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BRIEF EXPLANATION

The Guidelines for Fatigue Strength of Ship Structure (2021) are revised on the basis of the
Guidelines for Fatigue Strength of Ship Structure (2018).

Main revisions are as follows:

1. Relevant contents of liquefied gas carriers are revised and improved in conjunction with the
project “rules verification and in-depth research of liquefied gas carriers”, in accordance with
market demand and technical development.

2. Correction of material strength is added for design stress range, and the interpolation method
is added for web hot spot.

3. Weld improvement methods are added.

4. Other editorial revisions.
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CHAPTER1 GENERAL

1.1 General provisions
1.1.1  The Guidelines applies to strength assessment of hull structure in cargo hold areas of
sea-going steel ships, including the following ship types:
(1) non-CSR bulk carriers of 150 m and over in length;
(2) non-CSR oil tankers of 150 m and over in length;
(3) container ships of 150 m and over in length;
(4) the following liquefied gas carriers of 150 m and over in length:
(O membrane tank liquefied gas carriers;
@ type A prismatic independent tank liquefied gas carriers (hereinafter referred to as type A
liquefied gas carriers);
® type B prismatic independent tank liquefied gas carriers (hereinafter referred to as type B
liquefied gas carriers);
@ type C independent tank liquefied gas carriers (hereinafter referred to as type C liquefied
gas carriers);
(5) integral tank chemical tankers of 150 m and over in length;
(6) ore carriers of 150 m and over in length;
(7) steel sea-going vehicle carriers specially designed and manufactured for carrying wheeled
commercial vehicles.
1.1.2  For other ships, the fatigue strength of the hull structure may be assessed in accordance
with the Guidelines.
1.1.3  For ships carrying out fatigue strength assessment in accordance with the requirements of
the Guidelines, their structural design, construction workmanship and quality are to comply with
the requirements of ISC Rules for Classification of Sea-going Steel Ships, Rules for Construction
of Sea-going Ships Engaged on Domestic VVoyages and other relevant standards accepted by ISC.
1.1.4  For independent tank liquefied gas carriers, the hull structure and type A/B prismatic
independent tanks are to be subject to common fatigue strength assessment (i.e. P-M linear
cumulative damage method based on the S-N curve) in accordance with the Guidelines, and type
B independent tanks are also to be subject to fatigue strength assessment by the method of fracture
mechanics in accordance with relevant requirements of ISC Rules for Construction and Equipment
of Ships Carrying Liquefied Gases in Bulk. Type C independent tanks are to be subject to fatigue
strength assessment in accordance with relevant requirements of ISC Rules for Construction and
Equipment of Ships Carrying Liquefied Gases in Bulk (where applicable).
1.15 The class notation FL may be assigned to classed ships satisfying the assessment
requirements of the Guidelines. Where a ship is designed for a minimum design fatigue life of 25
years or more, the class notation may be assigned at 5-year intervals starting from the 25th year,
e.g. FL(25), FL(30), etc.

1.2 Symbols

1.2.1 Length of ship L (in m), i.e. the Rule length, is the distance measured on the waterline at
the scantling draught from the forward side of the stem to the aft side of the rudder post, or to the
centre of the rudder stock if there is no rudder post. L is not to be less than 96%, and need not be



greater than 97%, of the extreme length on the waterline at the scantling draught. In ships with
unusual stern and bow arrangement, the length L is to be specially considered.
For pontoon hulls, L is the distance on the waterline at the scantling draught from the forward side
of the fore end plate to the aft side of the aft end plate.
For ships without rudder stocks (such as ships provided with azimuth thrusters), L is 97% of the
extreme length on the waterline at the scantling draught.
1.2.2 Breadth of ship B (in m), is the greatest moulded breadth measured amidships at the
scantling draught.
1.2.3 Moulded depth D (in m) is the vertical distance measured at the middle of the length L
from top of keel to top of the deck beam at side on the uppermost continuous deck. When a
rounded gunwale is arranged, the moulded depth is to be measured to the point of intersection of
the continued moulded lines of the deck and side shell plating.
124 Draught d (in m) , i.e. the scantling draught, is the vertical distance measured at the
middle of the length L from top of keel to the waterline at the scantling draught. Scantling draught,
at which the strength requirements for the scantlings of the ship are met and represents the full
load condition. The scantling draught is to be not less than that corresponding to the assigned
freeboard.
1.2.5 Draught d.c (in m) is the vertical distance measured at the middle of the length L from top
of keel to the waterline in corresponding loading condition.
1.2.6 Block coefficient Cy, is the moulded block coefficient corresponding to the waterline at the
scanting draught, to be determined by the following formula:
Co=—
LBd

where: V—moulded displacement, in m3, at scantling draught d;

L—Ilength of ship, in m;

B—~Dreadth of ship, in m;

d—draught, in m.
1.2.7 'V, the maximum service speed, in knots, means the greatest speed which the ship is
designed to maintain in service at her deepest seagoing draught at the maximum propeller RPM
and corresponding engine MCR (Maximum Continuous Rating).
1.2.8 Main stress and azimuth
(1) Main stresses o1and o, are to be determined by the following formula:

J\' + 0-1' O-r - O.r ] 2 ')
o, = T + T + 7, N/mm-
c,+0, c. -0, | . )
G, = —— 5 — — || — 5 - + 7, N/mm-~

where: oy, 6y normal stress, m N/mm-:

- . l
Ty shearing stress, in N/mm-.

(2) The included angle of main stress o1 and o7 is 90°, and the included angle of main stress o1 and
X axis is to be determined by the following formula:
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T

Xy

o -0
6 = arctan (7‘} rad

where: oy, 01 and 1, — see (1) above.

1.2.9 Coordinate system and stress symbols
(1) Geometrical dimensions of ship are determined according to following right hand coordinate
system (see Figure 1.2.9 of this Chapter):
Origin: At the intersection among the longitudinal plane of symmetry of ship, the aft end of L and
the baseline.
X axis: longitudinal axis, positive forward.
Y axis: transverse axis, positive towards portside.
Z axis: vertical axis, positive upwards.
ZA

i
AE

Figure 1.2.9 Reference coordinate system

(2) Definitions of positive and negative symbols of hull motion and acceleration:

Positive surge is translation in the X-axis direction;

Positive sway is translation in the Y-axis direction;

Positive heave is translation in the Z-axis direction;

Positive roll motion is positive rotation about X-axis by the right-hand rule;

Positive pitch motion is positive rotation about Y-axis by the right-hand rule;

Positive yaw motion is positive rotation about Z-axis by the right-hand rule;

Longitudinal linear acceleration of any point on the ship is positive in the X-axis direction;
Transverse linear acceleration of any point on the ship is positive in the Y-axis direction;
Vertical linear acceleration of any point on the ship is positive in the Z-axis direction.

(3) Definitions of stress symbols: positive for tensile stress and negative for compressive stress.

1.3 Definitions of fatigue assessment terms
1.3.1 Hot spots are locations in the structure where fatigue cracks may initiate, generally located
at weld toe, weld root of partial penetration or fillet weld and free edge of plate.
1.3.2  Nominal stress o, (in N/mm?) is the stress in a structural component taking into account
macro-geometric effect but disregarding the stress concentration due to structural discontinuities
and the presence of welds. Nominal stress may be obtained by using fine mesh FE analysis or
beam theory.
1.3.3 Hot spot stress on (in N/mm?) is the stress at the hot spot taking into account the stress
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concentration due to structural discontinuities and presence of welded attachments but
disregarding the non-linear stress peak caused by the notch at the weld toe. The hot spot stress
may be obtained by multiplying the nominal stress by a Stress Concentration Factor (SCF), or
directly by a very fine mesh FE analysis.

1.3.4 Stress concentration factor Ky is the ratio of hot spot stress to nominal stress, which is to be
determined by the following formula:

where: o,—hot spot stress, in N/mm?;
on—nominal stress, in N/mm?.
1.3.5 Hot spot stress range Sy (in N/mm?) is stress range resulted from alternating hot spot stress
of structure fatigue, which is to be determined by the following formula:

S, =0 N/mm?>

: a.

max ~ “~ min
where: Gmax—maximum value of hot spot stress circulation, in N/mm?;
omin—minimum value of hot spot stress circulation, in N/mm?.

1.3.6 Mean hot spot stress o (in N/mm?) is mean value resulted from alternating hot spot stress

of structure fatigue, which is to be determined by the following formula:
Om = (Gmax+0min) /2 N/mm2

where: omax—maximum value of hot spot stress circulation, in N/mm?;

omin—minimum value of hot spot stress circulation, in N/mm?.
1.3.7 Design stress range Sp (in N/mm?) is the stress range for fatigue assessment and obtained
by correction of plate thickness, correction of mean hot spot stress for hot spot stress range and
correction of material strength.
1.3.8 Critical locations are defined as the specific locations that can be prone to fatigue damage
for which design improvements are provided, which are within the area by reason of stress
concentration, alignment, discontinuity and corrosion will have a higher probability of failure
during the life of the ship than the surrounding structures.

1.4 Fatigue damage and failure mode

1.4.1 When ships navigate at sea, the ship structures are always affected by wave forces and
inertial forces resulted from ships’ movements. Because both wave forces and inertial forces are
continuously variable dynamic loads, they produce alternating stresses in the interior of ship
structures, rending fatigue damages on ship structures.

1.4.2 Fatigue damages are one of the main damages to the ship structures. Especially for large
ships and those of high tensile steel the fatigue problems are outstanding.

1.4.3 The aim of the fatigue control is to ensure that all parts of the hull structure subjected to
fatigue (dynamic) loading have adequate fatigue life. Calculated fatigue lives, calibrated with the
relevant fatigue damage data, may give the basis for the structural design (steel selection,
scantlings and local details). Furthermore, they can form the basis for efficient inspection
programs during fabrication and throughout the service life of the structure.

1.4.4  There are mainly four fatigue cracking failure modes:

(1) Fatigue crack growth from the weld toe into the base material (see Figure 1.4.4(1) of this
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Chapter):

In welded structures, fatigue cracking from weld toes into the base material is a frequent failure
mode. The fatigue crack is initiated at small defects or undercuts at the weld toe.

In order to prevent such failure mode, the Guidelines provides method for fatigue assessment of
structural welded details.

S
\//
Figure 1.4.4(1)

(2) Fatigue crack growth from the weld root through the fillet weld (see Figure 1.4.4(2) of this
Chapter):

Fatigue cracking from root of fillet welds with crack growth through the weld is a failure mode
that can lead to significant consequences.

In order to prevent such failure mode, the Appendix of the Guidelines provides welding
requirements for structural welded details at critical locations.

e
K

Figure 1.4.4(2)

Weld root crack

(3) Fatigue crack growth from the weld root into the section under the weld (see Figure 1.4.4(3) of
this Chapter):

Fatigue crack growth from the weld root into the section under the weld is observed during service
life of structures and is also observed in laboratory fatigue testing. To avoid such failure mode,
full penetration welds may be used at some critical locations where such type of cracks is liable to
occeur.

In order to prevent such failure mode, the Appendix of the Guidelines provides welding
requirements for structural welded details at critical locations.

.\\- N —_
o

[T

|

A

-
A AA

Figure 1.4.4(3)
(4) Fatigue crack growth from a free edge of non-welded details (see Figure 1.4.4(4) of this

Chapter):
Fatigue cracking in the base material is a failure mode that is of concern in components with high
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stress cycles. Then the fatigue cracks often initiate from notches or grooves in the components or

from small surface defects/irregularities.
In order to prevent such failure mode, the Guidelines provides method for fatigue assessment of

non-welded structural details.

/ Free edge crack
L 4

Figure 1.4.4(4)

1.5 Fatigue assessment method
1.5.1 Fatigue assessment is based upon linear cumulative damage model (Palmgren-Miner rule).
Cumulative damage D is to be obtained by the following formula:

f(S)
N(S)

D=N;| ds

where: Nr—stress total circulation cycles for structure in its design service life;
S—design stress ranges:
fiS)—probability density factor of long-term distribution of design stress range;
N(S)—number of cycles when failure of structure fatigue corresponding to design stress

range S.
1.5.2  Fatigue assessment of ship structure may be carried out by means of simplified and

spectrum analysis. Fatigue assessment methods in the Guidelines are based on simplified analysis.
1.5.3 The simplified fatigue analysis methods are mainly composed of following steps:

(1) fatigue load calculations;

(2) calculations of hot spot stress range;

(3) selection of design S-N curve;

(4) calculations and criteria for cumulative damage.

The flow of fatigue strength assessment of hull structure carried out by applying the Guidelines is
shown in Figure 1.5.3 of this Chapter.
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Fatigue strength assessment of hull structure

v

Fatigue load calculation, see Chapter 2

Calculation condition combination, see 1.8 of Chapter 1

[
\ !

Longitudinal end details Complicated structural details
Simplified stress analysis method, see Finite element stress analysis method,
Chapter 4 see Chapter 5
Nominal stress component calculation, Fine mesh analysis, see 5.2 of Chapter 5
see 4.3 of Chapter 4
Stress concentration factor, see 4.5 of Hot spot stress calculation, see 5.3 of
Chapter 4 Chapter 5
Hot spot stress calculation, see 4.4 of Hot spot stress range and hot spot mean stress
Chapter 4 calculation, see 5.5 of Chapter 5
Hot spot stress range and hot spot mean Fatigue assessment of hull structural details,
stress calculation, see 4.2 of Chapter 4 see Chapter 3
Figure 1.5.3

1.5.4 S-N curves are the basic S-N curves (see Figure 1.5.4 of this Chapter) for non-tubular
joints consisting of eight curves (curves B, C, D, E, F, F,, G and W and each shows a kind of
relationship of structural details bearing alternating stress range values and the number of stress
cycles), as amended by U.K. Department of Energy. Such curves are applicable to steel material of
minimum yield stress less than 400 N/mm?, and the corresponding survival probability is 97.6%.
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1.6 Corrosion correction

1.6.1 For fatigue assessment, the effect of normal corrosion wear of hull structure is to be
considered. In the Guidelines, as-built scantlings are adopted for stress calculation, but hot spot
stress is to be calculated by multiplying the corrosion correction factors as required below:

(1) For hull girder bending normal stress during simplified stress analysis and hot spot stress under
global load case during finite element stress analysis, corrosion correction factor fe, = 1.05;

(2) For bending normal stress under lateral load during simplified stress analysis and hot spot stress under
local load case during finite element stress analysis, corrosion correction factor o = 1.1.

1.7 Loading conditions for fatigue assessment

1.7.1 Wave loads on the hull vary with draught and load distribution, and therefore, more than
one loading condition need to be considered for fatigue assessment. Determination of loading
condition relies on ship type, and two to three common loading and ballast conditions are usually
selected as loading conditions for fatigue assessment.

1.7.2  Loading conditions for fatigue assessment of oil tankers and chemical tankers are homogeneous
full load condition and normal ballast condition. For details, see Table 1.7.2 of this Chapter.

Requirements for loading conditions for fatigue assessment

of oil tankers and chemical tankers Table1.7.2
Loading conditions Still water bending Time
for fatigue Loading mode Draught moment correction distribution
assessment coefficient Csw factor a
Homogeneous Full load 0.6 0.425
full load draught (sagging) '
Normal ballast Ballast draught 0'3 0.425
(hogging)

1.7.3  Loading conditions for fatigue assessment of bulk carrier are homogeneous full load
condition, alternate full load condition and normal ballast condition. For details, see Table 1.7.3 of
this Chapter. Definitions of relevant parameters are as follows:
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M is actual cargo mass ina cargo hold at draught d and under homogeneous loading condition (All cargo holds
are loaded withsame loading ratio, and all ballast tanks are empty tanks);
Mo is maximum allowable cargo mass in a cargo hold at draught d and under alternate loading condition (Al
cargo holds have same cargo density and loading ratio, and all ballast tanks are empty tanks);

VeuwL is volume of cargo hold, including volume enclosed by hatch coaming of cargo hold.

Requirements for loading conditions for fatigue assessment of bulk carriers

Table1.7.3
still Carg Time distribution
_ water 0 Density factor a
Loading ; mass ofd
conditions for . Draugh bending of b "r(y Not
! Loading mode moment u Alternat
fatigue t correction | €% | carqo P alternat o
assessment coefficien hold .g (; € loadin
M,in | »intm loading 9
t Csw t
Full M
Homogeneou 04 H
load - Mu 0.5 0.25
s full load draught (sagging) VFU,_,_
07 77 Maximu
2 ) m cargo
L Full density
Alternate full Cargo hold 0.75 allowed
load - Mhp -- 0.25
load drauht | (hogging) by
= = g design,
777, 777, 3.0ifnot
77 V) ; specified
Empty tank
Normal 2087 7 Ballast 0.8 _ . 0.35 0.35
ballast B \ draught | (hogging) ’ '

1.7.4

normal ballast condition. For details, see Table 1.7.4 of this Chapter.

Loading conditions for fatigue assessment of container ship are full load condition and

Requirements for loading conditions for fatigue assessment of container ships

Table1.74
Loading Still water Ti
conditions for . bending moment _ime
- Loading mode Draught - distribution
fatigue correction fact
assessment coefficient Csw actora
0.9
Full load Full load draught . 0.65
2 (hogging)
N e
Normal 0.8
ballast i Ballast draught (hogging ) 0.2
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1.75

Loading conditions for fatigue assessment of membrane tank liquefied gas carriers and

independent tank liquefied gas carriers are homogeneous full load condition and normal ballast
condition. For details, see Tables 1.7.5(1) to (4) of this Chapter.

Requirements for loading conditions for fatigue assessment

of membrane tank liquefied gas carriers Table 1.7.5(1)
. Still water
conla(;?iccj)l:g for bending Time
fati Loading mode Draught moment distribution
atigue ;
i correction factor a
assessmen coefficient Csw
Homogeneous \ Full load 0.7 0.45
full load draught (sagging) ’
7/
K \T
Normal @ —) Ballast 0.8 04
ballast draught (hogging ) '
Requirements for loading conditions for fatigue assessment
of type A/B independent tank liquefied gas carriers Table 1.7.5(2)
Loading Still water
conditions for . bending Time
fati Loading mode Draught moment distribution
atigue .
t correction factor a
assessmen coefficient Csw
| Zrn |
{ S, ‘1‘
Homogeneous K ——p) Full load 0.4 045
full load et draught (hogging ) ’
e
P
[
'l' S sreranen
Normal e Ballast 0.9 04
ballast 1L~ 7777777777777 AL 2T T ‘ AALIAI1 /7742 draught (hogging ) '
ft r 1
|
L oA — l~ — .‘

-16-




Requirements for loading conditions for fatigue assessment

of type C independent tank liquefied gas carriers Table 1.7.5(3)
Still water
conI:JIOitaiccj)lr?sg for E?ggg]n% Time
fati Loading mode Draught . distribution
atigue correction f
- actor a
assessment coefficient
Csw
e 1] I 1l
Homogeneous ';'/ 7)) 1k | Full 0.6
fullload | \ | il i toad 1 (hogging) 045
N\, 5244 il It || draught
|
Normal 7Y X Ballast 0.8 04
ballast \ draught (hogging) '
4 - ‘~7-//r SRS A — AoV | f ST e
1.7.6  Loading conditions for fatigue assessment of ore carriers are homogeneous full load

condition, normal ballast condition and maximum ballast condition (if any). For details, see Table
1.7.6 of this Chapter.

Requirements for loading conditions for fatigue assessment of ore carriers

Table 1.7.6
Still water Cirg .
bending | - Density
Loading moment of of dry Time
conditions Loading mode Drauaht correcti on car bulk distributi
for fatigue 9 g coefficient og cargo on factor a
assessment Csw hold Pc,in
M, t/md
int
Homogene ‘ | 4 Full load 08 Z‘e‘;asrf;
ous full load draught (sag;glng M allowed by 0.5
P e~ TR design
L/
0.35, if
" there is no
specific
i \ Light 0.6 data, with
’Eg{ ::;I ballast (hoggin g) - -- normal
— i draught ballast and
| maximu m
\ ballast
accountin g
M for 0.175
aﬁ:mu respectiv ely
Maximum draught 0.65
ballast (if ofg (sagging -- --
any) ballast )
conditio
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stil Cf)rg _
water | - Density
Loading bending of dry Time
conditions ) moment | O bulk distributi
- Loading mode Draught . | carg carqo
for fatigue correcti o 9 on factor
assessment on Pc,in a
coefficie hold 3
c M, t/m
nt Csw int
n
‘[ I
, I \
FAJ_L_: =
1.7.7  Loading conditions for fatigue assessment of vehicle carriers are homogeneous full load

condition and normal ballast condition. For details, see Table 1.7.7 of this Chapter.

Requirements for loading conditions for fatigue assessment of vehicle carriers

Table1.7.7
. Still water
conla(;?iilr?g for : bending Time
fatique Loading mode Draught moment distribution
g t correction factor a
assessmen coefficient Csw
7 Z A
Homogeneous | | Fullload 0.85 0.65
full load | | draught (hogging ) .
) Y ]
J
Normal Ballast 0.85 0.2
ballast draught (hogging ) '
1.8 Calculation conditions
1.8.1 Calculation conditions are the combination of loading conditions for fatigue assessment

and corresponding load cases.

1.8.2

assessment which lead to dynamic load combination are to be taken into account.
1.8.3 The predominant load case for each loading condition for fatigue assessment is defined as
load case where the design stress range for the hot spot is the maximum among all load cases.

For each loading condition for fatigue assessment, all fatigue load cases for fatigue




CHAPTER 2 FATIGUE LOAD

2.1 General requirements

2.1.1 This Chapter specifies loads applicable to fatigue assessment of hull structure.

2.1.2 Loads given in this Chapter include hull girder loads in still water and wave as well as
lateral loads of plate.

2.1.3  Hull girder loads in still water include vertical still water bending moment, and hull girder
loads in wave include vertical wave bending moment and horizontal wave bending moment.

2.1.4 Lateral loads in still water include external hydrostatic pressure and internal hydrostatic
pressure induced by cargo and ballast water. Lateral loads in wave include external hydrodynamic
pressure and internal inertia pressure induced by cargo and ballast water.

2.1.5 Design loads are determined by means of equivalent design wave concept, and a set of
load combination factors is given for each equivalent design wave. Lateral loads in wave and hull
girder loads in wave need to be combined according to load combination factors.

2.1.6  The probability level of exceedance of fatigue load is 102

2.2 Parameter definitions
2.2.1 Service coefficient f. in this Chapter is defined as follows:
fr =1.00 for unrestricted service/open sea service;
f- =0.90 for service category 1/greater coastal service;
f- =0.85 for service category 2/coastal service;
f- =0.80 for service category 3/sheltered service.

2.2.2 Probability level coefficient f, in this Chapter is defined as follows:
1

f, =0.25%

where: &, —parameter to be selected according to different load type and Table 2.2.2 of this

Chapter.
Parameter (tﬂ Table 2.2.2
Ship motion and acceleration ‘::':1 =1.50-0.03 6\'E
Hull girder loads in wave & =145-0.03 G\UE
External hydrodynamic pressure & =1.45-0.036f «.,-""E

where: L—length of ship, in m;

Jf—factor to be calculated in accordance with the following formulae respectively:
0.08z
f=1- for z <drei:
LCi
0.08(z —d,,
f:0.92+ ( Lﬁ) forz = drcs
T YLc
where: z—Z coordinate of calculated point, in m;

drc—draught at hull transverse section considered in corresponding loading condition, to be taken as
draught at midpoint of model length in corresponding loading condition during finite element stress
analysis, in m;
D—moulded depth. fo be taken as the height of freeboard deck for vehicle carriers. in m.
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2.2.3  Wave coefficient C is to be calculated in accordance with the following formulae respectively:
15
300—L
CZIO-?S_[(TO)} for 90m<=L <300m

C=10.75 for 300 m < L< 350 m

(L-350)
150

C=10.75- for350 m =L <500 m

where: L—length of ship, in m.

2.3 Ship motions and accelerations

2.3.1  Ship’s single degree of freedom motion is to be calculated in accordance with the
following requirements:

(1) For oil tanker, chemical tanker, bulk carrier, membrane tank liquefied gas carrier, independent
tank liquefied gas carrier and ore carrier, roll encounter period Te is to be calculated in accordance
with the following formula:

3k
T, = i s
\NGM

where: k—roll radius of gyration in the loading condition considered, in m, which may be
assumed according to Table 2.3.1(1) of this Chapter if no specific values available;
GM—initial metacentric height in the loading condition considered, which may be

assumed according to Table 2.3.1(1) of this Chapter if no specific values available.

krand GM for oil tanker, chemical tanker, bulk carrier, membrane tank liquefied
gas carrier, independent tank liquefied gas carrier and ore carrier

Table 2.3.1(1)
Loading conditions for fatigue assessment kr GM
Full load condition (alternate or homogeneous loading) 0.35B 0.12B
Normal ballast condition 0.45B 0.33B
Maximum ballast condition (only for ore carrier) 0.40B 0.25B

(2) For container ship and vehicle carrier, roll encounter period Te is to be calculated in
accordance with the following formula:

’ |
T; ZO'S[TR+ |IIT}§ _Z—EVTRJ for T, ::>2—R-V
o g g
T, =T; for 7, <2—EI
g

where: Tr—roll period. in s. to be calculated according to the following formula:

2.2k,

T, S
~GM

R

where: h—roll radius of gyration in the loading condition considered, in m, which may be

assumed according to Table 2.3.1(2) of this Chapter if no specific values available;
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GM—initial metacentric height in the loading condition considered, which may be
assumed according to Table 2.3.1(2) of this Chapter if no specific values available;

V—maximum service speed, in Kn.

krand GM for container ship and vehicle carrier

Table 2.3.1(2)
Loading conditions for fatigue assessment ke GM
Full load condition 0.35B 0.07B
Normal ballast condition 0.45B 0.20B

(3) The maximum roll angle O is to be calculated as follows, but need not be greater than 0.523
fp rad:
rad

o_ (625-1.25T )1, fik,
B+75

where: f,— service coefficient, see 2.2.1 of this Chapter;

f, —probability level coefficient, see 2.2.2 of this Chapter;

k, — coefficient, to be taken as follows:
ks, =1.2 for ships without bilge keel;
k, =1.0 for ships with bilge keel;
k» = 0.8 for ships with activated stabilizers;

B — breadth of ship, in m.
(4) Pitch period Tp and maximum pitch angle @ are to be calculated as follows, and maximum

pitch angle @ need not be greater than 0.14 f rad:

T, =1.80,/L/10 s
® = 0.25a/C, rad

where: L — length of ship, in m;
Cy» — block coefficient;

ao — acceleration factor, to be calculated as follows:

C V
a, = ff (3—+ C, —_)
0 WP ! JI
where: f; — service coefficient, see 2.2.1 of this Chapter;
Jo — probability level coefficient, see 2.2.2 of this Chapter;

C,=+L j.-'!50 . not to be greater than 0.2:

L — length of ship, in m;
V — maximum service speed, in kn;
C — wave coefficient, see 2.2.3 of this Chapter.
2.3.2  Ship motion accelerations are to be calculated according to the following requirements:

(1) Roll acceleration a,, is to be calculated as follows:
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27,
am!’f = Q{T—)A rad‘,rsﬁ
E

where: & —maximum roll angle, in rad. see 2.3.1(3) of this Chapter:;
TE —roll encounter period, in s, see 2.3.1(1) or 2.3.1(2) of this Chapter.
(2) Pitch acceleration is to be calculated as follows:

27, )
Ay = P(—)° rad/s?
T;

where: D —maximum pitch angle, in rad, see 2.3.1(4) of this Chapter;

T, —pitch period, in s, see 2.3.1(4) of this Chapter.
(3) Vertical acceleration @, due fo heave is to be calculated as follows:

=7 ﬂo/ \."ICg; m/s?

a heave

where: @, —acceleration coefficient, to be calculated according to 2.3.1(4) of this Chapter:

C» — block coefficient.

(4) Transverse acceleration @, due to sway is to be calculated as follows:
a.,. =3a, m/s?
where: a, —acceleration coefficient, to be calculated according to 2.3.1(4) of this Chapter.

(5) Longitudinal acceleration a due to surge is to be calculated as follows:

surge
asu?ge = zaﬂ \l'l Cb m/s?

where: a, —acceleration coefficient, to be calculated according to 2.3.1(4) of this Chapter:

C» — block coefficient.
2.3.3 Reference values of longitudinal, transverse and vertical accelerations of any point on the
ship are to be calculated as follows:

(1) Longitudinal:
ay = _CXGgSH]‘(D + CXS A rge + C)G’ap:'rdi—x m/s”
(2) Transverse:
ay = Cygsin + Cya,,, — Cpa,,;, m/s”
(3) Vertical:
— — 2
a; = Cplypne + Coppyrr, = Coplyine, m/s
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Cyc1Cys1Cyp,Cys:Cys,Cir,Cpyy ,Cpr,Cyp —load combination factors defined by

where: 2.5.3 of this Chapter;

Bpeave + Asgy ANd Asurge —see 2.3.2 of this Chapter;

® —maximum pitch angle, in rad, see 2.3.1(4) of this Chapter;
O—maximum roll angle, in rad, see 2.3.1(3) of this Chapter;

apitch-x —longitudinal acceleration due to pitch, in m/s?, to be calculated as follows:

a =a. . R m/s2

pitch—x pitch

Aroll-y —transverse acceleration due to roll, in m/s?, to be calculated as follows:

a a_. R m/s?

roll-y — “roll

a1, —Vertical acceleration due to roll, in m/s?, to be calculated as follows:

a = a‘roII y m/SZ

roll -z

Apitch—z —Vertical acceleration due to pitch, in m/s?, to be calculated as follows:
8ieny = A X— 0.450) m/s?
where: @, , @pitch—see 2.3.2 of this Chapter;

R= z—min(E+dA,E);
4 2

d . —draught amidships in corresponding loading condition, in m;

D—moulded depth, in m;
L — length of ship, in m;
X, Y, Z—longitudinal, transverse and vertical coordinate of calculated point, in m.

2.4 Hullgirder loads

2.4.1 Wave vertical bending moment and wave horizontal bending moment in this paragraph are
absolute values. The symbols of wave bending moment are to be considered after combination of
load combination factors in Table 2.5.3 of this Chapter. The symbol conventions for still water
vertical bending moment, wave vertical bending moment and horizontal bending moment at any
transverse section of the ship are shown in Figure 2.4.1 of this Chapter.
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Mgy MI> ( ) ) <

Stern Bow
Port
My Stern ( &) ) Bow >
Starboard

Figure2.4.1  Symbol conventions for bending moment Msw, Mwy and Mwn

2.4.2  Hull girder still water bending moment Msy for fatigue analysis is to be calculated in
accordance with the following formula:

Msw =Csw M s kN-m

where: Cg,, —correction coefficient of still water bending moment in corresponding loading

condition, see 1.7 of Chapter 1;

M s —allowable bending moment for hull girder hogging or sagging, in kN-m.

2.4.3 Vertical wave bending moment at any transverse section of the hull is to be calculated in
accordance with the following formula:

(1) Hogging:
M, ; =190F,, f, f,CL’BC,10™° kN'm
(2) Sagging:
M, . =110E,, f.f».f.CLB(C, +0.7)10" KN'm

where: F), —distribution factor defined in Table 2.4.3 of this Chapter:
f;.—sewice coefficient. see 2.2.1 of this Chapter:
fP —probability level coefficient, see 2.2.2 of this Chapter:
f.—coefficient, to be determined as follows:
f. = f., . when considering the influence of linear springing:
f. = f.,.. when considering the influence of non-linear whipping and springing:

where: f, —influence factor of linear springing. see 3.3 of CCS Guidelines for

direct calculation assessment of hull structure including springing

and whipping;
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f,. —influence factor of non-linear whipping and springing, see 4.4 of

C—wave coefficient, see 2.2.3 of this Chapter;

L—Ilength of ship, in m;
B—~Dreadth of ship, in m;
Cp—block coefficient.

Distribution factor F,,

ISC Guidelines for direct calculation assessment of hull
structure including springing and whipping;

Table 2.4.3

Hull section position

Distribution factor F,

X
0<Xx<04L Z'SE
0.4L < x<0.65L 1.0
X
0.65L<x<L 2'86(1_E)

2.4.4 Horizontal wave bending moment at any transverse section of the hull is to be calculated in
accordance with the following formula:

L
MWH = (03 + M)FM fr prde LCCb kN-m

where: F,, —distribution factor, see 2.4.3 of this Chapter;

f.—service coefficient, see 2.2.1 of this Chapter;

f, —probability level coefficient, see 2.2.2 of this Chapter;

C—wave coefficient, see 2.2.3 of this Chapter;

L—Ilength of ship, in m;
B—~Dreadth of ship, inm;

d . —draught amidships in corresponding loading condition, in m;

Cp—block coefficient.

(“Faa);

2.5 Load cases

2.5.1 Load cases are composed of the following regular waves:

(1) regular waves when the vertical wave bending moment becomes maximum in head sea (“H”);
(2) regular waves when the vertical wave bending moment becomes maximum in following sea

(3) regular waves when the roll motion becomes maximum (“R”);
(4) regular waves when the hydrodynamic pressure at the waterline becomes maximum (“P”).
2.5.2  The load cases corresponding to the equivalent design waves are defined in Table 2.5.2 of

this Chapter.
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Definitions of load cases

Table 2.5.2

Load H1 H2 F1 F2 R1P R2P
Cases
EDW e o R
Heading Head Follow Beam
Weather
side i ) Port
Maximum bending moment Maximum bending Maximum roll
Effect moment
Sagging Hogging Sagging | Hogging (+) )
i ) port _ §
' ~—— — port .
Motion 7 ot ) ) ‘ v
definition
heave downward heave upward h 5 d
save R heave uwpward
Table 2.5.2(Continued)
Load R1S R2S P1P P2P P1S P2S
cases
EDW R > >
Heading Beam Beam Beam
Wsiadtger Starboard Port Starboard
Effect Maximum roll Maximum external pressure Maximum external pressure
Q) () () ) ) *)
Starboard 4 -/ Starboard A
) o - port B ra \ T
Motion ’ starboard DR ’ starboard
definition
heave downward heave upward heave dowrnmrd heave upward Reawe amiaed heave upward
2.5.3 The hull girder loads and the acceleration components to be considered in each load case
are to be obtained by multiplying the reference value of each component by the relevant load
combination factor LCF defined in Table 2.5.3 of this Chapter.
Load combination factor LCF Table 25.3
LCF H1 H2 F1 F2 RI1P R2P
d d d
My | Cwv -1 1 075025 | 0.75+02—L% | 010225 | 02—L5 01
d d d d
d d
Mwr | Cra 0 0 0 0 11- £ L€ 11
d d
d d d d
Qe | Cxs | 030225 | 02— 03 | 04—L5+02 | 04—E5 02 0 0
d d d
Qirci = | Cop -0.9 0.9 0.1 0.1 0 0
gsin® | Cro | 04—L5 104 | 04—L5 04 -0.15 0.15 0 0
d
d d
Gy | Crs 0 0 0 0 02-02—L5 | 02—L5 02
d d
il y | Crr 0 0 0 1] -1
gsinf | Cre 0 0 0 0 - 1
d
fic d
arme | Com | 8T O 0.15-0.8% 0 0 Comn Crm
5
[ CZR 0 0 0 0 1 -1
Apitch = Czp -0.9 0.9 0.1 -0.1 0 0
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Table 2.5.3 (Continued)

LCF R1S R2S P1P P2P P1S P2S
d d d d d d
Mwy | Cov | 010225 | 0225 01 | 03-08—E5 | 08— 03 | 030815 | 08503
d d d
d d d d d
Myz | Coz € 11 11— | 06065 | 06—5 06| 06—25-06| 0606
d d d d
snerge Crxs 0 0 0 0 0 0
Qpirch_x Cxp 0 0 0 0 0 0
gsin® | Cyg 0 0 0 0 0 0
d Lc Lc
[ J— Cys | 02———-02 | 02-02—— -0.95 0.95 0.95 -0.95
d d
Aroll 3 Cwmr -1 1 03 -0.3 -0.3 0.3
gsinf | Cre 1 -1 -0.2 0.2 02 -0.2
Aheave | Cz Comr -Cryp 1 -1 1 -1
roll = Czr -1 1 0.3 -0.3 -0.3 0.3
Apitch = I:‘---‘ZP 0 0 0 0 0 0
where: Cgzpp ——coefficient determined by ship fype, to be calculated in accordance with the following formulae
respectively:
d[(‘ . . . . .
Com = 0.7- 0_47 , for o1l tanker, chemical tanker, membrane tank liquefied gas carrier, independent tank
Liquefied gas carrier, bulk carrier and ore carrier
Crppm =0.7-0.6 L for container ship and vehicle carrier
where: L——Ilength of ship, in m;
d Ic draught anudships in corresponding loading condition, n m;
d —draught, inm.
_

2.5.4 The hull girder loads are the sum of vertical hull girder still water load and corresponding
hull girder wave load multiplied by load combination factor respectively.
2.5.5 The internal loads are the sum of static pressures or forces induced by the weights carried,
including those carried on decks, and of inertial pressures or forces induced by the accelerations
on these weights and calculated with load combination factors.

2.6 External pressure
2.6.1 Total sea water pressure Pg, at any point of the shell plating of hull is to be obtained by

following formula and not to be negative:

Psw = Ps + Pw kN/m?

where: ps —hydrostatic pressure, in kKN/m? , see 2.6.2 of this Chapter;

p —hydrodynamic pressure determined according to load case, in kN/m2, which is wave

pressure equal to hydrodynamic pressure defined in 2.6.3, 2.6.4 or 2.6.5 of this
Chapter, and corrected according to 2.6.6 of this Chapter.
2.6.2 For hydrostatic pressure Ps at any point of the shell plating, see Table 2.6.2 of this Chapter.
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Hydrostatic pressure pg

Table 2.6.2

Location Hydrostatic pressure Pg , in kN/m?
Points at and below the waterline ( Z < d ;) pg(d.—12)
Points above the waterline ( Z > d ;) 0

where:  d, ., —draught at hull transverse section considered in corresponding loading condition,

to be taken as draught at midpoint of model length in corresponding loading
condition for finite element stress analysis, in m;
z—vertical coordinate of load point, in m.
2.6.3 The hydrodynamic pressures Py and Pg, for load cases H1, H2, F1 and F2, at any point of
the shell plating below the waterline are obtained from Table 2.6.3(1) of this Chapter, and the
distribution of pressure Pg; is schematically given in Figure 2.6.3 of this Chapter.

Hydrodynamic pressures for load cases H1, H2, F1 and F2 Table 2.6.3(1)
Load case Hydrodynamic pressure, in kN/m?
H1 Pai = —KanKors Pre
H2 Pz = KanKon Per
F1 Pri = —KaeKor Pur
F2 Py = kakaF Pre

Note: Pur in the Table is to be calculated according to the following formula:

z [y

Pue = T, f f.C /L + AT 125( + 1) : with ﬂﬁl.Oandz is to be taken not
' L dici Bi B

greater than d.c;
where: f.—factor to be calculated according to the following formula:
fn =1.5 for load cases H1 and H2;
fn =2.6 for load cases F1 and F2;

kaH —amplitude coefficient in the longitudinal direction of the ship for load cases H1 and

H2, to be calculated according to the following formulae:

3

|
2y
k, =1+ E(l — |'||—"-)£ — 0.5 for 00<x/L<05:
C, \| B |L
4y i
hp =1+ 2 (3 - Wohlx o e 05<xrz<10:
¢, "B L

kaF —amplitude coefficient in the longitudinal direction of the ship for load cases F1 and
F2, to be calculated according to the following formulae:

d 2y
k.. :1+(3.5—2f)(1—%)(1—5%)_.for 0<x/L<02;

I
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k.=10, for 02<x/L<09:

2y|
kﬂF=1+15(l—M)(i—0.9), for 09<x/L<10;
B L
ka ——phase coefficient in the longitudinal direction of the ship for load cases H1 and H2,

to be taken according to Table 2.6.3(2), and the intermediate values are to be
obtained by direct interpolation:

K value Table 2.6.3(2)
x/ L K piz
d.. -y
0 (1.0-—£5 y+(0.5. L€ )u
d d B
d
03-01—25 10
d
05-02 15 1.0
d
09-04—15 1.0
d
d
09-02 L& 1.0
1.0 10

ka —rphase coefficient in the longitudinal direction of the ship for load cases F1 and

F2, to be taken according to Table 2.6.3(3), and the intermediate values are to be
obtained by direct interpolation:

value Table 2.6.3(3)
k F
p
x/ L ke
2}"‘
0 0.75-0251—1
B
d
035-01—2% 10
05-02—%€ 1.0
075 10
d
090125 10
\31
10 05-05—1
T
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A —wave length, in m. to be calculated according to following formulae:
d
A=C,(1+ %)L for load cases Hland H2:

2d
A=C, 1+ :%)L for load cases F1 and F2;

where: L—length of ship, in m;
f—service coefficient, see 2.2.1 of this Chapter;
f—probability level coefficient, see 2.2.2 of this Chapter, z is to be taken not greater than
dwci for calculation;
C—wave coefficient, see 2.2.3 of this Chapter;

dici—draught at hull transverse section considered in corresponding loading condition, to
be taken as draught at midpoint of model length in corresponding loading condition
for finite element stress analysis, in m;

Bi—breadth of ship of transverse section considered at waterline, to be taken as breadth
of ship at midpoint of model length in corresponding loading condition for finite
element stress analysis, in m;

X, ¥, z—longitudinal, transverse and vertical coordinate of load point respectively, in m;
CLi—coefficient to be calculated according to the following formulae respectively:
Cu1=0.6 for oil tanker, chemical tanker, membrane tank liquefied gas carrier,
independent tank liquefied gas carrier, bulk carrier and ore carrier;
C.11=0.5 for container ship and vehicle carrier;
d.c—draught amidships in corresponding loading condition, in m;
d—draught, in m.

Figure 2.6.3 Distribution of hydrodynamic pressure P, amidships

2.6.4 Hydrodynamic pressure Pr, for load cases R1P, R2P, R1S and R2S, at any point of the
shell plating below the waterline is to be calculated according to Table 2.6.4 of this Chapter, and
pressure distribution is schematically given in Figure 2.6.4 of this Chapter.

Hydrodynamic pressure for load cases R1P, R2P, R1S and R2S Table 2.6.4
Load case Hydrodynamic pressure, in KN/m?
R1P Prip = Pre
R2p Pror = —Pre
R1S Pris = Prs
R2S Pr2s =~ Prs
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EL—%A—JZSJZy

here: =10ysin& + 0.88f, f,.C, | +1
where:  pgp =10, I e I z D
I —125 |2y
pKS.:—10_1}31'119+0.88ﬁ.fPC\|||'L+AL 12° (‘E; +1)

where: @ —maximum roll angle, in deg, see 2.3.1(3) of this Chapter:

Jfi—service coefficient, see 2.2.1 of this Chapter;
Jfr—probability level coefficient, see 2.2.2 of this Chapter:

C — wave coefficient, see 2.2.3 of this Chapter;

A —wave length, in m, to be calculated according to following formula:

A=5T7
27

y—transverse coordinate of load point, in m, port is taken as positive value;
B—breadth of ship. in m.

where: Tz—roll encounter period, in s, see 2.3.1 of this Chapter.

Port Starboard Port Starboard

)
\

0242442,
|
A4S

g
N

Figure2.6.4 Distribution of Pge and Prsamidships

2.6.5 Hydrodynamic pressure Pp , for load cases P1P, P2P, P1S and P2S, at any point of the shell
plating below the waterline is given in Table 2.6.5 of this Chapter. Distribution of pressure Pp; is
schematically given in Figure 2.6.5 of this Chapter.

Hydrodynamic pressure for load cases P1P, P2P, P1S and P2S Table 2.6.5
Load case Hydrodynamic pressure, in kN/m?
P1P Peip = Pep
p2p Pr2e = —Pee
P1S Ppis = Prs
P2S Pp2s =~ Pes
[L+a-125, | |23
where: =45f f.C.| 2 +3—=—) for y=0
Per ‘f; fp \ll L ( d[ﬁ_ B ) )
[L+2-125 |4 ]2y
=15f.1.C,| 2 +3—) for y<0
ffp \I L ( dLG ) Y=
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[L+A-125 | ]2y
=15ff C.| 2 +3 for y=0
Pps j:fp \ I ( .. ) ]
IL+A-125 ‘:‘ ‘21?
=457 fC,| —(2 +3-—1) for <0
J I AN ¢ 4. g

where: A —wave length, in m, to be calculated according to the following formula:

A=(02+C,, d(‘;c )L m

y—transverse coordinate of load point, in m;
f—service coefficient, see 2.2.1 of this Chapter;

f—probability level coefficient, see 2.2.2 of this Chapter;

C — wave coefficient, see 2.2.3 of this Chapter;

C.. —coefficient to be calculated according to the following formulae:
C.=0.4 for oil tanker, chemical tanker, membrane tank liquefied gas carrier,
independent tank liquefied gas carrier, bulk carrier and ore carrier;
C.2=0.15 for container ship and vehicle carrier;

d.c —draught amidships in corresponding loading condition, in m;

d —draught, in m;

L —length of ship, in m.

Starboard

Port
Port Starboard or

Pt
IXREEITY)

-
K

Pee Prs
Figure 2.6.5 Distribution of Ppr and Ppsamidships

2.6.6 For each load case, hydrodynamic pressure is to be corrected according to the following
requirements:
(1) For the positive hydrodynamic pressure at the waterline, hydrodynamic pressure Pwc at the
side above waterline is to be calculated according to the following formulae (see Figure 2.6.6 of
this Chapter):

Pw.c = Pww +PI(dci —2) kN/m?, for d o <z<hy +d

Pwc=0 kN/m? for z>h, +d

where: Py . —Ppositive hydrodynamic pressure at the waterline for the considered load case;

dici—draught at hull transverse section considered in corresponding loading condition,
to be taken as draught at midpoint of model length in corresponding loading
condition for finite element stress analysis, in m;

z—vertical coordinate of load point, in m;
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h = Pw inm

Y pg

where:  p—density of sea water, to be taken as 1.025 t/mq.

(2) For the negative hydrodynamic pressure at the waterline, hydrodynamic pressure Pw,c below
the waterline is to be calculated according to the following formula (see Figure 2.6.6 of this
Chapter):

Pw c =Mmax[py,p9(z—d )] kN/m2

where:  p,, —negative hydrodynamic pressure below waterline for load case considered;

dici—draught at hull transverse section considered in corresponding loading condition,
to be taken as draught at midpoint of model length in corresponding loading
condition for finite element stress analysis, in m;

z—vertical coordinate of load point, in m.

g

Hydrodyn‘a.mic pressure
huw= Pwwif (pg) — Pwwr |
Pw.c i | |
Py & N | i

Ll L \‘-.\ .,41 water pressure
J Pwc :
~—pgdzc;—-| '

Positive hydrodynamic pressure at the waterline Negative hydrodynamic pressure at the
waterline

Figure 2.6.6 Correction of hydrodynamic pressure

2.7 Internal pressure of dry bulk cargo
2.7.1  The upper surface of dry bulk cargo is to be determined according to the following
requirements:
(1) Where the cargo hold is loaded up to top of hatch coaming, the upper surface of dry bulk cargo
is an equivalent surface to be determined in considering the same loaded cargo volume within
cargo hold (relevant parameter definitions are shown in Figure 2.7.1(1) of this Chapter).
Equivalent horizontal surface of dry bulk cargo is taken at hc above the inner bottom, and hc is to
be calculated according to the following formula:

he =hy; +hy, m

A .
where: .5.'0 =——.Inng
H

v

_— HC -

S, =5, +——.inm
H

where: hypy—Vertical distance, in m, between inner bottom and lower intersection of top side tank
and side shell or inner side; if there is no top side tank, the vertical distance, in m,
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between inner bottom and intersection of upper deck and side shell or inner side;
So—shaded area, in m?, above the lower intersection of top side tank and side shell or inner
side, and up to the upper deck level, see Figure 2.7.2(1) of this Chapter; if there is no
top side tank, shaded area, in m?, above the intersection of upper deck and side shell
or inner side, and up to the upper deck level;
Vic—Vvolume, in m3, enclosed by the hatch coaming from upper deck to coaming top;
lk—Iength of cargo hold, in m; if corrugated transverse bulkhead is provided, to be
measured from midpoint of corrugated depth;
Bw—breadth of cargo hold at midpoint of length of cargo hold, in m.

hlII’U

W

Q Quter bottom plate

Figure2.7.1(1) Definitions of hc, ho, hreu and So

(2) When the cargo hold is not loaded up to the upper deck, the upper surface of dry bulk cargo
along hull transversely is a paraboloid (relevant parameter definitions are shown in Figure 2.7.1(2)
of this Chapter). The position of upper surface is to be determined according to the volume of

cargo in the cargo hold (to be takenas M /p¢).

Surface of dry bulk cargo is taken at hc above the inner bottom, and hc is to be calculated
according to the following formulae:

he=h,+h,+hyp  m for h, >0
BZ
he =h, +h,, m, for |y|£7and h, <0

B
he=0 m,for |y|>?2 and h, <0

M By+bg ey —B—Htm15+ Vs

h, =
> p.B.l, 2B, 6 B, -l

m

hy—distance, in m, to be calculated according to the following formulae:

4y’
hj. =h(1— —2) m. for 1, =0
B 2
H
4y°
h}- =h(1- Jq ) m. for A, <0
B3 -
where: hp—distance, in m, to be calculated according to the following formula:
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Br—breadth of dry bulk cargo surface when /,<0, in m, to be calculated according to the

following formula:

' 2
N
B. — |IH Pc By — B m
) v ta11§+3h¢
H _BIB

hz22—distance when /<0, in m, to be calculated according to the following formula:

B, -Bp
BH _Bm

) m

hyy = hyp, (

hgpr—vertical distance, in m, between inner bottom and upper intersection of hopper tank

and side shell or inner side. siger is to be taken equal to 0 if there is no hopper tank.

where: i;—distance, in m, to be calculated according to the following formulae:

h, ZBT‘rHtan o m, for /1, 20

h, = %tam? m, for /1, <0

M—mass of cargo carried in cargo hold, in t;
Vrs—total volume, in m3, of stools at bottom of transverse bulkheads within the cargo
hold length ¢4. This volume excludes the part of hopper tank passing through the

transverse bulkhead;
pc —density of dry bulk cargo, in t/m?, see 1.7.3 of Chapter 1;

Bw—breadth of cargo hold at midpoint of length of cargo hold, in m;
li—Ilength of cargo hold, in m; if corrugated transverse bulkhead is provided, to be

measured from midpoint of corrugated depth;
Bis—breadth of inner bottom at midpoint of length of cargo hold, in m;

O—angle of repose of cargo, to be taken as 35°
y—transverse coordinate of load point, in m, weather side is taken as positive value;

h, =20
Figure 2.7.1(2) Definitions of hy, h, h2, hz; and hype

2.7.2 Pressure Ppcg of dry bulk cargo in still water is to be calculated according to the
following formulae:
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Pes = Pr8K, 2, KNm? for z, = 0

P =0 KN/m’ for z, < 0

where: p. —density of dry bulk cargo, in t/m3, see 1.7.3 of Chapter 1;
Kc—coefficient to be calculated according to the following formulae:
K= cos?ai+ tan? (45° —0.58)sin?a. for inner bottom, hopper tank, transverse

and longitudinal bulkheads, lower stool, vertical upper stool, inner side and side shell;
Kc = 0 for top side tank, upper deck and sloped upper stool;
where:  Ol—angle, in deg, between panel considered and the horizontal plane;

O—angle of repose of cargo, in deg, see 2.7.1(2) of this Chapter;
Z.—vertical distance, in m, from surface of dry bulk cargo to load point, to be calculated
according to the following formula:
Z.=h.+hpg—2 m

where:  hc—vertical distance, in m, from surface of dry bulk cargo to inner bottom, see
2.7.1 of this Chapter;
hps—height of double bottom, in m;
z—vertical coordinate of load point, in m.

2.7.3  Inertia pressure  p.,, induced by dry bulk cargo is to be calculated according to the

following formulae:
Pew = Pcl0.25a, (X5 —X) +0.25a, (Y — y) +0.5K.a,2,] kN/m? forz, >0

Pew =0 for z, <0

where: pc, Kc—see 2.7.1(2) of this Chapter;

a,, a,, a,—longitudinal, transverse and vertical acceleration at the centroid of cargo

hold considered, in m/s?, see 2.3.3 of this Chapter;
Xs, Ye—longitudinal and transverse coordinate at the centroid of cargo hold
considered, in m;

7.—See 2.7.2 of this Chapter;
X, ¥, z—longitudinal, transverse and vertical coordinate of load point, in m.
2.74 Total pressure pc induced by dry bulk cargo is to be calculated according to the

following formula and to be taken not less than zero:

Pc = Pcs + Pew kN/m?
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where:  pcs —pressure of dry bulk cargo in still water, in kN/m?, to be calculated according to
2.1.2;
Pcw —inertia pressure induced by dry bulk cargo, in kN/m?, to be calculated according

to 2.7.3.

2.8 Internal pressure of liquid
2.8.1 Static pressure p.s due to liquid is to be calculated according to the following formula

and to be taken not less than zero:

Ps = PL9(Zrop —2) kN/m?

where: p, —density of internal liquid, in t/m? to be determined according to the following
requirements:

P, =0.9 for cargo oil
p, =1.025 for ballast water

p_=0.5 for LNG

Maximum cargo density of full tank, for other liquefied gas
Z;op —Vertical coordinate of tank top with the ship in the upright position, in m;
z—vertical coordinate of load point, in m.

2.8.2 Inertiapressure p,,, due to liquid is to be calculated according to the following formula:
Puw =pulaz (25 —2) + full—yaY (Vs = Y)+ fuax (Xs —X)] kN/m?

where: p, —density of internal liquid, in /m?, see 2.8.1;

xg—X coordinate of reference point, in m;
ye—Y coordinate of reference point, in m;
zs—Z coordinate of reference point, in m.
Reference point is taken as the point on upper boundary of tank which makes V; maximum:

Vj =(a, +g)(zj _ZG)+aY(yj —Ys) +a (Xj —Xg)

where: x;, ¥j, z—X, Y and Z coordinate of point on upper boundary of tank respectively, in m;
Xa, Y&, Ze—X, Y and Z coordinate of tank centroid respectively, in m;
fu—Tlongitudinal filling factor, to be calculated according to the following formulae and
to be taken not less than 0 but not greater than 1.

S, =05+ % for cargo hold filled with liquid cargo
f
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=1.0 for other conditions
Jfury—transverse filling factor, to be calculated according to the following formulae and to
be taken not less than 0 but not greater than 1:

f,d{_}. =0.5+ % for cargo hold filled with liquid cargo

top

=1.0 for other conditions

dy, dy, y—longitudinal, transverse and vertical acceleration at the centroid of cargo

hold considered, in m/s%, see 2.3.3 of this Chapter:

x, ¥, z—longitudinal, transverse and vertical coordinate of load point, in m.

where: [ & —length of top of compartment, in m;

b,,,—breadth of top of compartment, in m:

@ —maxinmum pitch angle, in rad, see 2.3.1(4) of this Chapter;

6@ —maximum roll angle, in rad, see 2.3.1(3) of this Chapter.

2.8.3 Total pressure p_ due to liquid is to be calculated according to the following formula

and to be taken not less than zero:

PL = Pis + Pow kN/m?

where: p, s —static pressure due to liquid, in kN/m?, to be calculated according to 2.8.1;

p.w —inertia pressure due to liquid, in kN/m?, to be calculated according to 2.8.2.

2.9 Loads of container cargo

2.9.1  Assuming the cargo hold is loaded with some standard container stacking which is
generally composed of TEU, container weight is taken as maximum container weight under full
load condition in loading manual and height of center of gravity of stacking is taken as half of
stacking height.

2.9.2 Assuming all containers within corresponding cargo hold on the hatch cover is an integral
mass block, the weight of which is taken as the maximum cargo weight within corresponding
cargo hold in full load condition in loading manual, and the height of center of gravity is taken as
half of maximum stacking height corresponding to maximum cargo weight.

2.9.3 Load induced by container cargo is to be calculated according to the following formulae:

Xdirection: W, =-m.ay kN
Y direction: W, =-m.a, kN
Z direction: W, =—fm.g—-m.a, kN

where: m.—weight of standard stacking in the cargo hold or gross weight of containers on hatch

cover, in t;

-38-



ay , a, , a, —acceleration at center of gravity of standard stacking in cargo hold or

acceleration at center of gravity of container cargo on hatch cover, in m/s?, see 2.3.3
of this Chapter;

f—factor of vertical static load of container cargo, to be calculated according to the
following formulae:

f, =c0s0, for R1P, R1S, R2P and R2S conditions
=1, for other conditions

Where: O—maximum roll angle, see 2.3.1 of this Chapter;

X direction load is positive forward, Y direction load is positive at port and Z direction load is
positive upwards.

2.9.4 Load induced by container cargo is to be applied at container feet.

2.10 Loads of vehicle carrier
Load acting on the vehicle deck is to be calculated according to the following formulae:
X direction: P, =—Pa, KN/m?

Y direction: P, =—Pa, KN/m?
Z direction: P.=-f,Pg—Pa,  kN/m?
where: P — actual load of vehicle deck, in t/m?
a, ,a, ,a, —acceleration of center of gravity of vehicle in cargo hold;

f—factor of vertical static load of vehicle deck, to be calculated according to the following
formulae:

f, =c0s0, for R1P, R1S, R2P and R2S conditions
=1,  for other conditions

Where: 6—maximum roll angle, see 2.3.1 of this Chapter.

2.11 Loads of gravity of liquefied gas carriers
The influence of gravity is to be considered for liquefied gas carriers.
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CHAPTER 3 FATIGUE ASSESSMENT

3.1 General requirements

3.1.1 The fatigue strength assessment is to be carried out in accordance with the design stress
range in way of hot spot, taking into account the time in port or repair time, the result of which
may be expressed by cumulative damage or fatigue life.

3.1.2  Total cumulative damage D of structure in its design service life is to meet the
requirements of the following formula:

20
Total cumulative damage D <—

D
where: To—design fatigue life, in year.
3.1.3 The design fatigue life of hull structure is not to be less than 20 years.

3.2 Guidance on design of hull structural details

3.2.1  Structural details designs of bulk carriers, oil tankers and container ships are given in
Appendix to the Guidelines for the purpose of providing technical guidance (non-mandatory
requirements) for designers in the design improvement of structural details of critical locations in
order to increase structural fatigue life.

3.3 Design stress range
3.3.1 Design stress range Spg for loading condition “(k)” is to be calculated according to the
following formula:

S =Max(f i i f Shig)  Nimm?

m,i(k) "t "material

where:  Spi « —hot spot stress range, in N/mm?, for load case “i” of loading condition “(k)” , see
Chapter 4 or Chapter 5;
fmi & —correction factor of hot spot average stress for load case
“(k)”, see 3.3.2 of this Chapter;
f—correction factor of plate thickness, see 3.3.3 of this Chapter;

333
1

of loading condition

f aeria —cOrrECtion factor of material strength, see 3.3.4 of this Chapter.

3.3.2  Correction factor fmg for hot spot average stress for loading condition “(k)” is to be
determined according to the following requirements:
(1) For welded joints

o .
. - m.i(k)
fm-!‘u.—] - HHH{I.0,0.SS + OIJS—} for G, 20
"5 hi(k)
= 0.7.0.85 + 0.3 : 0
S sy = max| 0.7.0.85 + 0. s for G, ;) <
i R3]

(2) For base material free edge
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_ min|1.0,0.8+ 0.4—mi® for >0
Sonigy =min( 1.0,0.8+0.4——— or O, ) =
B s k) |
= 0.6.0.8+0.4 7 for 0
Sonscey =max| 0.6,0.8+0.4——— or O,y <
| s hii(k) |

where: O mith) —hot spot average stress, in N/mm?, for load case “7” of loading condition “(k)”;

Sh.i & —hot spot stress range, in N/mm’, for load case “7” of loading condition “(k)™;

Cs—coefficient to be calculated according to the following formula:

C, =1.6+0.0025L

where: L is length of ship, in m.

3.3.3  Correction factor f; for plate thickness is to be calculated according to the following
formulae:

f.=10 for <22

Fy
fi= [E] for =22
where: n—coefficient, see Table 3.3.3 of this Chapter;
t—plate thickness at hot spot, in mm, to be determined according to the following
requirements:
For simplified stress analysis, no plate thickness correction for flat bar and bulb
profile, and face plate thickness for angle bar and T-bar; for finite element stress
analysis, plate thickness of structure where the crack is likely to initiate and

propagate.
Table 3.3.3
i . Coefficient
Structural details Sketches Condition n
As-welded 0.25
Cruciform joints,
transverse T-joints,
with weld
perpendicular to the
direction of load
< Weld toe treated by
post-weld improvement 0.2
method
i
Butt joints, with weld
perpendicular to the <\ , - As-welded 0.2
direction of load

41-




Structural details

Sketches

Condition

Coefficient

n
Ground flush or weld
toe treated by post-weld 0.1
improvement method
As-welded 0.1
=
Butt welds,
attachments on plate
edge, with weld
parallel to the
direction of load
Weld toe treated by
post-weld improvement 0.1
method
As-welded 0
Attachments on the
flat bar or bulb
profile, with weld
parallel to the Weld toe treated by
direction of load post-weld improvement 0
method
As-welded 0.2
Longitudinal
attachments and
doubling plates Weld toe treated by
post-weld improvement 0.1
method
As-welded 0.1
Longitudinal
attachments and
doubling plates
supported
longitudinally
Weld toe treated by
post-weld improvement 0
method v’
Machine-cutting e.g.
by a thermal process Cutting edges chamfered
or sheared edge or rounded 0.1

cutting

_42-




. . Coefficient
Structural details Sketches Condition n

Manually  thermally
cut e.g. by flame
cutting

3.3.4  Correction factor for material strength is to be calculated according to the following
formulae:

= ﬂ for base material free edge;

material 965+ ReH

f

material =1 for welded details;

where: R, ,, — yield strength of material, in N/mm?, in accordance with Section 3, Chapter

1, PART TWO of ISC Rules for Classification of Sea-going Steel Ships.

3.4 Selection of design S-N curves
3.4.1 For welded details, D curve is selected for fatigue strength assessment.
3.4.2  For base material free edge, C curve is selected for fatigue strength assessment.

3.5 Calculation of fatigue cumulative damage
3.5.1 Cumulative damage Dy of structural details for loading condition “(k)” is to be calculated
according to the following formula:

DzNDa* Sow” uT1+ 2
fOK (Nt g

where: Np—total number of load cycles experienced by ship in its 20 years’ service, usually to
be taken as 0.65x108;
Nr—number of cycles for load spectrum in restoring period, to be taken as 10%

«, —time distribution factor for loading condition “(k)”, see 1.7 of Chapter 1 of the

Guidelines;
K—factor for S-N curve, see Table 3.5.1 of this Chapter;
Spk —design stress range for loading condition “(%)”, in N/mm?;

& —Weibull shape parameter for loading condition “(k)”, to be taken as 1:

m L m+Vm
b4 1+?,V,‘_ -V, &)l 1+T?Vk
;, =1.0— — =

r 1+ﬂ

73

Sk

J;
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m—inverse slope of S-N curve, to be taken as 3;

Vm —difference of inverse slope of two-slope S-N curves, to be taken as 2:
;v(x, V) —incomplete GAMMA function value, to be calculated according to the

following formula:
ylx, v): J u e du
0

[’ —complete GAMMA function value, to be calculated according to the following

formula:
[(x)= jux_le_”a’u
0

Sq—stress amplitude values at intersection point of two-slope S-N curves, see Table 3.5.1

of this Chapter.
Table35.1
S-N curve K S
C 3.464x10%2 70.2305
D 1.520x10% 53.3680

3.5.2 Total cumulative damage of structural details is to be calculated according to the following
formula:

D=>D,

where:  Dyw—cumulative damage of structural details in each loading condition, see 3.5.1 of this
Chapter.

3.6 Calculation of fatigue life
3.6.1 Structure fatigue life is to be calculated according to the following formula:

20
D

where: D—total cumulative damage of structural details, see 3.5.2 of this Chapter.

T,

F

3.7  Weld improvement methods

3.7.1 Post-weld fatigue strength improvement methods are to be considered as a supplementary

means of achieving the required fatigue life, and subjected to quality control procedures.

3.7.2  For structural details where the benefit of post-weld treatment is applicable, the calculated

fatigue life at the design stage for the considered structural detail excluding the post-weld

treatment effects, is not to be less than Tpr / 1.47. However, for structural details inside a cargo

hold the calculated fatigue life at design stage excluding post-weld treatment effects is not to be

less than 20 years.

3.7.3 There is one basic post-weld treatment method considered to improve fatigue strength at

the fabrication stage, i.e. weld geometry control and defect removal method by burr grinding.

3.7.4 The improvement method is applied to the weld toe. Thus, it is intended to increase the

fatigue life of the weld from the viewpoint of a potential fatigue failure arising at the weld toe. The
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possibility of failure initiation at other locations is always to be considered. If the failure is shifted
from the weld toe to the root by applying post-weld treatment, there may be no significant
improvement in the overall fatigue performance of the joint. Improvements of the weld root
cannot be expected from treatment applied to weld toe. A brief description of the method and the
degree of improvement which can be achieved is given in 3.7.6.

3.75 When weld improvements are planned, full or partial penetration welds for post-weld
treatment are to be used to mitigate or to eliminate the possibility of cracking at the weld root.
3.7.6  The weld may be machined using a burr grinding tool to produce a favourable shape to
reduce stress concentrations and remove defects at the weld toe, see Figure 3.7.6. In order to
eliminate defects, such as intrusions, undercuts and cold laps, the material in way of the weld toe
is to be removed. The depth of grinding shall be at least 0.5mm below the bottom of any visible
undercut. The total depth of the burr grinding is not to be greater than the lesser of 2 mm and of
7% the local gross thickness of the machined plate. Any undercut not complying with this
requirement is to be repaired by an approved method.

________

--------- |‘.Effectiv_e’|

weld leg

Figure 3.7.6 Details of ground weld toe geometry

3.7.7 To avoid introducing a detrimental notch effect due to small radius grooves, the burr
diameter is to be scaled to the plate thickness at the weld toe being ground. The diameter is to be
in the 10 to 25 mm range for application to welded joints with plate thickness from 10 to 50 mm.
The resulting root radius of the groove is to be no less than 0.25t. The weld throat thickness and
leg length after burr grinding must comply with the rule requirements or any increased weld sizes
as indicated on the approved drawings.

The inspection procedure is to include a check of the weld toe radius, the depth of burr grinding,
and confirmation that the weld toe undercut has been removed completely.

3.7.8  The benefit of burr grinding corresponds to a reduction of the effective stress range of
fatigue strength by 1.3, reducing the cumulative damage to D/2.2,

3.7.9 Applicability of burr grinding

(1) The weld type complies with 3.7.5.

(2) The weld improvement is effective in improving the fatigue strength of structural details under
high cycle fatigue conditions therefore the fatigue improvements factors do not apply to low-cycle
fatigue conditions, i.e. when N<5x10% where N is the number of life cycles to failure.
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(3) Unless otherwise specifically stated, the fatigue improvement factor is to be used for welds,
joining steel plates which are between 6 and 50 mm thick.

(4) Fatigue improvement factor is to be applied to as-welded transverse butt welds, as-welded
T-joint and cruciform welds and as-welded longitudinal attachment welds excluding longitudinal
end connections.

(5) In way of areas prone to mechanical damage, fatigue improvement may only be granted if
these are adequately protected.

(6) Treatment of inter-bead toes is required for large multi-pass welds as shown in Figure 3.7.9.

(7) The builder is to provide the list of details and their locations on the ship for which the
post-weld treatment has been applied.

~

lieg: Weld leg length. W : Width of groove. d : Depth of grinding.

Figure 3.7.9 Extent of weld toe burr grinding to remove inter-bead toes on weld face
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CHAPTER 4 SIMPLIFIED STRESS ANALYSIS

4.1 General requirements

4.1.1 Simplified stress analysis is applicable to fatigue strength assessment of connecting joints
of end of longitudinals, and hot spots are in way of weld toes of connecting joints of end of
longitudinals.

4.1.2 The hot spot stress ranges and hot spot mean stresses of longitudinals are to be calculated
according to type and position of end connection of longitudinals and by considering stress
concentration factors for different end connection type based on loading conditions specified in
1.7 of Chapter 1.

4.1.3  For simplified stress analysis, the following nominal stress components are to be
considered:

(1) hull girder bending normal stress;

(2) bending normal stress of longitudinals under lateral load.

4.2 Hot spot stress ranges and hot spot mean stress based on simplified analysis
4.2.1 Hot spot stress range Shix for load case “i”” of loading condition “(K)” is to be calculated
according to the following formula:

Siitey =|Tnatcey = Oniagy|  N/mm?

where: O iicky > O hangi) —hot spot stress for load case “7”” of loading condition “(£)”, in N/mm?,

see 4.4.1 of this Chapter.
422 Hot spot mean stress for load case “i” of loading condition “(k)” is to be calculated

according to the following formula:

a, . +0, 4
o = 2hm T i N/mm?
m.i(k) 2

where: @, 4, k> Thin(e) —hot spot stress for load case “7” of loading condition “(%)”, in N/mm?,

see 4.4.1 of this Chapter.

4.3 Calculation of nominal stress components

4.3.1 Nominal stress component Gny,;;, due to hull girder loads for load case “ij” of loading

condition “(k)” is to be calculated according to following formula:

Opmjiito =Csw T C\I\N,ijGV\N,ij + CWH,ijGWH,(k) (J :1’2) N/mm?

where: Oy () —hull girder bending normal stress due to still water bending moment, in

N/mm?, to be calculated according to following formula:

Mg, o(z-z)
_ Mswwm N4 3 )
O iy = x107 N/mm?’

r
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O —hull girder bending normal stress due to vertical wave bending moment, in

N/mm?;
M 7 o Z—Z T _
Opyn = M x107 for sagging condition;
¥
M T Z—2Z T, _
Oy in = M x107 for hogging condition;

I
Oz vy —hull girder bending normal stress due to horizontal wave bending moment, in

N/mm?;

Myyy

-3
Oz iy = ] x10
V4

Cyv > Cyzry —load combination factor of hull girder vertical wave bending moment

and horizontal wave bending moment, see Table 2.5.3 of Chapter 2 of

the Guidelines:

M, ) —still water bending moment in corresponding loading condition, in kN-m;
M, ..M, ., —vertical wave bending moment for sagging and hogging, in kN-m:

M i —horizontal wave bending moment, in kN"m;
v, z—transverse and vertical coordinate of calculation point, in m;

z,,4 —Vertical coordinate of neutral axis, in m;

Iy, Iz—inertial moment of hull section to transverse and vertical neutral axis respectively,
in m*

4.3.2 Nominal stress component © due to lateral load for load case “ij” of loading

nlij(k)

condition “(k)” is to be calculated according to following formula:

2 2
Gy = Ca ('??STI-'B'SIE'.y'(H Py Hcleyw l"‘f X _d X e lx10? (j=12) N/mm?
"o 127, I ! :

where: s—spacing of longitudinal stiffener, in m;
[—span of longitudinal stiffener, in m, see Figure 4.3.2 of this Chapter;
x—distance from longitudinal stiffener span end to hot spot. in m. see Figure 4.3.2 of
this Chapter:;
W.—section modulus, in cm?, of stiffener with an attached plating;

Ci—relative displacement correction coefficient, to be determined according to following

requirements:
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Cq =1.3 bottom (inner bottom) longitudinal stiffener end details at transverse
bulkhead of cargo hold;
Cq=1.2 for side (inner shell) longitudinal stiffener end details at transverse
bulkhead of cargo hold;
Cq =1.15 for deck longitudinal stiffener end details at transverse bulkhead of
cargo hold;
Ca=1.0 for others.
Relative displacement correction coefficient can also be determined by direct
calculation.

Psw i) » PLijw) » Pcij) —Sea water pressure, liquid pressure or dry bulk cargo pressure
respectively at mid span of longitudinal stiffener, in kN/m2;
New ML »Nc —coefficient for direction of lateral load pressure; when the considered

pressure is applied on the stiffener side, to be taken as 1; when
otherwise, to be taken as -1.

N 1

220 22 \

& _ wl]
< | | | h T “
— i F

Figure 4.3.2(1) Single-hull construction
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™ h/2 | hi2 \

| h ro]
Ir —

Figure 4.3.2(2) Double-hull construction

4.4 Calculation of hot spot stress
4.4.1 Hot spot stress for load case “ij” of loading condition “(K)” is to be calculated according to
following formula:

n

Ghijk) =C,f thGnh,ij(k)+ fq KgIK

g ch Gk (j=1,2)  N/mm?

where: Gnh, ijk) —nominal stress component due to hull girder bending moment, in N/mm?, see
4.3.1 of this Chapter;
Onl,ij(ky —nominal stress component due to lateral load, in N/mm?, see 4.3.2 of this
Chapter;

K, —stress concentration factor due to unsymmetrical stiffener geometry, see 4.5.2 of
this Chapter;
K,n —stress concentration factor for longitudinal stiffener due to axial load, see Table
4.5.1 of this Chapter;
K, —stress concentration factor for longitudinal stiffener due to lateral load, see Table
4.5.1 of this Chapter;

fch, fol—corrosion correction factor, see 1.6.1 of Chapter 1;

C, —panel bending correction factor, to be determined according to the following
requirements:

Cg =1.1 for bottom (inner bottom ) longitudinal stiffener end details;
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Cg =1.05 for side (inner shell) longitudinal stiffener end details;

Cg =1.0 for deck longitudinal stiffener end details.

Panel bending correction factor can also be determined by direct calculation.

4.5 Stress concentration factors
45.1 Stress concentration factors for longitudinal symmetrical stiffener end connections due to
axial load and lateral load are shown in Table 4.5.1, and can also be determined by direct

calculation according to 4.5.3 of this Section.

Stress concentration factors Table 45.1
Point A Point B
No. Connection type
th Kgl th Kg'
1.28 1.40 1.28
LA (d < 150) (d < 150) (d < 150)
1 1.36 1.50 1.36 16
(150<d < 250) (150<d < 250) (150<<d<250) :
Al (8 145 1.60 145
) ( d >250 d >250 d >250
) | (d>250) (d>250) (d>250)
1.28 1.40 1.14
d (d < 150) (d < 150) (d < 150)
2 1.36 1.50 124 127
(150<d < 250) (150<d < 250) (150<<d< 250) :
5 g 1.45 1.60 1.34
m (d >250) (d >250) (d >250)
SN
3 1.28 1.34 1.52 1.67
4 1.28 1.34 1.34 1.34
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Point A Point B
No. Connection type th Kgl th Kgl
11 1.28 134 1.52 1.67
12 1.52 1.67 1.28 1.34
13 1.52 1.67 1.52 1.67
14 1.52 1.67 1.34 1.34
15 1.52 1.67 1.52 1.67
16 1.52 1.67 1.28 134
17 1.28 134 1.52 1.67
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Point A Point B

No. Connection type
18 1.28 1.34 1.34 1.34
19 1.28 1.34 1.28 1.34

A B
20 1.28 1.34 1.52 1.67
21 1.28 1.34 1.52 1.67

A B

22 1.28 1.34 1.34 1.34
23 1.28 1.34 1.28 1.34
24 1.28 1.34 152 1.67
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Point A Point B
No. Connection type
th Kgl th Kg'
1.28 1.40 1.14 1.25
. (d<150) (d<150) (d<150) (d <150
25 2 i R 1.36 1.50 1.24 1.36
(150 < d < 250) (150 < d < 250) (150 < d<250) | (150<d<250)
—al de 1.45 1. 60 1.34 1.47
) ( (d > 250) (d > 250) (d > 250) (d > 250)
T
26 1.28 1.34 1.34 1.47
b
\ 7
A—
27 1.52 1.67 1.34 1.47
B
ﬁ
\
L
28 1.52 1.67 1.34 1.47
29 1.28 1.34 1.34 1.47
30 1.28 1.34 1.34 1.47
31 1.13 1.20 1.13 1.20
A I"II
ﬁ L
A
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Point A Point B
No. Connection type
32 1.13 114 N/A N/A
—_—
\ /
/ \

Notes: (O The attachment length d, in mm, is defined as the length of the welded attachment on the longitudinal
stiffener flange without deduction of scallop.

@ Where the longitudinal stiffener is a flat bar and there is a web stiffener/bracket welded to the flat bar stiffener,
the stress concentration factor listed in the table is to be multiplied by a factor of 1.12 when the thickness of the
web stiffener/bracket is thicker than the 0.7 times thickness of flat bar stiffener. This also applies to unsymmetrical
profiles where there is less than 8 mm clearance between the edge of the stiffener flange and the attachment, e.g.
bulb or angle profiles where the clearance of 8 mm cannot be achieved.

® ID 31 and 32 refer to details where web stiffeners are omitted or not connected to the longitudinal stiffener
flange. For connection type ID 32 with no collar /diaphragm web plate welded to the flange, the stress
concentration factors provided in this table are to be used irrespective of slot configuration. The fatigue assessment
point ‘A’ is located at the connection between the stiffener web and the transverse web frame or lug plate.

452  Stress concentration factors K, due to unsymmetrical stiffener geometry are to be
calculated according to following formulae:

K, =1.03 for bulb steel;

1+ Ap°
. =5 — forothers
1+ 487y,
where: [f—factor, to be taken as 1-2b4/by,
b_ —breadth from web centerline to wing plate, in mm, see Figure 4.5.2;
by, —breadth of wing plate, in mm;
t —thickness of wing plate, in mm;
h,,, —web height, in mm
f,,—web thickness, in mm;
t —thickness of attached plate, in mm;
Z—section modulus of stiffener, in cm’;
. (1 ’ 22:0 ]
A —coefficient to be taken as —————<;
1+
40
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Figure 4.5.2

If connection types other than those given in Table 4.5.1 are adopted, fatigue strength can

be assessed according to following requirements:

(1) hot spot stress is calculated directly by performing a very fine mesh finite element analysis.
See Chapter 5 of the Guidelines;

(2) stress concentration factor is determined by finite element analysis. Stress concentration factor
Ky is to be the ratio of finite element hot spot stress to nominal stress by simplified analysis:

where: o, —hot spot stress, in N/mm?;

G,—nominal stress, in N/mm?.
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CHAPTERS FINITE ELEMENT STRESS ANALYSIS

5.1 General requirements

5.1.1 The methods for finite element hot spot stress analysis are applicable to fatigue strength
assessment for both welded and non-welded details, taking into account structural discontinuities
due to the structural detail of the welded joint, but not taking into account the notch effect at the
weld toe.

5.1.2 Fatigue strength check based on finite element stress analysis is carried out by very fine
mesh analysis. These very fine mesh models may be incorporated into the global model.
Alternatively, this very fine mesh analysis can be carried out by means of separate local finite
element models with very fine mesh zones in conjunction with the boundary conditions obtained
from a global model of the cargo holds.

5.2 Structure modeling

5.2.1 Unless otherwise specified in the Guidelines, finite element structure modeling is to
comply with relevant requirements of Section 5, Chapter 1, PART TWO of ISC Rules for
Classification of Sea-going Steel Ships.

5.2.2 The extent of model is to be in compliance with the following requirements:

(1) Normally, the longitudinal extent is to cover the length of 1/2 hold + 1 hold + 1/2 hold within
the cargo area amidships.

(2) Considering that transverse wave loads are not symmetrical, a full-breadth model is to be
required.

(3) The vertical extent is to be taken as all members within the main hull, including all the primary
members on the main deck.

5.2.3 For local fine mesh sub-model, the effect of displacement boundary condition and force
boundary condition on fine mesh zone hot spot stress is to be avoided. The boundary of fine mesh
zone is to be taken at adjacent primary supporting members such as girders, stringers and floors in
the cargo hold.

5.2.4  Finite element meshes near hot spot are to be fine enough to reflect change of stress
gradient. The size of mesh is not to be greater than thickness t of stressed members at hot spot.
The mesh size is to be maintained within the very fine mesh zone, extending over at least 10
elements in all directions from the hot spot position. The transition of element size between the
coarser mesh and the very fine mesh zone is to be done gradually and an acceptable mesh quality
is to be maintained.

5.2.5 Four-node shell elements with adequate bending and membrane properties are to be used
inside the very fine mesh zone. The shell elements are to represent the mid plane and bending of
the plating. Triangular elements are to be avoided where possible. Use of distorted elements (e.g.
element’s corner angle less than 60° or greater than 120°) are to be avoided. Stiffeners inside fine
mesh zone are to be modeled using plate elements, and stiffeners outside fine mesh zone are to be
modeled using beam elements. The geometry of the weld and construction misalignment is not
required to be modeled.

5.2.6 Where stresses are to be assessed on a free edge, such as cut-outs for stiffener connections
at web frames, edge of plating and hatch corners, per unit area beam elements having the same
depth as the adjoining plate thickness is to be used to obtain the required local edge stress values.
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5.2.7 For finite element modeling of independent tank liquefied gas carriers, the state of support
structures withstanding force is to be able to be simulated, and linear rod elements or spring
elements may be used to simulate laminated wood. For details, please refer to the relevant
chapters of ISC Rules for Construction and Equipment of Ships Carrying Liquefied Gases in Bulk.

5.3 Finite element analysis conditions

5.3.1 For finite element stress analysis, each calculation condition is based on global load case
and local load case. Hot spot stress is to be obtained by stress combination of global load case and
local load case and to be calculated according to following formula:

o, =f,04c +Cyr fyo, NImm?
where: & —hot spot stress for global load case, in N/mm?,

o —hot spot stress for local load case, in N/mm?;

fen, fa—corrosion correction coefficient, see 1.6.1 of Chapter 1;
Cvr—ship type correction coefficient, to be determined according to following

requirements:
Cvr =0.75 for container ship

Cvr =0.85 for vehicle carrier
C,; =0.80 for oil tanker, chemical tanker

Cvr=0.9 for bulk carrier
Cvr =0.95 for membrane tank liquefied gas carrier

Cy; =06 for hot spots at connection of ore carrier inner bottom plating to
lower stool, independent tank liquefied gas carrier

Cy; =0.9 for other hot spots in ore carrier.

5.4 Boundary conditions
5.4.1 Boundary conditions for cargo hold FE model are to comply with following requirements:
(1) Boundary conditions for global load (see Table 5.4.1(1) of this Chapter)

(2) The degrees of freedom 9J, , 8y and O, of each longitudinal member node for fore and

aft end planes is to be linked to the independent point at neutral axis on longitudinal
centerline section by means of MPC. Vertical bending moment and horizontal bending
moment are to be applied on the independent point. Load combination factors for each
load case are shown in Table 2.5.3, Chapter 2 of the Guidelines.

(b) The displacements of the independent point within fore and aft end planes in transverse
direction, vertical direction and the rotation around longitudinal axes are restrained, i.e.

9, =0, =0, = 0; The displacement of the independent point within the fore end plane in

longitudinal direction is restrained, i.e. o, =0.

-50-



Boundary conditions for global load Table 5.4.1(1)

Displacement constraint Rotation constraint
Position
S, 8, 5, 0, 0, 0,
All longitudinal members for end Link Link Link i i i

planes

Bending | Bending
moment | moment
Bending | Bending
moment | moment

Independent point (fore end plane) | Constraint | Constraint | Constraint | Constraint

Independent point (aft end plane) - Constraint | Constraint | Constraint

(2) Boundary conditions for local loads of oil tankers, chemical tankers, bulk carriers, container
ships, membrane tank liquefied gas carriers, independent tank liquefied gas carriers and ore
carriers (with symmetrical loads, see Table 5.4.1(2) )
(@) Symmetrical conditions are applied respectively to fore and aft end planes, the
displacements in longitudinal direction of nodes within the end plane and the rotations

around the two coordinate axes within the end plane are restrained, i.e.6, =0, =0, =0;

(b) Vertical spring elements are to be fitted on intersection line of side shell plating/inner hull
plating/longitudinal bulkhead with forward and aft bulkheads in midship cargo tanks.
Elasticity coefficients for spring elements are distributed evenly and calculated according
to following formula:

« _ 5GA

6l,n

where: G—shear elastic modulus for material; for steel, G=0.792x10° N/mm?;

A— shear area of side shell plating, inner hull plating or longitudinal bulkhead plate at
forward and aft bulkheads, in mm?;

I, —length of midship cargo tank, in mm;

n—number of nodes of vertical intersections on side shell plating, inner hull plating or
longitudinal bulkhead plate.

Boundary conditions for local loads (with symmetrical loads) Table 5.4.1(2)
Displacement constraint Rotation constraint
Position

0, d, 5, | 6, 0, 0,

Fore and aft end planes Constraint - - - |Constraint| Constraint

Intersection of longitudinal centerline section at fore ) Constraintl - ) ) )

and aft transverse bulkheads with bottom

\Vertical intersections of side shell plating, inner hull .

- L : Vertical
plating and longitudinal bulkhead plate with forward - - spring - - -

and aft transverse bulkheads

(3) Boundary conditions for local loads of oil tankers, chemical tankers, bulk carriers, container
ships, membrane tank liquefied gas carriers, independent tank liquefied gas carriers and ore
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carriers (with unsymmetrical loads, see Table 5.4.1(3))
(@) Symmetrical conditions are applied respectively to fore and aft end planes, the
displacements in longitudinal direction of nodes within the end plane and the rotations

around the two coordinate axes within the end plane are restrained, i.e.0, :Oy =0,=0;

(b) Transverse spring elements are to be fitted on intersections of upper deck, trunk deck (if
any), bottom plating/inner bottom plating with forward and aft bulkheads. Elasticity
coefficients for spring elements are distributed evenly and calculated according to
following formula:

« _ 5GA

6l,n
where:  G—shear elastic modulus for material; for steel, G=0.792x10% N/mm?;
A—shear area of upper deck, trunk deck (if any), bottom plating and inner bottom
plating at forward and aft bulkheads, in mm?;

I, —length of midship cargo tank, in mm;

n—number of nodes of horizontal intersections on upper deck, trunk deck (if any),
bottom plating and inner bottom plating.
(c) Vertical spring elements are to be fitted on intersections of side shell plating/inner hull
plating/longitudinal bulkhead with forward and aft bulkheads. Elasticity coefficients for spring
elements are distributed evenly and shown in 5.4.1(2)(b) of this Chapter.

Boundary conditions for local loads (with unsymmetrical loads) Table 5.4.1(3)

Displacement constraint Rotation constraint

Position

O, d, S, |6, 6 0,

Fore and aft end planes Constraint - - - |Constraint| Constraint

Horizontal intersection line of upper deck, trunk deck

(if any), bottom plating and inner bottom plating with - Trznﬁi\:]erse - - - -
forward and aft transverse bulkheads pring

Vertical intersection line offside shell plating, inner hull Vertical

plating and longitudinal bulkhead plate with forward - - spring | - -

and aft transverse bulkheads

(4) Local load boundary conditions for vehicle carriers

(@) The same boundary conditions are used under various load conditions to constrain the rigid
displacement and the unbalanced force generated by load. The specific location is shown in Table
5.4.1 (4) and Figure 5.4.1;

(b) In order to constrain the longitudinal displacement of the model, the displacement in x-
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direction is constrained at one end of the inner bottom plating;

(c) In order to constrain the transverse displacement of the model, the displacement in y-direction
is constrained at the edge line of one side of the inner bottom;

(d) In order to constrain the vertical displacement of the model, the displacement in z-direction is
constrained at both ends of the side. The rigid rotation of the model can be controlled by the above
displacement constraints.

(e) In order to simulate the constraints of the structural members adjacent to the model, the

rotation around Y-axis is constrained at the fore and aft ends of bottom and deck girder.

Boundary conditions under various conditions Table 5.4.1 (4)
Constraint 0,=0 5,=0 8=0 0,=0
Applied both ends of
Line AD Line AB Lines AA’, BB’, CC’, DD’
area girders
e
//

R
>c

/ /

=N

1 k _

Figure5.4.1 Positions where boundary conditions are applied

5.4.2 When local fine finite element model is used, nodal force or nodal displacement obtained
from hold model is to be applied to sub-model.

5.5 Hot spot stress ranges and hot spot mean stress based on finite element analysis
5.5.1 Hot spot stress ranges and mean stress
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(1) For load case “i” of loading condition “(k)”, hot spot stress ranges Shiw IS t0 be hot spot
principal stress within £45° perpendicular to the weld toe and determined according to difference
of hot spot stress components for load case i, and load case iy;

(2) For load case “i” of loading condition “(k)”, hot spot mean stress is to be determined according
to average hot spot stress components for load case i, and load case i».

5.5.2 Hot spot stress calculation for weld type nodes

(1) For general weld type nodes (such as bracket toe ends) for load case “ij” of loading condition

“(k)”, hot spot stress Gj; i, (see Figure 5.5.2(1) of this Chapter) is to be calculated according to

following formula:

3090 — Oy (7=12)

ey = > N/mm?

where: Tiiyirn Tijeeysen —Stresses at stress read out points located at distances t/2 and 3t/2

away from the weld toe for load case “ij” of loading condition

“(k)”. in N/mm?, where ¢ is plate thickness at hot spot, in mm;

Linear extrapolation to hot
spot based on 03t/2 and ot/2

ot/2 and 03t/2 are obtained
by interpolation of o1, 62,
03 and o4

Hot 2 | |

spot - -
4 3t2 I

Figure5.5.2(1) Hot spot stress of general weld type nodes

(2) Four interpolation points are selected on surface of stressed members in the vicinity of hot
spots, and stress read out points are to be within 4 interpolation points. The stress of interpolation
points is to be the average value of stresses at the element center points at left and right of A-A
line, as shown in Figure 5.5.2(2). Stress ¢ at stress read out points located at distances t/2 and 3t/2
away from the weld toe is to be determined according to the stress at selected interpolation points
by Lagrange’s interpolation method and calculated according to following formula:

0=C,0,+Co,+Co,+Co, N/mm?
where: G, —stress at interpolation point 1, in N/mm?;

G, —stress at interpolation point 2, in N/mm?;
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O, —stress at interpolation point 3, in N/mm?’;

O, —sress at interpolation point 4, in N/mm?’;

C1, C2, C3 and C4 are to be calculated according to following formulae:

C, - (x—x))(x —x;)(x—x,)

(% =) = x3)(% — x,)

c. - (x—x)(x —x;)(x—x,)

(30, = x;)(3xy = x3) (3, — X)

C - (x—x)(x—x,)(x—x,)

? (o3 —x)(x3 — ) (x5 — xy)

C - (x—x)(x—x,)(x—x3)

o (2, — ) (2 — 2, )2y — x3)

where: x—distance from stress read out point to weld toe, in mm;

x,; —distance from interpolation point 1 to weld toe, in mm;
x,—distance from interpolation point 2 to weld toe, in mm;
Xx; —distance from interpolation point 3 to weld toe, in mm;

x,—distance from interpolation point 4 to weld toe, in mm.

W + + + +
A £ A
+ + + -
Hakspot Interpolation point /
/ / 4 Stress at element center

Figure5.5.2(2) Method for obtaining stress at interpolation points

5.5.3 Hot spot stress calculation for cruciform weld type nodes

(1) For cruciform weld type nodes (such as weld type hopper knuckle, horizontal girder root,
lower stool and inner bottom knuckle), as shown in Figure 5.5.3(1), for load case “ij” of loading

condition “(k)”, stress Oij(k) at hot spot is to be the stress in way of element intersection line

Xshit and obtained by linear interpolation of stress at adjacent interpolation points on the
intersection line, as shown in Figure 5.5.3(2).
Stress read out position Xsnit; is to be calculated according to following formula:
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f
'r:hr'ﬂ = 5 + X,

mm
where: #—thickness of plate at hot spot, in mm;

x,,, —length of weld toe, in mm, not greater than #2.

Hopper plate Longitudinal
bulkhead

Hot spot L
S -
{cruciform joint)

\\IIII
e |

Transverse bulkhead

> e ¥ Hot spot (cruciform joint)
S { | A Longitudinal bulklhead
a) Hopper knuckle b) Horizontal girder root

Figure5.5.3(1) Cruciform weld type nodes

[
\\-
\--‘._
G1 sl | T T
HS | g,
/,0 o’ s 3
3 : - -2 \ Hot spots
Element intersection X
line

Figure5.5.3(2) Stress interpolation value of cruciform weld type hot spots

(2) The stress of adjacent interpolation points is obtained by average element midpoint stress at
left and right sides of A-A line. Element midpoint stress is to be calculated according to following
formula:

Uy‘(k) (x) = (O—y(.lr):mambmm (I) + Oﬁﬁa‘ gy’(#)__be}idﬁng (I)) X ﬁ (] = 17 2) N/mm?

where: Oy M”mg(vﬂ —bending stress, in N/mm?, to be calculated according to following
formula:

Jy‘(k).bmdmg (T) = O-Jj,r' (k).surface (I) - Jy‘(k)_.membrmre (x) (J = 1> 2) N/mm?

-65-



Oy kj__swfaw(x) —surface stress within 45° perpendicular to weld toe, in N/mm?, including
membrane stress and bending stress;

U'U(k)__mmbmme(x ) —membrane stress, in N/mm?;
f; 4 —factor, to be determined according to following requirements:
fia' =1 for plate subject to local lateral load;
fia' =0 for plate not subject to local lateral load.

[ —plate angle correction factor, to be calculated according to following formulae:

i =1.07_0.15xi+0.22(""7“?J for @ =135°
r

7

B =1.09 _0.16"'A+0_36("‘TWJ for @ =120°
f

B =1.09+ o.ozsxTww 0.27{%] for & =90°

Plate angle correction factors for other angles are to be determined by linear interpolation.

Interpolation value

xa'\ﬂ

Stress readout point

+ . Element midpoint surface stress

Figure5.5.3(3) Determination of stress at interpolation points

(3) Hot spots located in way of the web with cruciform joint are to be checked according to the
maximum principal surface stress at the intersection offset by the distance xsnitt from the vertical and
horizontal element intersection lines. The intersection line is taken at the mid thickness of the

cruciform joint assuming a median alignment. The hot spot stressc,,s , in N/mm?2, is to be obtained as:
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O 15 =0 gup

where: o;nz—Maximum principal surface stress, in N/mm?’, at the intersection offset by the

distance Xz

The distance of offset from the hot spot stress readout position is obtained as:

r
Xt :E"+x

Wi

where:

I, plate thickness of the web. in mm;

xwe ——extended fillet weld leg length . in mm. taken as:
Xt = Inin(ffegl : IfegE)

lieg1, lieg2 = leg length, in mm, of the vertical and horizontal weld lines shown in Figure

5.5.3(4).
N
I Element intersection lines
Stress readout position
l l lagi for hot spot stresses
AN —‘f——‘
/ [\ ks
£ | N | &
& R &
= ! N _
> P f '
Y T i 7SS N S
/ /4\ | /] J | * g
Ve 2;5& I / |
% -4
I 7
L |
/ |
pa A A
/71 M
[ leg2 [ |
] |
| Xshif
| I

Figure5.5.3(4) Hot spots in way of web and hot spot stress readout
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5.5.4 For fatigue assessment of free edge of plate, a beam element is to be used to obtain the
fatigue stress range. The stress range is to be based on axial and bending stress in the beam
element. The beam element is to have the same depth as the connecting plate thickness while the
in-plane width is negligible.

5.6 Requirements for finite elements of typical details
5.6.1 Hopper knuckle welded connection
(1) The modeling requirements in this subparagraph are applicable to the modeling of bilge hopper
lower-knuckle and upper-knuckle welded connections.
(2) Where a separate local finite element model is used, the minimum extent of the local model is
to be according to the following:

O Longitudinally, the model is to cover two web frame spaces (i.e. one web frame space
extending either side of the transverse web frame of interest). Transverse web frames at the
end of the local model need not be represented in the local model;

@ Vertically, the model is to extend from the baseline to the lower stringer in the double side
water ballast tank for tankers and double skin bulk carriers. For single skin bulk carriers, the
model is to extend from the baseline to the top of the hopper ballast tank. Where a fatigue
assessment is also carried out for the upper knuckle connection, the model is to be extended
to four longitudinal spaces above the lower stringer in the double side ballast tank;

® Transversely, the model is to extend from the ship side to 4 longitudinal spaces inboard of
the double bottom side girder.

(3) Any scarfing brackets on the web frame adjoining the inner bottom plating, the first
longitudinal stiffeners away from the knuckle hot spot as well as any carlings and brackets offset
from the main frames are to be modeled explicitly using shell elements. Longitudinal stiffeners
further away from the knuckle may be modeled by beam elements. The inner bottom plate
‘overhang’ outboard of the girder is to be modeled using shell elements up to the extent of the
scarfing bracket. Away from the scarfing bracket in longitudinal direction, the inner bottom plate
‘overhang’ may be modeled using line elements of equivalent the area. Any perforations, such as
cut-outs for cabling, pipes and access that are within one stiffener space from the knuckle point
are to be modeled explicitly.

(4) Figures 5.6.1(1) to (3) show typical local finite element models of the hopper lower knuckle
connection and close-up views of mesh zone.
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Figure5.6.1(1) Finite element fine mesh model of hopper lower knuckle

Figure5.6.1(2) Finite element fine mesh model of hopper lower knuckle
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Figure 5.6.1(3) Finite element fine mesh model of hopper upper knuckle

5.6.2 Lower stool — inner bottom connection

(1) The modeling requirements in this subparagraph are applicable to the connection between
lower stool and inner bottom knuckle.

(2) Where a separate local finite element model is used, the minimum extent of the local model is
as follows:

@O Vertically, from the bottom shell to a level at least 2 m above the inner bottom or up to the
connection of the corrugation to the upper shelf plate of the lower stool, whichever is
greater;

@ The local model is to be extended transversely to the nearest diaphragm web in the lower
stool on each side of the fine mesh zone (i.e. to the adjacent double bottom girder). The end
diaphragms need not be modeled;

® Longitudinally, the model is to cover one floor space aft of the aft lower stool — inner
bottom connection and one floor space forward of the forward lower stool — inner bottom
connection.

(3) Diaphragm webs, brackets inside the lower stool and stiffeners on the stool plates are to be
modeled at their actual positions within the extent of the local model. Shell elements are to be
used for modeling of diaphragms and brackets. The first vertical or horizontal stiffeners on the
lower stool plate and the first longitudinal stiffeners on the inner bottom are to be represented by
shell elements, other stiffeners may be represented by beam elements. Figure 5.6.2 shows a typical
finite element model of the lower stool - inner bottom connection.
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Figure 5.6.2 Connection between inner bottom and lower stool plate

5.6.3 Lower stool — corrugated bulkhead connection

(1) The modeling requirements in this subparagraph are applicable to the connection between
lower stool knuckle and corrugated bulkhead.

(2) Where a separate local finite element model is used, the minimum extent of the local model is
as follows:

O Vertically, from the bottom of the lower stool to a level at least 2 m above the upper shelf
plate of the lower stool;

@ The local model is to be extended transversely to the nearest diaphragm web in the lower
stool on each side of the fine mesh zone (i.e. to the adjacent double bottom girder). The end
diaphragms need not be modeled.

® Longitudinally, the model is to cover one floor space aft of the aft lower stool — inner
bottom connection and one floor space forward of the forward lower stool — inner bottom
connection.

(3) Diaphragm webs, brackets inside the lower stool and stiffeners on the stool plates are to be
modeled at their actual positions within the extent of the local model. Shell elements are to be
used for modeling of diaphragms and bracket. The first vertical or horizontal stiffeners on the
lower stool plate are to be represented by shell elements, other stiffeners may be represented by
beam elements. Figure 5.6.3 shows a typical finite element model of the lower stool - corrugated
bulkhead connection.
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Figure 5.6.3 Connection between corrugated bulkhead and lower stool

5.6.4 Side frame bracket to hopper sloping plate connections

(1) The modeling requirements in this subparagraph are applicable to the side frame to hopper
sloping plate bracket connections.

(2) Shell elements are to be used for modeling the side frame bracket, hopper tank sloping plate
and adjacent stiffeners. Figure 5.6.4 shows a typical finite element model of the side frame bracket
to hopper sloping plate connection.

(3) Where a separate local finite element model is used, the minimum extent of the local model is
to be according to the following:

@O Longitudinally, the model is to cover two web frame spaces (i.e. one web frame space
extending either side of the bracket connection of interest). Transverse web frames at the
end of the local model need not be represented in the local model;

@ Vertically, the model is to extend from the baseline to the bottom of the topside tank sloping
plate;

® Transversely, the model is to extend from the ship side to the adjacent double bottom side
girder.
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Figure 5.6.4 Side frame bracket to hopper sloping plate connections

5.6.5 Side frame bracket to the upper sloping / flat bottom wing tank connections

(1) The modeling requirements in this subparagraph are applicable to the side frame bracket to
upper sloping/flat bottom wing tank connections.

(2) Shell elements are to be used for modeling the side frame bracket, upper sloping or flat bottom
plate and adjacent stiffeners. Figure 5.6.5 shows a typical finite element model of the side frame
toe end to hopper sloping plate connection.

(3) Where a separate local finite element model is used, the minimum extent of the local model is
to be according to the following:

@ Longitudinally, the model is to cover two web frame spaces (i.e. one web frame space
extending either side of the bracket connection of interest). Transverse web frames at the
end of the local model need not be represented in the local model;

@ Vertically, the model is to extend from the deck level to the top of the hopper sloping plate;

® Transversely, the model is to extend from the ship side to the hatch coaming corresponding
to the upper sloping wing tank.
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Figure 5.6.5 Side frame bracket to the upper sloping / flat bottom wing tank connections

5.6.6 Hatch coaming end bracket to the deck plating connection

(1) The modeling requirements in this subparagraph are applicable to hatch coaming end
bracket to the deck plating connection.

(2) Where a separate local finite element model is used, the minimum extent of the local model is
to be according to the following:

(O Transversely, over the half-breadth of the ship;

@ Longitudinally, from the midpoint of the compartment to the adjacent cargo hold up to and
including the full width of the cross deck;

® Vertically, from the top plate of coaming to the intersection of the topside tank sloping plate
with the side or inner side shell.

(3) The primary supporting members and coaming stays are to be represented by shell finite

elements. Figure 5.6.6 shows a typical FE model of the toe connection of a longitudinal hatch
coaming end bracket to the deck plating.
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Figure 5.6.6 Hatch coaming end bracket to the deck plating connection

5.6.7 Connection of pillars to deck/deck transverse/deck girder in vehicle spaces on a vehicle
carrier
(1) The modeling requirements in this subparagraph apply to connection of pillars to deck/deck
transverse/deck girder in vehicle spaces.
(2) Vehicle deck, pillars, deck transverse and vehicle deck girder adjacent to the connections are
to be accurately modeled using shell elements. Connection of vehicle deck pillars to deck/deck
transverse/deck girder is shown in Figure 5.6.7.
(3) If an independent local finite element model is used, the minimum range of the local model is
as follows:
O Transversely, the model is to cover full width.
@ Longitudinally, the model is to extend one web beam spacing from fore and aft of the web
beam respectively in the areas under investigation.
® Vertically, the model is to extend one vehicle deck height from above and below the area
under investigation respectively.
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Figure 5.6.7 Fine mesh model of connection of pillars to deck/deck transverse/deck girder
in vehicle spaces on a vehicle carrier

5.6.8 Opening of deck gas dome on a liquefied gas carrier

The opening area is to be meshed using elements with a sufficiently small size to capture the local
stress on the edge. In general, a minimum of 15 elements in a 90 degree arc are to be used to
describe the curvature of its opening. For an elliptical or parabolic opening, a minimum of 15
elements are to be used from the inboard radius end to a point on the edge located at half the
distance of the major axis. A total of 20 elements are to be used at the elliptical edge of the
opening. However, the element edge dimensions along the free edge of the radius need not be less
than the thickness of the plating being represented and also should not be greater than 5 times the
thickness of the plating being represented. If conditions permit, this level of fine meshes is to be
maintained over the bracket plating of hatch coaming and is to extend into deck transverse, main
deck plating and opening coaming. Mesh transitions should not be arranged close to bracket toes.

Figure5.6.8 Fine mesh elements of opening of deck gas dome on a liquefied gas

carrier
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CHAPTER 6 FATIGUE STRENGTH OF PUMP TOWER

6.1 General provisions
6.1.1 This Chapter is applicable to fatigue strength assessment of pump tower structures of
membrane tank liquefied gas carriers.
6.1.2 Where not covered in this Chapter, the requirements of Chapter 20, PART TWO of ISC
Rules for Classification of Sea-going Steel Ships are to be complied with.
6.1.3 For fatigue strength assessment of pump tower structure, the No.2 cargo tank close to the
bow is to be taken as the target tank for sloshing load calculation.
6.1.4 Fatigue strength assessment process of pump tower structure is as shown in Figure 6.1.4 of
this Chapter.

Selecting loading condition

Ship sea-keeping analysis

Pump tower structural modeling

Long-term prediction of dominant load parameters

v

Pump tower structural data

Screening critical sloshing condition

Simulating calculation of sloshing load to determine sloshing calculating condition under each filling level

J

Pump tower finite element analysis

Pump tower structural fatigue analysis

Figure6.1.4 Pump tower fatigue analysis process

6.2 Loading conditions and filling level
6.2.1 Two loading conditions set in Table 6.2.1 of this Chapter are to be selected as the
calculation conditions used for ship sea-keeping analysis. For full load condition, filling level not
less than 50%h in 6.2.2 of this Chapter is to be used. For ballast condition, filling level less than
50%h in 6.2.2 of this Chapter is to be used.

Loading conditions for sea-keeping analysis Table 6.2.1
No. Loading condition Draught
1 Full load condition Summer load line draught
2 Ballast condition Ballast draught at arrival

6.2.2 In addition to all filling levels in the loading manual, 5%h, 10%h, 70%h and 95%h are to
be selected as standard filling levels under consideration. Where additional filling levels are

-77-



required, detailed data of filling level and service time proportion under each filling level are to be
provided by the designer.

6.2.3  If service time proportion under each filling level is not provided by the designer, even
distribution may be assumed.

6.3 Ship sea-keeping analysis

6.3.1 Ship sea-keeping analysis based on equivalent design wave approach is mainly used for:

(1) obtaining response amplitude operators (RAO) of dominant load parameters to determine
critical sloshing condition;

(2) obtaining Weibull shape parameter of dominant load parameters to determine long-term
distribution of fatigue stress;

(3) determining long-term prediction value of dominant load parameters for calculating sloshing load.

6.3.2 Equivalent design wave approach

(1) For unrestricted service, the long-term distribution of wave loads is calculated by combining
the short-term predictions into the long-term predictions based on the existing information on
wave statistics, in which the extreme value of certain probability level of exceedance is taken;

(2) A method of short-term extreme value prediction is used for the specific service. At a given
probability level, the sea condition corresponding to the highest wave height is to be obtained, and
the short-term extreme values are calculated based on this sea condition;

(3) For fatigue analysis, the probability level of wave long-term extreme prediction value is 10
6.3.3 Dominant load parameters

(1) For transverse motion, roll motion (i.e. roll angle) and transverse acceleration are taken;

(2) For longitudinal motion, pitch motion (i.e. pitch angle) and longitudinal acceleration are taken.
6.3.4 Environmental data

(1) For unrestricted service, the North Atlantic wave data used are taken from the Wave Scatter
Diagram of North Atlantic in IACS Rec.No34, and two-parameter Bretschneider spectrum
function is recommended,

(2) For specific service, a specific wave scatter diagram for this area is generally used. A
JONSWAP function is used for the wave spectrum.

6.4 Sloshing conditions
6.4.1 General provisions
Sloshing conditions are based on different wave heading angle and wave encounter frequency.
Each filling level includes a set of critical sloshing conditions, and the most critical sloshing
condition under this filling level can be screened.
6.4.2 Determination of critical sloshing condition
(1) The following three principles are to be complied with in determining the critical sloshing
condition:

O RAO is in the vicinity of maximum value;

@ the encounter period is in proximity to the sloshing motion period;

® the wave heading angle is within the range of maximum effects.
(2) Based on the above principles, conditions for determining a critical sloshing condition are
indicated in Table 6.4.2 of this Chapter.
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Conditions for determining a critical sloshing condition Table 6.4.2

Motion Formula for the conditions Remarks
Ty and Te are natural period of tank
’Ty —T,|<0.3T, transverse motion and wave encounter period
Transverse respectively
- RAO is corresponding to the dominant load
RAO (B, 0.7max | RAO (B,
motion (B,w) > [ (B.w)] parameter
600 < B<90° Taking into account beam sea
Tx and Te are natural period of tank
|T, - T.] < 03T, longitudinal motion and wave encounter
Lonaitudinal period respectively
ongttudina RAO is corresponding to the dominant load
motion RAO(Bw) > 0.7 max [RAO (B,m)] parameter
0% <p<30° Taking into account head sea

6.4.3 Calculating sloshing condition

(1) According to sloshing motion period under each filling level, most critical sloshing condition
under each filling level is obtained at maximum pump tower force in positive direction and
reverse direction respectively;

(2) Calculation condition for pump tower fatigue analysis is to be based on most critical sloshing
condition under each filling level.

6.5 Finite element analysis of pump tower structure

6.5.1 Structural modeling

Finite element structural model and boundary condition of pump tower structure are to comply
with relevant requirements of 5.5, Appendix 2, Chapter 20, PART TWO of ISC Rules for
Classification of Sea-going Steel Ships.

6.5.2 Fatigue load

(1) Sloshing load

The liquid velocity and acceleration along the centerline of the pump tower can be obtained by
means of the direct calculation of sloshing motion. The sloshing-induced force on the pump tower,

—

i.e. Morison force Fw , is calculated by the following formula:

Fu= ?pC‘d U2)U(z)

S
D+%p€m a(z)D? N/m

where: p—{fluid density, in kg/m’;
U(z)—liquid velocity in the pump tower pipe centerline normal to the member, in m/s:
afz)—liquid acceleration in the pump tower pipe centerline normal to the member, in m/s?;
D—diameter of transverse section of pump tower, in m;
C4—drag coefficient of Morison, normally taken as 1.2;

Cy—inertia coefficient of Morison, normally taken as 2.0.
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The change of Morison force along the length and vertical direction of the member is to be taken

-

into account in loading the FE model. The combined Morison force Fi acting on a structural

member of the length of | is:

— [ ] — —
F = J‘{E pC,U@EU(2)

D+% oC, a(:)Dz}ﬂ N

(2) Inertial forces
The impact of ship motion and gravity are to be considered in the FE model. Inertia accelerations

of pump tower are given by:
a, = 51 _(J”c _}’G)és +(z¢ _:G)éz - g0,
a, =& +(xc—x6)0 —(zc ~25)0,+g6,
a, =& —(xc _-Tc)éz +(ve _J"c)gl 3

where: ax, @y and a- inertia accelerations of the pump tower along X, Y and Z axes, in m/s?;
x¢, v and zc——three dimensional coordinates of the point considered, in m:

xg, y¢ and zc——three dimensional coordinates of the ship’s center of gravity, in m.

6.5.3 Finite element analysis

Each sloshing calculating condition corresponds to two sets of positive and reverse direction
sloshing loads. Two sets of loads are loaded on pump tower structure finite element model
respectively, and inertia loads at the same direction are superimposed at the same time. Nominal
stress on each pole section of pump tower tubular joints is obtained by static analysis calculation.

6.6 Fatigue analysis

6.6.1 The design fatigue life of pump tower of membrane tank LNG carrier is not to be less
than 20 years.

6.6.2 Fatigue strength of each tubular joint in pump tower structure is to be checked. Typical
tubular joints include thick pipe and thin pipe. The thick pipe is the chord while the thin one is
the brace (including horizontal brace and sloping brace).

6.6.3 Hot spot stress of tubular joints

Hot spot stress of tubular joints can be calculated according to stress concentration factor after
nominal stress is obtained. For each checked section, 8 positions are selected for hot spot stress
calculation, as shown in Figure 6.6.3 of this Chapter.
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Figure 6.6.3 Distribution of hot spot stress calculation points

The hot spot stress combination of above 8 calculation points can be obtained by following
formulae:

o, =SCF o, —SCEO'W
o, = SCF,0, - ~25CF,0, +~\25CF,0..

2 x ) my ) ms
0,=SCF,0,+SCE,g,,

1 1

o, =SCF,c, + EJE SCF,c,, + 5\5 SCF,o,.
o, =SCF 0. +SCF,c,,
0= SCF,0, +-\25CF,0,, ~~\25CF,0,.

o, =SCF,0,—SCF,0,

ne
o, =SCF,0. —\25CFo, —1\25CF,0,
x ) ) 2 mz

where: SCF4, SCFr and SCFo—stress concentration factor of tubular joints, to be taken
according to Table 6.6.5 of this Chapter;

c,, O, and O, —nominal axial stress, nominal in-plane bending stress and

nominal out-of-plane bending stress on each circular pipe

element respectively. in N/mm?.

6.6.4 Design stress range
(1) Hot spot stress range of tubular joints is to be calculated according to following formula:

Shie) =

o’i(f{) - O-;[i')‘ Ni'm:ng

where: &) —hot spot stress of ith point under positive direction sloshing load and sloshing
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condition “(k)” considered, in N/mm?;

G’y —hot spot stress of ith point under reverse direction sloshing load and sloshing

condition “(k)”considered, in N/mm?2,
(2) Design stress range Spg under sloshing calculating condition “(k)” is to be calculated
according to following formula:

SD(k) = maX(Shyl(k)) N/mm2

6.6.5 Tubular joint stress concentration factor
Tubular joint stress concentration factor SCF is calculated according to parameter formula in
Table 6.6.5 of this Chapter.

Tubular joint stress concentration factor formula Table 6.6.5
Teotupron | | Ml | nolacbodng | oot erdng
e ‘ - A 2/3A 3/2A

T&Y 1.7
Brace SCForace 1.0+0.375(1++jn/ 1-SCFE,_,)=1.8

where: A= 1.8\/%1$in9.

6.6.6 Fatigue damage of pump tower tubular joints
(1) The accumulative damage of pump tower tubular joints under sloshing calculating condition
“(k)” is to be calculated according to following formula:

k

_Npa, Spey .t.l"(]+ m

Y A

where: @, —time distribution factor under loading condition “(k)”, see 6.2.2 and 6.2.3 of this
Chapter;

Spe —design stress range, see 6.6.4(2):

N; —circulation cycle for load spectrum in restoring period, to be taken as 10*;
K—factor for S-N curve, to be taken as 10'*14°;
&, —Weibull shape parameter for sloshing calculating condition *(k)”, to be calculated

according to 6.3 of this Chapter:

m _vm m+Vm
Ni+—v |-V, sy l+——.v,
Sk Sk

F[1+¥
Sk

M, =10—
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Sk
v, =| ——| InN,
Spe)

Sq —stress amplitude values at intersection point of two-slope S-N curves, S - 52.63

MPa, if plate thickness is more than 25mm, S, is to be corrected:

[ - n
5, = 52.63;’(i] MPa
J \ 285
H—correction factor, when SCF <10.n=0.25;when SCF =10, n=0.3;
For other symbols, see 3.5.1, Chapter 3 of the Guidelines.

(2) Total accumulative damage of pump tower tubular joints is to be calculated according to

following formula:

D=> D

where: Diy—accumulative damage of pump tower tubular joints under each sloshing condition

considered, see (1).
6.6.7 Fatigue life calculation

Fatigue life of pump tower tubular joints is to be calculated according to following formula:

20
I, =—
D
where:  D—total accumulative damage of pump tower tubular joints, see 6.6.6(2) of this

Chapter.
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APPENDIX HULL STRUCTURAL DETAILS OF BULK CARRIERS, OIL
TANKERS AND CONTAINER SHIPS

Structural details of bulk carriers

Table 1

Area: Double bottom

Critical location: Floor vertical flat bar stiffener connection to inner bottom and bottom longitudinals

Critical areas

Structural details

Transverse

Floor
z Bottom
Stiffencs Longitudinal
Transverse
Gloog Outer
Bottom
Critical locations
I._) A
Critical
Tnner Locations
Bottom
Transverse
/— Floor
d.§d=180-300mm
Longitudinal >
Transverse Floor
'y Stiffener
Outer
Bottom .
Critical
Locations
I_) A

Section A-A

/— Inner Bottom /_ Tongstiiital

\ 4 \ 4

Va Va Y

o
Transverse Floor —/ \
Stiffener Longitudinal
Outer Bottom

Transverse

Eloor Critical

Locations

(A) Soft heel

:=:0mm—\ 55 mm

(B) Soft toe and soft heel

Max 15 pm
}— 75 om
LEONT

@18
=
12d18 .
=075
N 15mm Max. 15 mm
¢ M 1.5d 3
Men 300 pon

Applicable structures

Explanations

Interconnected double bottom and topside

tanks and asymmetrical longitudinals

All longitudinals are to be fitted with (C) soft

toe and soft backing bracket.

Structural
. Interconnected double bottom and topside
details ] o
tanks and symmetrical longitudinals

All longitudinals are to be fitted with (B) soft

toe and soft heel.

Non-interconnected double bottom and

topside tanks and asymmetrical

All longitudinals are to be fitted with (B) soft

toe and soft heel.
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longitudinals

Non-interconnected double bottom and

topside tanks and symmetrical longitudinals

All longitudinals are to be fitted with (A) soft

heel.

Building

tolerances

Ensure good alignment between longitudinal stiffener web and floor stiffener and backing

bracket, if fitted. See relevant requirements in Section 11, PART TEN of Rules for

Classification of Sea-going Steel Ships.

Welding

requirements

Ensure start and stop of welding is as far away as practicable from the stiffener/backing bracket

heel and toe. A wraparound weld, with smooth transition and free of weld defects liable to cause

stress concentration, i.e. undercuts, notches etc., around the heel and toe connections of the

stiffener and backing bracket connection to longitudinal. See Section 4, Chapter 1, PART TWO

of Rules for Classification of Sea-going Steel Ships for other requirements.
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Structural details of bulk carriers

Table 2

Area: Hopper tank

Critical location: Welded knuckle connection of hopper tank sloping plating to inner bottom plating

Critical area

Structural details

Side Shell Frame

Inner Bottom

Outer Bottom

Side Shell

Hopper Tank

Critical Detail

Critical location

Critica\l location
Inner bottom

Longitudinal gircler

Hopper
transverse
ring web

frame

No scallop. full
penetration weld, not
less than one frame
spacing

Scarfing
bracket

Scarfing bracket arrangement
(Section C-C)
e ‘T

) —t

Longitudinal girder

Inner
/' bottom

F——————

\

\
]

Floor
( o \| transverse

L\_,_.-\i ol "i ring web

Scarfing brackets
(Gusset plate)

Hopper

T S - - - - - —

Inner
Bottom
Intermediate Brackets
Between Floors if
Longitudinal Spacing > 2.5m
Girder

1 11

Applicable structures

Explanations

Structural details
Ballast holds

Deep penetration weld: no scallops or close scallops with
collars; scarfing bracket; weld connection between hopper,
tanktop and girder.

Full penetration weld: weld connection between

floor/hopper web and inner bottom/hopper plate/girder.
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Intermediate bracket: intermediate bracket is fitted if floor

spacing is greater than 2.5 m.

Dry holds

Deep penetration weld: close scallops or scarfing bracket;
weld connection between hopper, tanktop and girder.
Full  penetration weld: weld connection between

floor/hopper web and inner bottom/hopper plate/girder.

Floor spacing
than 3.0 m

is greater

Hot spot stress fatigue assessment is to be carried out.

Building tolerances

Ensure good alignment between floor and hopper transverse ring web and between

sloping plating and hopper side girder. Maximum misalignment is to be not greater than

(t/3) where t is the thinner of the webs to be aligned. Relevant requirements are specified
in Section 11, PART TEN of Rules for Classification of Sea-going Steel Ships.

Welding
requirements

The weld sequence is to be such as to avoid lamellar tearing. Smooth transition from

welds completed on sides of ballast holds to the inner bottom plating is to be achieved.
See Section 4, Chapter 1, PART TWO of Rules for Classification of Sea-going Steel Ships

for other requirements.
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Structural details of bulk carriers

Table 3

Area: Hopper tank

shell and side shell p

lating

Critical location: Transverse ring web, flat bar stiffener connection to longitudinal on hopper sloping plate, bottom

Critical areas

Structural details

(A) Soft heel
Side Shell Frame Side Shell .
Inner Bottom
Hopper Tank
Outer Bottom d
Critical Detail o
=30 mm\ 55'mm
Max 15mm _)I v
Critical locations ‘}l’_ _75mm
+
Transverse section through hopper tank I
d
=
Critical sty oo s
locations
3 (B) Soft toe and soft heel
% I
Section A-A t 4
r=30mm
A 4 s 1>d/18 \
=075 55 m
y Max. 15 pm _)l -
A . a ¥ 75 mm
Lo Y F—
) I
A
|
( .
\ (C) Soft toe and soft backing bracket
J
G
j A -
\' c ) f i
\ N o
= s
Bottom she Al s £ 00
M 1Smm Max. 15 mm
¥
A S |
<>
Mm d2
Applicable structures Explanations
Interconnected double bottom and o ) .
) . All longitudinals are to be fitted with (C) soft toe and
topside tanks and  asymmetrical )
o soft backing bracket.
longitudinals
Interconnected double bottom and o ) .
Structural ] . All longitudinals are to be fitted with (B) soft toe and
) topside  tanks and  symmetrical
details o soft heel.
longitudinals

Non-interconnected double bottom and

topside tanks and  asymmetrical

longitudinals

All longitudinals are to be fitted with (B) soft toe and

soft heel.

Non-interconnected double bottom and

All longitudinals are to be fitted with (A) soft heel.
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topside tanks and  symmetrical

longitudinals

Building

tolerances

Ensure good alignment between longitudinal stiffener web and floor stiffener and backing
bracket, if fitted. See relevant requirements in Section 11, PART TEN of Rules for
Classification of Sea-going Steel Ships.

Welding

requirements

Ensure start and stop of welding is as far away as practicable from the stiffener/backing bracket
heel and toe. A wraparound weld, with smooth transition and free of weld defects liable to cause
stress concentration, i.e. undercuts, notches etc., around the heel and toe connections of the
stiffener and backing bracket connection to longitudinal. See Section 4, Chapter 1, PART TWO
of Rules for Classification of Sea-going Steel Ships for other requirements.
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Structural details of bulk carriers

Table 4

Area: Hopper tank

Critical location: Transverse ring web, tripping bracket connection to longitudinal on hopper sloping plate, bottom

shell and side shell plating

Critical areas

Structural details

Side Shell Frame Side Shell

Inner Bottom
Hopper Tank

Outer Bottom

Critical Detail

(A) Soft heel

Max 15 mm .
Critical locations vy € Jrm
*
Transverse section through hopper tank I
Section A-A
Critical cxece i (B) Soft toe and soft heel
locations
7
{
T
\\
(
"‘\l ~ R>2X3
\ £l R>300mm / R>400mm
f - Max 15 m Max 15 am
Bbttom shell A 3 ( _[
Applicable structures Explanations
Interconnected double bottom and o ) .
) . All longitudinals are to be fitted with (C) soft toe and
topside tanks and  asymmetrical )
o soft backing bracket.
longitudinals
Interconnected double bottom and o ) .
Structural ] . All longitudinals are to be fitted with (B) soft toe and
) topside  tanks and  symmetrical
details o soft heel.
longitudinals
Non-interconnected double bottom and o ) .
) . All longitudinals are to be fitted with (B) soft toe and
topside tanks and  asymmetrical
- soft heel.
longitudinals
Non-interconnected double bottom and | All longitudinals are to be fitted with (A) soft heel.
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topside tanks and  symmetrical

longitudinals

Building

tolerances

Ensure good alignment between longitudinal stiffener web, transverse ring web tripping
brackets and backing bracket, if fitted. See relevant requirements in Section 11, PART TEN of
Rules for Classification of Sea-going Steel Ships.

Welding

requirements

Ensure start and stop of welding is as far away as practicable from the stiffener/backing bracket
heel and toe. A wraparound weld, with smooth transition and free of weld defects liable to cause
stress concentration, i.e. undercuts, notches etc., around the heel and toe connections of the
tripping bracket and backing bracket connection to longitudinal. See Section 4, Chapter 1,
PART TWO of Rules for Classification of Sea-going Steel Ships for other requirements.
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Structural details of bulk carriers Table 5

Area: Hopper tank

Critical location: Upper intermediate brackets below hold side shell frame lower brackets

Critical areas Structural details

—— (A) A longitudinal is fitted in way of the frame lower bracket

Side Shell
Frame

toe.
Critical Detail

Hopper Tank
Sloping Plating

Frame lower

Side Shell Frame bracket ~__
End Bracket

Intermediate
bracket

Y/
i,

Critical locations

Transverse section through hopper tank Hopper ~a

r—
r—

No scallop

(B) A longitudinal is not fitted in way of the frame lower

Frame lower bracket

bracket toe.

SN

Frame lower

Critical location
bracket —.__

Additional
|~ longitudinal

Full collar 1

P~ —— ™~ .
Hopper Int diate bracket
% Hopper 77 Intermediate bracke
Hopper tank ' \
&
Applicable structures Explanations

. ) Where the frame lower brackets are not positioned directly
Connection of hopper side ) . .
Structural ) ) above a ring web, supporting brackets are to be provided. In
. upper intermediate brackets . ) . o
details ) the design ensure that if a hopper tank sloping longitudinal is
below side shell frame lower .
positioned below the end of the frame lower bracket, the
brackets . . ) .
stiffener cut-out is avoided or closed with a full collar.

Ensure good alignment between lower frame bracket and intermediate bracket. Maximum

Building misalignment is to be not greater than (t/3) where t is the thinner of the webs to be aligned. See
tolerances relevant requirements in Section 11, PART TEN of Rules for Classification of Sea-going Steel
Ships.

Ensure start and stop of welding is as far away as practicable from the unsupported edge
corners in the supporting brackets. A wraparound weld, with smooth transition and free of weld

Welding defects liable to cause stress concentration, i.e. undercuts, notches etc., in way of frame lower
requirements bracket ends. Finally the longitudinal scallop is closed by full penetration welding using full

collar of the same material and thickness. See Section 4, Chapter 1, PART TWO of Rules for

Classification of Sea-going Steel Ships for other requirements.
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Structural details of bulk carriers

Table 6

Area: Hold frames

Critical location: Connection of side shell frames to hopper and topside tank sloping plating

Critical areas

Structural details

Side Shell

Critical Detail

Hopper Tank

Side Shell Frame
End Bracket

Critical locations

Transverse section through side shell
¢ ’\\ —y

D . 8
'l

e
__ 7 Topside

( tank

Critical location

Frame upper bracket

>Side shell

Frame lower bracket

Critical location

Hopper tank 4

(A) Soft toe

Face Plate

Chamfer 1:3

Ring Web
/- Below Hopper

Frame Bracket
Web
to
N\

Weld factor

of 0.44

10 mm

Max Taper 1:3
Recommended 1:5
when HT Steel is
used

Frame Bracket Chamfer 13

Web
&
Weld factor of
0.44

Ring Web
/ Below Hopper

Note: Where the thickness of face plate is less than 25

15-25 mm

mm, the taper may be increased adequately.

Applicable structures Explanations
Toe connection of side shell frame
lower brackets to the hopper tank
. Soft toe or extended toe is to be fitted and ensure that
Structural sloping plates _
detail a long enough leg length is used to allow adequate
etails
Toe connection of side shell frame | tapering down to the toe end of the frame end
upper brackets to the topside tank | brackets
sloping plates
Building Ensure good alignment between side shell frame lower and upper bracket and transverse ring
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tolerances

webs or intermediate brackets. Maximum misalignment is to be not greater than (t/3) where t is
the thinner of the webs to be aligned. See relevant requirements in Section 11, PART TEN of

Rules for Classification of Sea-going Steel Ships.

Welding
requirements

Frames and brackets are connected to side shell plates, hopper tank and topside tank sloping
plates by continuous fillet welds, where the thickness of weld throat is to be:

0.44tin (a)

0.40t in (b), where t is thickness of the thinner of two connected members.

Ensure start and stop of welding is as far away as practicable from the toe of the frame brackets.
A wraparound weld, with smooth transition and free of weld defects liable to cause stress
concentration, i.e. undercuts, notches etc, around the toe of the end bracket connections to
hopper plating.
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Structural details of bulk carriers

Table 7

Area: Topside tanks

Critical location: Lower intermediate brackets in topside tanks

Critical areas

Structural details

Topside
tank
sloping
plating

Frame

Frame upper bracket

(A) A longitudinal is fitted in way of the side shell frame

bracket toe.

fit a full collar at
the intersection
with the transverse
ring webs

Critical locations

no scallops

Transverse section through topside tank

ey i —
Critical location

Frame upper bracket

Topside tank

Frame upper bracket ~

(B) A longitudinal is not fitted in way of the side shell
frame bracket toe.

r

Topside tank /
/-8

— -

-
< g Intermediate
Intermediate bracket

bracket

Frame upper bracket — \ i

Applicable structures

Explanations

Where the frames upper brackets are not positioned

directly below a topside ring web, supporting brackets are

Structural Connection of topside lower ) o ) .
. . . . to be provided. Where a longitudinal stiffener in the
details intermediate brackets above side . . . . .
topside tank is positioned directly above the end of the side
shell frame upper bracket . . .
shell frame upper bracket, the stiffener cut-out is avoided
or closed with a full collar.
Ensure good alignment between side shell frame upper bracket and supporting bracket.
Building Maximum misalignment is to be not greater than (t/3) where t is the thinner of the webs to be
tolerances aligned. See relevant requirements in Section 11, PART TEN of Rules for Classification of
Sea-going Steel Ships.
Ensure start and stop of welding is as far away as practicable from the unsupported edge corners
in the supporting brackets. A wraparound weld, with smooth transition and free of weld defects
Welding liable to cause stress concentration, i.e. undercuts, notches etc, around the end of frame upper

requirements

bracket. Finally the scallop (if any) is closed by full penetration welding using full collar of the

same material and thickness. See Section 4, Chapter 1, PART TWO of Rules for Classification

of Sea-going Steel Ships for other requirements.
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Structural details of bulk carriers

Table 8

Area: Topside tanks

Critical location: Heel and toe connection of the topside tank transverse ring web stiffeners to the side shell longitudinals

Critical areas

Structural details

Topside tank

N

Topside tank slopinyed

plating longitudinal
Side
shell

Transverse ring
web

Critical detail

Critical locations

Transverse section through topside tank
Deck

T T T T 007

Topside tank

Section A-A
_>’ d '47
Critical

locations

.
. Topside

(A) Soft heel

(B) Soft toe and soft heel

transverse edg ;.ffi‘ff,
ring web R=075d R = 400 mm
max 15 Tk / max 15 mr
Side shell _1[—4 E— T
min d/2 min 300 mm
Applicable structures Explanations
For high tensile steel asymmetrical | All longitudinals are to be fitted with (C) soft toe and
longitudinals soft backing bracket
Structural For high tensile steel symmetrical | All longitudinals are to be fitted with (B) soft toe and
ructural
. longitudinals soft heel
details - - — - -
For mild steel asymmetrical | All longitudinals are to be fitted with (B) soft toe and
longitudinals soft heel
For mild steel symmetrical o ) .
o All longitudinals are to be fitted with (A) soft heel
longitudinals
Building Ensure good alignment between longitudinal stiffener web, topside ring web stiffener and backing bracket, if
tolerances fitted. Seerelevantrequirementsin Section 11, PARTTEN of Rulesfor Classificationof Sea-going Steel Ships.
Ensure start and stop of welding is as far away as practicable from the heel and toe. A wraparound weld, with
Welding smooth transition and free of weld defects liable to cause stress concentration, i.e. undercuts, notches etc, around
requirements the toe and heel connection of the stiffener and bracket to longitudinal. See Section 4, Chapter 1, PART TWOof
Rulesfor Classificationof Sea-going Steel Shipsforotherrequirements.
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Structural details of bulk carriers

Table 9

Area: Topside tanks

Critical location: Heel and toe connection of the topside tank transverse ring web tripping brackets to the side shell

longitudinals

Critical areas

Structural details

Topside tank

N

O PN RS

N

Transverse ring
web

Topside tank sl

plating longitudinal
Side
shell

Critical detail

Critical locations

Transverse section through topside tank
Deck

(A) Soft heel

r=3)mm

S5 mm

1?:‘ij
S f

75 mm

-

(B) Soft toe and soft heel

Section A-A ] A

Critical

locations

transverse ring
~ \ web
7 + 1
T
Side shell
min X/2
X min 300 mm
Applicable structures Explanations
For high tensile steel asymmetrical | All longitudinals are to be fitted with (C) soft toe and
longitudinals soft backing bracket
For high tensile steel symmetrical | All longitudinals are to be fitted with (B) soft toe and
Structural o
) longitudinals soft heel
details - - — - -
For mild steel asymmetrical | All longitudinals are to be fitted with (B) soft toe and
longitudinals soft heel
For mild steel symmetrical o ) .
o All longitudinals are to be fitted with (A) soft heel
longitudinals
Building Ensure good alignment between longitudinal stiffener web, topside transverse ring web bracket
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tolerances and backing bracket, if fitted. See relevant requirements in Section 11, PART TEN of Rules for
Classification of Sea-going Steel Ships.
Ensure start and stop of welding is as far away as practicable from the heel and toe. A
Welding wraparound weld, with smooth transition and free of weld defects liable to cause stress

requirements

concentration, i.e. undercuts, notches etc, around the toe and heel connection of the tripping
bracket and backing bracket to longitudinal. See Section 4, Chapter 1, PART TWO of Rules for
Classification of Sea-going Steel Ships for other requirements.
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Structural details of bulk carriers

Table 10

Area: Topside tanks

Critical location: Heel and toe connection of the topside tank transverse ring web stiffeners to the topside tank

sloping plate longitudinals

Critical areas

Structural details

Topside tank

\\y‘- SSS[{

Topside tank slopimyjeiapatsts:

plating longitudinal
Side
shell

Transverse ring
web

Critical detail

Critical locations

Transverse section through topside tank
Deck

!

Critical
locations ~.
™~ Topside
transverse
ring web

L A

Topside tank sloping plating

(A) Soft heel
Mﬁ
d
r=30mm
55 mm
(B) Soft toe and soft heel
A/"/"r
d
R r=30mm
R =075 Samm
max \ =l
i mmy '_/ A T."'S mm

[

(C) Soft toe and soft backing bracket

a
t>d1§g t>d18
A=20d
AR=075d A= 400 mm
max 15 mn\ max 15 mmr
5 P
] T— G g1
I : min 1,50
min d/2 min 300 mm

Applicable structures

Explanations

For high tensile steel asymmetrical

All longitudinals are to be fitted with (C) soft toe and

longitudinals soft backing bracket.
For high tensile steel symmetrical | All longitudinals are to be fitted with (B) soft toe and
Structural o
) longitudinals soft heel.
details - - — - -
For mild steel asymmetrical | All longitudinals are to be fitted with (B) soft toe and
longitudinals soft heel.
For mild steel symmetrical o ) .
o All longitudinals are to be fitted with (A) soft heel.
longitudinals
Building Ensure good alignment between longitudinal stiffener web, topside ring web stiffener and
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tolerances backing bracket, if fitted. See relevant requirements in Section 11, PART TEN of Rules for
Classification of Sea-going Steel Ships.
Ensure start and stop of welding is as far away as practicable from the heel and toe. A
Welding wraparound weld, with smooth transition and free of weld defects liable to cause stress

requirements

concentration, i.e. undercuts, notches etc, around the toe and heel connection of the stiffener and
bracket to longitudinal. See Section 4, Chapter 1, PART TWO of Rules for Classification of

Sea-going Steel Ships for other requirements.
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Structural details of bulk carriers

Table 11

Area: Topside tanks

Critical location: Heel and toe connection of the topside tank transverse ring web tripping brackets to the topside

tank sloping plate longitudinals

Critical areas

Structural details

Topside tank

N

Topside tank slopi .\'$\~§;

plating longitudinal
Side
shell

Transverse ring
web

Critical detail

Critical locations

Transverse section through topside tank

Deck

/ D b & LJ { L[ L[

Section A-A

Critical
locations

Topside tank sloping plating

(A) Soft heel

r=3)mm

S5 mm

g\:‘ij
S f

(B) Soft toe and soft heel

75 mm

-

A=300mm

(C) Soft toe and soft backing bracket

A=2X3
A= 400 mm

min X/2
X min 300 mm

Applicable structures

Explanations

For high tensile steel asymmetrical

All longitudinals are to be fitted with (C) soft toe and

longitudinals soft backing bracket.
For high tensile steel symmetrical | All longitudinals are to be fitted with (B) soft toe and
Structural o
) longitudinals soft heel.
details - - — - -
For mild steel asymmetrical | All longitudinals are to be fitted with (B) soft toe and
longitudinals soft heel.
For mild steel symmetrical o ) .
o All longitudinals are to be fitted with (A) soft heel.
longitudinals
Building Ensure good alignment between longitudinal stiffener web, topside ring web tripping bracket
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tolerances and backing bracket, if fitted. See relevant requirements in Section 11, PART TEN of Rules for
Classification of Sea-going Steel Ships.
Ensure start and stop of welding is as far away as practicable from the heel and toe. A
Welding wraparound weld, with smooth transition and free of weld defects liable to cause stress

requirements

concentration, i.e. undercuts, notches etc, around the toe and heel connection of the tripping
bracket and backing bracket to longitudinal. See Section 4, Chapter 1, PART TWO of Rules for

Classification of Sea-going Steel Ships for other requirements.
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Structural details of bulk carriers

Table 12

Area: Deck outside line of openings

Critical location: Deck transverses, stiffener connection to longitudinals on upper deck

Critical areas

Structural details

Critical Detail

Deck Deck

Longitudinal
Topside
Transverse
Ring Web

Deck Longitudinal

Ad

Topside Tank

Critical

Locations

Section A-A
Deck

(A) Soft heel

(B) Soft toe and soft heel

r=30mm

Max. 15 mm

R>=0.75d
t=d18

(C) Soft toe and soft backing bracket

min 1.5
\ min /2 min 300 mm
= 4
max 15 mm |
Deck /\ [ /
Longitudinal |/
t>ds
Critical \ A= 0,754
Locations
Topside Transverse
Ring Web
Applicable structures Explanations
For high tensile steel asymmetrical | All longitudinals are to be fitted with (C) soft toe and
longitudinals soft backing bracket.
For high tensile steel symmetrical | All longitudinals are to be fitted with (B) soft toe and
Structural o
) longitudinals soft heel.
details - - — - -
For mild steel asymmetrical | All longitudinals are to be fitted with (B) soft toe and
longitudinals soft heel.
For mild steel symmetrical o ) .
o All longitudinals are to be fitted with (A) soft heel.
longitudinals
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Building

tolerances

Ensure good alignment between longitudinal stiffener web, topside transverse ring web stiffener
and backing bracket, if fitted. See relevant requirements in Section 11, PART TEN of Rules for
Classification of Sea-going Steel Ships.

Welding

requirements

Ensure start and stop of welding is as far away as practicable from the heel and toe. A
wraparound weld, with smooth transition and free of weld defects liable to cause stress
concentration, i.e. undercuts, notches etc, around the toe and heel connection of the stiffener to
longitudinal. See Section 4, Chapter 1, PART TWO of Rules for Classification of Sea-going

Steel Ships for other requirements.
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Structural details of bulk carriers

Table 13

Area: Deck outside line of openings

Critical location: Deck transverses, tripping bracket connection to longitudinals on upper deck

Critical areas

Structural details

Deck

Critical Detail

Deck
Longitudinal

Topside

Transverse
Ring Web

Critical locations

Transverse section through topside tank
A <
Deck

”‘fLELLLILE

| /

\ | AAV:

Topside tank

Critical /-~
locations

(A) Soft heel

(C) Soft toe and soft backing bracket

min X/2
min 300 mm| X
-+

Rz2X/3
Rz400mm

Applicable structures Explanations
For high tensile steel asymmetrical | All longitudinals are to be fitted with (C) soft toe and
longitudinals soft backing bracket.
Structural For high tensile steel symmetrical | All longitudinals are to be fitted with (B) soft toe and
details longitudinals soft heel.
For  mild steel asymmetrical | All longitudinals are to be fitted with (B) soft toe and
longitudinals soft heel.
For mild steel symmetrical
o All longitudinals are to be fitted with (A) soft heel.
longitudinals
Building Ensure good alignment between longitudinal stiffener web, topside transverse ring web bracket
tolerances and backing bracket, if fitted. See relevant requirements in Section 11, PART TEN of Rules for
Classification of Sea-going Steel Ships.
Ensure start and stop of welding is as far away as practicable from the heel and toe. A
Welding wraparound weld, with smooth transition and free of weld defects, i.e. unsolder, unfilled crater
] etc, around the toe and heel connection of the tripping bracket and backing bracket to
requirements longitudinal. See Section 4, Chapter 1, PART TWO of Rules for Classification of Sea-going
Steel Ships for other requirements.
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Structural details of bulk carriers

Table 14

Area: Deck between hatches

Critical location: Hatch corners and hatch end beam connection to topside tank transverse ring web

Critical areas

Structural details

Topside
Transverse
Ring Web

Critical
Detail

Critical locations

Plan view of deck

Critical
A Transverse locations  Transverse
~®— ring web BHD ring web
— o _’H—‘___ == 2N
| :_/ | Deck
r—————F == longitudinals

Critical

I .
Hatch coaming } v : locations
lransyerse \jl\ Elliptical
brackets — ,- {?—
X j il atch coaming
Hatchend | [ longitudinal
beam ”;‘.“__, =51~ — == brackets
A Under deck cantilever

support brackets
Hatch end beam

Hatch coaming

]
Il Transverse hatch \\ transverse bracket

(end) coaming

\ Hel "
\

Transverse
- -+ - | ring
J i
| Hatch end beam | b
\ \ N d
| \ J
lI
Section A-A /\
Critical locations & —/

Plan view of deck Steel of enhanced
Transverse BHD grade and increased

ring web ~, thickness
R — ‘*"—L_—.\"’-"ﬁ’[‘ —

& T \
2 TR o P
Hatch / ’

coaming

|
transverse /L _:_ _ _’+_ i 1__ _:_ R:g;::fd
brackets / |7 I : I : -
I: gztx(rf:ing i i i i Plate of
longitudinal :t_-_II::l_—:L_\' intermediate
brackets thickness

Hatch end beam improvement

T 5
Transverse hatch (end) S\\
L coaming B\ Hatch coaming
A T transverse bracket
\I H. N\ with soft toe
{ | \
S

T
|
|
I
m
1
|
|

—

Avoid scallops
alternatively
fit collars

Transverse
ring web

Applicable structures

Explanations

Deck plating in way of the hatch

Structural corners

details

Radiused hatch corner insert plates are to be fitted in
accordance with relevant requirements of Chapters 1
and 2, PART TWO of Rules for Classification of
Sea-going Steel Ships. Use insert plates of enhanced
steel grade and thickness. Any welding or fittings is to
be kept clear of the deck plating in way of hatch
corners and the corner free edge is to be ground
smooth.

Connection of hatch end beam to

topside tank ring web

Ensure that hatch end beam is in line with a topside

transverse ring web. Avoid scallops and fitting collars.
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Coaming transverse bracket in way of . . .
Bracket with soft toe is to be fitted.
hatch corners

Building
tolerances

Ensure good alignment between hatch end beam and support in the topside tank. Maximum
misalignment is to be not greater than (t/3) where t is the thinner of the webs to be aligned. See
relevant requirements in Section 11, PART TEN of Rules for Classification of Sea-going Steel
Ships.

Welding

requirements

Ensure start and stop of welding is as far away as practicable from the toes of brackets or
corners. A wraparound weld, with smooth transition and free of weld defects liable to cause
stress concentration, i.e. undercuts, notches etc, around the toe connection of the bracket to
upper deck. See Section 4, Chapter 1, PART TWO of Rules for Classification of Sea-going Steel
Ships for other requirements.
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Structural details of bulk carriers

Table 15

Area: Deck between hatches
Critical location: Hatch coaming longitudinal end brackets

Critical areas

Structural details

Topside
tank Transverse ring

web

Critical
detail

Critical locations

Transverse section through hatch corner
— A

S T -5 om T
'Trangverse hatch I -&
\

[ T\~

Hatch coaming
transverse bracket
with soft toe

|
\ |
[ Deck
-+
1 | |
Hatch en | /
) | beam 01 [ A
! | | (
[ Topside
tank
>4 Transverse
Longitudinal Section A-A ring web

Hatch coaming

longitudinal end ~—_

brackets i,
Critical location

Longitudinal |/'
hatch coaming )

1
&F

E

|

|

|

|

E
L

Deck between \\ .
hatches \
T 7 (
w) Hatch Topside tank
end longitudinal boundary |
N Brackets beam\ (Vertical strake)
)

bl Lo | omaE e |
[ Topside tank longitudinal (A
e N e — 1

(A) Soft toe
Section B-B
B prr— —
/é- Longitudinal / A 7
0.7 He / hatch coaming) /"' {
7 o 7\ He a !
)/ ‘ : \
/S \
{
’g. Hatch } Topside tank \ ) [ |
) \B 4 t/ end Y |ongitudinal boundary f
|1 Brackets | beam | vertical strake) \
H I
Fl_____L__\\_, _______ J /
) B La {

(B) Soft bracket fitted with soft toe

(b) Further detail improvement Section C-C

Cipte e
R =500 mm Longitudinal ,)
hatch coaming/
Deck I"_____"< Cc
between p
hatches \
Topside tank \

longitudinal boundary
(Vertical strake)

2 ] Hatch
S end
\ | Brackets| beam

ey, SR e B o 2 Symmetrical

Soft toe detail D , flange
View D
Chamfer 1:3 — e
7 mm |\ ax taper 1:
L3 ) ; b {
St o= e |
e ——— ]

Applicable structures

Explanations

Structural Toe connection of longitudinal hatch

details coaming end bracket to the deck

plating

As a minimum, the soft toe is to be fitted in
accordance with (A). To ensure smooth transition of
stresses from the deck, the soft bracket fitted with soft

toe is to be used in accordance with (B).
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o . Any piping holes are to be avoided in the end bracket
Longitudinal  hatch coaming end

as far as possible and, if any, suitable reinforcement is
bracket

to be provided.

Building

tolerances

Ensure good alignment between hatch coaming end bracket and supporting structure.
Maximum misalignment is to be not greater than (t/3) where t is the thinner of the webs to be
aligned. See relevant requirements in Section 11, PART TEN of Rules for Classification of

Sea-going Steel Ships.

Welding

requirements

Use full penetration welding for a distance of 0.15Hc from the bracket toe end ensuring start and
stop of welding is as far away as practicable from the toes of brackets. A wraparound weld, with
smooth transition and free of weld defects liable to cause stress concentration, i.e. undercuts,
notches etc, around the toe connection of the bracket to the deck plating. See Section 4, Chapter
1, PART TWO of Rules for Classification of Sea-going Steel Ships for other requirements.
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Structural details of bulk carriers

Table 16

Area: Transverse bulkheads (deep tank)

Critical location: Connections of bottom and inner bottom longitudinals below lower stool

Critical areas

Structural details

Lower Stool

Critical Detail

Inner Bottom

Outer Bottom

Symmetrical soft toe and soft backing bracket
| Lower ¢

stool Brackets in line

~ with stiffener web

J

Inner bottom

\
1

} 1.5d] 1,0d 1,0d
{ Aody 144
~

ey
‘\ d y dl

| | Floor
A /

[

/[

Critical locations

3 5l 1od  / Toa Fis i

Q

Longitudinal section
A -y

Critical
I e || locations
nner bottom |- N
pal] B

O\
i 7 - {/‘{\ J
Full collars ~ \J_ ¢< !

WT floor—]
Full collars -

~Nd
} = ]

A

Y
[ Y

Critical

& Floor
locations -

¥
Bottom shell

Section A-A .
aeion Sloping stool plate

A
/I nner |
( l bottorh
/ A\

|
!
5

4

[

|
- Longitudinal
jrcl
an ?r | Bottom

gt | gl ™

S S e IR

o PRSI

/

s _
Bottom shell / 1 ‘Od_;:\~,._l —
/ '

A single plate can be used ’ d¥ Floor
incorporating integral brackets s
W~ )
1,0d— —
Stiffener " fla—" Fiioe
or plate Tt~
g, t>dA8
t >d/s | R=2,0d
Rz15d || R =400 mm
max 15 mm I max 15 mm
1 |, |
\3 I min 1,5d 1 3
min 1,0d ;
} min 300 Tm E min 400 mm

Applicable structures

Explanations

Connections of floor vertical stiffeners

Structural to the bottom and inner bottom

details longitudinals below lower stool

Symmetrical soft toe and soft backing bracket is to be
fitted.

Connections of lower stool to the inner

bottom plate

Brackets in line with stiffener web

Building

tolerances

Ensure good alignment between brackets and stiffener webs. Maximum misalignment is to be
not greater than (t/3) where t is the thinner of the webs to be aligned. See relevant requirements
in Section 11, PART TEN of Rules for Classification of Sea-going Steel Ships.

Welding

requirements

Steel Ships for other requirements.

Use fillet welding with a weld factor of 0.44 between inner bottom and floors ensuring start and
stop of welding is as far away as practicable from the toes of brackets or corners. A wraparound
weld, with smooth transition and free of weld defects liable to cause stress concentration, i.e.
undercuts, notches etc, around the toe connection of stiffeners and backing brackets to
longitudinal. See Section 4, Chapter 1, PART TWO of Rules for Classification of Sea-going
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Structural details of bulk carriers

Table 17

Area: Transverse bulkheads (deep tank)

Critical location: Connections of lower stool to inner bottom in way of double bottom girders

Critical areas

Structural details

Lower Stool

Critical Detail

Critical locations

Longitudinal section

—

~—

A -

e Lower stool
Y%
Inner bottom p
N
‘ 7
/ |/
\,' Critical \
{ Longitudinal locations o :\
' girder ;
\ (
l’ <
™ Bottorn shell |
Section A-A ——
e S R EE '/W'Ei'@\
Inner | | | o | |
bottom Critical locations | _web |
1

e

O O

Lor;gitudinal
- girder |
|

1

Longitudinal section

e
R O

Lower stool

Inner bottom
4

<,

2

}/

girder
i)

1

|
) No scallops \
/ o full penetration (
Q Longitudinal welding Floor \
/ girder |
) J
| |
| \
Bottom shell -"“/ B --—I
Section B-B
Sloping stool plate
e B T T e A
/‘ I I I - |\
N | No scallops, | | Ring | /
|nne'l : full penetration ~. : web I '.\
bottom | welding | |
| } | I I I
/ | | | | Il
I 4 4 o o |
N & I
| J )
1 ] T
Q| I | P
> b P/
( } ( : Longitudinal
| |
]l: 4

—4

Applicable structures

Explanations

Structural
details

Connections of
bottom plating
bottom girders

stools to the inner
in way of double

Avoid the use of scallops on floors and lower stool
ring webs near the intersection with the inner bottom.
Minimise the number and size of manholes near the
stool connections as far as practicable. Avoid the use
of scallops in stiffener cut-outs on floors in line with
stool plates and collars are to be fitted. Provision of
access openings in floors is to be avoided in the
vicinity of double bottom girders. Particular attention

is to be given to the design and positioning of bilge
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wells and suction intakes on the inner bottom plate.

Building

tolerances

Ensure good alignment between double bottom girders and lower stool webs and between floors
and stool plates as far as possible. See relevant requirements in Section 11, PART TEN of Rules

for Classification of Sea-going Steel Ships.

Welding

requirements

For ballast hold side, use full penetration welding between inner bottom and stool plates and
near the corner intersections of primary members, floor plates, girders and lower stool webs, see
Figure above. For dry cargo hold side, use deep penetration weld between inner bottom and
stool plates and between inner bottom and floor plates. Ensure start and stop of welding is as far
away as practicable from the corners. The weld sequence is to be such as to avoid lamellar
tearing. Smooth transition from welds completed to inner bottom plating is to be achieved. See
Section 4, Chapter 1, PART TWO of Rules for Classification of Sea-going Steel Ships for other
requirements.
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Structural details of bulk carriers

Table 18

Area: Transverse bulkheads (deep tank)

Critical location: Connections in way of lower stool shelf plate

Critical areas

Structural details

Critic:
ShelfPlate

Transverse
Bulkhead

al Detail

Lower Stool

Critical locations

Transverse bulkhead

A -—

Critical locations

Lower stool

Hopper tank \\/ Inner

Ly B
SectionA-A TN §

Shedder plates‘\v‘ r'\\\\

bottom

Hel —
% 2
/ Lower stool

™ Shelf plate

I
//]
I /7
Shedder | // |
e 1 7 Shedder
Shedder " plates
plate ) .. #5)
Diaphragm
Shelf _d 7 Full penetration.
plate” N\~ welding \___4 \
Lower stool Lower stool
Section A-A
\ b \
/ ‘ L | Shedder
\ / \ Iat
h=b/2 | >/} i v Vpae
I
| l-t——  Diaphragm
|
| $1 A | ‘
d Y
Shelf plate . PN Lg\@r stool A

Applicable structures

Explanations

Structural to lower stool

details transverse bulkheads, connections of

bulkhead.

Connections of lower stool shelf plate

and corrugated

shedder plates to corrugated transverse

Full penetration weld is to be incorporated at the
connection of the corrugated bulkhead and stool wall
plate to top plate of lower stool. Diaphragms are to be
fitted to the shedder plate in line with the face of the
corrugation. The minimum height of the diaphragm
plate is to be taken as half the corrugated bulkhead
flange width. Avoid crossing of shedder plate as far as
possible. Where adjacent shedder plates cross,
bracketed stiffener is to be fitted at the crossing points

underneath the shedder plating facing a ballast hold.

Building
tolerances

Sea-going Steel Shi

ps.

Ensure good alignment between lower stool sloping plates and corrugation faces as far as

possible. See relevant requirements in Section 11, PART TEN of Rules for Classification of

Welding

Use full penetration welding at the connections of the bulkhead corrugations, diaphragm and the




requirements stool sloping plates to the lower stool shelf plate. Use one-side penetration welding or other
equivalent methods at the connections of the shedder plates to bulkhead corrugations and
diaphragm. The weld sequence is to be such as to avoid lamellar tearing. Ensure start and stop of
welding is as far away as practicable from the corners of the corrugations. Smooth transition
from welds completed to bulkhead corrugations, lower stool shelf plate and stool wall plate is to

be achieved. The lower stool shelf plate is recommended to be of grade ‘Z’ steel.
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Structural details of bulk carriers Table 19

Area: Transverse bulkheads (deep tank)

Critical location: Connections in way of upper boundaries of corrugated bulkheads.

Critical areas

Structural details

Critical
Detail \
Bulkhead —\

Deck

Topside Tank

Critical locations

Transverse section in way of transverse bulkhead

Transverse section in way of transverse bulkhead

1 11
2

! Watertight division or ring web

in line with flange 'b' of the

bulkhead conrugations
/

Deck
\
T I T 11
\! X ? it Watertight
/"I YA lorc';ﬁins avison i Transverse web reinforcement
| / [ | in line with flange 'a' of the
| \ IUPDQV I bulkhead corrugations
\ | Upper | | stool |
'| | stool Topside tank /1 | Full collars
/1 [ { I - and lugs
[1 ]
] \ 7
\ N 'l Upper
Upper stool
stool ‘ shelf |
[ shelf \ plate \
Critical |~ \ Diaphragm” =
} locations = . 1_\ B B ﬂlat_es
| J
|| 2
RN AN
Applicable structures Explanations
Structural Connections of corrugated transverse | Diaphragm plates between corrugations can be used
details bulkhead to the topside tank sloping | to increase attachment area of the transverse
plating and upper stool bulkhead.
Ensure good alignment between transverse web and the flange of corrugations. Maximum
Building misalignment is to be not greater than (t/3) where t is the thinner of the plates to be aligned. See
tolerances relevant requirements in Section 11, PART TEN of Rules for Classification of Sea-going Steel
Ships.
Use fillet welding with a weld factor of 0.44 for connections of transverse bulkhead to topside
Welding tank and upper stool shelf plating. Ensure start and stop of welding is as far away as practicable
requirements from the critical corners. The spacing of T joints is to be minimized. The welding sequence is to
be such as to minimize restraint.
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Structural details of oil tankers Table 1

Area: Double

side

Critical location: Asymmetrical higher tensile steel side longitudinal connection to transverse web flat-bar stiffener

(between the baseline and 0.8D above the baseline)

Critical areas Structural details
(A) Soft heel
Transverse Side Shell e
Web Frame
Transverse Side a
Web Frame Stringer
Stiffener o
=30 mm\ le 55 mm
Critical Side _)I v
Detail Tonpitoditial Max 15 mm ] -
= T r—
* S T ?
Critical locations

(B) Soft toe and soft heel

Side Longitudinal
Bulkhead

Side Shell [ ~
Longitudinal

\—t)

(C) Soft toe and soft backing bracket

——

Critical d
Locations
t=d18

F I«» i¥“3”—*l
e - Min 42 Min 300 mm

i

= die
. 400
d:130—300mm$ : 0.'5dx/ e
3 Max. 15 mm
A\ Max. 15 mm
¥ A ¥

Transverse Web
Frame Stiffener

Applicable structures Explanations
Structural Asymmetrical side longitudinal
details connection to transverse web flat-bar | (C) Soft toe and soft backing bracket is to be fitted.
stiffener
Building Ensure good alignment of the web stiffener, the backing bracket and the web of the side
tolerances longitudinal.
Fillet welding having minimum weld factor of 0.44 (Connection of web stiffeners to face plates
of side longitudinals. Backing brackets to face plates of side longitudinals). A wraparound weld,
Welding with smooth transition and free of weld defects liable to cause stress concentration, i.e.

requirements

undercuts, notches etc, around the heel and toe connections of stiffeners and backing bracket to
the longitudinal face plate. See Section 4, Chapter 1, PART TWO of Rules for Classification of
Sea-going Steel Ships for other requirements.
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Structural details of oil tankers Table 2

Area: Double side
Critical location: Symmetrical higher tensile steel side longitudinal connection to transverse web flat-bar stiffener

(between the baseline and 0.8D above the baseline)

Critical areas Structural details
(A) Soft heel
Tsreive Side Shell SR
Web Frame
Transverse Side
Web Frame Stringer i,
Stiffener
Critical i RN *I < 55mm
Detail Longitudinal Max. 15 mm * \C j -
/o mum
T —
A4 A
Critical locations
Side Shell o (B) Soft toe and soft heel

Side Shell
Longitudinal

r= 30 mm
v U SN
—— — r=075d -)I & 55 mm
)vfa.\:A'.'S:umI \C

i-&
N n T =
L/ J) U /I F?

(C) Soft toe and soft backing bracket

—————— T —

(=3
(5]

d
](:‘nucal t=d18
ocations = 2.0

X t>d18 ot
\ — r>400 mm
4 r>0.75d
d=180-300 mm —— Max. 15 mm
P T o s

Tg |4-> «Minlsd Zf

C,\f{,

| Min d2 Min. 300 mm
Transverse Web
Frame Stiffener
Applicable structures Explanations
Connections of two longitudinals
above and four longitudinals below the ) ) )
) (C) Soft toe and soft backing bracket is to be fitted.
load waterline to transverse web
Structural | flat-bar stiffener
details

Connections of four longitudinals
above and four longitudinals below the . . )
) (C) Soft toe and soft backing bracket is to be fitted.
ballast waterline to transverse web

flat-bar stiffener
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Connections of all other longitudinals . ]
. (B) Soft toe and soft heel is to be fitted.
to transverse web flat-bar stiffener

tfll:zl:r:(rfs Ensure good alignment of the web stiffener, and the web of the side longitudinal.
Fillet welding having minimum weld factor of 0.44 (Connection of web stiffeners to face plates
of side longitudinals). Ensure start and stop of welding is as far away as practicable from the
Welding heels and toes of stiffeners and soft backing brackets. A wraparound weld, with smooth

requirements

transition and free of weld defects liable to cause stress concentration, i.e. undercuts, notches
etc, around the stiffener and soft backing bracket heel and toe connections to the longitudinal
face plate. See Section 4, Chapter 1, PART TWO of Rules for Classification of Sea-going Steel
Ships for other requirements.
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Structural details of oil tankers Table 3

Area: Double side

Critical location: Asymmetrical higher tensile steel side longitudinals to transverse web with parallel stiffeners

(between the baseline and 0.8D above the baseline)

Critical areas Structural details
(A) Soft heel and soft toe
Rk Side Shell e
Web Frame ":h-x‘ —T—/omm
Transverse Side 16 mm — I—
Web Frame Stringer
Stiffener
Critical Side =
Detail Longitudinal
d
Critical locations X206d |
"*’/r\‘___///;\—/‘ ~__
T UK
A A
| k=150 ~ 250 mm ai\l _
| stiffeners ;;arallel to |- Max. 15 mm —| T
—1\ side shell and [I'\—é
L longitudinal bulkhead X
il N N (B) Soft toe and soft backing bracket
/ shell
: i 2 Max. 1me
- - | Sd o ~
Ij O {I/ /longitlufjinal r=2z2,0d :
‘ bulkhead (rmin. 400 mm)
| Do ” X215
i | UBRR -
A ""/{\\\___,//»\-/" ~_! — A \ ld
[ | Critical locations —] X206
| d=180~300mm r==075d
P/ ]d —-|I— Max. 15 mm
~ = Note: Bracket thickness = Flat bar thickness = d/18
Section A-A (Anti-tripping stiffener) (minimum thickness = 12.0 mm)
Applicable structures Explanations
Structural Connections of asymmetrical side
details longitudinal  to  transverse  web | (B) Soft toe and soft backing bracket is to be fitted.
anti-tripping stiffeners
Building Ensure good alignment of the anti-tripping stiffener, the backing bracket and the web of the side
tolerances longitudinal
Fillet welding having minimum weld factor of 0.44 (Connection of anti-tripping stiffeners to
face plates of side longitudinals. Backing brackets connecting to face plates of side
longitudinals). Ensure start and stop of welding is as far away as practicable from the heels and
Welding toes of stiffeners and soft backing brackets. A wraparound weld, with smooth transition and free

requirements

of weld defects liable to cause stress concentration, i.e. undercuts, notches etc, around the
anti-tripping stiffener and soft backing bracket heel and toe connections to the longitudinal face
plate. See Section 4, Chapter 1, PART TWO of Rules for Classification of Sea-going Steel
Ships for other requirements.
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Structural details of oil tankers Table 4

Area: Double side
Critical location: Symmetrical higher tensile steel side longitudinals to transverse web with parallel stiffeners

(between the baseline and 0.8D above the baseline)

Critical areas Structural details
(A) Soft heel and soft toe
Rk Side Shell
Web Frame Max. 75 mm
Transverse Side 15mm — I"
Web Frame Stringer .
Stiffener 30 mm
Critical Side =
Detail Longitudinal
Xz0/58d
Critical locations
n,/\\_ﬁ_/ B e B, SN
n M
{_ UJ LU _1 hhx15nm1___|~_
A A
Lk =150 ~ 250 mm —| |-k
Stiffeners parallel to | (] (B) Soft toe and soft backing bracket
) | o |
C ongitudinal bulknea Ma?(. 15 mm
se N\ —
Y shell r=2z20d
A—H\ {B_g Side (min. 420 mm)
J A longitudinal
" bulkhead
]
@ ~ i -
) U
L " \ Jo
L _/—’\- ‘_A./‘\'*""(—\\‘— |
Y Xz0/5d
e Critical locations —]
‘ul/ [ d=180 ~ 300 mm r==075d
d
. | —|}—— Max. 15 mm
H‘_J L_/— Note: Bracket thickness = Flat bar thickness =
Section A-A (Anti-tripping stiffener) d/18 (minimum thickness = 12.0 mm)
Applicable structures Explanations
. Connections  of symmetrical side
Structural details o . )
longitudinal  to  transverse  web | (A) Soft toe and soft heel is to be fitted.
anti-tripping stiffeners

Building tolerances | Ensure good alignment of the anti-tripping stiffener, and the web of the side longitudinal

Fillet welding having minimum weld factor of 0.44 (Connection of anti-tripping stiffeners
to face plates of side longitudinals). Ensure start and stop of welding is as far away as
practicable from the heels and toes of stiffeners and soft backing brackets. A wraparound
Welding requirements | weld, with smooth transition and free of weld defects liable to cause stress concentration,

i.e. undercuts, notches etc, around the anti-tripping stiffener and soft backing bracket heel
and toe connections to the longitudinal face plate. See Section 4, Chapter 1, PART TWO
of Rules for Classification of Sea-going Steel Ships for other requirements.
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Structural details of oil tankers

Table 5

Area: Double side

Critical location: Higher tensile steel side longitudinal connections to watertight transverse web horizontal
stiffeners in double side tanks (between the upper turn of bilge and 0.8D above the base line)

Critical areas

Structural details

Watertight
Transverse
Web Frame

Transverse

Web Frame

Stiffener
Critical
Detail

Side Shell

Side
Stringer

Side
Longitudinal

Critical locations

o

Side shell Side longitudinal
bulkhead
—— = =1 |
|
73 Bt Bkt /= /
™~ ‘ | —I (
i \
Jt i
. A
|
73 Bkt Bkt /) |
| | ‘
,,,,, ! U
-AV—'- i e

Watertight transverse web frame

Transverse olitight
bulkhead in cargo tank

Critical locations
p
7 \/ / {

7 T
s/ dI s
./
s,/d:LSO 9 SSOmm\
I/

Section A-A

Soft toe and soft backing bracket

Max 15 mm
— |e— rz2,0d
T (min 400 mm)
\ Xz1,5d
\ (min 300 mm)
!l o g | 3
I — |
\ { d
E i 1
’ \ X=1,0d
|
] r=1,5d
|\
—>| <— Max 15 mm
Note:

Bracket material = Higher tensile steel
Bracket thickness = d/22 (Minimum thickness = 12

mm)

Structural

details

Applicable structures

Explanations

Higher tensile steel side longitudinal
connections to watertight transverse web

horizontal stiffeners in double side tanks

Soft toe and soft backing bracket are to be fitted.

Building

tolerances

web of the side longitudinal.

Ensure good alignment of the web of bulkhead horizontal stiffener, the soft toe brackets and the

Welding

requirements

Fillet welding having minimum weld factor of 0.34 (Connection of soft toe brackets to face
plates of side longitudinals and to webs of horizontal stiffeners). Ensure start and stop of
welding is as far away as practicable from the heels and toes of stiffeners and soft backing
brackets. A wraparound weld, with smooth transition and free of weld defects liable to cause
stress concentration, i.e. undercuts, notches etc, around the heel connections of bulkhead
stiffener and the toe connection of brackets to longitudinals. See Section 4, Chapter 1, PART
TWO of Rules for Classification of Sea-going Steel Ships for other requirements.
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Structural details of oil tankers Table 6

Area: Double side
Critical location: Higher tensile steel side longitudinal connections to transverse web stiffeners in way of transverse

bulkheads in double side tanks (between the upper turn of bilge and 0.8D above the base line)

Critical areas Structural details

Transverse web in way
of transverse

Soft toe and soft backing bracket

o al Side Shell
Max 15 mm
Transverse Side ‘ r 24%,(())61 \
Web Frame Stringer 5 —_— (min mm)
Stiffener
Critical Side ".\
Detal Longitudinal \ Xz1,5d
& (min 300 mm)
\
|
Critical locations |L ===  —L
Sidle shell Side longitudinal \ I
bulkhead 1 d
7] (' L
w o |
o L : | \
r |l | —j L \
| RU¥ [ Xz1,0d
7| e s - A |
|
I {
. = I |
9 e ! ‘ ‘ r=15d
! ! | [
; Iz ] - _,|

Max 15 mm
Qiltight or non — oiltight

bulkhead
Note:

Bracket material = Higher tensile steel
Bracket thickness = Flat bar thickness = d/18

Transverse web

Critical locations

T T ]

d =180 ~ 300 mm

(Minimum thickness = 12 mm)

T

Section A-A
Applicable structures Explanations
Structural Connections of side longitudinals to
details transverse web stiffeners in way of | Soft toe and soft backing bracket are to be fitted.

transverse bulkheads in double side tanks

t(?lzlr::(r:]:s Ensure good alignment of the stiffener, the backing bracket and the web of the side longitudinal.
Fillet welding having minimum weld factor of 0.44 (Connection of web stiffeners to face plates
of side longitudinals. Soft toe bracket connections to face plates of side longitudinals). Ensure

Welding start and stop of welding is as far away as practicable from the heels and toes of stiffeners and

soft backing brackets. A wraparound weld, with smooth transition and free of weld defects liable

requirements o .
to cause stress concentration, i.e. undercuts, notches etc, around the heel and toe connections of

stiffener and bracket to longitudinal face plate. See Section 4, Chapter 1, PART TWO of Rules

for Classification of Sea-going Steel Ships for other requirements.
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Structural details of oil tankers Table 7
Area: Double bottom
Critical location: Asymmetrical higher tensile steel bottom longitudinals to floor flat-bar stiffeners
Critical areas Structural details
(A) Soft heel
I Bott
Thamsyerse nner sottom — ™
Floor Stiffener Bottom Girder
. d
Critical =30 mar—| [PE——
Detail -1 ¥ -
Bottom o Max. 15 mm ] -
uter Bottom 73 mm
Longitudinal * T 7 >
Critical locations
(B) Soft toe and soft heel
Inner
Bottom
Transverse
Longitudinal

Floor

Transverse Floor
Stiffener

Outer
Bottom

t=d18
Section A-A Longitudinal - ans r>20d
r =400 mm
Inner Bottom r>075d
Max 15 :mn¢ Max. 15 mm
Transv F )
N T fol oy |
Min d2 Min. 300 mm
d=180-300mm Q& 4
Critical
Transverse Floor Locations
Stiffener _\A\k/
Longitudinal
Outer Bottom
Applicable structures Explanations
Connections of asymmetrical bottom
longitudinals to floor flat-bar stiffeners | (B) Soft toe and soft heel is to be fitted.
Structural )
) in way of the double bottom
details - -
Connections of asymmetrical bottom
longitudinals to floor flat-bar stiffeners | (C) Soft toe and soft backing bracket is to be fitted.
in way of the hopper tank
Building Ensure good alignment of the floor stiffener, the backing bracket and the web of the bottom shell
tolerances longitudinal.
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Welding
requirements

Fillet welding having minimum weld factor of 0.44 (Connection of floor stiffeners to face plates
of bottom shell longitudinals. Backing bracket connections to face plates of bottom shell
longitudinals). A wraparound weld, with smooth transition and free of weld defects liable to
cause stress concentration, i.e. undercuts, notches etc, around the heel and toe connections of
floor stiffener and backing bracket to longitudinals. See Section 4, Chapter 1, PART TWO of

Rules for Classification of Sea-going Steel Ships for other requirements.
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Structural details of oil tankers

Table 8

Area: Double bottom

Critical location: Higher tensile steel bottom shell and inner bottom longitudinal face plate connections at the toe

of the end brackets and the heel of the watertight floor stiffeners below plane oil tight transverse bulkhead

Critical areas

Structural details

Watertight floor Inner Bottom
sener Bottom Girder
Watertight
floor

Critical

Increased floor stiffener depth and symmetrical soft
toe brackets

Soft Toe Bracket
with Edge Stiffener

Detail
E:::;‘g(;i::dma ! Outer Bottom
Critical locations
Qiltight Inner
bulkhead  bottom
: \ Flanged bracket
— 7[_“ o —I‘,---__ i s \ Esd r=d
L/ \ \ ( \\»«‘}—Critical Min. 400 mm Min 400 mm
II‘ | a N?tions Max. 15 mm
‘II ‘ \\ / I\ . 15
| \
t 4 \ %”K B _i.
\ [ / ,[
,‘ \ ( |
[ &= (== x ¢ ‘ e
| [ /
' “‘*. Note: Bracket material = Higher tensile steel
& /3' Bracket thickness = d/50 (Minimum thickness = 12.0
’ mm)
| Critical
[ | locations
I R © AN
G EENC QRIS S-S
—— =1 [ | =il
| [ |
] ? i | | \
i A
Water tight Bottom shell Section A-A
floor
Applicable structures Explanations
Bottom shell and inner bottom . )
o i Increased web depth of the watertight floor stiffeners
Structural longitudinal face plate connections at - .
. up to the depth of the oiltight bulkhead vertical
details the toe of the end brackets and the heel ) . .
) . stiffener and provision of symmetrical soft toe
of the watertight floor stiffeners below
o brackets
plane oil tight transverse bulkhead
Building ) ) o
Ensure good alignment of the floor stiffener, the soft toe bracket and the web of the longitudinal.
tolerances
Fillet welding having minimum weld factor of 0.34 (Connection of soft toe brackets to face plates
of longitudinals and to face plates of watertight floor stiffeners). A wraparound weld, with smooth
Welding transition and free of weld defects liable to cause stress concentration, i.e. undercuts, notches etc,
requirements | around the floor stiffener heel connections to inner and outer bottom shell longitudinals, and the
flanged bracket toe connection to inner bottoms and stiffeners. See Section 4, Chapter 1, PART
TWO of Rules for Classification of Sea-going Steel Ships for other requirements.
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Structural details of oil tankers

Table 9

Area: Hopper tank

Critical location: Higher tensile steel side longitudinals and asymmetrical bottom shell longitudinal connections to

tripping brackets in way of hopper transverse ring in hopper side tank

Critical areas

Structural details

Critical
Detail

Bottom
Longitudinal

Critical locations

Hopper Ring
/ Face Plate

A
A

FlatBar Tripping Bracket

=P

1)

el

Section A-A

Trippmg
Bracket Flange

Cntical
Locations

(A) Soft heel

r=30mm

/3 mm

Max. 15mm

(B) Soft toe and soft heel

Note:

1. Where the free edge length of tripping bracket is
more than 40 times the bracket depth, face plate is to
be fitted at free edge to ensure sufficient stability.

2. Edge stiffener to stop away from abutting member

at a distance of the order of 50 mm.

Applicable structures

Explanations

Structural Connections of side longitudinals

details tripping brackets in way of hopper

transverse ring in hopper side tank

to

(C) Soft toe and soft backing bracket is to be fitted.
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Asymmetrical bottom shell longitudinal
connections to tripping brackets in way of | (C) Soft toe and soft backing bracket is to be fitted.
hopper transverse ring in hopper side tank

Building Ensure good alignment of the tripping bracket, the backing bracket and the web of the side
tolerances longitudinal.
Fillet welding having minimum weld factor of 0.3 (Connection of tripping brackets to face plates of
side shell longitudinals. Backing bracket connections to face plates of shell longitudinals). A
Welding wraparound weld, with smooth transition and free of weld defects liable to cause stress

requirements

concentration, i.e. undercuts, notches etc, around the heel and toe of the bracket connection to the
longitudinal face plate. See Section 4, Chapter 1, PART TWO of Rules for Classification of
Sea-going Steel Ships for other requirements.
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Structural details of oil tankers

Table 10

Area: Hopper tank

Critical location: Hopper sloping plating connections to inner bottom plating in way of floors. Floor connections to
inner bottom plating and side girders in way of hopper corners(Hopper corner connections employing welded inner

bottom and hopper sloping plating)

Critical areas

Structural details

Critical detail i

Side shell
Inner
bottom Hopper
Outer
bottom

Critical locations

Hopper

Critical location

/ Imer botton
I F (.
VY ‘f\l )
(| Sed j
( : ) ) ) [r‘ ”) ':\

Bottom shell

{

§
Critical A )

locations

—‘l |‘— 50 mm
Section A-A

Elimination of scallops and extension of inner bottom

7 Side girder

’

L4
e e AT
|

Increased  —=1
radius, r

|

1

|

|
fT
|

|

|

|
Lz

Elimination of scallops and
extension of inner bottom

/ eep peretration
/ “ welding /
\ 720
\\k R /H
_ f
L

~

Section B-B

Weld between hopper plating and inner bottom plating to be
dressed and ground smooth. Visible undercuts are to be
removed.

Extent of dressing both sides of floor.

VLCC 250 mm
Suezmax 200 mm
Aframax 150 mm
Product 100 mm
Note: Grinding need not be applied in the No.1 hold in

which floor spans are reduced due to shape.
Grinding need not be applied for the knuckle joints at
transverse bulkhead positions, or at the floor adjacent to the

transverse bulkhead.

Structural Applicable structures

Explanations
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details

Hopper sloping plating
connections to inner bottom
plating in way of floors. Floor o ) ]
. . Elimination of scallops and extension of inner bottom
connections to inner  bottom
plating and side girders in way of

hopper corners

Building The nominal distance between the centres of thickness of the two abutting members is not to
tolerances exceed 1/3 of the table member thickness.
Deep penetration welding and weld dressing (hopper sloping plating to inner bottom plating).
Deep penetration weld (connection of floors to inner bottom plating and to side girders,
connection of hopper transverse webs to sloping plating, to inner bottom plating, connection of
Welding hopper transverse webs to sloping plating, to inner bottom plating and to side girders in way of

requirements

hopper corners).

The weld sequence is to be such as to avoid lamellar tearing. Smooth transition from fillet welds
of sloping bottom plating and inner bottom plating to inner bottoms is to be achieved. See Section
4, Chapter 1, PART TWO of Rules for Classification of Sea-going Steel Ships for other

requirements.
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Structural details of oil tankers

Table 11

Area: Hopper tankers

Critical location: Side longitudinal bulkhead connections to side stringers, transverse connections to side

longitudinal bulkhead and side stringers in way of welded hopper corner transverse webs

Critical areas

Structural details

Transverse

Web Frame

Side Shell
Side
Swinger

Hopper

Side
Longitudinal
Bulkhead

Critical
Location

Hopper

Tank

/J
Critical

-

Location

\ Side Stringer

Hopper Tank
Transverse Ring

Elimination of scallops and addition of transverse

brackets

Full Penetration
Welding

No Scallop

Deep Penetration
Welding

Transverse
Web

- A

Transverse
Brackets !

Applicable structures

Explanations

Side longitudinal bulkhead
structural connections  to  side  stringers,
details transverse  connections to  side | Elimination of scallops and addition of transverse
longitudinal ~ bulkhead and side | brackets
stringers in way of welded hopper
corner transverse webs
Building The nominal distance between the centres of thickness of the two abutting members is not to
tolerances exceed 1/3 of the table member thickness.
Welding Deep penetration welding (Connection of hopper sloping plating to side longitudinal bulkheads.

requirements

Connection of side stringers to side longitudinal bulkhead. Connection of transverse webs to

side longitudinal bulkhead and to side stringers. Connection of hopper transverse webs to
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sloping plating, to side longitudinal bulkhead and to side stringers in way of hopper corners).
Where Z-direction material is not used in side stringers, it is recommended that the weld
sequence is to be such as to avoid lamellar tearing. Small scallops of suitable shape, which are to
be closed by welding after completion of the continuous welding of hopper sloping plating and
side stringers to longitudinal bulkhead, are to be provided where scallops are eliminated.
Smooth transition from welds completed to side stringers is to be achieved. See Section 4,
Chapter 1, PART TWO of Rules for Classification of Sea-going Steel Ships for other

requirements.
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Structural details of oil tankers

Table 12

Area: Hopper tankers

Critical location: Side longitudinal bulkhead connections to side stringers, transverse connections to side

longitudinal bulkhead and side stringers in way of knuckled hopper tank corner transverse webs

Critical areas

Structural details

Transverse

Side Shell

Side
Stinger
Hopper
Tank

Side Shell —\

Side Longitudinal
Bulkhead

<.

Critical
Location

1=100-150 mm

Side Stmlger—/

Critical

Location

Hopper Tank

Transverse Web

Side Stringer

Elimination of scallops, closer knuckle distance from
side girder and additional longitudinal/ transverse

brackets

-z

Deep Penetration

Welding

Knuckle radius not to be less

|~ than 5 x t or 100 mm, where
t

Kauckle Line 1 o oieyinat

Bracket is the plate thickness
Transverse

Bracket

Transverse Web
Longitudinal Bracket

Section D-D

Kauckle Line 1‘30 m

v

Longitudinal
Bracket

Transverse
Brackets

Hopper Tank
Transverse Ring
Knuckle L
Line
Applicable structures Explanations
Side longitudinal bulkhead
connections to  side  stringers, o )
Structural ) ) Elimination of scallops, closer knuckle distance from
. transverse  connections to  side | . . o
details o ) side girder and additional longitudinal/ transverse
longitudinal ~ bulkhead and side
) ) brackets
stringers in way of knuckled hopper
tank corner transverse webs
Building The nominal distance between the centres of thickness of the two abutting members is not to
tolerances exceed 1/3 of the table member thickness.
Welding Deep penetration welding (Connection of side stringers to side longitudinal bulkhead.
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requirements

Connection of double side tank transverse webs to side longitudinal bulkhead and to side
stringers. Connection of hopper transverse webs to sloped side longitudinal bulkhead and to side
stringers in way of hopper corners). Small scallops of suitable shape, which are to be closed by
welding after completion of the continuous welding of side stringers to longitudinal bulkhead,
are to be provided where scallops are eliminated. Smooth transition from welds completed to
side stringers is to be achieved. See Section 4, Chapter 1, PART TWO of Rules for
Classification of Sea-going Steel Ships for other requirements.
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Structural details of oil tankers

Table 13

Area: Transverse bulkheads

Critical location: Toe connections of vertical brackets to double bottom girders on plane oil tight transverse

bulkhead

Critical areas

Structural details

Transverse
Bulkhead

Quter
Bottom

Critical locations

Critical locations

(A) Soft toe detail with full penetration welding

Deep Penetration
Welding with
RootR < 1/3t

1:3 Chamfer (where face plate
thickness > 25 mm)

15-25 mm ¥

t
6
) R<13t
' T
50- 100 mm

(B) Parallel toe detail with deep penetration welding

Deep Penetration
Welding with
RootR <153t

1:3 Chamfer (where face plate

\ 7 tickaess 25 1) ‘
J— J‘ _L“" )" Rt
girder ~_ A
B st
location /|
o A
s |
) -+ [
S
' ,
Bottom shell
Applicable structures Explanations
Structural Toe connections of vertical brackets to | (A) Soft toe detail with full penetration welding, or
details double bottom girders on plane oil (B) Parallel toe detail with deep penetration welding
tight transverse bulkhead is to be fitted.
Building The nominal distance between the centres of bracket toe thickness and bottom girder web
tolerances thickness is not to exceed 1/3 of the inner bottom thickness.
Deep penetration welding (Connection of bracket toes to inner bottom plating). Deep
penetration welding or fillet welding having minimum weld factor of 0.44 (Connection of
double bottom girder webs in way of bracket toes to inner bottom plating). The extent of full
Welding penetration is to be as required by the designer, or as agreed with the Plan Approval Surveyor. A
requirements wraparound weld, with smooth transition and free of weld defects liable to cause stress
concentration, i.e. undercuts, notches etc, in way of bracket toe connections to the inner bottom
plating. See Section 4, Chapter 1, PART TWO of Rules for Classification of Sea-going Steel
Ships for other requirements.
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Table 14

Structural details of oil tankers

Area: Transverse bulkheads

Critical location: Toe connections of vertical web end brackets to double bottom girders on corrugated transverse

oil tight bulkheads
Critical areas Structural details
(A) Soft toe detail with full penetration welding
Transverse
Bulkhead ﬁj‘;ﬁfﬁfﬁ‘“
6. Root R < 133t
1:3 Chamfer (where face plate y
thickness > 25 mm)
j‘—__’imm R<13t
T
Critical locations
Bracket Toes  —~ —r— 7 (B) Parallel toe detail with deep penetration
welding
Critical locations Upper horizontal
| girder 3?;{;:‘;“\*‘:‘;“
G-t RootR< 13t
Corrugated oiltight 1:3 Chamfer (where face plate
bulkhead thickness > 25 mm) t
=
_Ql,::smm )¢ i
| ™ Lower horizontal L\__/\Smo— 130 mm
‘,‘ 1 1 girder
:' / 2 '\\
'\' Inner bottom
| \
e % \\ \\(\
l\, P Y P N 4——»(‘
\ 1
\ ]
Bottom shell
Applicable structures Explanations
Structural Toe connections of vertical web end | (A) Soft toe detail with full penetration welding, or
details brackets to double bottom girders on (B) Parallel toe detail with deep penetration
corrugated transverse oil tight bulkheads | welding is to be fitted.
Building The nominal distance between the centres of bracket toe thickness and bottom girder web
tolerances thickness is not to exceed 1/3 of the inner bottom thickness.
Deep penetration welding (Connection of bracket toes to inner bottom plating). Deep
penetration welding or fillet welding having minimum weld factor of 0.44 (Connection of
double bottom girder webs in way of bracket toes to inner bottom plating). The extent of full
Welding penetration is to be as required by the designer, or as agreed with the Plan Approval Surveyor. A
requirements wraparound weld, with smooth transition and free of weld defects liable to cause stress
concentration, i.e. undercuts, notches etc, in way of bracket toe connections to the inner bottom
plating. See Section 4, Chapter 1, PART TWO of Rules for Classification of Sea-going Steel
Ships for other requirements.
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Structural details of oil tankers

Table 15

Area: Transverse bulkheads

Critical location: Toe connections of vertical stiffener end brackets to bottom girders in double bottom tanks and

vertical stiffeners on plane oil tight transverse bulkheads

Critical areas

Structural details

Critical
Detail

Transverse
Bulkhead

Quter
Bottom

Critical locations

Critical
locations
Plane oiltight
bulkhead
Inner bottom
) ////

1
( |
\

T

|

L—

Integral soft toe bracket

Integral Soft
Toe Bracket

P
/ ¥ Increased Web
/ Thickness

L)

1:3 Taper
in Thickness

No
scallop

Bottom shell
Applicable structures Explanations
Toe connections of vertical stiffener
Structural end brackets to bottom girders in
details double bottom tanks and vertical | Integral soft toe bracket is to be fitted.
stiffeners on plane oil tight transverse
bulkheads
Building The nominal distance between the centres of bracket toe thickness and bottom girder web
tolerances thickness is not to exceed 1/3 of the inner bottom thickness.
Fillet welding having minimum weld factor of 0.44 (Connection of end brackets to inner bottom
plating). A wraparound weld, with smooth transition and free of weld defects liable to cause
] stress concentration, i.e. undercuts, notches etc, around the bracket toe connection to the inner
Weldlng bottom and the vertical stiffener. A small scallop of suitable shape, which is to be closed by
requirements welding after completion of the continuous welding of bulkhead, is to be provided where scallop
is eliminated. See Section 4, Chapter 1, PART TWO of Rules for Classification of Sea-going
Steel Ships for other requirements.
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Structural details of oil tankers Table 16

Area: Transverse bulkheads
Critical location: Toe connection of horizontal girder end brackets to side stringers on plane oil tight transverse

bulkheads. Intersections of webs of horizontal girders and side stringers forming square corners

Critical areas Structural details

(A) Soft toe detail with full penetration welding
Side Shell

Plane
Transverse
Bulkhead

Deep Penetration
3 Welding with
Side RootR < 1/3t

Stringer

13 Chamer (where face plate .
thickness > 25 mm)
Critical 15-25 mm _—
Detail 3 T
L/\_/—\_S 50-100 mm

(B) Parallel toe detail with deep penetration welding

Critical locations Deep Penctraton

Welding with

6= RootR <173t
o - Side stringer 1:3 Chamfer (where face plate
4 thickness > 25 mm) t
<>
P 15-25 mm ¥ i
@) Critical location ¥ ) e
/ _\ 100 - 150 mm
+ (C) Elimination of scallops and fitting of a localised
Horizontal girder ‘D’ grade steel insert plate
RIS N 7T &
N
U /
> —-— - -— X
4 /d \ minimum thickness of 7 mm in
v \JA \ addition to the Rule required
\ thickness
Criioal Inpation Qiltight transverse
| {177 side longitudinal Ruihead
Side shell bulkhead
Applicable structures Explanations

Toe connection of horizontal girder o ) .
) ) (A) Soft toe detail with full penetration welding, or
end brackets to side stringers on plane o ) )
Structural o (B) Parallel toe detail with deep penetration welding
oil tight transverse bulkheads

details
Intersections of webs of horizontal L . .
] ) . . (C) Elimination of scallops and fitting of a localised
girders and side stringers forming ]
‘D’ grade steel insert plate

square corners
Building The nominal distance between the centres of thickness of the two abutting members is not to
tolerances exceed 1/3 of the table member thickness

Deep penetration welding (Connection of bracket toes to side stringers). Fillet welding having
Welding minimum weld factor of 0.44 (Side stringer webs in way of bracket toes and square corners).

requirements The extent of full penetration is to be as required by the designer, or as agreed with the Plan
Approval Surveyor. A wraparound weld, with smooth transition and free of weld defects liable
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to cause stress concentration, i.e. undercuts, notches etc, around toe connections of horizontal
girder end brackets to side longitudinal bulkheads. A small scallop of suitable shape, which is to
be closed by welding after completion of the continuous welding of bulkhead, is to be provided
where scallop is eliminated. See Section 4, Chapter 1, PART TWO of Rules for Classification of

Sea-going Steel Ships for other requirements.
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Structural details of oil tankers

Table 17

Area: Transverse bulkheads

Critical location: Toe connection of horizontal girder end brackets to side stringers on corrugated oil tight

transverse bulkheads

Critical areas

Structural details

Side Shell

(A) Soft toe detail with full penetration welding

Corrugated
Transverse Side Deep Pnfctranon
Butldiead Stringer 5o :::ol;‘;'f ‘1“;"
Herizotital ‘1 hlsc fﬂh::xfe; }(::;e face plate t
Girder
Critical 3
ekl 15-25 mm ¥ —
T
2__/\_/\_517100"\“‘
Critical locations (B) Parallel toe detail with deep penetration welding
[ K3 =T Deep Penetration
T Welding with
Side =0 RootR < 173t
stringer 1:3 Chamfer (where face plate
eyl - thickness > 25 mm) t
D Criticfal
_— location -
TR i o
s [ 3
7 ‘ ,
Horizontal girder 100 - 150 mm
RN ,.
0
I V N - N |
Corr{lgated oiltight
) L Critical  transverse bulkhead
jii 6’ - ‘/,/ " location
(] Y Side
T \\ longitudinal
= },—.\4 bulkhead
Applicable structures Explanations
Toe connection of horizontal girder
Structural
details end brackets to side stringers on | (A) Soft toe detail with full penetration welding, or
corrugated oil tight transverse | (B) Parallel toe detail with deep penetration welding
bulkheads
Building The nominal distance between the centres of bracket toe thickness and side stringer web
tolerances thickness is not to exceed 1/3 of side longitudinal bulkhead thickness.
Deep penetration welding (Connection of bracket toes to side longitudinal bulkheads). Fillet
welding having minimum weld factor of 0.44 (Connections of side stringer webs in way of
bracket toes to side longitudinal bulkheads). The extent of full penetration is to be as required by
Welding the designer, or as agreed with the Plan Approval Surveyor. A wraparound weld, with smooth

requirements

requirements.

transition and free of weld defects liable to cause stress concentration, i.e. undercuts, notches
etc, around toe connections of horizontal girder end brackets to side longitudinal bulkheads. See

Section 4, Chapter 1, PART TWO of Rules for Classification of Sea-going Steel Ships for other
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Structural details of oil tankers Table 18

Area: Wing carg

Critical location

0 tanks

: Toe connections of cross-tie end brackets to transverse webs in double side tanks (cross-ties in

wing cargo tanks).

Critical areas Structural details

Cross-ties in
wing cargo
tanks

(A) Soft toe detail with full penetration welding

Side shell

Deep Penetration

Side stringer Weldingvita

RootR < 173t

Inner 13 han o et )
bottom N )
Critical detail ]
i 5 Rew
T
L/\_/\SI'IOOYMH
Critical locations (B) Parallel toe detail with deep penetration welding
Side B
= RootR <173t
shell Transverse 60

Eliti_ni = /

>\-..

L—

N

1:3 Chamfer (where face plate
thickness > 25 mm)

web

} Side longitudinal bulkhead Jrsi ¥ e
— ¥ )

Side stri
R (C) Elimination of scallops and fitting of slit type

i | collars

; Critical locations

/
Pl No

Soft toe or parallel
“~ toe detail

Slit-type collars or

/

_11'—/”\" TT T il

0

insert collars

L /4 \
/ Cross-tie -

Hopper sloping plating

/

e
Applicable structures Explanations
. . (A) Soft toe detail with full penetration welding, or
Structural Toe connections of cross-tie end o ) )
. . (B) Parallel toe detail with deep penetration welding
details brackets to transverse webs in double | | _ S o
) is to be fitted. (C) Elimination of scallops and fitting
side tanks .
of slit type collars.
Building The nominal distance between the centres of bracket toe thickness and transverse web thickness
tolerances is not to exceed 1/3 of side longitudinal bulkhead thickness.
Deep penetration welding (Connection of bracket toes to side longitudinal bulkhead). Fillet
welding having minimum weld factor of 0.44 (Connection of transverse webs in way of bracket
Weldi toes to side longitudinal bulkhead). The extent of full penetration is to be as required by the
elding

requirements

designer, or as agreed with the Plan Approval Surveyor. A wraparound weld, with smooth
transition and free of weld defects liable to cause stress concentration, i.e. undercuts, notches

etc, around toe connections of cross-tie end brackets to side longitudinal bulkheads. Small

scallops of suitable shape, which are to be closed by welding after completion of the continuous
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welding of longitudinal bulkhead stiffeners to longitudinal bulkhead, are to be provided where
scallops are eliminated. Full penetration welding is to be carried out in way of * as marked in
the Figure above using slit type collars or insert collars of the same material and thickness,
replacing fillet welding using lapped collars. See Section 4, Chapter 1, PART TWO of Rules for
Classification of Sea-going Steel Ships for other requirements.
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Structural details of oil tankers

Table 19

Area: Wing cargo tanks

Critical location: Toe connections of transverse swash bulkhead end brackets to transverse webs in double side

tanks (cross-ties in centre cargo tanks).

Critical areas

Structural details

transverse
swash
bulkhead

Critical detail

Critical locations

i i Side longitudinal
bulkhead
TG/ g
___— Side stringer
-
'l L
«—fF— Transverse web
1 1 »
/‘ _ Critical
i ( 1 — location
1 1
1 1
i Transverse swash
i bulkhead
E—
1
T 1
[}
L] T
sl
()
Side shell TN e

(A) Soft toe detail with full penetration welding

Deep Penetration
Welding with
RootR < 1/3t

1:3 Chamfer (where face plate
thickness > 25 mm)

T
15-25 mm Ak
L/\_/\_S”' 100 mm

(B) Parallel toe detail with deep penetration welding

Deep Penetration
Welding with
RootR <113t

1:3 Chamfer (where face plate
thickness > 25 mm)

15-25mm

L’ ;
v ) R<13t
E/\—/\STIOU- 150 mm %

(C) Elimination of scallops and fitting of slit type

collars

Soft toe or parallel
“~ toe detall

Slit-type collars or
insert collars

Applicable structures

Explanations

Structural Toe connections of transverse swash
details bulkhead end brackets to transverse

webs in double side tanks

(A) Soft toe detail with full penetration welding, or
(B) Parallel toe detail with deep penetration welding
is to be fitted. (C) Elimination of scallops and fitting
of slit type collars.

Building The nominal distance between the centres

of bracket toe thickness and transverse web thickness

tolerances is not to exceed 1/3 of side longitudinal bulkhead thickness.

Welding

requirements

toes to side longitudinal bulkhead). The

Deep penetration welding (Connection of bracket toes to side longitudinal bulkhead). Fillet
welding having minimum weld factor of 0.44 (Connection of transverse webs in way of bracket

extent of full penetration is to be as required by the

-142-




designer, or as agreed with the Plan Approval Surveyor. A wraparound weld, with smooth
transition and free of weld defects liable to cause stress concentration, i.e. undercuts, notches
etc, around toe connections of transverse swash bulkhead end brackets to side longitudinal
bulkheads. Small scallops of suitable shape, which are to be closed by welding after completion
of the continuous welding of longitudinal bulkhead stiffeners to longitudinal bulkhead, are to be
provided where scallops are eliminated. Full penetration welding is to be carried out in way of *
as marked in the Figure above using slit type collars or insert collars of the same material and
thickness, replacing fillet welding using lapped collars. See Section 4, Chapter 1, PART TWO of
Rules for Classification of Sea-going Steel Ships for other requirements.
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Structural details of oil tankers Table 20

Area: Longitudinal bulkheads
Critical location: Toe connections of vertical web end brackets to floors in double bottom tanks on longitudinal
bulkheads

Critical areas Structural details

(A) Soft toe detail with full penetration welding

Vertical web
Critical detail

Floor in double
bottom tanks

Deep Penctration
Bottom girder ) Weldogwita

RootR < 13t

1:3 Chamer (where face plate .
thic 25 mm)

Bottom shell 15-25 mm ¥ A

= )
[\
Critical locations 50-100mm

(B) Parallel toe detail with deep penetration welding

/‘I — (E_
3 Deep Penetration
a ‘Welding with
RootR < 173t
1
Inner longitudinal y 7 .
bulkhead t b N
1
\ ; T
T 1
— i D —
T 4 100 - 150 mm
! |
y \Vertical web (C) Elimination of scallops and fitting of slit type
T
| . collars
Critical location |—H— Critical location ‘
|
l' + \ ' Slit type collars or
Ihher botior ;' | — ’ insert collars
| |
| '
Soft toe or parallel
\\ /_| '\\ tqedetail
] ] A
,;/ T T 5 X\:J" i e e R s i 1 = --(
110 |10 |
(f— 4+ 4L 4 4L L J= Lie=l 1 11 1L 4
\

Bottom shell
No scallops
Applicable structures Explanations
] ) (A) Soft toe detail with full penetration welding, or
Structural Toe connections of vertical web end o . )
. . (B) Parallel toe detail with deep penetration welding
details brackets to floors in double bottom

o is to be fitted. (C) Elimination of scallops and fitting
tanks on longitudinal bulkheads )
of slit type collars.

Building The nominal distance between the centres of bracket toe thickness and floor thickness is not to

tolerances exceed 1/3 of inner bottom plating thickness.

Deep penetration welding (Connection of bracket toes to inner bottom plating). Fillet welding
having minimum weld factor of 0.44 (Connection of floors in way of bracket toes to inner

Weldi bottom plating). The extent of full penetration is to be as required by the designer, or as agreed
elding

] with the Plan Approval Surveyor. A wraparound weld, with smooth transition and free of weld
requirements

defects liable to cause stress concentration, i.e. undercuts, notches etc, around toe connections of
vertical web end brackets to inner bottom plating. Small scallops of suitable shape, which are to

be closed by welding after completion of the continuous welding of inner bottom longitudinals
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to inner bottom plating, are to be provided where scallops are eliminated. Full penetration
welding is to be carried out in way of * as marked in the Figure above using slit type collars or
insert collars of the same material and thickness, replacing fillet welding using lapped collars.
See Section 4, Chapter 1, PART TWO of Rules for Classification of Sea-going Steel Ships for
other requirements.
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Structural details of oil tankers

Table 21

Area: Longitudinal bulkheads

Critical location: Toe connections of centreline vertical web end brackets to floors in double bottom tanks.

Connections of lowest strake of centreline bulkhead and inner bottom plating. Connections of double bottom centre

girder to inner bottom plating.

Critical areas

Structural details

Critical

Floorin double;
bottom tanks

Inner bottom

Vertical
web

Centreline bulkhead

detail
i Double bottom

centre girder

Bottom
shell

Critical locations

Critical location 1

Vertical web

“— oittight or non-oitight

/ bulkhead

Inner \
bottom \‘
\ 7

i

L1

Inner  — — [/ ___—7

bottom |
T,

| Critical

13T —] location 2

\J = =—

0] - o

] ;7 Bottom shell
e

)

(A) Soft toe detail with full penetration welding

Deep Penetration
‘Welding with
RootR < 13t

1:3 Chamger (where face plate
thickness > 25 mm)

j._:sm... ) ¥
r A\

(B) Parallel toe detail with deep penetration

welding

Deep Penetraion

13 Chamfer (where face plate

(C) Deep penetration welding or fillet welding

R 1/3t Deep penetration welding
—H*— (abutting member thickness

el

! H

25 mm)
or

Fillet welding having minimum
weld factor of 0,44 (abutting
member thickness < 25 mm)

Structural

details

Applicable structures

Explanations

Toe connections of centreline vertical web
end brackets to floors in double bottom
tanks (LOCATION 1).

(A) Soft toe detail with full penetration welding,
or (B) Parallel toe detail with deep penetration
welding is to be fitted.

Connections of lowest strake of centreline

bulkhead and inner bottom plating.

Connections of double bottom centre girder
to inner bottom plating (LOCATION 2).

(C) Deep penetration welding or fillet welding

Building

tolerances

The nominal distance between the centres of thickness of the two abutting members is not to
exceed 1/3 of the table member thickness (LOCATION 1 and LOCATION 2).

Welding

requirements

Deep penetration welding (Connection of bracket toes in LOCATION 1 and where abutting
member thickness >25 mm in LOCATION 1). Fillet welding having minimum weld factor of
0.44 (Connection of floors in way of bracket toes in LOCATION 1 and where abutting member
thickness <25 mm in LOCATION 2). The extent of full penetration is to be as required by the
designer, or as agreed with the Plan Approval Surveyor. A wraparound weld, with smooth
transition and free of weld defects liable to cause stress concentration, i.e. undercuts, notches
etc, around toe connections of vertical web end brackets to inner bottom plating. Small scallops
of suitable shape, which are to be closed by welding after completion of the continuous welding
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of inner bottom longitudinals to inner bottom plating, are to be provided where scallops are
eliminated. Full penetration welding is to be carried out in way of * as marked in the Figure
above using slit type collars or insert collars of the same material and thickness, replacing fillet
welding using lapped collars. See Section 4, Chapter 1, PART TWO of Rules for Classification

of Sea-going Steel Ships for other requirements.
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Structural details of oil tankers Table 22

Area: Deck

Critical location: Toe connections of deck transverse end brackets to transverse webs in double side tanks

(cross-ties in centre cargo tanks or wing cargo tanks).

Critical areas Structural details

Transverse
Bulkhead

(A) Soft toe detail with full penetration welding

Deep Penetration
Welding with
RootR < 153t

1:3 Chamfer (where face plate t
thickness > 25 mm)
Deck
> Transverse
. - 15-25mm
R<13
Critical locations i '
Deck T T
\ 50-100 mm

.J— -l- -l-. T TTT (B) Parallel toe detail with deep penetration welding

Deep Penetration

l Welding wita
RootR=13t

13 Chamfer (where face plate

thickness > 25 mim)

L]
} \.
Deck

Transverse

Critical
Location

Side Longitudinal

T
1 Bulkhead
1

! (C) Elimination of scallops and fitting of slit type

Critical collars

[ Locations

Side
Shell

T g ) 2
/ N -
: ) H/
Transverse Web / / 5
Frame ( 1L
LA

~Slit-type collars or insert
collars

Soft toe or parallel
toe detail

Applicable structures Explanations

(A) Soft toe detail with full penetration welding, or

Structural Toe connections of deck transverse end o . .
. . (B) Parallel toe detail with deep penetration welding
details brackets to transverse webs in double | ) o o
) is to be fitted. (C) Elimination of scallops and fitting
side tanks .
of slit type collars.
Building The nominal distance between the centres of bracket toe thickness and transverse web thickness
tolerances is not to exceed 1/3 of side longitudinal bulkhead thickness.
Deep penetration welding (Connection of bracket toes to side longitudinal bulkhead). Fillet
welding having minimum weld factor of 0.44 (Connection of transverse webs in way of bracket
toes to side longitudinal bulkhead). The extent of full penetration is to be as required by the
Welding designer, or as agreed with the Plan Approval Surveyor. A wraparound weld, with smooth

requirements

transition and free of weld defects liable to cause stress concentration, i.e. undercuts, notches
etc, around toe connections of deck transverse end brackets to transverse webs in double side
tanks. Small scallops of suitable shape, which are to be closed by welding after completion of

the continuous welding of longitudinal bulkhead stiffeners to longitudinal bulkhead, are to be
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provided where scallops are eliminated. Full penetration welding is to be carried out in way of *
as marked in the Figure above using slit type collars or insert collars of the same material and
thickness, replacing fillet welding using lapped collars. See Section 4, Chapter 1, PART TWO of
Rules for Classification of Sea-going Steel Ships for other requirements.
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Structural details of container ships Table 1

Area: Double bottom

Critical location: Floor vertical flat bar stiffener connection to bottom and inner bottom longitudinals

Critical areas Structural details

(A) Soft heel

Bottom
Longitudinal

Critical

=30 mar—,
Detail Ak

[ 55
Max 15 mm ] \-:Icixmm

—

(B) Soft toe and soft heel

Inner
Bottom

Longitudinal

Transverse r=30mm

Fi

s t= dis \
r>0.75d

Transverse Floor
Stiffener
Max. 15 :n:nl

Outer
Bottom

(C) Soft toe and soft backing bracket

Section A-A Longitudinal

t=d18
=204

18
el £> 400 mm

d=180-300 mm i Mex 15 ce I ﬁmm

Transverse Floor Eocations T A

Stiffener PN | e |
4 g Min 42 Min. 300 mm g r

- Longitudinal
Outer Bottom
Applicable structures Explanations
Structural Floor vertical flat bar stiffener
details connection to bottom and inner bottom | (C) Soft toe and soft backing bracket is to be fitted.
longitudinals

Ensure good alignment between web of longitudinal, floor stiffener and backing bracket, if
fitted. For stiffener and bracket alignment of structural details (B) and (C), see relevant

tzl;::::i requirements in Section 11, PART TEN of Rules for Classification of Sea-going Steel Ships. If
soft heel is used, the remaining cross-sectional area across the minimum width of the stiffener
web is to be verified against the Rule requirements.
Ensure start and stop of welding is as far away as practicable from the stiffener/bracket heel and
Welding toe. A wraparound weld, with smooth transition and free of weld defects liable to cause stress

] concentration, i.e. undercuts, notches etc, around the heel and toe connections of the stiffener
requirements ) ) o )
and backing bracket connection to longitudinal. See Section 4, Chapter 1, PART TWO of Rules

for Classification of Sea-going Steel Ships for other requirements.
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Structural details of container ships

Table 2

Area: Double bottom

Critical location: Intersection of bottom and inner bottom longitudinals with floor, including offset stiffener

Structural details

Critical areas
Transverse B B Detail
7 71 A ZEA AN
Di's ‘I(_\‘I‘_)i\ls s/‘él_)
s < |/ |
e g |
|/'\\TA\_)r |
Bottom I { [ : } :
Longitudina \
Critical Y L\_t/_L____} I
Detail | (’ o | s
\/{/8 ! s s\}-\/
(i fd & L A d fa N
B
Critical locations , Detal
Section B-B Quality of wrap-around
iornedhition weld important
A / B 25 ~ 50 mm
] | \
f i '\I ( | | 1
e / (
Critical Locations< 25100 ]'\ l'\
F \F\\\ 1 /J l}
j | % '\ |
| \
L A Bottom shell "" Al
{ /
Transverse Section A-A Critical Locations \’ /
\ e~/
® @ \@
|/ 7\‘ \ Toe height
\_J \ 10 ~ 15 mm
G» S &=
Applicable structures Explanations
Offset stiffener can be used to eliminate the stress
concentration in the connection between the longitudinal
. . and the floor stiffener. Scallops may be avoided by the
Structural Intersection of bottom and inner o . .
. o . provision of 45° cut corners with sufficient clearance to
details bottom longitudinals with floor, . . .
. ) . allow closing by weld. Offset stiffener can be applied to
including offset stiffener ] ) )
other double skin structures, such as side tanks. Special
consideration is to be given if concentrated loads are
applied.
Building The distance between the offset stiffener and the cut-out of the longitudinal member is not to be
tolerances less than 50 mm.
Special attention is to be drawn to the quality of the wraparound weld at the end of the offset
) stiffener and at the web/floor connection. A wraparound weld, with smooth transition and free of
Welding . o .
] weld defects liable to cause stress concentration, i.e. undercuts, notches etc. See Section 4,
requirements o . ]
Chapter 1, PART TWO of Rules for Classification of Sea-going Steel Ships for other
requirements.
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Structural details of container ships Table 3

Area: Bilge tank
Critical location: Heel and toe connection of the bilge tank transverse web stiffeners to the bottom, bilge and side

shell longitudinals

Critical areas Structural details

(A) Soft heel

Side shell longitudinal

Bottom

Critical detail
longitudinal

Critical locations

Critical
Locatii

/ |

Section A-A

. i

]
1_\ ‘

|
il
K
Bémom shell

Applicable structures Explanations
Structural Heel and toe connection of the bilge tank . .
. . (C) Soft toe and soft backing bracket is to be
details transverse web stiffeners to the bottom,

. . o fitted.
bilge and side shell longitudinals.

Ensure good alignment between web of longitudinal, transverse web stiffener and backing

bracket, if fitted. For stiffener and bracket alignment of structural details (B) and (C), see

Bullding relevant requirements in Section 11, PART TEN of Rules for Classification of Sea-going Steel
tolerances Ships. If soft heel is used, the remaining cross-sectional area across the minimum width of the
stiffener web is to be verified against the Rule requirements.
Ensure start and stop of welding is as far away as practicable from the heel and toe. A
Welding wraparound weld, with smooth transition and free of weld defects liable to cause stress

] concentration, i.e. undercuts, notches etc, around the heel and toe connections of the stiffener
requirements ) . o ]
and backing bracket connection to longitudinal. See Section 4, Chapter 1, PART TWO of Rules

for Classification of Sea-going Steel Ships for other requirements.
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Structural details of container ships

Table 4

Area: Bilge tank

Critical location: Heel and toe connection of the bilge tank transverse web tripping brackets to the bottom, bilge

and side shell longitudinals

Critical areas

Structural details

Side shell longitudinal

Critical detail

Critical
Locations

Bottom shell

(A) Soft heel

r =300 mm
Max
15mm

(C) Soft toe and soft backing bracket
rz 400 mm

Max. 15 mm

. min. X2 |
I min. 300 mm

Applicable structures Explanations
Heel and toe connection of the bilge
Structural o
. tank transverse web tripping brackets . . )
details ) ) (C) Soft toe and soft backing bracket is to be fitted.
to the bottom, bilge and side shell
longitudinals
Buildi Ensure good alignment between longitudinal stiffener web, transverse web tripping brackets and
uilding ) o ) )
ol backing bracket, if fitted. For recommended stiffener and bracket alignment, see relevant
olerances
requirements in Section 11, PART TEN of Rules for Classification of Sea-going Steel Ships.
Ensure start and stop of welding is as far away as practicable from the heel and toe. A
Weldi wraparound weld, with smooth transition and free of weld defects liable to cause stress
elding o .
] " concentration, i.e. undercuts, notches etc, around the heel and toe connections of the transverse
requirements o . . o .
web tripping bracket and backing bracket connection to longitudinal. See Section 4, Chapter 1,
PART TWO of Rules for Classification of Sea-going Steel Ships for other requirements.
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Structural details of container ships Table 5

Area: Bilge tank

Critical location: Side girder connections to inner bottom plating in way of floors

Critical areas Structural details
Bilge tank e 7t
transverse web Eliminati | | \
JIIEENLO% STosHIo ~ | Inner bottom plate
sice e . v extended into the
. d . il
s Critical Enhanced welding : plgeanle
detail | “
|
Bilge tank | Q \/I\ F i "'.
Floor ( i % /_i
Bottom L
longitudinal \ : : ‘
" , Ld = LN
Critical locations (o~
Floor
Longitudinal Scarfing
plate or bulkh< /'{‘—-—~ S (G —"Bﬁaﬂclket
( |
Lo
" | I IO WT
oo ) I / Dilkhead
VAL .
\ | T
1 ! I'; ol
.\L ;g \ | I g R > 400 mm
e | =
/ s}
A ’4' I 3 /
A Lo
. Vol
) &
(8
1
Bottom shell L .
Section A-A__ _.“‘_Toe height
I 15~ 25 mm
\ » A
3 \
% \
g ) critical
1 ) Locations
® \—7/
"L — Main
| transverse web
S \a/
Longitudinal plate or bulkhead
Applicable structures Explanations
Structural ) ) ) ) Elimination of scallops in way of bilge tank corners
. Side girder connections to inner . o o .
details o scarfing brackets in line with inner bottom extension
bottom plating in way of floors )
to reduce the fatigue hot spot stress
Building ) . )
Ensure good alignment between inner bottom plate and backing brackets.
tolerances
Enhanced fillet welding with weld factor 0.44 (Connection of side girders to inner bottom
plating. Connection of floors to side girders. Connection of bilge transverse webs to side
Welding girders). Small scallops of suitable shape are to be closed by full penetration welding after
requirements completion of the continuous welding of side girders to inner bottom plating, using watertight
collars of the same material and thickness. See Section 4, Chapter 1, PART TWO of Rules for
Classification of Sea-going Steel Ships for other requirements.
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Structural details of container ships Table 6

Area: Bilge tank

Critical location: Side girder connections to inner bottom plating in way of floors.

Critical areas Structural details
Bilge tank H
transverse web View A-A
Side
girder i y
Critica S -
detail /T T\/
| I \
Bilge tank ‘.'/ I I W.T.
Floor SN E— = bulkhead
Bottom \?. I r W
longitudinal / } I
o - [ gl
Critical locations L1 gl
| 1 B!
| 2]
R ¥
Longitudinal o T\ | E |
plate or bulkhead } 7= i =
Py [ | ! : \
1A H \ / R
A o e —
o ] /
iy i : | L |
ST | \| -
‘ X f—1 4 L _L— | <—— Longitudinal
V8 L ! iy bulkhead
L | | N
A | ! /
‘ i ]
= ‘ \ N
’) & ,‘“ lr \Ir
Bottom shel \' { I \
SectionA-A___ |~ feon|Bmn 5] smes e Support
( ﬁ,\" 0\ T 1‘ bulkhead
\ \A\‘ﬂ—ﬂ \_owr | | ;
( > T Bulkhead | | ~4—— Radius
\5 [ \ | |
i | e N ,l | |
N Ol bt
.“3 _ Main ' I | /
I“ = transverse web |
L SR k?// \ | |
Longitudinal plate or bulkhead \\l--A -‘L.. x|
Applicable structures Explanations
Structural ) ) ) ) Elimination of scallops in way of bilge tank corners
. Side girder connections to inner . o T .
details L scarfing brackets in line with inner bottom extension
bottom plating in way of floors )
to reduce the fatigue hot spot stress
Building ) . )
Ensure good alignment between inner bottom plate and backing brackets.
tolerances
Enhanced fillet welding with weld factor 0.44 (Connection of side girders to inner bottom
plating. Connection of floors to side girders. Connection of bilge transverse webs to side
Welding girders). Small scallops of suitable shape are to be closed by full penetration welding after
requirements completion of the continuous welding of side girders to inner bottom plating, using watertight
collars of the same material and thickness. See Section 4, Chapter 1, PART TWO of Rules for
Classification of Sea-going Steel Ships for other requirements.
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Structural details of container ships

Table 7

Area: Bilge tank

Critical location: Side longitudinal bulkhead connections to bilge tanktop plate and transverse webs in way of

corner
Critical areas Structural details
Bilge tank Avoid or close scallops »/—; ‘(,—\7
transverse web with full/flush collars w
Side
girder
ritical
etail
Bilge tank
Floor
Bottom
longitudinal
e —— =
Critical locations !Longltudlnal bulkhead : {,
| ) S E rnin.0165d )
A | S) - af min. 300 mm 4
— | B b E—
Critical - () F@ _i[\ — “-J_ij
Locations | % - 3 t
\_ ‘ max. 15 mm max. 15 mm
|
: ggecrkztiliused M lL)JrE::: }r(zcéiused
Vertical
web I
i[o@mmaj bukhead T a}
1
\ in. 1,5d '
S min. d/2 E mirlr'\\.‘%OO mm \
| JI._-l |4 |
L > —
max. 15 mrt:/\ ma:ﬁ5 mm
Use integri \ t>di8
bracket A220d
t>d/i8 . d N/ Az 400 mm
Rz075d —
Applicable structures Explanations
Elimination of scallops in way of corners and
] o enhanced support below side longitudinal bulkhead
Structural Side longitudinal bulkhead ) ) ) ]
. . . provided by increased stiffener below and supporting
details connections to bilge tanktop plate and
. brackets to reduce peak and range of resultant stresses
transverse webs in way of corner o . )
arising from cyclic external hydrodynamic pressure,
cargo inertia loads and hull girder global loading.
Buildi Ensure good alignment between longitudinal bulkhead and backing bracket. If soft heel is used,
uilding o ] o ] ) )
| the remaining cross-sectional area across the minimum width of the stiffener web is to be
tolerances
verified against the Rule requirements.
Enhanced fillet welding with weld factor 0.44 (connection of longitudinal bulkheads and
Weldi backing bracket to bilge tank top plating). Scallop cut-outs in way are to be closed by collars
elding ) ) ) o o )
] after completion of the continuous welding of plating in the vicinity of knuckle. See Section 4,
requirements o ] )
Chapter 1, PART TWO of Rules for Classification of Sea-going Steel Ships for other
requirements.
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Structural details of container ships

Table 8

corner

Area: Bilge tank

Critical location: Side longitudinal bulkhead connections to bilge tanktop plate and transverse webs in way of

Critical areas

Structural details

Bilge tank

Side
girder

transverse web

Detail Improvement with longitudinal stiffener fitted

View A-A
Bige Tank  Longitudinal
Top Bulkhead
\ — "
e W I ]
I v I i i
|

» \
\\ Stiffener
Radius Radius

|
|
L
Critical I
Locations }
|
|
I

Supporting
bracket
Detail Img 1ent without stiffener
View A-A
Bilge Tank Longitudinal
Top Bulkhead
S T L
e |
\ I \
| | |
L /
; [T
J | \
7 3 3
a4 p 4
N1V \ | 7 Vi
b Radius |
Radlius

Structural

details

Applicable structures

Explanations

Side longitudinal bulkhead
connections to bilge tanktop plate and

transverse webs in way of corner

Elimination of scallops in way of corners and
enhanced support below side longitudinal bulkhead
provided by increased stiffener below and supporting

brackets to reduce the hot spot stress in critical
locations

Building

tolerances

verified against the Rule requirements.

Ensure good alignment between longitudinal bulkhead and backing bracket. If soft heel is used,

the remaining cross-sectional area across the minimum width of the stiffener web is to be

Welding

requirements

Enhanced fillet welding with weld factor 0.44 (connection of longitudinal bulkheads to bilge
tank top plating). Scallop cut-outs in way are to be closed by collars after completion of the
continuous welding of plating in the vicinity of knuckle. See Section 4, Chapter 1, PART TWO
of Rules for Classification of Sea-going Steel Ships for other requirements.

-157-



Structural details of container ships Table 9

Area: Side tanks/underdeck passage
Critical location: Heel and toe connections of horizontal flat bar stiffeners on transverse webs to side shell

longitudinals in side tanks (connections from the base line to just above the load waterline)

Critical areas Structural details
(A) Soft heel
Transverse
Web Frame ]
Side
Longitudinal 3
Critical
Detail =30 mar— | _1 p—
Max. 15 mm J \c 4 e
Side - g
Shell Tg e 2
Critical locations (B) Soft toe and soft heel
s
Side sz
longitudinals ;ﬁfﬁj‘“ e . 4
Side shell | | ,
1N 1
Ar _*A ; [~ Transverse
[V VT U ide web:
Side (wing) /R/J‘/ \ s
tank | |
i 3 | R
Cteal < B . Rp— (C) Soft toe and soft backing bracket
{ “~  bulkhead
N iad
Side tank_4-" 4
stringer — = d18
o ae - oo
Section A-A e r> 0754
—j Mo 15y \/ Max. 15 mm
. LF )] *
/ H \‘ S l\::" .\(;u 3\;'3m g r
' Side shel ’
Applicable structures Explanations
Structural Heel and toe connections of horizontal | Soft heel or soft toe and heel detail or symmetrical
details flat bar stiffeners on transverse webs to | soft toe with soft backing bracket can be used to
side shell longitudinals in side tanks. reduce the fatigue hot spot stress in critical locations
Ensure good alignment between web of longitudinal, transverse web stiffener and backing
Buildi bracket, if fitted. For recommended stiffener and bracket alignment, see relevant requirements in
uilding ) o ) ) )
| Section 11, PART TEN of Rules for Classification of Sea-going Steel Ships. If soft heel is used,
tolerances
the remaining cross-sectional area across the minimum width of the stiffener web is to be
verified against the Rule requirements.
Ensure start and stop of welding is as far away as practicable from the heel and toe of stiffeners
and backing brackets. A wraparound weld, with smooth transition and free of weld defects liable
Welding to cause stress concentration, i.e. undercuts, notches etc, around the heel and toe connections of
requirements horizontal flat bar stiffeners and backing bracket connection to longitudinal. See Section 4,
Chapter 1, PART TWO of Rules for Classification of Sea-going Steel Ships for other
requirements.
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Structural details of container ships Table 10

Area: Side tanks/underdeck passage

Critical location: Heel and toe connections of horizontal tripping brackets on transverse webs to side shell

longitudinals (connections from the base line to just above the load waterline)

Critical areas Structural details
(A) Soft heel
Side
Longitudinal
Critical
Detail
Side
Shell
(B) Soft toe and soft heel
Critical locations 55 mm
Side: {- — r =300 mm r=30mm
longitudinals <3 = L7 75 mm
sl | a i \ S
ide shel \ ) 5
N :— ;
| —]
I =,
0 J]_ N Transverse
T'\.]jf__/_”__l r side webs )
Side (wing) | \ (C) Soft toe and soft backing bracket
tank Ar > A :_ d rz2x/3
vy { o= Longitudinal r=400mm
Critical L7 ) =~ bulkhead
Locations —| }\.,, /]\ 12300 mm
Side tank_4-7 | [ M Max. 15
stringer | ol o tEmm Max. 15
Section A-A . t | 3 g mioxe | T
/ /ﬂ 2 I min. 300 mm -
/ )
, R
Side shell
Applicable structures Explanations
Soft heel or soft toe and heel detail or symmetrical
Structural Heel and toe connections of horizontal | soft toe with soft backing bracket can be used to
details tripping brackets on transverse webs to | reduce peak and range of resultant stresses arising
side shell longitudinals from cyclic external hydrodynamic pressure and hull
girder loading.
Buildi Ensure good alignment of the tripping brackets, the backing bracket and the web of the side
uilding o ] ) ) o
| longitudinal. See relevant requirements in Section 11, PART TEN of Rules for Classification of
tolerances
Sea-going Steel Ships.
Ensure start and stop of welding is as far away as practicable from the heel and toe of tripping
Weldi brackets and backing brackets. A wraparound weld, with smooth transition and free of weld
elding . o
] defects liable to cause stress concentration, i.e. undercuts, notches etc, around the heel and toe
requirements ) ) ] ) o )
connections of stiffeners and backing bracket connection to longitudinal. See Section 4, Chapter
1, PART TWO of Rules for Classification of Sea-going Steel Ships for other requirements.
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Structural details of container ships Table 11

Area: Deck, hatch corners and between hatches

Critical location: Deck plating in way of the hatch corners of cargo region

Critical areas

Structural details

Loagitudinal

(A) Large radius deck corner insert plate

Cross-Deck Coamnng
Strip > Use steel of enhanced
Deck [~ “'|—"/"' grade and thickness
(Deck Level) T I _
| | | Radius, use as large
e e | | | / as practicable
web 1 I ! !
—\—\—4————L———=— ———————————— e
Cntical | : | : |
Deta:l | | /
| ! { 9 Cross—deckjl [
dinal : : I L
Longt {
g 1
Bulkbead s i1 P
Deck ~ ———-:-— oo [
longitudinal i | l '
Critical locations | [ { !
| Butt welds clear
Deck plate : " l f radius. Grind
: ] g of radius. Grin
View A / | [ S A — 1|7 smooth all edges
Deck pl{le ”:F-\ ¢" | 1 \1
/ { . .
Deck longitudinals | el /K ; (B) Extend insert plate to side shell
B |
Sheoneimkesss ] e \ E::actinsﬁ S S L/——i- Use steel of enhanced
Tral;\j;/srse ) |" (Deck Level) : : : grade and thickness
Underdeck 5 Hachiend | | I Radius, use as large
passage T N /b,ef’Tr'/ Transverse | | { v practicable
=~ web [N | 1
Side shell — ———1————1————:— ———————————— rr
70 | | | ‘v
View A L Crltl:::al ; | : : ]
(Deck Level) I DA Location | I I YCross-decky |
! L / Cross deck | I i stp 177
Transverse .. : } \ ' strip | | ! I
eb ; / I |
W N : } = ‘r | | 1 : ’\
i i - o Deck ~ ___4____L___F ______ e, Lt
: } 9 | longitudinal : : |
s |
/: : < & | I :
-~ : % ,/ L Deck plate I : |
pgitudinel, I [ f v Bulkhead T~ : ¥ - :I
! ! \ vertical | B
Deck plate LS Gritical  web !
i " Location
| — 1 ™
Applicable structures Explanations
Use insert plates of enhanced steel grade and
Structural
. L thickness. Attention is drawn to the transition of
details Deck plating in way of the hatch ) _ _ _
. plating of different thickness. See the requirements
corners of cargo region )
for hatch corners in Chapter 2, PART TWO of Rules
for Classification of Sea-going Steel Ships.
i Ensure good alignment between hatch end beam and support in the topside tank. Special
Building
| attention is drawn to taper details of the insert plate. Insert plates may be avoided by modifying
tolerances
the corner detail to reduce stress levels and use EH grade plate.
Ensure start and stop of welding is as far away as practicable from the corners of the insert plate.
Weldi Ensure smooth transition of welds between corner insert plates and upper deck plating. Attention
elding ] ) .
] is drawn to the protection of corners. Ensure weld profiles are ground smooth and free of
requirements ) . . .
notches after fit-up in way of insert plate free edges. See Section 4, Chapter 1, PART TWO of
Rules for Classification of Sea-going Steel Ships for other requirements.
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Structural details of container ships

Table 12

Area: Deck, hatch corners and between hatches

Critical location: Deck plating in way of the hatch corners near superstructure, intersection of hatch coaming with

superstructure
Critical areas Structural details
Losgitedisal Extending deck corner insert plate to side shell, and/or
. introduction of large radius corner
Deck - |
3 I~ ‘_Jl-' |k Superstructure =
T ot \ ]
Transverse web I | Use steel of enhanced {
in line with engine _| | | arade and thickness |
room bulkhead B | |
. = T
Cntical | I 4 I |
I
Detal I i = i
I | ! K
| I \
AL Bedk __/'__:____:____ Radiue to be as : J_
Bulkhead longitudinal : : (nelsel;jgne\oatsbio;?gzn
i
Deck plate : Qv: "~ Plate edges Grind corner
Critical locations e 0 b ML
— [N all edges smooth
B [ S e TR P
| I ]
|
Transverse web : —+Ag—] SUperstuotre :
in line with engine _| | | oy
room bulkhead N | i B } |
B 1 + T
IR % L
| | 5 /
RN 1 |
| I ‘T“““““‘:“(“
| \
/: | \ S N
L | L = 1l I
Deck = =
longitudinal : : X B‘ulkhea K
| : ‘\ I‘O,‘ vertical
Deck plate : \_La Critical "
i S : . Location
Applicable structures Explanations
Use insert plates of enhanced steel grade and
thickness. A radiused corner is to be provided to
. reduce stress concentration. Attention is drawn to the
Deck plating in way of the hatch o ] ] .
Structural transition of plating of different thickness. See the
. corners near superstructure, ) .
details ) ] . . requirements for hatch corners in Chapter 2, PART
intersection of hatch coaming with o .
TWO of Rules for Classification of Sea-going Steel
superstructure. ) )
Ships. Grind edge smooth of the bracket to
superstructure and use enhanced steel grade and
thickness in superstructure side shell.
Building ) ) ) o
Ensure good alignment between main structure support members in the vicinity.
tolerances
Ensure start and stop of welding is as far away as practicable from the toes of brackets or
Welding corners. A wraparound weld, with smooth transition and free of weld defects, i.e. undercuts,
requirements notches etc, around connections of bracket toes to upper deck. See Section 4, Chapter 1, PART
TWO of Rules for Classification of Sea-going Steel Ships for other requirements.
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Structural details of container ships

Table 13

Area: Deck, hatch corners and between hatches

Critical location: Deck plating in way of the hatch corners near superstructure, intersection of hatch coaming with

superstructure.

Critical areas

Structural details

Deck

Cntical
Deta:l

Critical locations

X

\

c Insert. Free edges to be
View C I ground smooth and apply
| Superstructure full tration weldi
) P X | / penetration welding
N 3 e
O = e {
/ I /
f / | Hatch coaming \
L = I {
Soft termination of ~ § 5! | !
hatch coaming face € _§: i Gangohodd |
plate 22 | y y
23! | Note: 'toe' height of brackets, insert
gt I plate or terminations to be 15-25 mm

Improvement by continuous integration

with superstructure side
Centinuous hatch

Superstructure
View C — of }#ﬁs _— Pl
Deck plate '
AN TTIATTTT
i o 0 A N UL L L
| S - /%ég/f/;
et s |8 e | S e
- Y L —
Side shell —— 1 s Upper Deck
Applicable structures Explanations
Use insert plates of enhanced steel grade and
thickness. A radiused corner is to be provided to
reduce stress concentration. Ensure gradual transition
Structural Deck plating in way of the hatch | or tapering to thinner plating as far as practicable.
details corners near superstructure, | Attention is drawn to the requirements for hatch
intersection of hatch coaming with | corners in Chapter 2, PART TWO of Rules for
superstructure. Classification of Sea-going Steel Ships. Grind edge
smooth of the bracket to superstructure and use
enhanced steel grade and thickness in superstructure
side shell.
Building
Ensure good alignment between main structure support members in the vicinity.
tolerances
Ensure start and stop of welding is as far away as practicable from the toes of brackets or
Welding corners. A wraparound weld, with smooth transition and free of weld defects, i.e. undercuts,
] notches etc, around toe connections of bracket to upper deck and toe connections of insert
requirements plating to superstructure. See Section 4, Chapter 1, PART TWO of Rules for Classification of
Sea-going Steel Ships for other requirements.

-162-




Structural details of container ships Table 14

Area: Deck, hatch corners and between hatches

Critical location: Toe connection of continuous coaming stay bracket to the deck plating
Structural details

Critical areas

T
L Transverse

i )
I_-'itT_co_aET% Note: Continuous
( hatch coaming
> between hatch
openings

Longitudinal See welding note
Coaming Stay S

\

)

'l—f—n—

Cross-Deck \

: Hatch :\

end )

beam

Section C-C

Critical ———=
Detail } HE

|

Critical
Detail

Deck

Critical
Detail

Transverse
Web Frame

Critical locations

Hatch coaming
bracket

Critical
LocatlonS\\

Deck plate S \\ y .'

Deck longitudinals | ;___l) \I}/
Shear strake —____ C C
g B S

Transverse_ —__-r:-—\;r—— |
web h D ;
il | s Hatch end |
Underdeck p——— = — 1+ beam _—
passage T l/ N i —
= B — ikl
Side shell =
Applicable structures Explanations
Structural ) ) ) Extend the hatch coaming, the transverse bulkheads
. Toe connection of continuous coaming ) )
details . and the transverse bracket to provide an integral soft
stay bracket to the deck plating o )
toe for smooth transition of stresses into the deck.
Buildi Ensure good alignment between stay brackets and supporting structure. Misalignment is to be
uilding ) ) ] )
not greater than (t/3) where t is the thinner of the webs to be aligned (measured at the thickness
tolerances
centre).
Ensure start and stop of welding is as far away as practicable from the toes of brackets or
corners. A wraparound weld, with smooth transition and free of weld defects liable to cause
Weldi stress concentration, i.e. undercuts, notches etc, around toe connections of stay brackets to deck
elding ) ) o o ) ) ]
plating. Full penetration or deep penetration fillet welding is to be incorporated in welding of

requirements ) o )
hatch coaming stay bracket and hatch coaming in way of transverse bulkheads. See Section 4,

Chapter 1, PART TWO of Rules for Classification of Sea-going Steel Ships for other

requirements.
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Structural details of container ships

Table 15

Area: Hatch side coaming

Critical location: Termination of longitudinal hatch side coaming

Critical areas

Structural details

Longitudinal hatch side
coaming

View A-A

30

\ CHAMFERING

R100

—
[ —

\

7770222000027 2777772722

/I/

Edge to be ground

—125 mm

Deep penetration weld

max. 50 mm

imax i

Applicable structures

Explanations

Structural Toe connection of the longitudinal | Continuous extended and radiused/reversed radiused
details hatch side coaming fore and aft | coaming with soft toe termination to reduce the stress
termination concentration in hot spot
Building Ensure good alignment of termination plate with the underdeck longitudinal member (bulkhead
tolerances or girder).
Ensure start and stop of welding is as far away as practicable from the toe. A wraparound weld,
with smooth transition and free of weld defects liable to cause stress concentration, i.e.
Welding undercuts, notches etc, around toe connection of the longitudinal hatch side coaming fore and aft

requirements

termination to deck plating. Use deep penetration welding or full penetration welding for a

distance of 300 mm from the toe termination. The deep penetration weld and the free edge of the

coaming’s termination are to be ground. See Section 4, Chapter 1, PART TWO of Rules for

Classification of Sea-going Steel Ships for other requirements.
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Structural details of container ships

Table 16

Area: Watertight and non-watertight bulkheads

Critical location: Connections of hatch end beam to the inner side shell (longitudinal bulkhead), including 2nd deck

transverse passageway

Cri

tical areas

Structural details

Cross-deck
strip

Hatch end
beam

Critical det

Longitudinal

Inner side shell
longitudinal
bulkhead

ail

hatch coaming

Deck

Critical locations

|
=
'I
A
=
|
|
A
A
#
2nd deck | |
\ |
Transverse| |
web in line **lL*r—
With WT 73 |
bulkhead ~ “H—

Full penetration |~

welding
(no scallops)

alignment of horizontal web with
hatch end beam underside plate

1

’
{
|

Watertight
bulkhead
e

/
\
J

-

Hatch end —/(
beam or \
mid-hold
support

elimination of scallops and ensure

Hatch end
Hatch coaming coaming S
bracket 2nd dﬂ.L{ Underside
7 1] ™ pete
Deck plate [ SER —1|— —f- : - See welding note
Deck = I [ L : f“ -
longitudinals —J (l lk\ R \I Transverse web
* L L in line with
Sheer |- — . | ™ hatch end beam
strake L \ 1
sy \ e
Transverse | | \  Hatchend I ! P
web / :\T@_ \ beam [ and:dack { B R radius as large
-~ | \ [N plan view ) \ / S|
1/ / as possible
s e\ | il L
\ I )] l
moml é \ k ¢
See \ Slanted \
Side shell ] ) \ welding ———————» | < (
: i \ note ./
| | S Critical \ |
Transverse 11 Location =
webinline —_ |~ ¥ 1 | /
with watertight  |™ I _Jl /
bulkhead e H 5
Side (wing) |<—1 5-25mm
tank T
Applicable structures Explanations
Structural . Full collars, elimination of scallops. Increase
. Connections of hatch end beam to the . )
details ] . o thickness of hatch end beams and transverse webs in
inner side shell (longitudinal bulkhead)
way.
Building . i
Ensure good alignment between hatch end beam and side structure.
tolerances
Enhanced fillet welds are to have a minimum weld factor of 0.44 (Connection of transverse
Weldi webs in way of hatch end beam and underside plate to side longitudinal bulkhead). Scallops are
elding

requirements

requirements.

to be closed after completion of continuous welding near the hatch end corner. See Section 4,

Chapter 1, PART TWO of Rules for Classification of Sea-going Steel Ships for other
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Structural details of container ships Table 17

Area: Watertight and non-watertight bulkheads

Critical location: Connections of face plate of horizontal bulkhead stringers to the longitudinal bulkhead

Critical areas

Structural details

Longitudinal hatch
coaming

Cross-deck strip

Horizontal bulkhead stringer

Transver
se
bulkhea
d

<] >Inner side shell

longitudinal
bulkhead

Critical detail

Critical locations

Horizontal (walkway)
Side s stringer

stringer ” k/‘
\
ol ~ded N

Side (wing) ‘ |

Side shell L <

Critical
Locations

-1 /
AV i ns 1A
- € o}
Transverse jj I ;

side webs ™

tank

9

/NI |\ Longitudinal bulkhead
(inner shell)

[

Section A-A
Side (wing)
7 tank [ Critical
_\/ Locations
Side shell
1
5% j ‘

( Horizontal (walkway)

A

2 /l f strmﬂger
: )

Transverse ?1/ \L\ /

side webs | i L

Separate Radiused Bracket Improvement

p—=4 _——~—g Horizontal (walkway)
Side - stringer
stringer ~_| ﬁﬁ‘l" E ) /
} !‘\__ 4l ¥_~_?
Side (wing) | e T 4d
tank

; | < r>(2/3)d

ransverse™ - —~— - min. 200 mm

side webs Jl!/ \IL

||Je—max. 15 mm

Integral Radiused Faceplate Improvement
Horizontal (walkway)

= ] Ful stringer
side (wing) ] va“:‘L collar
tank i I
I\
—
Transverse _<A<,|L__- I . S
ide \ a2y . | rz
side webs ﬂ'r___l'@d o m
el N
—||e—max. 15 mm
Section A-A

Side shell F T
7N .
[ '| Horizontal (walkway)
\_/ stringer
1) | s
Transverse ' /
side webs

Applicable structures

Explanations

Symmetrical radiused or integral radiused brackets to

reduce stress concentration. Use full collars in

Structural Connections of face plate of horizontal o .
. ) o longitudinal web plates if toes of face plates end close
details bulkhead stringers to the longitudinal o ] .
to longitudinal stiffener cut-outs. Further, side and
bulkhead ) o .
inner shell longitudinals in way of bulkhead structure
is to be fitted with brackets.
Building Ensure good alignment of the side web and face plates of stringers and of horizontal side and
tolerances bulkhead stringers.

Fillet welding having minimum weld factor of 0.34 (Connection of soft toe brackets to face

plates of stringers and to longitudinal bulkhead). A wraparound weld, with smooth transition and

Welding free of weld defects liable to cause stress concentration, i.e. undercuts, notches etc, around

requirements bracket toes. Finally the longitudinal cut-out close to toes of face plates is closed by full

penetration welding using watertight collars. See Section 4, Chapter 1, PART TWO of Rules for
Classification of Sea-going Steel Ships for other requirements.
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Structural details of container ships

Table 18

Area: Watertight and non-watertight bulkheads

Critical location: Connections of face plate of horizontal bulkhead stringers to the longitudinal bulkhead

Critical areas

Structural details

ongitudinal hatch
Cross-deck strip toar?\itng ‘ /\NW
Horizontal bulkhead stringer
[l
Horizontal Stringer
Side —
Stringer A T — “
; Weld Factor
Side S
i { Transverse 0.34
gulkhea L j_______.._._.t
Inner side shell
longitudinal X
A Pulkhead j______t
Critical detail
M
Critical locations
Horizontal (walkway) 1 ]
Side __[ —— stringer
stringer |
1=
Side shell T ; 4 -
BN ]
i_j,_L___:_‘;_c \ Weld Factor
B ZVaR TR Critical 0.34
Side (wing) ‘\ I Locations
tank w’ I~ / 1
ok
A e o L S,
i kj‘—' N/‘/\ Horizontal Stringer
Transverse | |~ |
side webs ™| ﬁ;‘@"’_ -~ ,_ 'B'
} TR Longitudinal bulkhead )
A L : Side —>
(inner shell) Shell I
Section A-A
Side (wing) - ]
7| tank | Critical Side
\/ Locations Stringer | Weld Factor p oA
Side shell 9 T ; 0.34
N \\~—// ! I
( | Horizontal (walkway)
| f stringer /\/\J\/\/
3
Transverse /
side webs |
Applicable structures Explanations
Symmetrical radiused or integral radiused brackets to
. ] reduce stress concentration. Use full collars in
Structural Connections of face plate of horizontal o )
. ) o longitudinal web plates if toes of face plates end close
details bulkhead stringers to the longitudinal o _ _
to longitudinal stiffener cut-outs. Further, side and
bulkhead . - .
inner shell longitudinals in way of bulkhead structure
is to be fitted with brackets.
Building Ensure good alignment of the side web and face plates of stringers and of horizontal side and
tolerances bulkhead stringers.
Fillet welding having minimum weld factor of 0.34 (Connection of soft toe brackets to face
Welding plates of stringers and to longitudinal bulkhead). A wraparound weld, with smooth transition and
requirements free of weld defects, i.e. undercuts, notches etc, around bracket toes. See Section 4, Chapter 1,
PART TWO of Rules for Classification of Sea-going Steel Ships for other requirements.
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Structural details of container ships Table 19

Area: Watertight and non-watertight bulkheads
Critical location: Connections of floor vertical stiffeners to the bottom and inner bottom longitudinals below
bulkhead

Critical areas Structural details
Longitudinal section
Bulkhead bottom box "
: ‘ Web in line with
. e T Inner bottom S | longitudinal stiffener
\
' T
Bottom i 1409 L5 '5d| :1’5 1|<’9g< /
longitudinal = = /
Critical
gy NI A}
Bottom ™ =1
shell .~ A -Floor
/ \ [ /
Critical locations g — - = = -
P oo Bsa [ Tedll Toa
P2 / -
4 Bottom shell [ —r
A/ .“II _.: =T.0d
Inner ,"" :/
7y bottom A single plate may be used Floor"
L) / incorporating integral brackets \
\_/
A Web / or a web plate \\
) N /] /
crical _— WY N B "_:'_‘L_
Locations\ (,_\ (_.q 1,0d
P o Symmetrical soft toe and soft backing bracket improvement
Le-a Bottoﬁshell Stiffener_ R ad e Flogr
_ lnerbottom  Alignment between or plate =
Sexf::n :‘{ \ <>‘/ glrderandvvveb\ 5 1" d t>dis
\l I OYOR @'Y t >di8 R=2,0d
/" Floor — \ \ 1) R=1,5d R =400 mm
2 L\ \\ \i} mmJSmﬁ\\ max. 15 mm
e, \ LY
I < e = g \
2 L1 — A
Bottom/shell ‘.‘:‘Longitudinal girder “Giitical Locations \ I rLin 1 O(Ij min. 5d| ! '\
/? min. 300 mm min. 400 s |
Applicable structures Explanations
structural Connections of floor wvertical | Fitting of soft brackets reduces stress concentration factor in
details stiffeners to the bottom and inner | the vicinity near the connections of floor stiffeners to the
bottom  longitudinals  below | bottom and inner bottom longitudinals and the connections
bulkhead of stool to inner bottom plate.

Building Ensure good alignment between brackets and stiffener webs. If soft heel is used, the remaining
tolerances cross-sectional area across the minimum width of the stiffener web is to be verified against the

Rule requirements.

Use fillet welding with a weld factor of 0.44 between inner bottom and floors. Ensure start and

Weldi stop of welding is as far away as practicable from the toes of brackets or corners. A wraparound
elding

requirements

weld, with smooth transition and free of weld defects, i.e. undercuts, notches etc, around the toe
connections of the stiffeners and backing brackets to longitudinal. See Section 4, Chapter 1, PART

TWO of Rules for Classification of Sea-going Steel Ships for other requirements.
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Structural details of container ships

Table 20

Area: Watertight and non-watertight bulkheads

Critical location: Connections of bulkhead vertical web face plates to the inner bottom structure and first

walkway/stringer

Critical areas

Structural details

Transverse View A e
bulkhead 1
1
o —— ! —
Vertical web !
it
Horizontal web ',"‘ : I"v,.
Horizontal face plate [
Tnner side shell much smaller than / I \
Critical detail el the vertical !
1
1
1
Inner |
bottom 1 l
e 15 — 25 MM
Critical locations L') ) ot | 1 T
(
N o — 1 1
Vertical =— Face plate )
web Altemative .
1st walkway/stringer
View A
1st walkway 4
(stringer) 1
: Gusset plate
1
NIl N I
= EratHEm—
\ : Radius as large
Bulkhead » 1 as practical
/ Critical 1
;"" Locations : Inner bottom /
/‘/ I P <~
T —TT
/ Inner bott : f i \ E d
/ nner bottom 1 B nsure goor
s { '_\ / J I k o alignment
" { = ~—
? ) { ‘ ] h
STo1T7¢—+
L1 O] €
S
Applicable structures Explanations
Structural . ) ) The face plate toes of the vertical webs are to be
Connections of floor vertical stiffeners . ) .
details . terminated clear of a supporting stiffener. Gusset plate
to the bottom and inner bottom | . . . )
o is to be fitted at connection of horizontal and vertical
longitudinals below bulkhead
webs.
Building .
Ensure good alignment of face plates and webs to floors or bulkheads below.
tolerances
A minimum weld factor of 0.34 is to be adopted for the connection of web plate to inner bottom
Weldi and 0.44 for the face plate to inner bottom. All rounded edges are to be free of notches. A
elding ) . .
) wraparound weld, with smooth transition and free of weld defects, i.e. undercuts, notches etc,
requirements . . .
around toes of face plates to inner bottom plating. See Section 4, Chapter 1, PART TWO of
Rules for Classification of Sea-going Steel Ships for other requirements.
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Structural details of container ships

Table 21

Area: Intermediate decks in forward holds

Critical location: Corner detail in way of stepped longitudinal bulkhead to intermediate deck connection

Critical areas

Structural details

Bearing pad

Radius to be as
large as possible

Explanations

The corner detail design may vary with ship design,
but in general, the radii at the corner are to be as large
as practicable. In addition to the above, it may be
considered prudent to fit insert plates of 50% greater
thickness than the surrounding plate and of enhanced
material grade. See PART TWO of Rules for
Classification of Sea-going Steel Ships.

Bearing pad
Small radius
FR
Applicable structures
Structural Corner detail in way of stepped
details longitudinal bulkhead to intermediate
deck connection
Building
None
tolerances
Welding o o .
] Welding in way of radii is to be avoided.
requirements
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