5.1-2. Abrupt changes of section are to be avoided in castings, and all
sections are to have an adequate tapering radius.

4 The scantlings specified in this 11.5.1 are to be gross scantlings.
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Part 2-1 CONTAINER CARRIERS

Chapter4 LOADS

4.2 Loads to be Considered in Longitudinal Strength
4.2.2 Maximum Load Condition
4.2.2.2 Vertical Still Water Bending Moment and Vertical Still Water Shear Force

Table 4.2.2-3 has been amended as follows.

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

B 08

The vertical wave bending moment in hogging condition ~ Myy,_j, (kKN-m) Myy—n = 1.5CxCypLc3CCy <L_) Cni—-n
N

The vertical wave bending moment in sagging condition — My, _s (kN-m) Myy—s = 1.5CxCysL3CCyy (L_) Cyi_s
C

Notes:

Cr, Cyp—n> Cnr—s, C: As specified 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 <0.1TL’ (— + 3.5)) sin? (7‘[—)
L¢ L¢

X x
Cys = —3.165 cos (O.ln (— + 3.5)) sin? (TT—)
LC LC
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4.2.2.6 Horizontal Bending Moment and Torsional Moment
Table 4.2.2-6 has been amended as follows.

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

L.—35
L,

My (kN-m) | Mypyy = 0-32CRC1CH1LC2TSC
Horizontal wave bending

moments L.—35

Myryn (kN-m) | My = 0.32CrC1CyaLc’Toc T
[

Mgrq (kN-m) | Mst1 = Msr_max * Cr1

Still water torsional moments

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

Myry (kN-m) | Mypy = CxCry - [1.3C;LeTseCp(0.65Tse + €) + 0.2C, LeB2Cy]

Wave torsional moments

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

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

Cy1, Cyy: 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 » x\ [1—exp(—6x/Lc)
Cy1 = —cos (0.7771 (Z - 0.52)) sin? (T[Lc) [ 1 —exp(—3) ]

— s X (1)%
Co 51n<0.77rr(LC 0.52)) sin T[Lc T exp(=3)

Mgt max: Largest value of the permissible maximum still water torsional moment in the longitudinal direction as described in
loading manual (kN-m).

Cr1, Cry: 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)

. x . x x x 10
Cr1 =-1.0 [sm (211 —) + 0.1sin? (n’—)] - exp (—0.35—) -exp(—8 (2— - 1)
L¢ L¢ Lc L¢
Cry = 05[ (3 )+065 ( x)] ( O4x) 8(2x 1)10
2 = sin nLC sin I exp A exp I

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

(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 the—requirements—ef Annex 5.2, Part 1 “Calculation Of Shear Flow
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4.4 Loads to be Considered in Strength of Primary Supporting Structures
4.4.2 Maximum Load Condition
4.4.2.1 General

Table 4.4.2-1 has been amended as follows.

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

Loading patterns Difference between
Structures to Vertical still water Eq}livalent external and inte@al
be assessed Draught(n) bending moment Loade.((ii to ze design wave | pressure to be considered
considere 2
(kN-m) (kN/m*)
Double . HM-1
bottom S1 Tsc Mgy max Container cargo J HM-2
Double bottom: P,
S2 Tsc Mgy min Container cargo oud e .O om: Fos
BP-1P/ Double side: PDS
Double si
ouble side o . e N BP-1S
s¢ SV min Container cargo
4.4.2.2 External Pressure

Table 4.4.2-2 has been amended as follows.

Table 4.4.2-2 External and Internal Pressure to be Considered

Structures to be
P kN/m?) (D @) P kN/m?) (D2
assessed o (RN/m) s (6N
Double bottom S1 Pexs + Pexw — Pinﬁ Pexs + Pexw
S2 Pexs+Pexw_Pin£ Pexs + Pexw
Double side
S3 Poxs + Pexw_Pin,ss Poxs + Poxw

Notes:
Poyss Poyw:  Hydrostatic and Hydrodynamic pressures (kN/m?) acting on bottom shell in the case of Ppg=, and theFhkese 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.
Pin s1, Pin 53t The values considering the effect of container cargo (kN/m?), as given by the following formula: however, thesaid

values are to be taken as 0 when the number of bays in the cargo hold is only one.
Pins1 = 0.15pgTs¢

Pin_sa_s3 = 0.3pgTsc

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

(2) When calculating loads, T, = Tq,.
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4.6 Loads to be Considered in Fatigue

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

4.6.3.2 Hull Girder Loads
Table 4.6.3-1 has been amended as follows.

Table 4.6.3-1 Vertical Wave Bending Moments My,,_;, and My, _.

B\ 08
The vertical wave bending moment in hogging condition ~— My, _p, (kN-m) Myyy_p = 1.5Cr wy CynLc3CCy L_)
C
08
The vertical wave bending moment in sagging condition — My, _g (kN-m) Myyy_s = 1.5Cr wy CysL3CCy (L_>
C

Notes:
Cr wy: Fatigue coefficient, as given by the following formula.
Crwv = CriwvCr2wyCrswy
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.
Cr3_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? (0.451TL— + 0.3511) sin? (0.671L— + 0.2171)

Cys = —1.044 sin (n —) sin? (0.457‘[— + 0.357‘[) sin? (0.67r— + 0.217[)
L¢ L¢ L¢
C: Wave parameter, as specified in Table 4.2.2-1.

Table 4.6.3-3 has been amended as follows.

Table 4.6.3-3 Wave Torsional Moments My,~; and My, r,

Wave torsional moment Myrq (kN-m) Myr1 = Cp wrCry - [1.3CLTscCp(0.65T¢ + €) + 0.2C; LeB*Cyy]
Wave torsional moment Myyry (kKN-m) Myry = Cp wrCry - [1.3C1LTscC5(0.65T¢ + €) + 0.2C; LeB?Cy/]
Notes:

Cr wr: Fatigue coefficient, as given by the following formula:
CFWT = CriwrCrzwrCrs_wr
Cr1 wr: Coefficient considering speed effects, to be taken as 1.03.
Cr2_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 = —1.1]sin nLC 1sin nLC exp Uy exp I,

Cry = 05[ '(3 x)+08'3( x)] (oex) s(zx 1)10
2 = —0.5|—sin nLC .8sin nLC exp b1 exp I

e: Distance from baseline to shear centre at the midship section (1), as specified in Table 4.2.2-6.
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Chapter 5 LONGITUDINAL STRENGTH

5.5 Torsional Strength
5.5.2 Torsional Strength Assessments Based on Finite Element Analysis

5.5.2.3 Structural Models
Sub-paragraph -5 has been amended as follows.

5 The meshing of elements is to be in accordance with the following (1) and (2) (See Fig.

5.5.2-2):

(1) he-meshis elements—is—te Bbe performed so as to reproduce the structural responses of
the whole Shlp accurately In principle, ke meshing efelements 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 models that uses a finer mesh than usual may be used by applying the
boundary conditions obtained from the structural model.

Fig. 5.5.2-2 Structural Models

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

Paragraph 5.2.2.4 has been amended as follows.

5.5.2.4 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 bV hull girder loads at the
point of reference. STOHE
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Torsional moments are, as a standard, to be applied in accordance with the following (1) to

3):

Torsional moments acting on hull girders are to be applied to structural models as a series of

(2)

bulkhead torsional moments resulting in a stepped curve. An approximated torsional step
moment curve is shown in Fig. 5.5.2-3.
Torsional moments applied to bulkheads are the net change in torsional moment over the

3)

effective range of the bulkhead. The effective range of a bulkhead is the distance between the
midpoints of the two adjacent bulkheads. The torsional moments at bulkhead i are specified as
the following formulae (See Fig. 5.5.2-4):

5MM/’T‘11' = MIAI’T'1 |1 - MM/’T‘1 |1

FXitXi+1) ZXi—1+X7)

6MM/’T")1' = MM/T’)ll — MM/’T") |1

X TXi4+1) ZXj—1+X3)
x;: x-coordinate of bulkhead i
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.
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.

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 5.2.2-2 has been amended as follows.

Table 5.5.2-2 Boundary Conditions at Model Ends

Translation Rotation
Location X v 7 Around Around Around
. . L the the the
direction | direction | direction . . .
XX%-axis y¥-axis z&-axis
Boundary conditions of Aftend of Lc Fix Fix Fix - - -
torsional moment
(See Fig. 5.5.2-26 (a)) Fore end of Lc - Fix Fix - - -
Boundary conditions of Aft end of Lc Fix Fix Fix - - -
vertical bending moment
(See Fig. 5.5.2-37) Fore end of L. - Fix Fix - - -
Aftend of Lc Fix Fix =Fix - - -

Boundary conditions of
horizontal bending moment Fore end of Lc -Fix Eie- -Fix -

(See Fig. 5.5.2-48)
Transverse

Eix- Eix- Fi -
bulkheads of L. x

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

Figs. 5.2.2-2 to 5.2.2-5 have been amended as follows.

Fig. 5.5.2-26 Boundary Conditions of Torsional Moment

(a) Example 1

Aft end o
8, =0

(b) Example 2

Aft end of L,
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S =8 =20

Aft end of L.

Fig. 5.5.2-7 Boundary Conditions and Loads Application of Vertical Bending Moment

6,=0
* apply to each transverse bulkhead

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

\lkN-m 0 0
§,=6,=0
lkN-m. - .

8, =8,=6,=0 6,=0

* apply to each transverse bulkhead
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Paragraph 5.5.2.9 has been amended as follows.
5.5.2.9 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 strakes and longitudinal stiffeners attached to these members.

2

Notwithstanding the requirement in -1 above, bilge strakes longitudinally stiffened and

longitudinal stiffeners attached to the bilge strakes may be verified in accordance with the following
reguirements (1) or (2) according to net thickness of bilge strakes and bilge radius:

(M

2

In case where the bilge strake net thickness is not less than 14.5 mm and the bilge radius is not

greater than 8 m, the following=seguirements (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 3320 N/mm?, whichever is
smaller.

(b) The following formula is satisfied:

2 4 2

11( L )+(”t)+( 7Tt)>oo14
1000R 10005 1000s) =

t: Bilge strake net plate thickness (mm)

S:  Spacing (m) of stiffeners. To be taken as the girth length.

R: Bilge radius (m)
If the bilge strake 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 fimes
the buckling strength obtained by using non-linear analysissete and other methods.
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Chapter 7 STRENGTH OF PRIMARY SUPPORTING STRUCTURES

71 General
7.1.1 Application

Paragraph 7.1.1.1 has been amended as follows.

7.1.1.1

1 The requirements of this Chapter apply to ships of less than 150 72 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.

23  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.

7.2 Double Hull Structure
7.2.1 General

Paragraph 7.2.1.1 has been amended as follows.

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

8.6 Strength Assessment
8.6.1 Yield Strength Assessment and Buckling Strength Assessment

Paragraph 8.6.1.3 has been added as follows.

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

9.3 Torsional Fatigue Strength Assessment
9.3.4 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.

(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. 9.3.4-2 has been amended as follows.

Fig. 9.3.4-2 Boundary Conditions of Vertical Bending Moments and Load Conditions
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Fig. 9.3.4-3 has been amended as follows.

Fig. 9.3.4-3 Boundary Conditions of Horizontal Bending Moments and Load Conditions
§,=0 8,=0

Aftend of L.

— ./

§,=0
*To be applied at each trans bulkhead.
= 6,=0
‘\lkN-m 8, (3 o’
6,=686,=0
lkN-m\ .. )
8,=06,=6,=0 §,=0

*apply to each transverse bulkhead.

9.34.2 Load Conditions
Sub-paragraph -4 has been added as follows.

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

4.6.3.

2 Stresses due to vertical bending moment, horizontal bending moment and torsional moment

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 model 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. The torsional moments at bulkhead i(kN-m) are
specified as the following formulae: (See Fig. 9.3.4-5)

SMyr1; = MWTll%
SMyra; = MWT2|%(XL_+XH1) - MWT2|%(XL,_1+XL,)
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. 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)

Myrql1

Xi+Xiy1) F(Xi—1+X;)
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Part 2-2 BOX-SHAPED BULK CARRIERS

Chapter 7 PRIMARY SUPPORTING STRUCTURE STRENGTH

71 General
7.1.1 Application

Paragraph 7.1.1.1 has been amended as follows.

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.

23 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.
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Chapter 8§ STRENGTH ASSESSMENT BY CARGO HOLD ANALYSIS

8.5 Strength Assessment
8.5.1 Yield Strength Assessment and Buckling Strength Assessment

Paragraph 8.5.1.3 has been added as follows.

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 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 In the application of -1 above, the vield 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 vield 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
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Table 8.5.1-1 has been amended as follows.

Table 8.5.1-1 Relationship between the application of Part 1 and Part 2

Buekhingstrength sment:
Maximum load condition
Paragraph
2 Member to be assessed Equivalent design waves M and Equivalent design waves BR and BP
FM
. * An2.2 to An2.6, Annex 8.6A, Part 1 apply
Side shells

+ Permissible utilisation factor (buckling): 0.8

within rigidity reduction ranges .
S £ * Yield strength assessment: NA

+ Yield strength assessment:

8.5.1.1 As specified in 8.6.1, Part 1 - An2.7, Annex 8.6A, Part 1 applies
+ Buckling strength assessment: - Yield strength assessment:

As SDeCiﬁed in 8.6.2.]—1, Part 1 As SDeCiﬁed in 8.6.1. Part 1.

* Buckling strength assessment:
As specified in 8.6.2.1-1, Part 1

Other members(!

* Yield strength assessment: * Yield strength assessment:
8512 | Cross decks As spéciﬁed in 8.6.1, Part 1 As spéciﬁed in 8.6.1, Part 1
* Buckling strength assessment: * Buckling strength assessment:
As specified in 8.5.1.2 As specified in 8.6.2.1-1, Part 1

+ An2.2 to An2.6, Annex 8.6A, Part 1 apply
+ Permissible utilisation factor (buckling): 0.8

Plane-type transverse bulkheads
within rigidity reduction ranges

+ Yield strength assessment: N4

* 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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Annex 1.1 ADDITIONAL REQUIREMENTS FOR BULK CARRIERS

IN CHAPTER XII OF THE SOLAS CONVENTION

An3 Transverse Watertight Bulkheads in Cargo Holds
An3.2 Load Conditions
An3.2.1

Table An6 has been amended as follows.

Table An6 Pressure P, and Force F,s Acting on tke-Corrugated Bulkheads Due tobs Bulk
Cargo
The pressure Py, (kN/m?) at each point of the bulkhead Pps = pcgKe—f(z¢ — 2)
— hpg — hys)?
The force Fy,5 (kN) acting on the corrugated bulkhead Fps = pcgSq W o—f
Notes:

z¢: Distance (1) from the baseline to the horizontal plane corresponding to the top of the cargo when levelled out &4 (See

S1: Spacing (m) of corrugation

h; : Height (1) of the lower stool from the inner bottom plating

pc: Bulk cargo density (¢/m?)
K._y: Coefficient, as given by the following formula:

o2 #
2

= tan?(45° — f\
¥ \ Z]
P:As specified in Table An2.

Fig. Anl)
hpg: Height (m) of the double bottom

An4 Allowable Hold Loading on Double Bottom
An4.3 Strength Criteria

Paragraph An4.3.1 has been amended as follows.
An4.3.1

1

2
3

Shear capacity of double bottoms C,, and C, are to comply with the following formulae:
E—A—Appr—t"5=Cyp = Ppp_qp- Apg 1 (kN)

Eo=F—Arp—P-C, = Ppp_gp - App (KN)

The variables in the above formulae are to be in accordance with the following -2 to -4.
(Omitted)

The load Ppp_g, €%y (kN/m”) acting on the double bottom ferin the flooded hold

condition is to be obtained from Table Anll. In ¢hissuch 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 Anl11 has been amended as follows.

Table Anl1 Load Prp_4;, Acting on Double Bottoms #8When Flooding Occurs

Flooding case Load Ppp_ gy (kN/m?)
Zp > Z¢ Prp_ap = pgl(z¢c — hpp)(perm — 1) — E + (zp — hpp)] + pcg(z¢ — hpg)
zZp < Z¢ Prp_ap = pcg(zc — hpp) — pg[E — (zp — hpp)perm]
Notes:
Zp: As specified in 4235--Table An12

Z¢, #=hpp: As specified in Table 4$24-3-An6
: As-speeifiedin-Table4-21-1-Bulk cargo density (#/m*). The density for steel is to be used for steel mill

products'?,
perm: As specified in Fable424-3An1.2.1(7). 0 for steel mill products.
Ve: Cargo volume () #for each cargo hold as given by the following formula:
Fw
V —
‘7 pe

F: Coefficient to be taken as 1.1. However, it is to be taken as 1.05 for steel mill products.
W: Cargo mass (7) loaded in each hold

E: Ship immersion (1) for flooded hold condition as given by the following formulas:
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 assumirged 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.
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Part 2-5 GENERAL CARGO SHIPS AND REFRIGERATED
CARGO SHIPS

Chapter 4 LOADS

4.3 Loads to be Considered in Strength of Primary Supporting Structures
4.3.2 Maximum Load Condition

Table 4.3.2-2 has been amended as follows.

Table 4.3.2-2 External and Internal Pressure to be Considered

Structures to be S
assessed Ppg(kN/m?)(H @ Pps(kN/m?) (D2
Double bottom S1 Poys + Poxw Pos + Poyw
52 Pexs + Pexw - Pin,sz Pexs + Pexw
Double side
53 Pexs + PEXW - Pl'TL,S3 PEXS + Pexw
Notes:
Porss Poxw © 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.
Pin s2, Pms3 ©  loads considering the effect of cargo (kN/m?), as given by the formulae:
Pin sz = 0.5pgTsc
Pin s3 = pgTsc

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

(2) When calculating loads, T, = 0.7T¢, for S1 and T, = Tg, for S2 and S3.

4.4 Loads to be Considered in Additional Structural Requirements
4.4.2 Maximum Load Condition

4.4.2.1 Steel Coils
1 (Omitted)
2 The total load Fg. (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¢ = Fscs + Fsca
Fses: Static load (kN), as specified in Table 4.4.2-1.
Fsca: Dynamic load (kN), as specified in Table 4.4.2-2.
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Table 4.4.2-1 Static Load of Steel Coil Fg,

Members n, and ns Fses (KN)
nn;
n, <10 and n3 <5 Csc1Wscn_39
Inner bottom plating
£
n, >10 or n3 > 5 CscaWsemy 7.9
st
n, <10 and n3 <5 Csczwsc g cosa
Hopper tank sloping 7
n, > 10 or n3 > 5 CSCZWSC{,—g - cosa
st
Longitudinal bulkheads and side frames NA 0
Notes:
ny: Number of loading stages of steel coil
ny: The load point per panel (the number of dunnages for a single panel), as specified in 4.4.2.2-3.
ns: Number of dunnage threads supporting one row of steel coils
Wse: Mass of one steel coil (7)
Cscr: Coefficient as follows
Csc1 = 1.4 for multi-tiered-sta e a-single-eoil single-tiered loading secured with one or more key coils
Csc1 = 1.0 for Sﬁgﬁemultl-tlered s%aéeﬂ%loadmg or smgle tired loading without key coils
Csco: 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 () (see Fig. 4.4.2-2)
L Steel coil length (m) (see Fig. 4.4.2-2)
a: The angle between the inner bottom plating and the hopper tank sloping (rad)

65/96




Table 4.4.2-2 Dynamic Load Fs.,4
Members Load in waves Fgc4 (KN)

Inner bottoms Fscs

Hopper tank sloping

mn; .
n, <10 and ny <5 Csc3Wscn—3g sin @

Longitudinal bulkheads

4
CoczWerny — g sin
st

n,>10orny3 >5

n, .
Side frames Csc3 WSC n_4g sin @

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, ni, Wse: As specified 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
ny: 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, z;, 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
(Omitted)

3 In applying -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, istobe n, = ns.
(b) The distance between the load points of the dunnage at both ends of each panel ¢;, is to
be the distance between the dunnage at both ends supporting a row of steel coils.
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Fig. 4.4.2-2 Loading of Steel Coils on the Inner Bottom without Taking into Consideration the
Floor Position

Dunnage '(7 Lsr —>|

Steel coil Steel coil Steel coil
Inner
bottom
plating
N J
Y
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
(Omitted)
Table 4.4.2-4 Number of Load Points Per Panel According to Dunnage n,
(Omitted)
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¢4 0.332, 0.25¢, 0.244

3 1.2, 0.67¢,, 0.50¢,, 0.4,

4 1.7¢4, 1.204,, 0.75%, Og' 6' ;g

60,

5 240, 1.534,, 1.204,, 0.80,,

6 2.9¢, 1.87¢, 1458, 1.2¢,

7 3.6, 2.408,, 1.704,, 140,

8 4184 2.734; 1.95¢, 1.60;

9 4.8¢,, 3.072, 2.400,, 1.80,

10 5.3¢,, 3.602,, 2.650, 2.0,

4 (Omitted)
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Chapter 10 ADDITIONAL STRUCTURAL REQUIREMENTS

10.1 Ships Carrying Steel Coils
10.1.2 Inner Bottom Plating and Longitudinals

Paragraph 10.1.2.1 has been amended as follows.

10.1.2.1 Inner Bottom Plating
The thickness of the inner bottom plating is not to be less than that obtained from the
following formulae.

/ Fsc
t=K, ooy 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.

S S \¢. o 2
‘- 1.7 1555 £K2 — 0.73 (W) K2 — (¢ —2,)
26y, (27555 + 2¢K:)

K,: Coefficient

K, =—— 4+ ( > )2 +1.37 (1000{))2 (1 g”’)z +2.33
2710007 10007 ' s ? '

C,: Axial force effect coefficient according to 6.3.2.1, Part 1.

s: Distance between stiffeners (mm)

£: Distance between floors ()

?1,: The distance between the load points of the dunnage at both ends of each panel ()

according to 4.4.2.1-3

Paragraph 10.1.2.2 has been amended as follows.

10.1.2.2  Inner Bottom Longitudinals
The section moduli and the web thicknesses of inner bottom longitudinals are not to be less

than that obtained from the following formulae.
Pkcfbdg

8C;oy

Z:K3

Where:

oy: Specified minimum yield stress (N/mm?)

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 £p4,.

K3: Coefficient according to Table 10.1.2-1 K3 = 24g55/3 for n, > 10

n,: 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

x 103(cm?), t,, = x 103 (mm)

dshrTY
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¥pag: Effective bending span (m) of stiffener according to 3.6.1.2, Part 1

dsnr: Effective shear depth (mm) of stiffener according to 3.6.4.2, Part 1
- 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, | 2 3 4 5
K; Chag
n, 6

72,,°

-

n, 1
K 10
Ny 6
)
1.0 —
K 15 <£bdg>

Paragraph 10.1.2.3 has been amended as follows.

10.1.2.3

1
2

Inner Bottom Longitudinals with Struts
(Omitted)
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 is acting at the position of the dunnage.

(1

2

Z = M X 103 (cm®
s (em™)
Equidistant load points (See Fig. 10.1.2-2)

— _ 3

My = {,fs kZl{aI + (k= 1)2)8y7 = z{al + (k= 1)2,) ]
_ Wia, + (m — 1)¢,} _ 3
Mep, = Z:g&gg LZ{al + (k—1)¢,}

n

- 3847 Z {a1 +(k—1)8, — Mfs} Z W(m — k)2,

k=1
Non-equidistant load points (See Fig. 10.1.2-3)

" Way (@@2 =I=:ak2)

My =Y

2
L 28t
2
W (et — ai) (28 + ai) m
Mszz — 220..3 — _Zw(am_ak)
k=1 _fs k=1
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3

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

Mpg: Bending moment at fixed end (kN-m)

M,,: Bending moment at the m-th load point from the strut support point (kN-m1)

M.: Bending moment (kN-m) at the load point is to be the largest of the following values
Mcy, Mz, Mcs, and Me,

a,,: Distance from strut support point to the m-th load point (1)

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 Mp are maximum
values

£,: Distance between load points (1)

s Distance between girders and struts (1)

W: The load of the steel coil that each dunnage is responsible for (kN)

W = Fsc
Ry
Fcssc: Total load by steel coil acting on the plate panel (kN) (See 4.4.2.1-2), £ is to be
substituted by £p,44.

n: The load point per panel (the number of dunnages for a single panel), as specified in
4.4.2.1-3.
The web thickness is not to be less than that obtained from the following formulae. 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.

(M

)

t F x 103 (mm)
= mm
v dshrTY
Equidistant load points (See Fig. 10.1.2-2)
r n

n
w 2
Ra=—o Z{a1 + (k= D), — 38,7 Z {a1 + (k= 1)8, — —4£fs}]
28ty (k=1 T k=1 3 —
B n n
w , .
Ry = —— (38617 > fay + (= D&} = ) fay + (k= 12}
24& [ T k=1 k=1

Load point position user determined (See Fig. 10.1.2-3)

n w4ty — a,()2 (287, + a )
R, = Z — —

3
— 2#&
n Wak (3#€f52 + akz)
Rp = Z —3
= 2#&
Where:

F: Shear force (kN) and is to be the larger of R, and Rp

R,: Reaction force with simple support (k)

Rp: Reaction force at fixed end (kN)

a,: 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

70/96



Fig. 10.1.2-1 Inner Bottom Longitudinal with Struts

Coil load (concentrated load at the dunnage point)

%HHHW

A
Strut support point
Fig. 10.1.2-2 Load Conditions Between Girders and Struts (Equidistant Load Points)
w w w w w
M. /) Ce
Y l l l Strut support

point

\:U
N\
<

<

£
14 w w
M. /)
B(; l l l v l Strut support
/, point
/ «— f 1 «— 0 i fl a,
7\
Rp R,
s »

Fig. 10.1.2-3 Load Conditions Between Girders and Struts (Non-Equidistant Load Points)
w w w w

My /)
C/ v St port
point

“

£ >
w w w w
My /) l
C/ Y 3 Strut support point
/,
/ }Q— a1 —>
/Al s
a0y —
Rp R,
< as »
a, N
2 .
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10.1.3 Hopper Slant Plates and Longitudinal Frames with Hopper Slant Plates (Ships
with Bilge Hoppers)

Paragraph 10.1.3.2 has been amended as follows.

10.1.3.2  Longitudinal Frames with Hopper Slant Plates
The section moduli and web thicknesses of longitudinal frames with hopper slant plates are to
be greater than or equal to the following values.
F, SC{)bdg

Z =K, 8C; x 103(cm), t,, =

Where:

oy: Specified minimum yield stress (N/mm?)

Ty: Allowable shear stress (N/mm?)
oy /V3

Fsc: Load (kN) acting on the longitudinal frame with hopper slant plate according to 4.4.2.1-2,
¢ _is to be substituted by £p,44.

K3: Coefficient according to 10.1.2.2

Cs: Coefficient related to the influence of axial force according to 6.4.2.1, Part 1

dgnr-: Effective shear depth (mm) of stiffener according to 3.6.4.2, Part 1

0.5F,

x 103 (mm)
dshr Y

10.1.4 Longitudinal Bulkheads and Longitudinal Frames with Longitudinal Bulkheads
(Ships without Bilge Hopper and Ships with Double Side Shells)

Paragraph 10.1.4.2 has been amended as follows.

10.1.4.2  Longitudinal Frames with Longitudinal Bulkheads
The section moduli and web thicknesses of longitudinal frames with longitudinal bulkheads
are to be greater than or equal to the following values.
F, chbdg

0
Z = K3 ———x103(cm’), t,,, =
’ 8CSO-Y ( ) v dshrTY

Where:

oy: Specified minimum yield stress (N/mm?)

7y: Allowable shear stress (N/mm?)
oy/V3

Fgc: Load (kN) acting on the longitudinal frame with longitudinal bulkhead according to
4.4.2.1-2, £ is to be substituted by £},,.

K3: 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

10.1.5 Side Frames (Ships Without Bilge Hoppers and Single-Side Ships)

X 103 (mm)

Paragraph 10.1.5.1 has been amended as follows.

10.1.5.1 Side Frames
The section moduli and web thicknesses of side frames are to be greater than or equal to the
following values.

FSC‘glbdg N 0.5Fg
x 103(cm?), t, = 2.0d

Oy shrly

Z=12

x 103 (mm)
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oy: Specified minimum yield stress (N/mm?)

Ty: Allowable shear stress (N/mm?)
oy /V3

Fgc: Load (kN) acting on the lengitudinal—frame—with—longitudinalbulkhead 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
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Part 2-6 VEHICLES CARRIERS AND ROLL-ON/ROLL-OFF
SHIPS

Chapter4 LOADS

4.3 Loads to be Considered in Strength of Primary Supporting Structures
4.3.2 Maximum Load Condition

Table 4.3.2-2 has been amended as follows.

Table 4.3.2-2 External and Internal Pressure to be Considered

Structures to be
Ppg(kN/m?)(H&) Pps(kN/m?)(H2)
assessed g (KNV/im?) s (KN/m’)
Double bottom S1 Pexs + Pexw Pexs + Pexw
52 Pexs + Pexw - Pin,sz Pexs + Pexw
Double side
53 Pexs + PEXW - Pl'n,S3 PEXS + Pexw

Notes:
Poyss Poxw : 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.
Pin s25 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 #sare 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;, = Tg, for S2 and S3.
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8.5
8.5.3

Chapter 8§ STRENGTH ASSESSMENT BY CARGO HOLD ANALYSIS

Racking Strength Assessment
Yield Strength Assessment

Paragraph 8.5.3.2 has been amended as follows.
8.5.3.2 Strength Criteria

1

2

Members to be assessed within the evaluation are to satisfy the following formula:

Ay < Ayperm
Ay: Yield utilisation factor, as given by the following formulae:
Oeq
For shell elements, Ay =——-
188/K
For rod elements, Ay = 9l
188/K

Ayperm:  Permissible utilisation factor, be taken as 1.0

Notwithstanding -1 above, vield 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:

23

tis—grOy—is = 1.7- tat-grOy—at

tis_gr: Thickness (mm) (gross scantling) of intersections of pillars and deck transverses.

Oy is: Specified minimum yield stress (NV/mm?”) of intersections of pillars and deck
transverses.

Largr: Smallest thickness (mm) (gross scantling) of the web of the deck transverses at the
same height of the intersection.

Oy gt Smallest specified minimum yield stress (N/mm”) of the web of the deck

transverses at the same height of the intersection.
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

Section 9.5 has been added as follows.

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,,= (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.

9.5.4 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.
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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 “/1” 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.
AGys orticyy = Kscp  Daai v i
AOus pariciy = Ksce  DOag; i
Kerg: Stress concentration factor as given in -3 below.
AGuq; vicjy: Stress range (N/mm®) in the x-direction in the x-y coordinate system of the
equivalent design wave “/” for loading condition (/) according to the following formula:
AG. 1i v = ) )
Oadj xi1(j): Surface stress (N/mm®) in the x-direction in the x-y
coordinate system of the equivalent design wave “i/1” for
loading condition ‘7’ on element midpoint of element in
way of hot spot
Oadj xi2(j): Surface stress (N/mm®) in the x-direction in the x-y
coordinate system of the equivalent design wave “i2” for
loading condition ‘7’ on element midpoint of element in
way of hot spot
AGuq; yicjy: Stress range (N/mm®) in the y-direction in the x-y coordinate system of the
equivalent design wave “/” for loading condition /"’ according to the following formula:

€6
/

Oadjyi1gy: Surface stress (N/mm?”) in_the y-direction in the x-y
coordinate system of the equivalent design wave “i1” for
loading condition ‘/”” on element midpoint of element in
way of hot spot

Oadjyi2gy: Surface stress (N/mm?”) in_the y-direction in the x-y
coordinate system of the equivalent design wave “i2” for
loading condition ‘7’ on element midpoint of element in
way of hot spot

Oadj x,i1(j) T Oadj_x,i2(j)

Omean ortili) — K('FF' .
— ToXTT A
Oadj_y,i1(j) ¥ %adjy.i2()
O-manﬂ_pnv‘i(j) = KCFF' * A

3 K-z for a representative hot spot of a representative transverse section is to be obtained by

the following. The application method of an obtained K¢z 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) K r isto be obtained as the ratio of stress range obtained by (1) and (2) above.
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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
faticue 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 range used in screening assessments is to be in accordance with the following:

Aagsw = max( Aagsl-(,-; )
L

where
Aogps iy = max(Aogs gpe i), AOgg
AOGks oreig): 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:
7 — 7 : AO— = 7
AOgs paricpy: 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:
iy =072 variciy A0ys nar
fomean orti(iys fmean paricy): Correction factor for mean stress effect, as obtained
by the following formulas for each combination of
AO—I—IC_nvt"i(}'\ s Omean orti(f) and AO—I—IC_pnr,i(}'\ N
Omean_par,icj) respectively.

Omcor,i(j)
ZAO-HS,i(j)

E b |

Omcor,i(j)
_— o) Ly < 0
ZAO-HS,i(j)j mcor,i(j)

Where.0pcor i 0 is to be obtained as follows:

(fmean,t(j) = min [1-0' 0.8 +0.2 l : Ocori() = 0

lfmean,i(j) = max l0.6, 0.8+4+0.2

g Omcor,i(j) = Omean,i(j) *Omax = OvEq
(GmCor,i(j) = OyEq — Omax + Omean,i(j) *9max > OyEq
o, = max; n(Aoysin + 0 i
Oypg = Max(315, oy)
AOys orticyy, AOus pari): As given in 9.5.5.1-2.
Omean_orti): Omean_pari(j): As given in 9.5.5.1-2.

9.5.6.3 Fatigue Damage Calculation and Fatigue Strength Assessment Criterion
1 The cumulative faticue damage D is to be obtained from the following formula:

D = T arpn Doy
“' A\
J

A\

Ajy: Fraction of time of loading condition (j) in the fatigue design life, as given in Table
9.3.1-1.
D(j): Cumulative faticue damage for the fatigsue design life for loading condition (j)
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calculated by the following formula:

Tpr — T,
DF C
Dgy=———

Tc
Dni'r‘fi\ : + _Drnv’/ A
lDF A\ IDF A\

Dgir(jys Deorgpy @ Cumulative fatigue damage in the in-air environment and

corrosive environment for the faticue design life for loading

condition (7).

Npr  A0gs

(142
Dy = — -1+ —
S P (LT L S
N Adfe o m
Drnv (i = DE ‘(])/ - F (1 + i
7 Ky cor (INNR)™75 X s/

Npz:  Total number of cycles in the fatigue design life Tpz .
B 60 X 60 X 24 x 365.25

DE — D lpEp

4logL,
fn: Ship’s operation rate, taken as 0.85
Aogsy:  Fatigue stress range (N/mm?) at the reference probability level of exceedance of
10~

m: Inverse of the slope of the S-N curve, taken as m = 3

Np:  Number of cycles corresponding to the reference probability of exceedance of 1072,
taken as N, = 100

&: Weibull shape parameter, takenas & =1

I'(x): Complete Gamma function

K 4ir: Constant of the design S-N curve for in-air environment, taken as 1.52 x 10*2

K ¢or: Constant of the design S-N curve for corrosive environment, taken as 7.60 x 10**

Ag,:  Stress range (N/mm?*) corresponding to the intersection of the two segments of design
S-N curve at N = 10’ cycles, taken as Ao, = 53.4

ey Coefficient taking into account the change of inverse slope of the S-N curve, m,

For in-air environment

{)f (1 + %'V(j)) - V(_jfm/g R4 (1 + (@) "’U))}

Uy =1= "
r (1 + ?)
( Aa, \f
V(J,) =|— lan
\40Fs,j)/
For corrosive environment
ey =1

y(a,x): Incomplete Gamma function
Am:  Change in inverse slope of S-N curve at N = 10’ cycles, taken as Am = 2.
Fatigue strength assessment criterion is to be in accordance with 9.5.5, Part 1.

Correction factor for post-weld treatment by grinding is not to be considered.
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Part 2-7 TANKERS

Chapter 2 GENERAL ARRANGEMENT DESIGN

2.1 Structural Arrangements

Paragraph 2.1.2 has been deleted.
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Chapter 7 PRIMARY SUPPORTING MEMBER STRUCTURAL STRENGTH

71 General
7.1.1 Application

Paragraph 7.1.1.1 has been amended as follows.

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.

23  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.
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Chapter 8§ STRENGTH ASSESSMENT BY CARGO HOLD ANALYSIS

8.3 Structural Models
8.3.1 General

Paragraph 8.3.1.2 has been amended as follows.

8.3.1.2 In Way of Lower End of Vertically Corrugated Bulkhead

1 In applying 8.3.3.1-2, Part 1, plating and primary supporting members around the lower end
of vertically corrugated bulkhead are to be modelled by shell elements with the mesh-sized of
100 mm x 100 mm or less.

2 In applying -1 above, members for reinforcement 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.

8.5 Strength Assessments
8.5.1 Yield Strength Assessments
8.5.1.1 Reference Stress

Sub-paragraph -1 has been amended as follows.

1 In applying 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 that web depth of the vertically corrugated
bulkhead is divided into three parts (that is, approximately 300 mm X300 mm) is to be taken as the
standard range.
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Part 2-9 SHIPS CARRYING LIQUEFIED GASES IN BULK
(INDEPENDENT PRISMATIC TANKS TYPE A/B)

Chapter 4 Loads

4.2 Loads to be Considered in Local Strength
4.2.2 Maximum Load Condition
4.2.2.1 Lateral Loads

Sub-paragraph -1 has been amended as follows.

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.

4.2.3 has been amended as follows.
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, isused only where P, is given specified in 4.13.2-3, Part N.
Pin = maX(Pl,Pz,Ps)

Py =P+ Pgq

=P P, =P, ,/095

P3 = Ppee

P,:  Static pressure and design vapor pressure (kN/m?), as specified in 4.4.2.4, Part 1=

P,;:  Dynamic pressure (kN/m?), in accordance with 4.4.2.4, Part 1.
P ,: Static pressure and design vapor pressure in harbour condition (kN/m?). As for Py

specified in 4.4.2.4, Part 1, the value obtained by replacing the design vapor pressure
with P, specified in 4.13.2-3, Part N.
Phee;: 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 Pf (kN/m?) considering increase of pressure due to a fire is to be in accordance
with the following formula. However, Py, is used only where P, is given specified in 4.13.2-3,
Part N.

Pf = maX(Pfl,sz)

Pry = Pis g1+ Pg

%—EE@ Pf? = P;c_fo/O.95

Pis s: Static pressure and design vapor pressure (kN/m?), the value is obtained by

multiplying the design vapor 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.
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Pjs 20 Static pressure and design vapor pressure in harbour condition (kN/m?). As for Py
specified in 4.4.2.4, Part 1, the value obtained by replacing the design vapor
pressure with 1.2 times the value of P}, specified in 4.13.2-3, Part N.

4.2.3.3 Loads to be Considered in Centreline Bulkheads

The load P, (kN/m?) to be consider for the centreline bulkhead is to be in accordance with

the following formula:

Pc;, = max(Pcp1, Pero, Pers)

Perp = P
Perz = Preer
Perz = Pope

P,;: Dynamic pressure (kN/m?) in accordance with the requirements of 4.4.2.4, Part 1.
Pheer:  Static pressure (kN/m?”) from maximum difference between liquid levels of both sides
of cargo tank in 30-degree static heel condition.
Pype:  Internal pressure (kN/m?) of cargo tank according to operational restrictions, to be
taken as follows. 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,

Pope = 0.4‘PCL1

Where asymmetric loading of both side of cargo tanks is allowed in harbour condition,

%Bg P,,p,, = Plc/095

Where asymmetric loading of both side of cargo tanks is allowed in maximum load condition,

Pope=Pls+Pld
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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 subject to liquid cargo 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 has been amended as follows.

Table 6.1.2-1 Design Load Scenarios and Applied Loads for Assessment Target
Members/Compartments

Applied load
Members/ It .
embers/compa Design Load
ments to be S . Reference
cenarios
Lateral load | Loadt Load t -
assessed ateral loa oad type oad componen Lateral load Hull girder load
(P) (My—_pg, Mp-_p¢)
Maximum load
I 1 Liqui i i
Tank casing condition nterna iquid Static/dynamic 4.2.3.1
pressure cargo loads
(normal)
. Harb diti Internal Liquid .
Tank casing arbour condition frerma it Static load 4.2.3.1
(normal) pressure cargo
. 30-d tatic listed Internal Liquid .
Tank casing ceree S ;.1 e ste ferna 1aut Static load 4.2.3.1
condition pressure cargo
Maximum load
Tank casing cond-it-ion Internal Liquid Static/dynamic 4232
(Pressure rising due to pressure cargo loads
a fire)
Harbour condition Internal Liquid
. .. u .
Tank casing (Pressure rising due to q Static load 4.2.3.2
pressure cargo
a fire)
. Maxi load - . .
eCentre line alegn} oa Internal Liquid Static/dynamic
) condition 4.2.3.3
bulkhead!! pressure cargo loads
(normal)
Centre li 30d tatic listed Internal Liquid .
entre 1n1e egree s. a} ic liste nterna iqui Static load 4233
bulkhead!! condition pressure cargo
Centre line Condmofl under Internal Liquid .
: operational Static load 4.2.3.3
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.
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6.1.3 has been amended as follows.
6.1.3 Plates and Stiffeners

6.1.3.1

1 The plates and stiffeners of the 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) 4For 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. And, for
other design load scenarios, the evaluations are to be carried out by using formulae for
maximum load conditions.

(2) HewewertThe coefficients C, and C; related to the influence of the axial force masx are to
be taken as 1.0 respectively.

(3) In applying 6.4, Part 1, Csufery is to be 1.1, and oy /1.33 or op/2.66, whichever is less, is
to be used instead of gy, where gy 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 In structures 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 8§ STRENGTH ASSESSMENT BY CARGO HOLD ANALYSIS

8.5 Strength Assessment
8.5.2 Buckling Strength Assessment

Paragraph 8.5.2.2 has been amended as follows.

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 o,,
which is in the shorter side direction of the panels specified in A3.2.2, Annex 8.6.

2 In the 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 (t,

Oy limit = — 2 (_)
121 —v5) \b

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

v: Poisson’s ratio, taken as 0.3.
ty: Thickness (mm) of the plate panel.

2

b: Length (mm) of the shorter side of the plate panel.
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Part 2-10  SHIPS CARRYING LIQUEFIED GASES IN BULK
(INDEPENDENT TANKS OF TYPE C)

Chapter4 LOADS

4.3 Loads to be Considered in Strength of Primary Supporting Structures
4.3.2 Maximum Load Condition

Table 4.3.2-2 has been amended as follows.

Table 4.3.2-2 External and Internal Pressure to Be Considered

Ppg(kN/m?)(H2) Ppg(kN/m?)(h2)
Sl Pexs + PEXW PEXS + PexW
Double bottom
S2 PeXS + PexW Pexs + PeXW

Notes:

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

all loading conditions.

(2) When calculating loads, T}, = Tg,.

Poys, Poyw:  Hydrostatic and Hydrodynamic pressure (kN/m?) act on bottom shell in case of Ppg. Those values act on side shell in

(1) Load calculation points for calculating each component of loads such as P,,, #sare to be in accordance with 7.3.1.5, Part 1 for
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Chapter 7 PRIMARY SUPPORTING STRUCTURE STRENGTH

71 General
7.1.1 Application

Fig. 7.1.1-1 has been amended as follows.

Fig. 7.1.1-1 Application Example of Liquified Gas Bulk Carriers with Independent Tanks
Type C

Hatch side girder
(Assessment models 1 to 5

specified in 7.2, Part 1)

Deck transverse

(Assessment models 1 to 5

specified in 7.2, Part 1)

Web frame

(Assessment models 1 to 5

specified in 7.2, Part 1)

Side transverse

< R
\\.4% ”’.d._;' "‘/‘/Q
T O S o e e XL ]
SCBIBCTACINSCIRD)

&
= -\

(Assessment models 1 to 5

specified in 7.2, Part 1)

4

Double bottom
(Type S2 specified in 7.2, Part 1)

Note:
Where bottom structure is single bottom, h

in 7.2, Partdare is to be applied.
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Section 7.2 has been added as follows.

7.2 General
7.2.1 Application

7.2.1.1

Where the ship is single bottom and the aspect ratio £y /By is 2.0 or more, to be in
accordance with 7.2.2. £, 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

T.BHD Sad;dle

v—/l ¥ Y

\_ I J :
I ) L

Saddle  \T.BHD

v

<
<

7.2.2 Evaluation Members to be Assessed

7.2.2.1 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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Part2-11  SHIPS CARRYING LIQUEFIED GASES IN BULK
(MEMBRANE TANKS)

Chapter 4 Loads

4.2 Loads to be Considered in Local Strength
4.2.2 Maximum Load Condition
4.2.2.1 Lateral Loads

Sub-paragraph -1 has been amended as follows.

1 In applying 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 0.385, but a value calculated based upon the
weight distribution according to the loading condition to be considered may be used.
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“Guidance for the survey and construction of steel ships” has been partly amended as follows:

Part N SHIPS CARRYING LIQUEFIED GASES IN BULK
N4 CARGO CONTAINMENT

N4.21 Type A Independent Tanks
N4.21.3 has been amended as follows.
N4.21.3  Ultimate Design Condition
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21  The “classical analysis procedures” referred to in the requirements in 4.21.3-1, Part N of the
Rules means to meet the f@%%ﬁﬁél%#% requlrements in Chapter 6, Part 2- 9 Part C of the
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42  For the purpose of the requirements in 4.21.3-1, Part N of the Rules, the allowable stress
for the equivalent stress o,when detailed stress calculations are made on primary members is to be
as given in Table N4.21.3-21.
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Table N4.21.3-21  Allowable Stresses for the Primary Equivalent Stress

Ferrite steels Austenitic steels Aluminium alloys
0.79R, 0.84R, 0.79R,
0.53R,, 0.42R,, 0.42R,,
Note:
For each member, the smaller of the above values is to be used with R, and R,, as specified in 4.18.1(3),
Part N of the Rules.
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