





























































































































































































































































































































































































































































































































Pt 13 Bulk Carriers and Oil Tankers
Ch 4 Loads Pt13,Sub1,Ch 4 Sec 3

I : Coefficient to be taken as:

J» =1, for strength assessment.

£y = £ul027 - (15 +4f;) L x 107°] for fatigue assessment.

2.2.2 Sway acceleration

The transverse acceleration due to sway, in m/s?, is to be taken as:
Ayuay = 0.3 fr a0 8

where:

Iy : Coefficient to be taken as:

J» = J,s for strength assessment.

£, = f[024—(6-2f;) Bx10*] for fatigue assessment.

2.2.3 Heave acceleration

The vertical acceleration due to heave, in m/s2, is to be taken as:
Aieave = Jp 40 &

where:

Iy : Coefficient to be taken as:

J» = /s for strength assessment.

f» = Ju[(0.27 +0.02f7) — 17L x 10’5] for fatigue assessment.

2.2.4 Roll acceleration

The roll acceleration, a,,;, in rad/s?, is to be taken as:

n (2m)?
aron = f, 0 180 (79)

where:
0 : Roll angle using f, equal to 1.0.
Iy : Coefficient to be taken as:

J» = /s for strength assessment.

fo = 1023 —4f; B x 10’4] for fatigue assessment.

2.2.5 Pitch acceleration

The pitch acceleration, ., in rad/s?, is to be taken as:

3.1 ) T (2n)2
L= = +1. — &=
a[utch fl‘z (A/g—L 1.0 (0] 180 Tq)

where:
@ : Pitch angle using f, equal to 1.0.
I : Coefficient to be taken as:

J» = J,s for strength assessment.

£, = £[0.28 = (5 +6f;) L x 10°] for fatigue assessment.
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3 ACCELERATIONS AT ANY POSITION

3.1 General

3.1.1

The accelerations used to derive the inertial loads at any position are defined with respect to the ship fixed
coordinate system. Hence the acceleration values defined in [3.2] and [3.3] include the gravitational acceleration
components due to the instantaneous roll and pitch angles.

3.1.2

The accelerations to be applied for the dynamic load cases defined in Ch 4, Sec 2 are given in [3.2].

3.1.3

The envelope accelerations as defined in [3.3] are provided for advisory purposes and may be used for other design
purpose when the maximum design acceleration values are required, for example, crane foundations, machinery
foundations, etc.

3.2 Accelerations for dynamic load cases

3.2.1 General

The accelerations to be applied for the dynamic load cases defined in Ch 4, Sec 2 are given in [3.2.2] to [3.2.4].

3.2.2 Longitudinal acceleration
The longitudinal acceleration at any position for each dynamic load case, in m/s?, is to be taken as:

ay = — CXG g sinq) + CXS asul‘ge + CXP apifch(Z_R)

3.2.3 Transverse acceleration
The transverse acceleration at any position for each dynamic load case, in m/s?, is to be taken as:

ay = Cyg g sin0 + Cyg Asvay — Cyr a0u(z = R)

3.2.4 Vertical acceleration

The vertical acceleration at any position for each dynamic load case, in m/s?, is to be taken as:
a; = CZH Apeave + CZR Aront Y — CZP apitch ()C— O45L)
3.3  Envelope accelerations

3.3.1 Longitudinal acceleration

The envelope longitudinal acceleration, a,.,,, in m/s?, at any position, is to be taken as:

2
Ay _env = 0-7/\/asur‘gez + [L (g Sin(P + apitch—x):|

325
where:
@ - Longitudinal acceleration due to pitch, in m/s?

apitch—x = apitch (ZiR)

KR” Rules for the Classification of Steel Ships 2017 177



Pt 13 Bulk Carriers and Oil Tankers
Ch 4 Loads Pt13,Sub1,Ch 4 Sec 3

3.3.2 Transverse acceleration

The envelope transverse acceleration, a,.,,,, in m/s?, at any position, is to be taken as:

2 . 2
ay—env = /\/axway + (g Slne + aroll—y)
where:

a : Transverse acceleration due to roll, in m/s?.

roll-y

arollfy = Qyou (ZiR)

3.3.3 Vertical acceleration

The envelope vertical acceleration, a,_,,, in m/s?, at any position, is to be taken as:

- 2 L : 2
a; _eny = Aheave + 03 + =z apitch—z + (l'zaroll—z)

325
where:
Q. - Vertical acceleration due to pitch, in m/s?.
Apitch-z = Apitch (x—0.45L)
a,u. - Vertical acceleration due to roll, in m/s?.

Apot1-z = Aron1 Y

178 KR” Rules for the Classification of Steel Ships 2017



Pt 13 Bulk Carriers and Oil Tankers
Ch 4 Loads Pt13,Sub1,Ch 4 Sec 4

SECTION 4
HULL GIRDER LOADS

SYMBOLS

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

X : X coordinate, in m, of the calculation point with respect to the reference coordinate system defined in Ch
4,Sec 1, [1.2.1].

: Wave coefficient, in m, to be taken as:

1.5
300 ‘L) for 90 <L <300

100
w = 10.75 for 300 <L <350

L = 10.75 7(

I : Heading correction factor, to be taken as:
+ For strength assessment:
J5=1.05 for HSM and FSM load cases for the extreme sea loads design load scenario.
J5= 0.8 for BSR and BSP load cases for the extreme sea loads design load scenario.
J5=1.0 for HSA, OST and OSA load cases for the extreme sea loads design load scenario.

J5= 1.0 for ballast water exchange at sea, harbour/sheltered water and accidental flooded design
load scenarios.

+ For fatigue assessment:

f5=10.
Jps : Coefficient, as defined in Ch 4, Sec 3.

BSR, BSP, HSM, HSA, FSM, OST, OSA : Dynamic load cases, as defined in Ch 4, Sec 2.

1 APPLICATION

1.1  General

1.1.1

The hull girder loads for the static (S) design load scenarios is to be taken as the still water loads defined in [2].

1.1.2

The total hull girder loads for the static plus dynamic (S+D) design load scenarios are to be derived for each
dynamic load case and are to be taken as the sum of the still water loads defined in [2] and the dynamic loads
defined in [3.5].
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2 VERTICAL STILL WATER HULL GIRDER LOADS

2.1  General

2.1.1 Seagoing and harbour/sheltered water conditions

The designer is to provide the permissible still water bending moment and shear force for seagoing and
harbour/sheltered water operations.

The permissible still water hull girder loads are to be given at each transverse bulkhead in the cargo hold region, at
the middle of cargo compartments, at the collision bulkhead, at the engine room forward bulkhead and at the mid-
point between the forward and aft engine room bulkheads. The permissible hull girder bending moments and shear
forces at any other position may be obtained by linear interpolation.

Note 1: It is recommended that, for initial design, the permissible hull girder hogging and sagging still water bending moments are at least 5%
above the maximum still water bending moment from loading conditions in the loading manual, and the permissible hull girder shear

forces are at least 10% above the maximum still water shear force from loading condition in the loading manual, to account for growth
and design margins during the design and construction phase of the ship.

2.1.2 Flooded condition

The designer is to provide the envelope of permissible still water bending moment and shear force in flooded
condition.

2.1.3 Still water loads for the fatigue assessment

The still water bending moment and shear force values and distribution to be used for the fatigue assessment are to
be taken as the most typical values applicable for the loading conditions that the ship will operate in for most of its
life. Typically, these conditions will be the normal ballast condition and full homogeneously loaded condition for
double hull oil tankers. For bulk carriers, these will be the normal ballast condition, heavy ballast condition, full
homogeneously loaded condition and full alternate loaded condition; note the latter is only applicable to BC-A bulk
carriers. The definition of loading conditions to use is specified in Ch 9.

2.2 Vertical still water bending moment

2.2.1 Minimum still water bending moment

The minimum still water bending moment, M, ;. .., and M, . ..., in kNm, in hogging and sagging condition,
respectively is to be taken as:

Hogging conditions:
My ypin = fow (ITLC, L7 B(Cp+0.7) 107 =My pia)

Sagging conditions:

My i = ~085f, (171C, L7 B(Cy+0.7) 107+ M, i)
where:
M.,,,.mia: Vertical wave bending moment for strength assessment in hogging condition, as defined in [3.1.1] using f,

and f,, equal to 1.0.

M, s.miq - Vertical wave bending moment for strength assessment in sagging condition, as defined in [3.1.1] using f,
and f,, equal to 1.0.
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fow : Distribution factor along the ship length. To be taken as, see Figure 1:

fw=0.0 for x<0
faw=0.15 at x=0.1L
fiw=10 for 0.3L<x<0.7L
faw=0.15 at x=09L
fw=0.0 forx>L

Intermediate values of f;,, are to be obtained by linear interpolation.

Figure 1 : Distribution factor f;,,
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2.2.2 Permissible vertical still water bending moment in seagoing condition

The permissible vertical still water bending moments, M,,., and M|, in seagoing condition at any longitudinal
position are to envelop:

* The most severe still water bending moments calculated, in hogging and sagging conditions, respectively, for
the seagoing loading conditions defined in Ch 4, Sec 8.

* The most severe still water bending moments for the seagoing loading conditions defined in the loading
manual.

* The minimum still water bending moment defined in [2.2.1]
2.2.3 Permissible vertical still water bending moment in harbour/sheltered water and tank testing
condition

The permissible vertical still water bending moments in the harbour/sheltered water and tank testing condition M,
and M, at any longitudinal position are to envelop:

p-h SW-p-§

* The most severe still water bending moments, in hogging and sagging conditions, respectively, for the
harbour/sheltered water loading conditions defined in Ch 4, Sec 8.

» The most severe still water bending moments for the harbour/sheltered water loading conditions defined in
the loading manual.

* The permissible still water bending moment defined in [2.2.2].

* The minimum still water bending moment defined in [2.2.1] increased by 25%.

2.2.4 Permissible vertical still water bending moment in flooded condition at sea

The permissible vertical still water bending moments in flooded condition M, ,at any longitudinal position are to
envelop:
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+ The most severe still water bending moments, in hogging and sagging conditions, respectively, for the intact
and flooded seagoing loading conditions defined in Ch 4, Sec 8.

» The most severe still water bending moments for the intact and flooded seagoing loading conditions defined
in the loading manual.

* The permissible still water bending moment defined in [2.2.2] increased by 10%.

2.3 Vertical still water shear force

2.3.1 Minimum still water shear force in seagoing conditions for oil tankers

The minimum hull girder positive and negative vertical still water shear force, O, .., in kN, in way of transverse
bulkheads between cargo tanks in the seagoing condition is to be taken as:

a) For oil tankers with three cargo tanks across the breadth of the ship:

0.225pg Biyear L Tsc

Q.Yw—min = ima-x{
0.5pg [0.98 (Ver+2Vsr) = 0.7B 50 Lo Tscl

and is to be taken as the maximum value of Q,,,,;, calculated for cargo/ballast tanks forward and aft of the
transverse bulkhead.

b) For oil tankers with two cargo tanks across the breadth of the ship:

Q.vw—min = i04pg Blocal Etk TSC

and is to be taken as maximum value of Q,, ., calculated for cargo/ballast tanks forward and aft of the
transverse bulkhead.

where:

Bi.i :Local breadth, in m, at 7 at the middle length of the tank under consideration.

Ly : Length of cargo tank under consideration, in m, taken at the forward or aft side of the transverse bulkhead
under consideration, in m.

Ver : Volume of centre cargo tank, in m?, taken for the cargo tank on the forward or aft side of the transverse
bulkhead under consideration.

Vr : Volume of side cargo tank, in m?, taken for the cargo tank on the forward or aft side of the transverse

bulkhead under consideration.

2.3.2  Minimum still water shear force in harbour/sheltered water conditions for oil tankers

The minimum hull girder positive and negative vertical still water shear force, Q. in kN in the
harbour/sheltered water condition in way of transverse bulkheads between cargo tanks are to be taken as:

a) For oil tankers with three cargo tanks across the breadth of the ship:

0'275 Baca g T
st—p—min = imax{ pg 1 1 Y Lsc

0.5pg [0.98 (Ver+2Vsy) = 0.6B 500 Lo Tscl

and is to be taken as the maximum value of Q. .., calculated for cargo/ballast tanks forward and aft of the
transverse bulkhead.

b) For oil tankers with two cargo tanks across the breadth of the ship:

Q.Yw—min = i045pg Blacal gtk TSC

and is to be taken as maximum value of O, , ,.; calculated for cargo/ballast tanks forward and aft of the
transverse bulkhead.
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2.3.3 Permissible still water shear force in seagoing condition

The permissible vertical still water shear forces, Q,,, for oil tankers and bulk carriers, in seagoing condition at any
longitudinal position are to envelop:

» The most severe still water shear forces, positive or negative, for the seagoing loading conditions defined in
Ch 4, Sec 8 after shear force correction in case of bulk carrier.

» The most severe still water shear forces for the seagoing loading conditions defined in the loading manual
after shear force correction in case of bulk carrier.

» For oil tankers, the minimum still water shear forces for seagoing conditions defined in [2.3.1].

2.3.4 Permissible still water shear force in harbour/sheltered water and tank testing condition

The permissible vertical still water shear forces, Q;,., for oil tankers and bulk carriers, in the harbour/sheltered
water and tank testing condition at any longitudinal position are to envelop:

» The most severe still water shear forces, positive or negative, for the harbour/sheltered water loading
conditions defined in Ch 4, Sec 8 after shear force correction in case of bulk carrier.

* The most severe still water shear forces for the harbour/sheltered water loading conditions defined in the
loading manual after shear force correction in case of bulk carrier.

* For oil tankers, the minimum still water shear forced for harbour/sheltered water conditions defined in
[2.3.2].

The following value may be used as guidance at preliminary design stage:

wa—p = Q.YW+ O'6QWV

where:
O, : Permissible still water shear force Q,,,, as defined in [2.3.3].
O, : Vertical wave shear force for strength assessment Q,,,, ., and Q,,,..., as defined in [3.2.1] using f, equal to

1.0.

2.3.5 Permissible still water shear force in flooded condition at sea

The permissible vertical still water shear forces, Q,,,., for oil tankers and bulk carriers, in flooded condition at any
longitudinal position are to envelop:

» The most severe still water shear forces, positive or negative, for the flooded seagoing loading conditions
defined in Ch 4, Sec 8 after shear force correction in case of bulk carrier.

» The most severe still water shear forces for the flooded seagoing loading conditions defined in the loading
manual after shear force correction in case of bulk carrier.

* The permissible still water shear force is defined in [2.3.3].
3 DYNAMIC HULL GIRDER LOADS

3.1  Vertical wave bending moment

3.1.1

The vertical wave bending moments at any longitudinal position, in kNm, are to be taken as:
Hogging condition:

M,y = 0.19f,_u fu fo C,, L’ BCy

Sagging condition:

va—.v = 70'194f;11—vsfmf;7 Cw L2 BCB
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where:
oo : Coefficient considering nonlinear effects applied to hogging, to be taken as:

Jurwn = 1.0 for strength and fatigue assessment.

Srivs : Coefficient considering nonlinear effects applied to sagging, to be taken as:
Cy+0.7
Jurvs= 0.58 ( £ C ) for strength assessment.
B
Sus= 1.0 for fatigue assessment.
Iy : Coefficient to be taken as:
Jo = Jos for strength assessment.

f, =0.9[0.27 - (6 +4f;) L x 10°] for fatigue assessment.

o : Distribution factor for vertical wave bending moment along the ship’s length, to be taken as:

fn=0.0 for x<0
Su=10 for 04L<x<0.65L
fn=0.0 for x>L

Intermediate values of f,, are to be obtained by linear interpolation (see Figure 2).

Figure 2 : Distribution factor f,,,,
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3.2  Vertical wave shear force

3.2.1
The vertical wave shear forces at any longitudinal position, in kN, are to be taken as:
Owvpos = 0.52f, ,oc 1 C,, LBCy

Qwv—neg = _O'szf‘q—negf;) Cw LBCB
where:

fp : Coefficient to be taken as:

Jp = Fos for strength assessment.
S/, =09[027 - (17 -8f7) L x 107°] for fatigue assessment.
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Japos : Distribution factor along the ship length for positive wave shear force, to be taken as:

ﬁ]—pos = 0.0 forx<0

Jopos= 0921, , for02L<x<03L

Jopos= 0.7 for04L<x<0.6L

Jopos= 1.0 f ,, for07L<x<085L

Japos = 0.0 forx > L

Intermediate values of f,_,,, are to be obtained by linear interpolation (see Figure 3).

Janeg  : Distribution factor along the ship length for negative wave shear force, to be taken as:
Jgneg= 0.0 forx<0
Joneg= 092 f, , for02L<x<03L
Jonee= 0.7 for0.4L <x<0.6 L
Joneg= 1.0 fo;,, for0.7L <x<0.85L
Sgnee= 0.0 forx>L

Intermediate values of f, ., are to be obtained by linear interpolation, see Figure 4.

Jutoons foivs: Coefficient considering nonlinear effects defined in [3.1.1].

Figure 3 : Distribution factor of positive vertical shear force £, .,

AfQ‘DOS
10 fnlfvs
0.92f, .,
0.7
AE 02L 03L 0.A4L 06L 07L 085L FP
Figure 4 : Distribution factor of negative vertical shear force f; .,
J\fq'”eg
0.92f,,
1.01, ., /
0.7
AE 0.2L 0.3L 0.4L 0.6L 0.7L 0.85L P

3.3 Horizontal wave bending moment

3.3.1

The horizontal wave bending moment at any longitudinal position, in kNm, is to be taken as:
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_ L 2
Mwh - f;:lhf,‘;(():;l + 2_866) fm Cw L TLC CB

where:

Join : Coefficient considering nonlinear effect to be taken as:
Joun = 0.9 for strength assessment
Jfoun = 1.0 for fatigue assessment

f,, : Coefficient to be taken as:

Jo=Fos for strength assessment.

fo = 09-[(0.2+0.04f7) + (11 —8f7) L x 10°] for fatigue assessment.

n : Distribution factor defined in [3.1.1].

3.4  Wave torsional moment

3.4.1

The wave torsional moment at any longitudinal position with respect to the ship baseline, in kNm, is to be taken as:
th = f[‘) (thl + MwIZ)

where:

M, = 04f, C, |= B DC,
L

C

M, = 0.22f, C, LB’ C,

fi fio @ Distribution factors, taken as:

Ju=0 for x<0

fu = s1n(2%c) for 0 <x<L

Ju=0 for x> L

f2=0 for x<0

fi = sinz(ELE) for 0<x<L

J2=0 for x> L

Iy : Coefficient to be taken as:
Jo=Jos for strength assessment.

f, = 09[0.2 + (5f;—4.25) B x 10*] for fatigue assessment.

[URCNI to 01 JAN 2014]

3.5 Hull girder loads for dynamic load cases

3.5.1 General

The dynamic hull girder loads to be applied for the dynamic load cases defined in Ch 4, Sec 2, are given in [3.5.2] to
[3.5.5].

3.5.2 Vertical wave bending moment

The vertical wave bending moment, M,, -, in kNm, to be used for each dynamic load case in Ch 4, Sec 2, is
defined in Table 1.
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Table 1 : Vertical wave bending moment for dynamic load cases

Load combination factor M,ic
CWVZO fii CWVva—h
CWV< 0 fi} CWV |va—s|
where:
Cwy : Load combination factor for vertical wave bending moment, to be taken as specified in Ch 4, Sec 2.

M., M, Hogging and sagging vertical wave bending moment taking account of the considered design load
scenario, as defined in [3.1.1].

3.5.3 Vertical wave shear force

The vertical wave shear force, O,,,.;¢, in kN, to be used for each dynamic load case in Ch 4, Sec 2, is defined in
Table 2.

Table 2 : Vertical wave shear force for dynamic load cases

Load combination factor Quvico
CQWZ O f|‘3 CQW Qwv—pax
CQW< 0 fii CQW |Qwv—neg|
where:
Cow  : Load combination factor for vertical wave shear force, to be taken as specified in Ch 4, Sec 2.

Orvposs Owv-neg - Positive and negative vertical wave shear force taking account of the considered design load
scenario, as defined in [3.2.1].

3.5.4 Horizontal wave bending moment

The horizontal wave bending moment, M, ; -, in KNm, to be used for each dynamic load case defined in
Ch 4, Sec 2, is to be taken as:

M., _1c = fﬁ Cyu M,,

where:

Cwy  : Load combination factor for horizontal wave bending moment, to be taken as specified in
Ch 4, Sec 2.

M,, : Horizontal wave bending moment taking account of the appropriate design load scenario, as defined in
[3.3.1].

3.5.5 Wave torsional moment

The wave torsional moment, M, -, in kNm, to be used for each dynamic load case defined in Ch 4, Sec 2, is to be
taken as:

M, _1c = fﬁ Cyr M,,

where:
Cyr : Load combination factor for wave torsional moment, to be taken as specified in Ch 4, Sec 2.
M,, : Wave torsional moment taking account of the appropriate design load scenario, as defined in [3.4.1].
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SECTION 5
EXTERNAL LOADS

SYMBOLS

For symbols not defined in this section, refer to Ch 1, Sec 4.
A : Wave length, in m.
B, : Moulded breadth at the waterline, in m, at the considered cross section.

X, ¥,Z X, YandZcoordinates, in m, of the load point with respect to the reference coordinate system defined in
Ch 4, Sec 1, [1.2.1].

fo : Ratio as defined in Ch 4, Sec 2.
fie . Ratio between Y-coordinate of the load point and B,, to be taken as:
= [2y]

fs = 5 butnot greater than 1.0.

f,s = 0 when B, = 0.

fie1 : Ratio between Y-coordinate of the load point and B, to be taken as:
fie1 = %y-' , but not greater than 1.0

Cu : Wave coefficient defined in Ch 4, Sec 4.

fr : Ratio as defined in Ch 4, Sec 3.

Pww. : Wave pressure at the waterline, kN/m?, for the considered dynamic load case.
PW,WL = PW fOf Z = TLC
hw : Water head equivalent to the pressure at waterline, in m, to be taken as:

hW — PW WL

P9
fos : Coefficient for strength assessment, as defined in Ch 4, Sec 3.
0 . Roll angle, in deg, as defined in Ch 4, Sec 3, [2.1.1].
Ty : Roll period, in s, as defined in Ch 4, Sec 3, [2.1.1].
fia : Coefficient defined in Ch 4, Sec 3.
fs : Coefficient defined in Ch 4, Sec 4.

1  SEA PRESSURE

1.1  Total pressure

111

The external pressure P, at any load point of the hull, in kN/m?, for the static (S) design load scenarios, is to be
taken as:

P.. = P but not less than 0.
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The total pressure P, at any load point of the hull for the static plus dynamic (S+D) design load scenarios, is to be
derived from each dynamic load case and is to be taken as:

P = Ps+ Py butnot less than 0.

where:
Py : Hydrostatic pressure, in kN/m?, defined in [1.2].
Pw : Wave pressure, in kKN/m?, is defined in [1.3].

1.2 Hydrostatic pressure

1.2.1
The hydrostatic pressure, Pg at any load point, in kN/m?, is obtained from Table 1. See also Figure 1.

Table 1 : Hydrostatic pressure, Pg

Location Hydrostatic Pressure, Pg, in KN/m?
Z<Tc PO(Tc—-2)
z2>T.c 0

Figure 1 : Hydrostatic pressure, Pg

\ A \ \ \l>/

1.3 External dynamic pressures for strength assessment

1.3.1 General

The hydrodynamic pressures for each dynamic load case defined in Ch 4, Sec 2, [2] are defined in [1.3.2] to [1.3.8].

1.3.2 Hydrodynamic pressures for HSM load cases

The hydrodynamic pressures, Py, for HSM-1 and HSM-2 load cases, at any load point, in kN/m2, are to be obtained
from Table 2. See also Figure 2 and Figure 3.
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Table 2 : Hydrodynamic pressures for HSM load cases
Wave pressure, in kN/m?
Load case Z<T¢ Tic<z<hy+T¢ Z2>hy+Tc
HSM-1 Pw = max (-Pys, pg (z-Tic))
Pw = PwwL - 29(Z - Tie) Pw=0.0

HSM-2 Pw = max (Pus, pg (2—Tic))

where:
Pus = ol Fu ik, €, [REEAE
o : Coefficient considering non-linear effects, to be taken as:
» For extreme sea loads design load scenario: f,
fu=07atf, =0
fy,=09atf, =03
fu=09atf, =07
fu=06atf, =1
» For ballast water exchange design load scenario:
f,=0.85atf, =0
f,=095atf, =0.3
f,=095atf, =0.7
fy=080atf, =1
Intermediate values are obtained by linear interpolation.
f, . Girth distribution coefficient, to be taken as:
f, = T~ZL—C +hg+1
f, : Coefficient to be taken as:
f,=  3.0(1.21-0.66 f;)
K, - Amplitude coefficient in the longitudinal direction of the ship, to be taken as:
k, = (05+ fT){(S ~ 2. - %QfoU - ejfy_B)} ¥ %(1 —f)
k, = 1.0
K, = 1+ (f, - O.7){(%QfT _ 5) +2(1- fyB)[%%fT(fo ~0.7)-0.25(2 - fT)J} for f, >0.7
A : Wave length of the dynamic load case, in m, to be taken as:
L= 06(1+f)L
k : Phase coefficient to be obtained from Table 3. Intermediate values are to be interpolated.
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Table 3 : k, values for HSM load cases

fo 0 03-01f; | 035-0.1f; | 0.8-02f | 09-0.2f; 1.0

k, | —-0.25f; (1+f,;) -1 1 1 -1 -1

Figure 2 : Transverse distribution amidships of dynamic pressure for HSM-1, HSA-1 and FSM-1 load cases
T
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Figure 3 : Transverse distribution amidships of dynamic pressure for HSM-2, HSA-2 and FSM-2 load cases

1.3.3 Hydrodynamic pressures for HSA load cases

The hydrodynamic pressures, Py, for HSA-1 and HSA-2 load cases at any load point, in kN/m?, are to be obtained
from Table 4. See also Figure 2 and Figure 3.

Table 4 : Hydrodynamic pressures for HSA load cases

Wave pressure, in kN/m?

Load case Z2<T ¢ Tie<z<hy+ T z>hy+Tc

HSA-1 Pw = max(-Pys, p9(z—-T.c))

Pw=Pww - 29z -Tio) Pw=0.0
HSA-2 Pw = max(Pys, pg(z—T.c))

where:

I:)HS = fops 1:nl 1:h ka I(p fyz Cw 'E%ﬁg

fo : Coefficient considering non-linear effects, to be taken as defined in [1.3.2].
f : Girth distribution coefficient, to be taken as:

yz
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Z
f :_‘I'__+fyB+1

v LC
f, . Coefficient to be taken as:
f,= 2.4(1.21-0.66 f;)
K, - Amplitude coefficient in the longitudinal direction of the ship, to be taken as defined in [1.3.2].
A : Wave length of the dynamic load case, in m, to be taken as:
L= 06(1+f)L
K, : Phase coefficient to be obtained from Table 5. Intermediate values are to be interpolated.

Table 5 : k, values for HSA load cases

fuL 0 03-01f; | 05-02f; | 0.8-02f; | 09-02f; 1.0

K, 15-f,-05 f,g -1 1 1 -1 -1

1.3.4 Hydrodynamic pressures for FSM load cases

The hydrodynamic pressures, Py, for FSM-1 and FSM-2 load cases, at any load point, in kN/m?, are to be obtained
from Table 6. See also Figure 2 and Figure 3.

Table 6 : Hydrodynamic pressures for FSM load cases

Wave pressure, in kN/m?2
Load case Z<T ¢ Tic<z<hy+Tc z>hy+Tc
FSM-1 Pw = max(—Pgs, pg(z-T.c))
FSM-2 Py = max(Pes, pg(z—Tie)) P P~ 92 i) Pu=09
where:
Pis = fuf Su ik, £ C, [2EA1E
fo : Coefficient considering non-linear effects, to be taken as:
f,; = 0.9 for extreme sea loads design load scenario.
f. = 0.95 for ballast water exchange design load scenarios.
f,, - Girth distribution coefficient, to be taken as:
f, = ?ZL—C +fg+1
f, : Coefficient to be taken as:
f.=26
K, : Amplitude coefficient in the longitudinal direction of the ship, to be taken as:
ko= 1+(3.75-2 f;)(1-5f,)(1-f,) for f <0.2
k, = 1.0 for 0.2<f,<0.9
ko = 1+20(1-f) (fr.—0.9) for f,, >0.9
A : Wave length of the dynamic load case, in m, to be taken as:
A= 06(L+2/3f)L
K, : Phase coefficient to be obtained from Table 7. Intermediate values are to be interpolated.
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Table 7 : k, values for FSM load cases

f, 0 035-0.1f; | 05-02f | 0.75 | 0.8 1.0

k, | —0.75-0.25 fp -1 1 1 -1 | -0.75-0.25 fg

1.3.5 Hydrodynamic pressures for BSR load cases

The wave pressures, Py, for BSR-1 and BSR-2 load cases, at any load point, in KN/m?, are to be obtained from Table
8. See also Figure 4 and Figure 5.

Table 8 : Hydrodynamic pressures for BSR load cases

Wave pressure, in KN/m?
Load case Z2<Tc Tic<z<hy+ T z2>hy+Tc
BSR-1P Py = max (Pgsg, 00 (Z- Tic))
BSR-2P Py = max (- Pgsr, 09 (2 - Ti0))
Pw=Pww -9 Z-T) Pw=0.0
BSR-1S Pw = max (Pgsr, 09 (2 - Tic))
BSR-2S Pw =max (- Pagg, 29 (2 - T0))
where:

* For BSR-1P and BSR-2P load cases.

Pese = fy (10ysine +0.88f,C, 152%1—2%yBl + 1))

¢ For BSR-1S and BSR-2S load cases.

Pesr = fg fu (—lOysine +0.88 f,sCy Egj%é(fym + 1))

fo . Coefficient considering non-linear effect, to be taken as:
f,, = 1 for extreme sea loads design load scenario.

f,; = 1 for ballast water exchange design load scenarios.

A : Wave length of the dynamic load case, in m, to be taken as:
_ 9
A o Ts

Figure 4 : Transverse distribution of dynamic pressure for BSR-1P (left) and BSR-1S (right) load cases

Port Starboard Port Starboard
. =

E;;é%k Wave

Y/ _
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Figure 5 : Transverse distribution of dynamic pressure for BSR-2P (left) and BSR-2S (right) load cases

Port Starboard Port Starboard

N

Wave Wave

1.3.6 Hydrodynamic pressures for BSP load cases

The wave pressures, Py, for BSP-1 and BSP-2 load cases, at any load point, in KN/m?, are to be obtained from Table
9. See also Figure 6 and Figure 7.

Table 9 : Hydrodynamic pressures for BSP load cases

Wave pressure, in kN/m?2
Load case Z<T ¢ Tic<z<hy+ T z>hy+Tc
BSP-1P Py =max (Pgsp 09 (- T.0))
BSP-2P Pw=max (- Pasp 09 (- TL0))
Pw = Pww - 9 (2-Tc) Pw=0.0

BSP-1S Pw =max (Pgsp 09 (2 - Tic))

BSP-2S Pw=max (- Pgsp 00 (- TL0)
where:

[Ly+A—125
PBSP = 45 fB fps fn| fyZ CW %

A : Wave length of the dynamic load case, in m, to be taken as:

A =02(1+2f)L
f,, : Girth distribution coefficient, to be obtained from Table 10.

Table 10 : Girth distribution coefficient, f,, for BSP load cases
Transverse position BSP-1P - BSP-2P BSP-1S - BSP-2S
z 2z 1
>0 f,=2—+25f5+05 | f,==—+=f;z+05
y g Tic el y 3T 2™
2 z 1 z
<0 f,=c—+>fz;+05 | f,=2—+25f4+05
y y 3 TLC 2 yB1 y TLC yB1

fo : Coefficient considering non-linear effect, to be taken as:

« For extreme sea loads design load scenario:
fu=06atf, =0
fu=08atf, =0.3
fy=08atf, =0.7

fn| =0.6at fo =1
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e For ballast water exchange design load scenario:
fu=06atf, =0
f,=08atf, =0.3
fu=0.8atf,=0.7
fu=06atf, =1

Intermediate values are obtained by linear interpolation.

Figure 6 : Transverse distribution of dynamic pressure for BSP-1P (left) and BSP-1S (right) load cases

Port Starboard Port Starboard
I I
| |
Wave | i\ /é | Wave
v ; v 72 ; v
i i
i i
i i
i i
i i
Figure 7 : Transverse distribution of dynamic pressure for BSP-2P (left) and BSP-2S (right) load cases
Port Starboard Port Starboard
Wave Wave

~

1.3.7 Hydrodynamic pressures for OST load cases

The wave pressures, Py, for OST-1 and OST-2 load cases, at any load point are to be obtained, in kN/m?, from Table
11. See also Figure 8 and Figure 9.

Figure 8 : Transverse distribution of dynamic pressure amidships for OST-1P (left) and OST-1S (right) load cases

Port Starboard Port Starboard

Wave Wave

» -——
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Figure 9 : Transverse distribution of dynamic pressure amidships for OST-2P (left) and OST-2S (right) load cases

Port P, Starboard Port P, Starboard
I I
/L, | | A\
Wave : : Wave
\\ i i ! ‘
\ \ \
| | |
\ ‘ 1
\ \ 1
| |
Table 11 : Hydrodynamic pressures for OST load cases
Wave pressure, in kN/m?
Load case Z2<Tc Tic<z<hy+Tc z>hy+Tc
OST-1P Pw =max (Post, 09 (2 - Tio))
OST-2P Pyw=max (- Post, 09 (- T.o))
Pw = PuwwL - 29(Z - Tie) Pw=0.0
OST-1S Pw = max (Posr, A9 (2 - Tic))
OST-2S Pw=max (- Posr, 29 (- Ti0)
where:
Lo+A—-125
Post = 1.38 f,, fo ka K, f,, C, /%
f. . Girth distribution coefficient, to be obtained from Table 12.
fo : Coefficient considering non-linear effect, to be taken as:
f. = 0.8 for extreme sea loads design load scenario.
f. = 0.9 for ballast water exchange design load scenarios.
A : Wave length of the dynamic load case, in m, to be taken as:
A =0451L
K, - Amplitude coefficient in the longitudinal direction of the ship, to be obtained from Table 13.
K, - Phase coefficient to be obtained from Table 14. Intermediate values are to be interpolated.
Table 12 : Girth distribution coefficient, f,, for OST load cases
Transverse position OST-1P - OST-2P OST-1S - OST-2S
z z
y>0 5—+35fz+15 15 —+15
TLC TLC
z z
y<0 1.5_|_—+1.5 5T—+3.5fyB+1.5
LC LC
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Table 13 : k, values for OST load cases

Transverse | Longftudinal OST-1P - OST-2P OST-1S - OST-2S
position Position
f <0.2 1.0 +3.5(1 - f,5) (1-5 f,) 1.0 + [3.5 - (4f; - 05)f,3](1=5 f)
y20 | 02<f, <08 1.0 1.0
f.>0.8 1.0 10+4 (1-f) (5f-4)f,e
f <0.2 1.0+ [35— (4 f,—05) f,5] (1-5 f,) 1.0+ 35(1—f,5)(1-5 f,)
y<0 0.2<f,<0.8 1.0 1.0
f>0.8 1.0+ 4(1—f)(5 f - 4) T 1.0
Table 14 : k, values for OST load cases
Transverse fu OST-1P - 0ST-2P 0ST-1S - 0ST-2S
position
0.0 1.0 1.0
0.2 1.0 1.0+ (0.75-15 ;) f,g
0.4 -1.0 ~1.0+(1.75-05 f;) f,q
y>0 0.5 -1.0 ~1.0+ (17505 f;) f,q
0.7 —0.1+(16f-15)f, | —0.1+(025-031f) g
0.9 0.8+0.2 f 0.8- (0.9 f, +0.85) f,q
1.0 ~1.0 +f,5 ~1.0+(05-05 f;) f,q
0.0 1.0 1.0
0.2 1.0+ (0.75-1.5 f;) f,5 1.0
0.4 ~1.0+(1.75-05 f;) f,g -1.0
y<0 0.5 ~1.0+ (17505 f;) f,g -1.0
0.7 —0.1+(025-03f) T, | —-0.1+(L6f—15),
0.9 0.8-(0.9 f; +0.85) f,q 0.8+0.2 fq
1.0 ~1.0+(0.5-05 f;) f,q ~1.0+f,

1.3.8 Hydrodynamic pressures for OSA load cases

The wave pressures, Py, for OSA-1 and OSA-2 load cases, at any load point, in kN/m?, are to be obtained from
Table 15. See also Figure 10 and Figure 11.

Table 15 : Hydrodynamic pressures for OSA load cases

Wave pressure, in kN/m?
Load case Z<T ¢ Tic<z<hy+T¢ Z2>hy+Tc
OSA-1P Pw =max (Posa, £9 (2- Tic))
OSA-2P Pyw = max (- Poga, 29 (- Tie))
0SA-1S Py = Max (Posa, 29 (Z - Tio)) Pw=Puw =82 Tic) Pw=00
OSA-2S Pyw = max (- Poga, 29 (2 - Tio))
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where:
Lo+ A —-125
Posa = 0.81 f, f Kk k, f,, C,, /—"—-T—- (1+0.5 f;)
A : Wave length of the dynamic load case, in m, to be taken as:
A =070L
o . Coefficient considering non-linear effect, to be taken as:

» For extreme sea loads design load scenario:
f,=05atf, =0
f,=08atf, =0.3
f,=08atf, =07
f,=06atf, =1
« For ballast water exchange design load scenario:
f,=0.75atf, =0
fu=09atf, =03
fy=09atf, =07
fu=08atf, =1

Intermediate values are obtained by linear interpolation.

f. . Girth distribution coefficient, to be obtained from Table 16.
K, : Amplitude coefficient in the longitudinal direction of the ship, to be obtained from Table 17.
k : Phase coefficient to be obtained from Table 18. Intermediate values are to be interpolated.

Table 16 : Girth distribution coefficient, f,, for OSA load cases

T’::;‘,:;’) ~° 0SA-1P - OSA-2P 0SA-1S - 0SA-2S
y20 55 2 +53f,+22 | 0.9 == +04 fy+22
TLC TLC
y<0 0.9 2 +04f,+22 | 55 +53f,+22
Tic Tic
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Table 17 : k, values for OSA load cases

Transverse | Longitudinal OSA-1P - 0SA-2P 0SA-1S - 0SA-2S
position position
1.0+3 (2-f;) (1=51,)
f, <02 1.0+3 (2-f) (1-5 ) (1-f,5) + (28 T, -5)
+3f(1-51)} fis
02<f, <05 1.0 10+ (1-2 %) fe
y>0
05<f, <08 1.0 1.0+ 15(2 f, —1) g
10+ {15(2f, -1)
f,>08 1.0+ (f, - 0.8) (1-f,5) A —(f-08) A},
+(f, —0.8)A
1.0+3 (2—f;) (1-5f,)
f, <02 +{(28 f, - 5) 1.0+3 (2-f) (1-5 f,) (1-f,5)
+3f(1-51)} fs
02<f, <05 1.0+ (1-2f) fe 1.0
y<0
05<f, <0.8 1.0+ 15(2 f, 1) g 1.0
10+ {15(2f, 1)
f,>08 —(f - 08) A}, 1.0 + (f, - 0.8) (1-f,5) A
+(f,,—08)A
where:
A = 22— 15f; + 3[22(f,, - 0.8)=0.25(2 — ;)]

Figure 10 : Transverse distribution of dynamic pressure amidships for OSA-1P (left) and OSA-1S (right) load cases

Port Starboard Port Starboard

£ N

Wave

Wave

Figure 11 : Transverse distribution of dynamic pressure amidships for OSA-2P (left) and OSA-2S (right) load cases
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Wave
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Table 18 : k; values for OSA load cases
Tr::ssi‘t’;':e f, OSA-1P; OSA-2P 0SA-1S; 0SA-2S

0.0 0.75-0.5 fg 0.75
0.2 fr—0.25+ (1.25-f;) fq fr—0.25+ (0.35 f; — 0.47) f5
0.4 1.0 1.0+ (27 f1-32) f,g

y20 0.5 1.25-0.5 f; + (0.5 f; - 0.25)f 5 1.25-0.5 fr + (2.7 f;-3.2) f,e
0.6 15—fr+ (f— 1.07) fg 15—f+ (268 f;—3.19) fg
0.85 05 fr—1.25+(0.25-0.5 f;) f,q 05 f;—1.25+(0.2-0.1f;) f,q
1.0 05 f—1.25+(0.25- 0.5 f;) f,q 05 f—1.25 +(0.2-0.1 f;) f,q
0.0 0.75 0.75-0.5 f5
0.2 fr—0.25 + (0.35 f; — 0.47) f,q fr—0.25+ (1.25-f;) fq
0.4 1.0+ (27 f1-32) 1.0

y<0 05 125-05 f;+(27 f;-3.2) fg 1.25-05 f; + (0.5 f; - 0.25)f,5
0.6 15—f +(2.68 f;—3.19) f,q 15—fr+ (f— 1.07) fg
0.85 05 f—1.25+(0.2-0.1 f;) f,g 0.5 f;—1.25+(0.25-0.5 f;) f,g
1.0 05 f;—125+(0.2-0.1f;) f,q 0.5 f;—1.25+(0.25-05 f;) f,q

1.3.9 Envelope of dynamic pressure

The envelope of dynamic pressure at any point, P., .y IS t0 be taken as the greatest pressure obtained from any of

the load cases determined by [1.3.2] to [1.3.8].

1.4  External dynamic pressures for fatigue assessments

1.4.1 General

The external pressure P, at any load point of the hull for the fatigue static plus dynamic (F:S+D) design load

scenario, is to be derived for each fatigue dynamic load case and is to be taken as:

P, = P + Py, but not less than 0.

where:
Ps : Hydrostatic pressure, in kN/m?, defined in[1.2].
Pw : Hydrodynamic pressure, in kN/m?, is defined in [1.4.2] to [1.4.6].

1.4.2 Hydrodynamic pressures for HSM load cases

The hydrodynamic pressures, Py, for load cases HSM-1 and HSM-2, at any load point, in kN/m?, are to be obtained

from Table 19.

Table 19 : Hydrodynamic pressures for HSM load cases

Wave pressure, in kKN/m?2
Load case 2<Tc Tic<z < 2h,+T¢ z2>2h,+ T ¢
HSM-L | P, = max (-Pys, pg(z-Tic)) 1
Pw = PW,WL - Epg (Z - TLC) I:)W = 00
HSM-2 Pw = max (Pus, pg(z - Tic))
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where:

Pus = T, f, ks K, f,, Cy /E‘l-”—L‘-@

f . Girth distribution coefficient, to be taken as:

Z
f = =4 f +1
yz TLC yB

f, : Coefficient to be taken as:
f,= 2.75(1.21-0.66 f;)
fo : Coefficient to be taken as:

f, = fa[(0.21 +0.02 f) + (6 — 4 f;) L x 10-5]

K, : Amplitude coefficient in the longitudinal direction of the ship, to be taken as:
ke = 143 fr—(1+f;) fg+[5(1+f)fg—15f]1 for f,. <02
ko = 1.0 for 0.2<f,.<06
ko = 1+ (f,.—0.6)[(13.5-3.5f) fg + (14.5f; - 17) + 40(1 —f,) (f,. — 0.6)] for f.>0.6
A : Wave length of the dynamic load case, in m, to be taken as:
A=06(1+f)L
Ky - Phase coefficient to be obtained from Table 20. Intermediate values are to be interpolated.

Table 20 : k, values for HSM load cases

fu Kp

0 (LO—f;) +(05—1f;) fq
03-0.1f; -1
05-0.2 f; 1
0.9-04 f; 1
09-02f; -1
1.0 -1

1.4.3 Hydrodynamic pressures for FSM load cases

The hydrodynamic pressures, Py, for FSM-1 and FSM-2 load cases, at any load point, in kN/m?, are to be obtained
from Table 21.

Table 21 : Hydrodynamic pressures for FSM load cases

Wave pressure, in kN/m?

Load case Z<Tc Tic<z<2hy+T¢ 2>2hy+T¢

FSM-1 | P, = max(-Pgs, pg(z-Tc))

1
Pw = PW,WL_E pg (z-Tre) Pw=0.0

FSM-2 Pw = max(Pes, pg(z—T.c))

where:

Pes = fy ka K, ,, Cu /':Mle_%
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f,, - Girth distribution coefficient, to be taken as:
z
fyz = _E + fyB +1
f, . Coefficient to be taken as:
f,=2.6
f : Coefficient to be taken as:

fy= f[(0.21+0.02 f;) + (6—4f;) L x 10-5]

K, : Amplitude coefficient in the longitudinal direction of the ship, to be taken as:
ko=1+@35-2f)(1-5f)(1-fg) for f, <02
k, = 1.0 for 0.2<f, <09
ko = 1+15(1—f,g)(f, —0.9) for f, >0.9
A : Wave length of the dynamic load case, in m, to be taken as:
x:Oﬁ@+§fJL
k : Phase coefficient to be obtained from Table 22. Intermediate values are to be interpolated.

Table 22 : k, values for FSM load cases

fu Ke

0 ~0.75-0.25 f,q
0.35-0.1 f; -1
05-0.2 f; 1
0.75 1
09-0.1f; -1

1.0 -05-05 f,q

1.4.4 Hydrodynamic pressures for BSR load cases

The hydrodynamic pressures, Py, for BSR-1 and BSR-2 load cases, at any load point, in kN/m?, are to be obtained

from Table 23.

Table 23 : Hydrodynamic pressures for BSR load cases

Wave pressure, in kN/m?
Load case Z<T¢ Tic<z<2hy+T¢ z2>2hy+ T ¢

BSR-1P Pw = max (Pgsr, £9(Z - T c))

BSR-2P Py = max (- Pggr, p9(z - Tic)) 1

- Pw = PW,WL_E pg (z-To) Pw=0.0
BSR-1S Pw = max (Pgsg, £9(Z - T0))
BSR-2S Pw = max (- Pggr, £9(Z - Tic))
where:
¢ For BSR-1P and BSR-2P load cases.
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Pase = 10y sin0 + 088, C, [T 221, 1)

¢ For BSR-1S and BSR-2S load cases.

Pesr = — 10y sin 6 +0.88f, C,, /M(fym +1)

Pt 13, Sub 1,Ch 4 Sec 5

fo : Coefficient to be taken as:
fo=  fa[(0.21+0.04 f;) - (12 f;—2) B x 10]
A : Wave length of the dynamic load case, in m, to be taken as:
_ 9
A o Ts

1.4.5 Hydrodynamic pressures for BSP load cases

The wave pressures, Py, for BSP-1 and BSP-2 load cases, at any load point, in kN/m?, are to be obtained from
Table 24.

Table 24 : Hydrodynamic pressures for BSP load cases

Wave pressure, in kKN/m?
Load case Z2<T¢ Tic<z<L2h,+T¢ z2>2h,+T¢
BSP-1P Py = max (Pgsp, £9(z - Tic))
BSP-2P Pw =max (- Pgsp 09z - T\0)) 1
Py = PW,WL_E p9(z-Teo) Py =0.0
BSP-1S Pw = max (Pgsp, £9(z - Tic))
BSP-2S Pw = max (- Pgsp, 09(Z - Tic))
where:
Lo+ A —125
PBSP = 45 fp fyZ CW —‘(‘)“‘_L““_
A : Wave length of the dynamic load case, in m, to be taken as:
A =02(1+2f)L
fo : Coefficient to be taken as:
fo= f[0.2+(8+16 fr) x 107%]
fi, : Girth distribution coefficient, to be obtained from Table 25.
Table 25 : Girth distribution coefficient, f,, for BSP load cases
Transverse position BSP-1P - BSP-2P BSP-1S - BSP-2S
z 2z .1
=2-—+2 +0. = = = +=fg +0.
y Z 0 fyZ 2 TLC 2 5 fyBl 0 5 fyZ 3 TLC 2 fyBl 0 5
2 z 1 z
y<0 fyz=§T—LC+§fy51+0.5 fyz=2T—LC+2.5fyBl+0.5

1.4.6 Hydrodynamic pressures for OST load cases

The wave pressures, Py, for OST-1 and OST-2 load cases, at any load point, in kN/m?, are to be obtained from
Table 26.
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Table 26 : Hydrodynamic pressures for OST load cases

Wave pressure, in kKN/m?2

Load case Z2<T ¢ Tic<z<2hy+T¢ z>2hy+T¢
OST-1P | Py, =max (Posr, p9(z - Tio))
OST-2P | Py, = max (- Posy, p9(z - Tic))
OST-1S | Py =max (Posr, p9(Z - Tic))
0ST-2S | Py = max (- Pogsr, p(Z - Tic))

1
Py = PW,WL_E pg(z—-Tc) Pyw=0.0

where:
Posr = 138 f, ko k, f,, C., /':-°-+—7”L1-1§
f, . Girth distribution coefficient, to be obtained from Table 27.
Table 27 : Girth distribution coefficient, f,, for OST load cases
Transverse position OST-1P - OST-2P OST-1S - OST-2S
y>0 5i+3_3fyB+1,7 L+O.3fy5+1.7
T|_c TLC
y<0 L4031 +17 | 54331417
LC TLC
fy : Coefficient to be taken as:
fo = fa[(0.25-0.02 f;) + (12 f;—9) B x 10*]
A : Wave length of the dynamic load case, in m, to be taken as:
A=0451L
Ka - Amplitude coefficient in the longitudinal direction of the ship, to be obtained from Table 28.
K, : Phase coefficient to be obtained from Table 29. Intermediate values are to be interpolated.
Table 28 : k, values for OST load cases
Trans
verse | Longitudinal OST-1P - OST-2P 0ST-1S - 0ST-25
positi Position
on
f <02 1.0+ {(35-2 f;)+ (10 f; - 17.5)f, } 10+(35-2f-151p)
== (1-fp) +(10 f; =175+ 7.5 fp)f.
y20 1 02<f, <08 1.0 1.0
f,.>0.8 1.0 1.0+ 2(1-fr)(5f, - 4)fs
f <02 10+(35-21f;-151p) 1.0+ {(35-2f)
XL +(10 f1 =175+ 75 f5)f, +(10 f = 17.5)f, } (1 -f;p)
y<0lo02<f, <08 1.0 1.0
f,.>0.8 1.0+ 2(1-fr)(5f, - 4)f, 1.0
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Table 29 : k, values for OST load cases
Transverse f, OST-1P - OST-2P 0ST-1S - OST-2S
position

0.0 1.0 1.0+ (0.5-f) fe
0.2 1.0 1.0 +3(0.5 - fp)fyg
04 -1.0 (27-24 1) fz-1

y > O 0.5 '1.0 (28 - 26 fT) fyB - 1
0.7 (f;—0.62) f,3—0.38 (2.38-3 f;) f,3—0.38
0.9 0.24+0.76 f,q 0.24 - (0.24 +f;) fyg
1.0 -10+05fg -1.0
0.0 1.0+ (05-1;) fg 1.0
0.2 1.0+ 3(0.5-f)fyg 1.0
0.4 (27-241;) f-1 -1.0

y<0 0.5 (28-26f;) fg—1 -1.0
0.7 (2.38-3 f;) f,3—0.38 (f;-0.62) f,5—0.38
0.9 0.24-(0.24 +f;) fq 0.24+0.76 fg
1.0 -1.0 -1.0+05fg

2 EXTERNAL PRESSURES ON EXPOSED DECKS

2.1 Application

21.1

The external pressures and forces on exposed decks are only to be applied for strength assessment.
2.1.2

The green sea pressures defined in [2.2] for exposed decks are to be considered independently of the pressures due
to distributed cargo or other equipment loads and any concentrated forces due to cargo or other unit equipment
loads, defined in [2.3.1] and [2.3.2] respectively.

2.2  Green sea loads

2.2.1 Pressure on exposed deck

The external dynamic pressure due to green sea loading, Pp, at any point of an exposed deck, in kN/m?, for the static
plus dynamic (S+D) design load scenarios is to be derived for each dynamic load case and is to be taken as defined
in [2.2.3] to [2.2.4]

The external dynamic pressure due to green sea loading, Pp, at any point of an exposed deck for the static (S) design
load scenarios is zero.

2.2.2

If a breakwater is fitted on the exposed deck, no reduction in the green sea pressure is allowed for the area of the
exposed deck located aft of the breakwater.

206 KR” Rules for the Classification of Steel Ships 2017



Pt 13 Bulk Carriers and Oil Tankers
Ch 4 Loads

Pt 13,Sub 1,Ch 4 Sec 5

2.2.3 HSM, HSA and FSM load cases

The external pressure, Pp, for HSM, HSA and FSM load cases, at any load point of an exposed deck is to be
obtained, in kN/m?, from the following formula, see Figure 2 and Figure 3:

Pp = x Pw
where:

Pw = Py,p. but not to be taken less than Pp_pn.

Pwp  : Pressure, in KN/m2, obtained at side of the exposed deck for HSM, HSA and FSM load cases as defined in

[1.3].
Pomin - Minimum exposed deck pressure, in kN/m?, to be taken as:
» For cargo hold analysis according to Ch 7: Pp_pi, = 0.
« For other cases: Pp_i, as defined in Table 30.

X : Coefficient defined in Table 31.

Table 30 : Minimum pressures on exposed decks for HSM, HSA, FSM load cases

Minimum pressure on exposed deck, Pp. i, in KN/m?

Location
L,, >2100m L, <100m
X /L £0.75 34.3 149+0.195L,,
X /L >0.75 343+ (148 +a(L,.-100)) | 4 -3 12.2 + 5 -2|+36
I-LL 9 I-LL I-LL
a : Coefficient taken equal to:
a = 0.356 for Type A, Type B-60 and Type B-100 freeboard ships
a =0.0726 for Type B freeboard ships.
XL : X-coordinate of the load point measured from the aft end of the freeboard length L, .
Table 31 : Coefficient for pressure on exposed decks
Exposed deck location X
Freeboard deck 1.00
Superstructure deck including forecastle deck 0.75
1sttier of deckhouse 0.56
2" tier of deckhouse 0.42
3 tier of deckhouse 0.32
4t tier of deckhouse 0.25
5t tier of deckhouse 0.20
6™ tier of deckhouse 0.15
7t tier of deckhouse and above 0.10

2.2.4 BSR, BSP, OST and OSA load cases

The external pressure, Py, for BSR, BSP, OST and OSA load cases at any load point of an exposed deck is to be
obtained, in kN/m?, by linear interpolation between the pressures at the port and starboard deck edges (see also

Figure 4, Figure 6, Figure 9 and Figure 10):
Posiv = % Pw.o-sw

PD,pt =X PW,D—pt
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where:

Pwost - Pressure obtained at starboard deck edge for BSR, BSP, OST or OSA load cases as defined in [1.3], as
appropriate.

Pwppt : Pressure obtained at port deck edge for BSR, BSP, OST and OSA load cases as defined in [1.3], as
appropriate.

4 : Coefficient defined in Table 31.

2.2.5 Envelope of dynamic pressures on exposed deck

The envelope of dynamic pressure at any point of an exposed deck, Pp_.x IS to be taken as the greatest pressure
obtained from any of the load cases determined by [2.2.3] and [2.2.4].

2.3 Load carried on exposed deck

2.3.1 Pressure due to distributed load

If a distributed load is carried on an exposed deck, for example deck cargo or other equipment, the static and
dynamic pressures due to this distributed load are to be considered.

The total pressure, Py, in KN/m?, due to this distributed load for the static (S) design load scenario is to be taken as:
Pa = Pas

The pressure Py, in kN/m?2, due to this distributed load for the static plus dynamic (S+D) design load scenario is to
be derived for each dynamic load case and is to be taken as:

Pa = Pai_s+ Pai_g
where:

Pats : Static pressure, in KN/m?2, due to the distributed load, to be defined by the Designer and, in general, but
not less than 10 kN/m?2.

Parg : Dynamic pressure, in kKN/m?, due to the distributed load, in kN/m?, to be taken as:
a
Pai_g = fB EZ Pai_s

ay : Vertical acceleration, in m/s?, at the centre of gravity of the distributed load, for the considered load case,
to be obtained according to Ch 4, Sec 3, [3.2.4].

2.3.2 Concentrated force due to unit load

If a unit load, for example deck cargo, is carried on an exposed deck, the static and dynamic forces due to the unit
load carried are to be considered.

The force F, in kN, due to this concentrated load for the static (S) design load scenarios, is to be taken as:
Fo = Fus

The force Fy, in kN, due to this concentrated load for the static plus dynamic (S+D) design load scenarios is to be
derived for each dynamic load case and is to be taken as:

Fu = Fu_st+Fusg

where:

Fuss : Static force, in kN, due to the unit load to be taken equal to:
Fu_s =myg

Fua  : Dynamic force, in kN, due to unit load to be taken equal to:

Fu_q = myf; a;
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my : Mass of the unit load carried, in t.
a; : Vertical acceleration, in m/s?, at the centre of gravity of the unit load carried for the considered load case,

to be obtained according to Ch 4, Sec 3, [3.2.4].
3 EXTERNAL IMPACT PRESSURES FOR THE BOW AREA

3.1 Application

3.11

The impact pressures for the bow area are only to be applied for strength assessment.

3.2 Bottom slamming pressure

321

The bottom slamming pressure P, in kN/m?, for the bottom slamming design load scenario is to be evaluated for
the following two cases:

Case 1: An empty ballast tank or a void space in way of the bottom shell.

Ps, = 10 gJ/L fg Cg o  fOr L<170m
Ps. = 130 g f Cg o € for L>170m

Case 2: A full ballast tank in way of the bottom shell.

Ps. = 10 gﬁ fsL CsLon—1.25 pQ( Zyop—2) for L<170m
Ps. = 130 g f €5 e €1 —1.25 pg( Zpp—2) Ffor L=170m
where:
(o . Coefficient to be taken as:
c, =0 for L<180 m
c; = —0.0125(L - 180)°7 for L>180 m
Cset - Slamming coefficient for case with an empty ballast tank or void space:
0.2
Co ot = 5.95— 10.5(TFT*9)
Cs.e - Slamming coefficient for case with a full ballast tank:
0.2
Co 1 = 5.95- 10.5(T—FL-—-‘)
foL : Longitudinal slamming distribution factor, to be taken as:
fse. = 0 for x/L<05
fs. = 1.0 for x/L = 05+¢c,
fs. = 1.0 for x/L = 0.65+c,
fs. = 0.5 for x/L>1
Intermediate values of fy are to be obtained by linear interpolation.
C, : Coefficient to be taken as:

C, = 0.33 Cy+ —=—

5500 but not to be taken greater than 0.35.
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Tee : Design slamming draught at the FP to be provided by the Designer. Tg., is not to be greater than the
minimum draught at the FP indicated in the loading manual for all seagoing conditions where any of the
ballast tanks within the bottom slamming region are empty. This includes all loading conditions with
tanks inside the bottom slamming region that use the ‘sequential’ ballast water exchange method.

Tes : Design slamming draught at the FP to be provided by the Designer. Tg; is not to be greater than the
minimum draught at the FP indicated in the loading manual for all seagoing conditions where all ballast
tanks within the bottom slamming region are full. This includes all loading conditions with tanks inside
the bottom slamming region that use the ‘“flow-through’ ballast water exchange method.

Ziop . Z-coordinate of the highest point of the tank, excluding small hatchways, in m.
For strength assessment of double bottom floors and girders, z, is not to be taken greater than the double
bottom height.

3.2.2 Loading manual information

The loading guidance information is to clearly state the design slamming draughts and the ballast water exchange
method used for each ballast tank.

Figure 12 : Definition of bow geometry

C
WL,
O(wl
Waterline angle Tangent line
C
S S S P _(I)_
2
I Section C-C
L Highest, [
deck

Bow impact
;Nangle

WL

Tangent line

Waterline at
draught T,

3.3 Bow impact pressure

3.3.1 Design pressures
The bow impact pressure Pgg, in KN/m2, to be considered for the bow impact design load scenario is to be taken as:
Peg = 1.025 feg Ceg V32, Sinyy,

where:
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feg : Longitudinal bow flare impact pressure distribution factor. To be taken as:

frg = 0.55 for x/L<0.9

feg = 4(x/L-0.9)+055  for 0.9<x/L<0.9875

fes = 8(x/L—-0.9875)+ 0.9 for 0.9875<x/L<1.0
feg = 1.0 for x/L>1.0
Vin . Impact speed, in knots, to be taken as:

Vin = 0.514 Vo Sina, + /L
Viet : Forward speed, in knots, to be taken as:
V. = 0.75 V  but not less than 10.

Ay : Local waterline angle, in deg, at the considered position, but not less than 35 deg. See Figure 12.

Yol : Local bow impact angle, in deg, measured in a vertical plane containing the normal to the shell, from the
horizontal to the tangent line at the considered position but not less than 50 deg, as shown in Figure 12.
Where this value is not available, it may be taken as:

i = tan'l( fan By )

COS Oly,

B : Local body plan angle, in deg, at the considered position from the horizontal to the tangent line, but not
less than 35 deg.

Crg : Coefficient to be taken as:
Ceg = 1.0 for positions between draughts Tga, and Teec.

Crg = Jl,o + cosz[go M} for positions above draught Tgc.

hey
e, : Vertical distance, in m, from the waterline at the draught T to the highest deck at side. See Figure 12.
hg . Vertical distance, in m, from the waterline at the draught Ty to the considered position. See Figure 12.

4  EXTERNAL PRESSURES ON SUPERSTRUCTURE AND
DECKHOUSES

4.1  Application

411
The external pressures on superstructure and deckhouses are only to be applied for strength assessment.

These pressures are to be considered as dynamic pressures and are to be applied to the appropriate structure without
any static pressure load component.

4.1.2

The dynamic load case concept is not to be applied for external pressures on superstructures and deckhouses.

4.2 Exposed wheel house tops

4.2.1
The lateral pressure for exposed wheel house tops, Pp, in KN/m?, is to be taken as:

Py = 125
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4.3  Sides of superstructures

43.1

The design pressure for the external sides of superstructures, Pg;, in KN/m?, is to be taken as:

where:
- __ 20
Cr : Distribution factor according to Table 32.
Table 32 : Distribution factor c.
Location Cr
x/L<0.2 1.0+ Ci (0.2 - E) without taking x/L less than 0.1
B
x/IL >0.2 1.0

4.4 End bulkheads of superstructures and deckhouse walls
441

The external pressure for the aft and forward external bulkheads of superstructures and deckhouse walls, in KN/m?,
is to be taken as:

Pa = fi fo [fo fa= (2= Tso)]

but is not to be less than Py_pin.

where:
f, : Coefficient defined in Table 33.
f. . Coefficient, to be taken as:
f, = 0.3+0.7 % but not less than 0.475.
1
For exposed parts of machinery casings, f. is not to be taken less than 1.0.
fy : Coefficient, to be taken as:
= e-(1-(5) )
— = @-(L/300) _ | =
fy 0 e 1 150 for L<150 m
f, = % e-(L/30) for 150 m < L <300 m
fy =11.03 for L>300m
b, : Breadth of deckhouse at the position considered.
B, . Actual breadth of ship on the exposed weather deck at the position considered.
f, . Coefficient defined in Table 34.

Pamin . Minimum lateral pressure, in kKN/m?, as defined in Table 35.

5 EXTERNAL PRESSURES ON HATCH COVERS

5.1 Application
5.1.1

The external pressures on hatch covers are only to be applied for strength assessment.
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5.2  Green sea loads

521
The green sea loads at any load point of a hatch cover, P,c, in KN/mm?, is to be taken as follows:
e For cargo hold analysis according to Ch 7:
Puc = Po—p g (zywc— D) without being less than 0.
» For other cases: Pyc = Pp in as defined in Table 30.

Po : Green sea pressure, in kN/mm?2, on the deck in way of the hatch cover obtained according to [2.2],
considering y equal to 1.0.

Zhe : z coordinate of the top of the hatch cover, in m.

5.3 Load carried on hatch covers

531
If a distributed load or a unit load is carried on a hatch cover, the pressure is to be obtained according to [2.3].

Table 33 : Coefficient f,

Type of bulkhead Location f,
. L,
Lowest tier @ 20+ —
12
: L,
Unprotected front bulkhead Second tier 10 + o
s L,
Third tier and above 5+ 5
. L,
Protected front bulkhead ® All tiers 5+ T
. - I_2
Side bulkheads All tiers 5+ 5
Lz X
Abaft amidships 7+—=-8—
P 100 °L,
Aft end bulkheads
Lz X
Forward of amidships 5+ —=-4~—
P 100 "L,

(1) The front bulkhead of a superstructure or deckhouse may be considered as protected when it is located less than B, behind another
superstructure or deckhouse, and the width of the front bulkhead being considered is less than the width of the aft bulkhead of the
superstructure or deckhouse forward of it. B, is the local breadth of the ship at the front bulkhead.

2 The lowest tier is normally that tier which is directly situated above the uppermost continuous deck to which the moulded depth D
is measured. However, when (D - Tg.) exceeds the minimum non-corrected tabular freeboard (according to ICLL as amended) by
at least one standard superstructure height (as defined in Ch 1, Sec 4, [3.3]), then this tier may be defined as the 2 tier and the tier
above as the 3 tier.
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Table 34 : Coefficient f,

Location of bulkhead f,
X/L —0.45\?
X045 10+ (=045
L Cgr +0.2
x/L —0.45)?

X5 045 1.0+ 15( 2E=049)

L Cg +0.2
where:
Cea : Block coefficient, but not less than 0.60 nor greater than 0.80. For aft deckhouse bulkheads located forward of amidships, Cg,

may be taken as 0.80.
1) For deckhouse sides, the deckhouse is to be subdivided into parts of approximately equal length, not exceeding 0.15L each, and x
is to be taken as the X-coordinate of the centre of each part considered.

Table 35 : Minimum lateral pressure, P min

Py miny i KN/m?
L Lowest tier of unprotected Elsewhere ©
fronts
90 < L < 250 25+ £ 125+ L
- 10 20
L > 250 50 25

1) For the 4" tier and above, Py, is to be taken equal to 12.5 kN/m2.
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SECTION 6
INTERNAL LOADS

SYMBOLS

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

ay, ay, a7 Longitudinal, transverse and vertical accelerations, in m/s?, at Xg, Vg, Zg as defined in Ch 4, Sec 3, [3.2].

PhpL

ey

: Breadth of the cargo hold, in m, measured at mid-length of the cargo hold and at the mid height between

the top of hopper tank and the bottom of topside tank, see Figure 1.

: Breadth of inner bottom, in m, measured at mid-length of the cargo hold, see Figure 1.
: Distance, in m, from the baseline to the freeboard deck at side amidships.
: Diameter, in m, of a steel coil.

: Factor for joint probability of occurrence of liquid cargo density and maximum sea state in 25 years

design life, to be taken as:
» For strength assessment with FE analysis of cargo tanks filled with liquid cargo:
fy=1.0 for p >1.025 t/m3.
f.q =0.88 for p. = 1.025 t/m?3.
+ For other cases:

fcd =1.0.

: Dry cargo factor taken as:

o f,. = 1.0 for strength assessment,

» f, =0.5 for fatigue assessment.

: Coefficient defined in Ch 4, Sec 4.
: Height of air pipe or overflow pipe above the top of the tank, in m.

: Height of bulk cargo, in m, from the inner bottom to the upper surface of bulk cargo, as defined in [2.3.1]

or [2.3.2].

: Height, in m, of the double bottom at the centreline, measured at mid-length of the cargo hold, see Figure

1.

. Vertical distance, in m, from the inner bottom at centreline to the upper intersection of hopper tank and

side shell or inner side for double side bulk carriers, determined at mid length of the considered cargo
hold, as shown in Figure 1.

hyp = 0 if there is no hopper tank.

. Vertical distance, in m, from the inner bottom at centreline to the lower intersection of topside tank and

side shell or inner side for double side bulk carriers, determined at mid length of the cargo hold at
midship, as shown in Figure 1.

: Mean height, in m, of the lower stool, measured from the inner bottom.
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hmax

216

: Maximum permissible filling level, in m, taken as:
e For ballast tanks: maximum tank height,
« For cargo tanks with cargo density equal to o, : maximum tank height

» For cargo tanks with heavy liquid cargo density equal to p,, associated with a partially filled
cargo tank: h,y as defined in Ch 10, Sec 4, [1.2.1].

. Coefficient taken equal to:

for inner bottom, hopper tank, transverse and longitudinal bulkheads,

2 . .2
= + — . . . -
Ke = costa+(1-sin?) sin‘a lower stool, vertical upper stool, inner side and side shell.

Ke=0 for topside tank, main deck and sloped upper stool.

: Coefficient taken equal to:

Ke.; = tan2(45 —%’)

: Distance, in m, between floors.

: Length of the cargo hold, in m, at the centreline between the transverse bulkheads. This is to be measured
to the mid-depth of the corrugated bulkhead(s) if fitted.

: Distance, in m, between outermost dunnage per EPP in the ship X direction, see Figure 10.
: Length, in m, of a steel coil.
: Mass, in t, of the bulk cargo being considered.

: Cargo mass, in t, in a cargo hold corresponding to the volume up to the top of the hatch coaming with a
density of the greater of M,;/Vg,, or 1.0 t/md.

Meu = 1.0 Vg, but not less than My,

: Cargo mass, in t, in a cargo hold that corresponds to the homogeneously loaded condition at maximum
draught with 50% consumables.

: Maximum allowable cargo mass, in t, in a cargo hold according to design loading conditions with
specified holds empty at maximum draught with 50% consumables and all ballast water tanks in cargo
hold region empty.

: Equivalent mass of a steel coil, in t, on inner bottom, as defined in [4.3.1]
. Equivalent mass of a steel coil, in t, on hopper side, as defined in [4.3.2].
: Number of tiers of steel coils.

: Number of load points per EPP of the inner bottom, see [4.1.3].

: Number of dunnages supporting one row of steel coils.

: Overpressure, in kN/m?, due to sustained liquid flow through air pipe or overflow pipe in case of
overfilling or filling during flow through ballast water exchange. It is to be defined by the designer, but
not to be less than 25 kN/m2,

: Setting of pressure relief valve, in kKN/m?, if fitted, but not less than 25 kN/m?2.
: Permeability of cargo, to be taken as:
perm = 0.3 for iron ore, coal cargoes and cement.
perm = 0 for steel coils and steel packed products.
: Vertical coordinate of the ship rotation centre, defined in Ch 4, Sec 3.
: Spacing of corrugations, in m, as defined in Ch 3, Sec 6, [10.4.2].
: Roll period, in s, as defined in Ch 4, Sec 3, [2.1.1].

: Volume, in m3, of cargo hold up to top of the hatch coaming, taken as:

KR™ Rules for the Classification of Steel Ships 2017



Pt 13 Bulk Carriers and Oil Tankers

Ch 4 Loads Pt 13, Sub 1, Ch 4 Sec 6
Veun = Vi + Vie.
Vy : Volume, in mé, of cargo hold up to level of the intersection of the main deck with the hatch coaming

Ztop

excluding the volume enclosed by hatch coaming, see Figure 1.

: Volume, in m3, of the hatch coaming, from the level of the intersection of the main deck with the hatch

side coaming to the top of the hatch coaming, determined for the cargo hold at midship, as shown in
Figure 1.

: Total volume, in m3, of the portion of the lower bulkhead stools within the cargo hold length ¢,; and

inboard of the hopper tanks.

: Mass, in t, of a steel coil.

: X, Y and Z coordinates, in m, of the load point with respect to the reference coordinate system defined in

Ch4, Secl,[1.2.1].

X, Y and Z coordinates, in m, of the volumetric centre of gravity of the tank or fully filled cargo hold, i.e.
Veans considered with respect to the reference coordinate system defined in Ch 4, Sec 1, [1.2].

In case of partially filled cargo hold, Xg, g Zg to be taken as follows:
X& Yo: Volumetric centre of gravity of the cargo hold.

Zg=hpg +heg /2

. Z coordinate of the highest point of tank, excluding small hatchways, in m.

: Height of the upper surface of the cargo above the baseline in way of the load point, in m, to be taken as:

: Angle, in deg, between panel considered and the horizontal plane.
: Pitch angle, in deg, defined in Ch 4, Sec 3, [2.1.2].

: Assumed angle of repose, in deg, of bulk cargo (considered drained and removed); to be taken as:

Pe

Pmax-LM

Prpart

Psih

Pst

y =30° in general.
y = 35° for iron ore.
v = 25° for cement.

: Density of bulk cargo, in t/m?, as defined in [2.3.3].

: Density of liquid in the tank and ballast hold, in t/m?2, but not less than:

+ For strength assessment:

o = 1.025 for all liquids including oil cargoes. If a tank filled at 98% is intended to carry heavier
liquid cargoes than 1.025 (i.e. ppaim > 1.025), then o = praxim-

» For fatigue assessment:
o = 0.9 for liquid cargoes.
o= 1.025 for all other liquids.

: Maximum liquid cargo density in t/m3, associated with a full tank at 98%, from any loading condition in

the ship's loading manual or value specified by the designer.

: Maximum permissible high liquid cargo density, in t/m?, associated with a partially filled cargo tank but

not taken less than p, considered for strength assessment.

: Liquid density, in t/m?, to be used for sloshing assessment, taken as:

Psih = Ppare  TOr heavy liquid cargo density associated with partial filling of cargo tank
psn = p.  forall other cases

: Density of steel, in t/m?, to be taken as 7.8.
: Roll angle, in deg, defined in Ch 4, Sec 3, [2.1.1].

: Angle, in deg, between inner bottom plate and hopper sloping plate. in general 4, is such that:
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2Nyp,

tano, = B._B.

1 PRESSURES DUE TO LIQUIDS

1.1  Application

1.1.1 Pressures for the strength and fatigue assessments of intact conditions

The internal pressure due to liquid acting on any load point of a tank and ballast hold boundary, in kN/m?, for the
static (S) design load scenarios, given in Ch 4, Sec 7, is to be taken as:

Pin = Pis but not less than 0.

The internal pressure due to liquid acting on any load point of a tank and ballast hold boundary, in kN/m?, for the
static plus dynamic (S+D) design load scenarios is to be derived for each dynamic load case and is to be taken as:

Pi,» = P+ P,y but not less than 0.

where:
P : Static pressure due to liquid in tanks and ballast holds, in kN/m?, as defined in [1.2].
Py : Dynamic inertial pressure due to liquid in tanks and ballast holds, in kN/m?, as defined in [1.3].

1.1.2 Pressures for the strength assessments of flooded conditions

The internal pressure in flooded condition, in kN/m?, acting on any load point of the watertight boundary of a hold,
tank or other space for the flooded static (S) design load scenarios, given in Ch 4, Sec 7, is to be taken as:

Pin = Pt but not less than  pgd,

The internal pressure in flooded condition, in kN/m?, acting on any load point of the watertight boundary of a hold,
tank or other space for the flooded static plus dynamic (S+D) design load scenarios, is to be derived for each
dynamic load case and is to be taken as:

Pin = Pi+ Py butnotlessthan  pgd,

where:

Py, : Static pressure of seawater in flooded condition in the compartment, in kN/m?, as defined in [1.4].

P : Dynamic inertial pressure of seawater in flooded condition in the compartment, in kN/m?, as defined in
[1.5].

dy : Distance, in m, to be taken as:
d, = 0.02 Lfor L <120 m.
dy = 24 for L=120 m,

For corrugations of vertically corrugated bulkheads of bulk carrier cargo holds, the flooded pressures and forces
specified in [3] for bulk cargoes are to be applied.
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1.2 Static liquid pressure

1.2.1 Normal operations at sea

The static pressure due to liquid in tanks and ballast holds, P, during normal operations at sea, in kN/m2, is to be
taken as:

Pis = fea PL 9 (Ziop— Z) + Ppy for cargo tanks filled with liquid cargo.
Pis = pL 9 (Zwp—2 + 0.5 hy;,) for other cases.

1.2.2 Harbour/sheltered water operations

The static pressure, P, due to liquid in tanks and ballast holds for harbour/sheltered water operations, in kN/m?, is to
be taken as:

Pis = pL 9 (Ziop—Z + hyi) + Py for ballast tanks
Pis = pL 9 (Ziop—2) + Ppy for cargo tanks filled with liquid cargo
Pis = pL 0 (Ziop—2+ 0.5 hyy) for ballast holds with h,;, = 0 and for other cases

1.2.3 Sequential ballast water exchange

The static pressure, P\ due to liquid in ballast tanks associated with sequential ballast water exchange operations, in
kN/m?, is to be taken as:

Pls = PL g (Ztop_Z + 05 hair)

1.2.4 Flow through ballast water exchange

The static pressure, P, due to liquid in ballast tanks associated with flow through ballast water exchange operations,
in KN/m?, is to be taken as:

Pls =pg (Ztop_ zZ+ hair) + Pdrop

1.2.5 Ballasting using ballast water treatment system

The static pressure, P, due to liquid in tanks and ballast holds associated with ballasting operations using a ballast
water treatment system is to be taken as defined for sequential ballast exchange in [1.2.3]. The ship designer has to
inform the Society if the ballast water treatment system implies additional pressure to be considered as Py, etc in
addition to the pressure defined in [1.2.3].

1.2.6 Static liquid pressure for the fatigue assessment

The static pressure due to liquid in tanks and ballast holds, P to be used for the fatigue assessment, in KN/m?, is to
be taken as:

Pis = pL 9 (ziop—2) forall tanks (cargo and water ballast tanks, ballast hold and other tanks).

1.3 Dynamic liquid pressure

1.3.1

The dynamic pressure, P,y due to liquid in tanks and ballast holds, in kN/m? is to be taken as:
P =fsfap [z (20— 2) + fun ax (%o = X) + funr ay (Yo —¥)I

where:

fu : Longitudinal acceleration correction factor for the ullage space above the liquid in tanks and ballast holds,
taken as:

KR™ Rules for the Classification of Steel Ships 2017 219



Pt 13 Bulk Carriers and Oil Tankers
Ch 4 Loads Pt13,Sub 1,Ch4Secb6

 For strength assessment:
fui = 0.62 for cargo tanks filled with any liquids including water ballast.
fun = 1.0 for other cases.

e For fatigue assessment:

|2o—2] 180

furr = 05+ ‘"

for cargo tanks and ballast holds.

fuin = 1.0 for other cases.
f.u 1S not to be less than 0.0 nor greater than 1.0
Ui : Cargo tank length at the top of the tank or length of the ballast hold hatch coaming, in m.

fun . Transverse acceleration correction factor to account for the ullage space above the liquid in tanks and
ballast holds, taken as:

 For strength assessment:
fui = 0.67 for cargo tanks filled with any liquids including water ballast.
fuie = 1.0 for other cases.

e For fatigue assessment:

fui_y = 0.5+ BLZ' 180 for cargo tanks and ballast holds.
Dp O

fue = 1.0 for other cases.

fuut 1S not to be less than 0.0 nor greater than 1.0

Brop : Cargo tank breadth at the top of the tank or breadth of the ballast hold hatch coaming, in m, determined at
mid length of the tank or ballast hold hatch coaming.

Xo : X coordinate, in m, of the reference point.

Yo . Y coordinate, in m, of the reference point.

Zy : Z coordinate, in m, of the reference point.

The reference point is to be taken as the point with the highest value of V;, calculated for all points that define the
upper boundary of the tank or ballast hold as follows:

Vi = ax (Xj—Xg) +ay (Yj—Ye) + (a2 +9) (z;—Z5)

where:
X : X coordinate, in m, of the point j on the upper boundary of the tank or ballast hold.
Y : Y coordinate, in m, of the point j on the upper boundary of the tank or ballast hold.

: Z coordinate, in m, of the point j on the upper boundary of the tank or ballast hold.

1.4 Static pressure in flooded conditions

1.4.1 Static pressure in flooded compartments
The static pressure, Py, in kN/m?, for watertight boundaries of flooded compartments is to be taken as:
P = pg (Zep—2) but not less than 0.

where:

Zep : Z coordinate, in m, of the freeboard deck at side in way of the transverse section considered or the deepest
equilibrium waterline in the damaged condition whichever is the greater.
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1.5 Dynamic pressure in flooded conditions

1.5.1 Dynamic pressure in flooded compartments
The dynamic pressure, Py, in KN/m?, for watertight boundaries of flooded compartments is to be taken as:
P =15 o8z (Zorp — 2) + fu ax (X0 —X) + fuc @y (Yo = y)1
where:
ZorD : Z coordinate of the effective reference point, in m, for a flooded compartment taken as:
When zpp > 2 Zoep = 2
When zpp < 74 Zoep = Zrp
fure fune - Longitudinal and transverse acceleration correction factors:
When zgp > 2z, Ty, and £, are to be taken as defined in [1.3.1].

When zgp < 7y, iy = 1.0 and fy,. = 1.0.
2 PRESSURES AND FORCES DUE TO DRY BULK CARGO

2.1  Application

211

The pressures and forces due to dry cargo in bulk in a cargo hold are to be determined both for fully and partially
filled cargo holds according to [2.4] and [2.5].

2.2 Hold definitions

2.2.1 Geometrical characteristics

Figure 1 gives the main geometrical elements of a bulk carrier cargo hold.

Figure 1 : Definition of cargo hold parameters for bulk carrier

V0|l|1me Vie Volume V¢

PU

hie,

Volume Vg

2.2.2 Fully and partially filled cargo holds
The definitions of a fully and partially filled dry bulk cargo holds are as follow:

a) Fully filled hold:
The dry bulk cargo density is such that the cargo hold is filled up to the top of the hatch coaming, as shown
in Figure 2.

The upper surface of the cargo and its effective height in the hold h. are to be determined in accordance with
[2.3.1].
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b) Partially filled hold:
The cargo density is such that the cargo hold is not filled up to the top of the hatch coaming, as shown in
Figure 3 or Figure 4.

The upper surface of the cargo and its effective height in the hold h. are to be determined in accordance with
[2.3.2].

2.3 Dry cargo characteristics

2.3.1 Definition of the upper surface of dry bulk cargo for full cargo holds

For a fully filled cargo hold as defined in [2.2.2], including non-prismatic holds, the effective upper surface of the
cargo is an equivalent horizontal surface at hc in m, above inner bottom at centreline as shown in Figure 2.

The value of h¢ is to be calculated at mid length of the cargo hold at the midship, is to be kept constant over the
cargo hold region area and is determined as follows:

he = hypy +hy

where:
S
h, = =2
0 B,
V
Sa = Sot €
Ly
Sy : Shaded area, in m?, above the lower intersection of topside tank and side shell or inner side, as the case

may be, and up to the level of the intersection of the main deck with the hatch coaming, determined for
the cargo hold at the midship as shown in Figure 2.

Figure 2 : Definition of effective upper surface of cargo for a full cargo hold

Equivalent cargo

upper surface - [ _ )
| Load calculation

S point

A

ho Area So

he

hHPU

2.3.2 Definition of upper surface of dry bulk cargo for partially filled cargo holds

For any partially filled cargo hold, as defined in [2.2.2], including non-prismatic holds, the effective upper surface
of the cargo is to be made of three parts:

« One central horizontal surface of breadth B,,/2, in m, at a height hc_¢, in m, above the inner bottom

» A ssloped surface at each side with an angle /2, in degrees, between the central horizontal surface, and the
side shell or inner hull, as shown in Figure 3, or the hopper plating, as shown in Figure 4, as the case may be.

The height of cargo surface h¢, in m, is to be calculated at mid length of the considered cargo hold and is to be taken
as constant over the length of the hold as follows:

B
For |y| < TH :he=heeL
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B B B
For —4—“<|y|s—2—2 : he hC,CL—(IyI—ZH) tan%

For |y|>% he =0
2
where:
h, : Height, in m, to be taken as:
M (BH + BIB) 3 v o, Vs
= - —_ — + —
=g T\ Tzs, ) e g Butang tp -

e For h; > 0as shown in Figure 3:

Ne_ct = Nupc+hy+hy

= Bu v
h, = 2 tan2

e For h; <0asshown in Figure 4

Ne_ct = i+ hy

BZ_ BIB)

hir = hupL (BH_BIB

hy, = (g—z—%) tan £

i(M ) 1(@) Bh, W
oo " Vi) t5 B, T8, ) T 1612

L[ Mo \,Lov
2 KBH—B.B) T2 ta”z}

hcc. @ Height, in m, of the cargo surface at the centreline, as shown in Figure 3 and Figure 4

B, : Maximum breadth of the cargo, in m, as shown in Figure 3 and Figure 4

Figure 3 : Definition of the effective upper surface of cargo for a partially filled cargo hold when h, > 0

Load
calculation

point 1
i
— Load i
calculation
point 2 i
"’/’ | /2
‘ !
T
h, ’_,—f’
hee | hy
P RO

KR™ Rules for the Classification of Steel Ships 2017

223



Pt 13 Bulk Carriers and Oil Tankers

Ch 4 Loads

Pt 13, Sub 1, Ch 4 Sec 6

2.3.3 Mass and density

The dry cargo mass and the density of the cargo are to be taken as follows:

Load
calculation!
point 2

Load
calculation
point 1

B,

hao
hys

i
heofLCP2 !
| B./2
\ I {

heof LCP 1
w/2

< For strength assessment in intact condition: the values defined in Table 1

« For fatigue assessment: the values defined in Table 2

< For strength assessment in flooded condition: the values defined in Table 3

Figure 4 : Definition of the effective upper surface of cargo for a partially filled cargo hold when h, < 0

Table 1 : Dry bulk cargo mass and density for strength assessment in intact condition

Homogeneous loading condition Alternate loading condition
Ship type cargo mass Partially filled
Cargo density Fully filled hold ho?/d Fully filled hold Partially filled hold
- M M = Mgy
O o -
ng = Mam_mum_value N/A N/A
=5 ol specified in the
< loading manual
M M = Mgy
M
3 Pc =y N/A N/A
m /]: Full
but not less than 1.0
M M = Mgy M =My
m MFuII
C = N/A
8 Pc pe VFuII Pc = 3.0 1)
but not less than 1.0
M M = Mg M =My M=Myp+01M,; | M=Myp+0.1M,
3 pe = e Mo + 0.1 M
@ Pc “ " Ve pc=3.00 pc = W pc=3.00
u
but not less than 1.0
1) To be taken as 3.0 unless an alternative maximum cargo density is specified in the loading manual.
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Table 2 : Dry bulk cargo mass and density for fatigue assessment
. . - Alternate loadin
Ship Cargo mass Homogeneous loading condition te ate. pad g
type Cargo density (Fully filled hold) _cond!tlon
(Partially filled hold)
06 M M =My
D
O . .- . .
=z 2 Oc Pc = maximum value specified in the loading manual
M M =My
Q
e M N/A
o - H
f = ()
¢ pe VFuII
M M =My
by
Q M
o - H
f = (:2)
¢ pe VFuII
M M =My M = Myp
<
Q M
@ Pc Pc = (V H ) pc=3.0 (6]
Full
Q) To be taken as 3.0 unless an alternative maximum cargo density is specified in the loading manual.
Table 3 : Dry bulk cargo mass and density for strength assessment in flooded condition
Homogeneqqs loading Alternate loading condition
Shi c condition
ip argo mass
; Hold loaded
type | Cargo densit i i i i )
P J Y| Fully filled hot | Prtally filled | ¢ fiioq not | P2rtall filled |y 5 <1 78
hold hold
t/m3®
5 M M =My
g = maximum
2 re o N/A N/A
o o value specified
@ © in the loading
= manual
M M =My
(&}
%) M N/A N/A
@ Pc Pc = ( a )
VFuII
M M =My M =My
m
%) M., N/A
@ pe pe = (g) | pe=300
Full
M M =My M =My M = Myp M = Myp M = Myp
<
Q M M
o pe pe= () | pe=300 | pe= () | =300 | p=178
VFuII VFuII
1) To be taken as 3.0 unless an alternative maximum cargo density is specified in the loading manual.
2) To be applied for bulk carriers that are required to carry cargoes with a density less than or equal to 1.78 t/mq.
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2.3.4 FE application
The following process is to be applied for the bulk cargo pressure loads used in FE analysis:
a) Determine h, according to [2.3.1] for fully filled cargo hold or [2.3.2] for partially filled cargo hold.

b) Determine the corresponding static pressure as defined in [2.4.2] and static shear pressure as defined in
[2.5.2] using o, and apply them in the FE model.

¢) Calculate the actual mass of cargo, M, in t.
d) Determine the effective cargo density, in t/m2:

__M
peff M pc

actual

e) Calculate the final pressure distribution and shear load using o, instead of p..

2.4 Dry bulk cargo pressures

2.4.1 Total pressure

The total pressure due to dry bulk cargo acting on any load point of a cargo hold boundary, in kN/m?, is to be taken
as:

Pi, = Py For strength assessment of intact conditions for static (S) design load scenarios, given in Ch 4,
Sec7

P, + P,y FoOrstrength assessment of intact conditions and fatigue assessment for static plus dynamic
(S+D) design load scenarios, given in Ch 4, Sec 7

Pin

but not less than 0.

where:
Pps : Static pressure due to dry bulk cargo, in kN/m?, as defined in [2.4.2].
Pog : Dynamic inertial pressure due to dry bulk cargo in cargo holds, in kN/m?, as defined in [2.4.3].

Static and dynamic pressures as defined in [2.4.2] and [2.4.3] for FE analysis are to be determined using pg; instead
of p..

2.4.2 Static pressure

The dry bulk cargo static pressure P, in KN/m?, is to be taken as:

Pus = pc 9Kc (z¢—2) but not less than 0.

2.4.3 Dynamic pressure
The dry bulk cargo dynamic pressure Py, in kN/m2, for each load case is to be taken as:

Poa = g pc [0.25 ax (Xg—%) +0.25 ay (Yo —V) +f4c Ke @z (z2c—2)] forz <z,
Poe =0 forz >z,

2.5 Shear load

2.5.1 Application

For FE strength assessment, the following shear load pressures are to be considered in addition to the dry bulk cargo
pressures defined in [2.4] when the load point elevation, z, is lower or equal to z:

« For static (S) design load scenarios, given in Ch 4, Sec 7: Static shear load, P,,, due to gravitational forces
acting on hopper tanks and lower stools plating, as defined in [2.5.2].
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e For static plus dynamic (S+D) design load scenarios, given in Ch 4, Sec 7: The following dynamic shear load
pressures:

Ps.s + Pys.q for the hopper tank and the lower stool plating, as defined in [2.5.3].
Pys.ax for the inner bottom plating in the longitudinal direction, as defined in [2.5.4].
Pys-gy for the inner bottom plating in the transverse direction, as defined in [2.5.4].

Shear loads as defined in [2.5.2] to [2.5.4] for FE analysis are to be determined using pg instead of p..

2.5.2 Static shear load on the hopper tank and lower stool plating

The static shear load pressure, P, (positive downward to the plating) due to dry bulk cargo gravitational forces
acting on hopper tank and lower stool plating, in KN/m?, is to be taken as:

(L -Ke) (zc=2)

Pbs—s = pc g tano

2.5.3 Dynamic shear load on the hopper tank and lower stool plating

The dynamic shear load pressure, P,y (positive downward to the plating) due to dry bulk cargo forces on the
hopper tank and lower stool plating, in kN/m?, for each dynamic load case is to be taken as:

(L =Ke) (2¢-2)

Pos—a = T3 pc &, tana

2.5.4 Dynamic shear load along the inner bottom plating for FE analyses

The dynamic shear load pressures, Py g, in the longitudinal direction (positive to bow) due to dry bulk cargo forces
acting along the inner bottom plating, in kN/m?, for each dynamic load case is to be taken respectively as:

PbS—dX = _075 fB pc ax hc

The dynamic shear load pressures, Py.q, in the transverse direction (positive to port) due to dry bulk cargo forces
acting along the inner bottom plating, in kN/m?, for each dynamic load case is to be taken respectively as

The dynamic shear load pressures Py 4, and Py 4, are only used for FE strength assessment.

3  PRESSURES AND FORCES DUE TO DRY CARGOES IN FLOODED
CONDITIONS

3.1 \ertically corrugated transverse watertight bulkheads

3.1.1 Application

The pressure defined in this sub-article applies to vertically corrugated transverse watertight bulkheads of the cargo
holds of bulk carriers for the assessment in flooded conditions.

Each cargo hold is to be considered individually flooded, see Figure 5, Figure 6 and Figure 7.

3.1.2 General

The loads to be considered as acting on each bulkhead are those given by the combination of loads induced by cargo
loads with those induced by the flooded loads of one hold adjacent to the bulkhead under examination. In any case,
the pressure due to the flooded loads without cargo is also to be considered.

The most severe combinations of cargo induced loads and flooded loads are to be used for the check of the
scantlings of each bulkhead, depending on the loading conditions included in the loading manual considering the
individual flooded condition of both loaded and empty holds:
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Homogeneous loading conditions;

Non-homogeneous loading conditions;

For the purpose of this article, the following items are defined as:

Design load limits:

The specified design load limits for the cargo holds are to be represented by loading conditions defined by
the designer in the loading manual.

Maximum cargo mass to consider:

Unless the ship is intended to carry, in non-homogeneous conditions, only iron ore or cargo having bulk
density equal to or greater than 1.78 t/m3, the maximum mass of cargo which may be carried in the hold is
also to be considered to fill that hold up to the top of the hatch coaming.

Homogeneous loading conditions:

Homogeneous loading condition means a loading condition in which the ratio between the highest and the
lowest filling level, evaluated for each hold, does not exceed 1.20, to be corrected for different cargo
densities.

Packed cargoes:
Holds carrying packed cargoes (such as steel mill products) are to be considered as empty.
Unconsidered loading conditions:

Non-homogeneous part loading conditions associated with multi-port loading and unloading operations for
homogeneous loading conditions do not need to be considered for the verification of these requirements.

3.1.3 Flooded level

The flooded level z¢ is the distance, in m, measured vertically from the baseline with the ship in the upright position,
and obtained from Table 4.

Table 4 : Flooded level z;, in m, for vertically corrugated transverse bulkheads

] ) o Vertically corrugated transverse bulkhead position
Bulk carrier type Loading condition
Foremost Others
Non-homogeneous
Bulk carriers less than | loading conditions with 2209 D, 2208 D,
50,000 t deadweight with | Ccargo density less than
Type B freeboard 178 t/m?
Other cases z:=0.95D, 2z =0.85D,
Non-homogeneous
loading con_dltlons with 2. 095D, 2.= 085D,
Other bulk carriers cargo density less than
1.78 t/m?
Other cases z.=D, z-=09D,

3.1.4 Flooded patterns

Three different flooded patterns are to be considered:

228

The flooded level is below the upper surface of the cargo, (see Figure 5: z¢ > z¢)
The flooded level is above the upper surface of the cargo, (see Figure 6: z; < zg)

The flooded hold is empty, (see Figure 7: z; = hpg)
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Figure 5 : Flooded level below upper surface of bulk cargo
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Figure 6 : Flooded level above upper surface of bulk cargo
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3.1.5 Pressures and forces on vertically corrugated transverse bulkheads of flooded cargo holds

The static pressure P, in KN/m?, at any point of the vertically corrugated transverse bulkhead located at a level z
from the baseline is given in Table 5 for each flooded pattern defined in [3.1.4].

The force Fy, in kN, acting on a corrugation of a transverse bulkhead is given by Table 6 for each flooded pattern
defined in [3.1.4].

where:

Pusie : Static pressure calculated according to Table 5 for z = h g + hpg.
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Table 5 : Static pressure on vertically corrugated transverse bulkhead of a flooded cargo hold Py

Load point

Flooded case e
position

Pressure Py, in KN/m?2

7>7¢ Ppis = 0

Zc> ¢ 22227 | Pys = pc 9 (2c—2) Keg

Zg>22hpg | Py_s = pg (Ze=2) + [pc (Zc—2)—p (1 -perm) (zg-2)] gKc_¢

hpg <Zc <7¢ 2e22217; |Puys=p09(2c-2)

Zc>22hpg | Py = pg (Ze=2) +[pc—p (L—perm)] g (zc-2) Ke_¢

Table 6 : Force acting on a corrugation in the flooded cargo holds F;

Flooded case Force Fy, in KN

2
Z0—12 Zc—2¢) Ko+ Pp_q_
Zc>1Z¢ Fors = Sc {Pc 9 (Lz'j_)‘ chf"'[pc SRES F)ZC - LE} (ZF_hDB—th)}

2
yA— Ir—1 +P _s—
20> 72 Foe = Sc {pg (ze . c) +[Pg( F 02) bf LE:| (ZC_hDB_hLS)}

3.1.6 Pressures and forces on vertically corrugated transverse bulkheads of non-flooded cargo holds

The static pressure Py, in KN/m?, at a point of the vertically corrugated transverse bulkhead located, located at the
level z from the baseline, due to dry bulk cargo of a non-flooded cargo hold acting on the intact side of the
transverse bulkhead which is flooded on the other side is to be taken as:

Pus = pc 9 Ke_t (Zc—2) but not less than 0.
The resultant force Fy, in kN, acting on a corrugation is to be taken as:

Zc - hpg — his)’
Fbs:chscg“‘C_“g‘Zu)—KC—f

3.1.7 Resultant pressures and forces on vertically corrugated transverse bulkheads of flooded cargo
holds

The resultant pressure Pg, in kN/m?, at each point of the bulkhead, and the resultant force Fg, in kN, acting on a
corrugation, given in Table 7, are to be considered for the assessment in flooded conditions of vertically corrugated
transverse bulkhead structures, where:

Pt : Pressure in the flooded cargo holds, in kN/m?, as defined in [3.1.5].

Pes : Pressure in the non-flooded cargo holds, in kN/m?, as defined in [3.1.6].
Fot.s : Force acting on a corrugation in the flooded cargo holds, in kN, as defined in [3.1.5].
Fos : Force acting on a corrugation in the non-flooded cargo holds, in kN, as defined in [3.1.6].
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Table 7 : Resultant pressure P and resultant force Fg on vertically corrugated transverse bulkhead in flooded condition

Load_mg Resultant pressure Pg, in KN/m?2 Resultant force Fg, in kN Application
condition
Homogeneous | Pg = Py.s— 0.8 Py Fr = Fuis— 0.8 Fy, All bulk carriers
BC-A bulk
Alternate Pr = Pois Fr = Frs carriers

3.2  Double bottom in cargo hold region of bulk carrier in flooded conditions

3.2.1 Application

Each cargo hold is to be considered individually flooded.

3.2.2 General

The loads to be considered as acting on the double bottom are those given by the external sea pressures and the
combination of the cargo loads with those induced by the flooding of the hold to which the double bottom belongs.

The most severe combinations of cargo induced loads and flooded loads are to be used, depending on the loading
conditions included in the loading manual:

¢ Homogeneous loading conditions.
* Non-homogeneous loading conditions.
« Packed cargo conditions (such as in the case of steel mill products).

For each loading condition, the maximum dry bulk cargo density to be carried is to be considered in calculating the
allowable hold loading.

3.2.3 Flooded level

The flooded level z; is the distance, in m, measured vertically from the baseline with the ship in the upright position,
and obtained from Table 8.

Table 8 : Flooded level z, for double bottom in cargo hold region of bulk carrier

) Cargo hold
Bulk carrier type
Foremost Others
Bulk carriers less than 50,000 t deadweight with Type-B 2:=0.95 D, 2:=0.85 D,
freeboard
Other bulk carriers e =D, z.=09D,

4  STEEL COIL LOADS IN CARGO HOLDS OF BULK CARRIERS

41 General

4.1.1 Application

The provision is determined by assuming Figure 8 as the standard means of securing steel coils loaded on wooden
dunnage.

It is assumed that all the steel coils have the same characteristics.

In cases where steel coils are lined up in two or more tiers, formulae in [4.1.3] and [4.2] can be applied assuming
that only the lowest tier of steel coils is in contact with hopper sloping plate or inner side plate. In other cases,
scantling requirements are to be determined on a case-by-case basis.
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Figure 8 : Inner bottom loaded by steel coils
Key coil
Wiring Shoring

Chocking

Dunnage

4.1.2 Arrangement of steel coils on inner bottom
The two following arrangements of steel coils on the inner bottom are considered:
« The steel coils are positioned without respect to the location of the inner bottom floors, as shown in Figure 9.

« The steel coils are positioned with respect to the location of the inner bottom floors, as shown in Figure 10.

Figure 9 : Steel coils loaded independently of inner bottom floors locations

Dunnage < {; >

Steel coil Steel coil Steel coil

\ W T Inner bottom

N J
Y

n,and £, are given by < !

Tables 9 and 10

Y

Bottom shell
Floor Floor Floor

Figure 10 : Steel coils loaded between inner bottom floors

|<— [sr—>

Dunnage

Steel coil Steel coil

Inner bottom

Bottom shell

Floor Floor Floor

4.1.3 Arrangement of steel coils independently of the floor locations
For steel coils loaded without respect to the location of floors in the inner bottom, see Figure 9:

The number n, of load point dunnages per elementary plate panels is to be found in comply with Table 9.
The distance /;,, in m, between outermost load point dunnages per elementary plate panel is to be found in comply
with Table 10.

Table 9 : Number n, of load point dunnages per elementary plate panel
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N3

n;
2 3 4 5

1 0<L<o0s 0<L<033 0<L <025 0<L <02
st Zst ES[ st
4 4 4 4

2 05<—<1.2 0.33<—<0.67 0.25<—<05 02<—<04
Zst ESI ESI Zst
4 4 4 4

3 12<—<17 0.67<—<1.2 0.5<—<0.75 04<—=<0.6
gst ZSI ZSI gst
L 4 4 L

4 1l7<—<24 12<—<153 0.75<—<1.2 06<—<0.8
Est gst ESI Est
4 4 4 4

5 24<—<29 153<—<187 12<—<145 08<—<12
est Zst gst est
4 4 4 4

6 29<—<36 187<—<24 145<—<17 12<—<14
Zst ZSI ESI Zst
4 4 4 4

7 36<—<41 24<—<273 17<—<1.95 14<—<16
gst fst ZSI gst
4 l 4 4

8 41<—<48 2.73<—<3.07 195<—<24 16<—<18
Est Est ESI Est
4 4 4 4

9 48<—<53 3.07<—<36 24<—<265 18<—<20
est gst gst est
4 4 4 4

10 53<—<6.0 3.6<—<393 265<—<29 20<—<24
Zst gSl ESI Zst

Table 10 : Distance between outermost load point dunnages per elementary plate panel, /), in m
N3

n;
2 3 4 5

1 Actual breadth of dunnages

2 0.54 0.33/ 0.2574 0.24

3 1204 0.67/ 0.507; 0.44

4 1.70 1.2044 0.7504 0.644

5 240 1.53/4 1.20¢ 0.84

6 2904 1.8704 1.45/ 1.2¢4

7 3.604 2.4004 1.7004 1.4704

8 4170 2.7304 1.950 1.674

9 4.8/0 3.07/ 24004 1.874

10 5.30 3.60/ 2.6504 2.004
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4.1.4 Arrangement of steel coils between floors
For steel coils loaded with respect to the locations of floors in the inner bottom, see Figure 10:
e The number n, of load point dunnages per elementary plate panels is to be taken as: n, = nq
 The distance ¢, between outermost load point dunnages per elementary plate panel is to be taken as the
distance between the outermost dunnage supporting one row of steel coils.
4.1.5 Centre of gravity of steel coil cargo
The centre of gravity of the steel coil cargo of the considered cargo hold is to be taken at the following position:
a) Longitudinal position

Xgsc 1S the X coordinate, in m, of the volumetric centre of gravity of the considered cargo hold with respect to
the reference coordinate system defined in Ch 4, Sec 1, [1.2.1].

b) Transverse position

B
szc =€ TH

c) Vertical position

I@Jgs_c
2] 2

Zgse = hpg+ [1 +(n;-1)
where:
& : Coefficient to be taken as:

£= 1.0 when a port side structural member is assessed.

£=-1.0 when a starboard side structural member is assessed.

4.2 Total loads

4.2.1 Total load on the inner bottom

The total load F;,, in kN, due to steel coil cargoes on the inner bottom is to be taken as:
Fec_ib = €0S(Cyg @) €0S(Cyg 0) Fee_in_s + Fsc_in_q but not less than 0

where:

Feins  Static load, in kN, on the inner bottom, given in [4.3.1].

Fe.iba : Dynamic load, in kN, on the inner bottom, given in [4.4.2].

Cyo Cyg: Load combination factors, as defined in Ch 4, Sec 2, [2.2].

4.2.2 Total load on the hopper side

The total load F,,, in KN, due to steel coil cargoes on the hopper side is to be taken as:

cos(0, + & Cyg 0) cos(Cyg 0)
cos0,,

Focons = Fec_ns_s + Fec_hs_q DUt NOt less than 0

where:

Fenss - Static load, in KN, on the hopper side, given in [4.3.2].
Fens.a : Dynamic load, in kN, on the hopper, given in [4.4.3].

Cyo Cyg: Load combination factors, as defined in Ch 4, Sec 2, [2.2].

234 KR™ Rules for the Classification of Steel Ships 2017



Pt 13 Bulk Carriers and Oil Tankers
Ch 4 Loads Pt 13,Sub 1,Ch 4 Sec 6

4.3  Static loads

4.3.1 Static loads on the inner bottom

The static load F,.., in KN, on the inner bottom due to steel coils is to be taken as:
l:sc—ib—s = Msc—ibg

where:

M..iy : Equivalent mass of steel coils, in t, to be taken as:

n, N,

Mec_in = Kg W for n, <10 and n;<5

3

Mec_in = Kg Wnlf for n,>10 or nz;>5
st

Ks : Coefficient to be taken as:
Kg = 1.4 when steel coils are lined up in one tier with a key coil.

Ks= 1.0 in other cases.

4.3.2 Static load on the hopper side

The static load F., in kKN, on the hopper side due to steel coils is to be taken as:
Fsc—hs—s = COsethc—hs g
where:

Msns - Equivalent mass of steel coils, in t, to be taken as:

Moo = ckwg—2 for n,<10 and n,<5
3
Mec_hs = CL W gﬁ for n,>10 or ny3>5
st
Cy : Coefficient to be taken as:

C, = 3.2 when steel coils are lined up two or more tiers, or when steel coils are lined up one tier and key
coil is located second or 3rd from hopper sloping plate or inner hull plate.

C, = 2.0 for other cases.

4.4  Dynamic loads

4.4.1 Tangential roll acceleration

The tangential roll acceleration ag, in m/s?, is to be taken as:

- Z_n) Nt Rozen)’
aR =0 180 (Te Gsc+ (R ZGSC)

where:

Yosc : 'Y coordinate, in m, of the centre of gravity of the steel coil cargo of the considered cargo hold, given in
[4.1.5].

Z6sc : Z coordinate, in m, of the centre of gravity of the steel coil cargo of the considered cargo hold, given in
[4.1.5].
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4.4.2 Dynamic load on the inner bottom

The dynamic load F,.4, in kKN, on the inner bottom due to steel coils is to be taken as:

Fsc-ib-a = Msc_ip &,

where:

a, : Vertical acceleration, in m/s?, as defined in Ch 4, Sec 3, [3.2.4], calculated at the centre of gravity of the
steel coil cargo of the considered cargo hold, given in [4.1.5].

4.4.3 Dynamic load on the hopper side

The dynamic load Fg. 4, in KN, on the hopper side due to steel coils is to be taken as:

l:sc—hs—d = 8Msc—hs [CYR ag sin (tan_l & _eh) - CYS asway Sineh:|

- ZGsc
where:

Cys, Cygr: Load combination factors, defined in Ch 4, Sec 2, [2.2].

aga - Sway acceleration, in m/s?, as defined in Ch 4, Sec 3, [2.2.2].

ag : Tangential acceleration, in m/s?, as defined in [4.4.1].

Yosc : 'Y coordinate, in m, of the centre of gravity of the steel coil cargo of the considered cargo hold, given in
[4.1.5].

Zosc . Z coordinate, in m, of the centre of gravity of the steel coil cargo of the considered cargo hold, given in
[4.1.5].

5 LOADS ON NON-EXPOSED DECKS AND PLATFORMS

5.1 Application

5.1.1 General

The loads defined in [5.2] and [5.3] are applicable to non-exposed decks, accommodation decks and platforms.

5.2 Pressure due to distributed load

521

If a distributed load is carried on a deck, the static and dynamic pressures due to this distributed load are to be
considered.

The static distributed load is to be defined by the designer without being less than 3 kN/m? for accommodation
decks and 10 kN/m? for other decks and platforms.

The pressure Py, in KN/m?, due to this distributed load for the static (S) design load scenarios, given in Ch 4, Sec 7,
is to be taken as:

Pa = Pai_s

The pressure Py, in KN/m?, due to this distributed load for the static plus dynamic (S+D) design load scenarios, is to
be derived for the envelope of dynamic load cases and is to be taken as:

Pai = Pai_s + Pg_g butnot less than 0.

Pai-s : Static pressure, in kN/m2, due to the distributed load.
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Pa.a  : Dynamic pressure, in KN/m?2, due to the distributed load, in kN/m?, to be taken as:

Pai_g = fﬁ az;nv Pai_s

a,.w . Envelope of vertical acceleration, in m/s?, at the load position being considered, for the dynamic load
cases, given in Ch 4, Sec 3, [3.3.3].

5.3 Concentrated force due to unit load

5.3.1

If a unit load is carried on an internal deck, the static and dynamic forces due to the unit load carried are to be
considered when a direct analysis is applied for stiffeners or primary supporting members such as in Pt 1, Ch 6, Sec
5[1.2] or Pt 1, Ch 6, Sec 6 [3.3] respectively.

The force F, in kN, due to this concentrated load for the static (S) design load scenarios, given in Ch 4, Sec 7, is to
be taken as:

The force Fy, in kN, due to this concentrated load for the static plus dynamic (S+D) design load scenarios, is to be
derived for the envelope of dynamic load cases and is to be taken as:

Fu = Fy_,+ Fy_q4 but not less than 0.

where:

Fu.s . Static force, in kN, due to the unit load to be taken as:
Fus=myg

Fu.g : Dynamic force, in kN, due to unit load to be taken as:
Fu-g = my fp a,_eny

my : Mass of the unit load carried, in t.

. . Envelope of vertical acceleration, in m/s?, at the centre of gravity of the unit load carried for the dynamic
load cases, given in Ch 4, Sec 3, [3.3.3].

6 SLOSHING PRESSURES IN TANKS

6.1 General

6.1.1 Application

This article applies to all liquid cargo, ballast tanks and other tanks with volume exceeding 100 m?3, but does not
apply to the water ballast cargo hold of bulk carriers.

6.1.2

The sloshing pressures defined in this article do not include the effect of impact pressures due to high velocity
impacts with tank boundaries or internal structures. For tanks with a maximum effective sloshing breadth, b, see
[6.4.2], greater than 0.56 B or a maximum effective sloshing length, ¢, see [6.3.2], greater than 0.13 L at any
filling level from 0.05 h,, to 0.95 h,,, see [6.3.3], a separate impact assessment is to be carried out in accordance
with the Society procedures.
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6.1.3 Sloshing pressure on tank boundaries and internal divisions

The sloshing pressure due to liquid motions in a tank P, acting on any load point of a tank boundary or internal
divisions, in kN/m?, for the sloshing design load scenario, given in Ch 4, Sec 7, is to be taken as follows, without
being less than Pg,.min, @S given in [6.2]:

*  Pgn = Pgnng for transverse bulkheads, as defined in [6.3.3].
e Py, = Py for web frames and transverse stringers, as defined in [6.3.4].
e Py, = Py, for longitudinal bulkheads, as defined in [6.4.3].

*  Pgn = Pgngra for longitudinal girders and stringers, see [6.4.4].

6.2  Minimum sloshing pressure

6.2.1

The minimum sloshing pressure, Pg,_min, fOr tanks of cellular construction, i.e. double hull construction with internal
structures restricting the fluid motion, is to be taken as 12 kN/m?.

The minimum sloshing pressure, Pg,,.min, fOr cargo and all other tanks is to be taken as 20 kN/m?2.

6.3  Sloshing pressure due to longitudinal liquid motion

6.3.1 Application

The sloshing pressure due to longitudinal liquid motion, Py, is to be taken as a constant value over the full tank
depth and is to be taken as the greater of the sloshing pressures calculated for filling levels from 0.05 h,, to 0.95
Nmax IN 0.05 h,, iNncrements.

6.3.2 Effective sloshing length

The effective sloshing length, £, in m, is to be taken as defined in Table 11.

Table 11 : Effective sloshing length /g,

Type of transverse bulkhead Lin

(1 +nyr owr) (1 +for owe) Cun
(L +nyr) (1+f,)

[1+(nwr=1) awr] (1 + s otwe) Cun
(L +nyr) (1+f,)

Transverse tight bulkheads Lyp =

Transverse wash bulkheads | Zqn =

where:
Nwr : Number of transverse wash bulkheads in the tank.
Ot : Transverse wash bulkhead coefficient, to be taken as (see Figure 11):
AOWT
o =
T Atk -t-h
Ol Transverse web frame coefficient, to be taken as (see Figure 12):
AO -wf-h
o =
" Alk—l— h

238 KR™ Rules for the Classification of Steel Ships 2017



Pt 13 Bulk Carriers and Oil Tankers

Ch 4 Loads

Pt 13, Sub 1, Ch 4 Sec 6

AOWT

Atk-t-h

AO-Wf-h

fur

l tk-h
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For tanks with changing shape along the length and/or with web frames of different shape the transverse
web frame coefficient, «,; may be taken as the weighted average of all web frame locations in the tank
given as:

ZAO wf—h;
Atk t-h;
Oyt = =

nwf

: Total area of openings, in m?, in the transverse section in way of the wash bulkhead below the considered

filling height.

: Total transverse cross sectional area, in m?, of the tank below the considered filling height.

: Total area of openings, in m?, in the transverse section in way of the web frame below the considered

filling height.

: Factor to account for number of transverse web frames and transverse wash bulkheads in the tank, to be

taken as:

nwf

f =
wf 1 + nWT

: Number of transverse web frames, excluding wash bulkheads, in the tank.

. Length of cargo tank, in m, at considered filling height.

Figure 11 : Transverse wash bulkhead coefficient
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Figure 12 : Transverse web frame coefficient
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6.3.3 Sloshing pressure in way of transverse bulkheads

The sloshing pressure in way of transverse bulkheads including wash bulkheads due to longitudinal liquid mation,
Pqih-ing: in KN/m?, for a particular filling level, is to be taken as:

1.7 ¢ L
Psin-ing = Psih 94sin fsin [0-4—(0-39— Ih) J

L /350
where:
Lyn . Effective sloshing length, in m, as defined in [6.3.2].
fan . Coefficient taken as:
fp= 12 (0.7 - ﬂ)z
max
hey . Filling height, measured from tank bottom, in m, see Figure 11.

6.3.4 Sloshing pressure on internal web frames or transverse stringers adjacent to a transverse bulkhead

For tanks with internal web frames the sloshing pressure acting on a web frame or transverse stringer adjacent to
transverse bulkheads or transverse wash bulkheads due to longitudinal liquid motion, Py, in KN/m2, provided it is
located within 0.25 ¢, from the bulkhead, is to be taken as:

Swf 2
Pan-wt = Pan-ing (1—7)
slh

where:

Lyn . Effective sloshing length, in m, as defined in [6.3.2].

Panng - Sloshing pressure due to longitudinal liquid motion acting on transverse bulkhead, as defined in [6.3.3].
Sut : Distance from transverse bulkhead to web frame under consideration, in m.

The distribution of pressure across web frames and transverse stringers is given in Figure 13.

Figure 13 : Sloshing pressure distribution on transverse stringers and web frames

0.25¢,,
( Deck |

| N

Pain = Peur

Pgiy = 0.5Pg5.¢

Py, = 0'5Pslh—/ng

Transverse

bulkhead Pain = Paning

(As for stringer 1)

§ (As for stringer 1)

( Inner bottom (

) Bottom )
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6.4  Sloshing pressure due to transverse liquid motion

6.4.1 Application

The sloshing pressure due to transverse liquid motion, Py, is to be taken constant as a constant value over the full
tank depth and is to be taken as the greater of the sloshing pressures calculated for filling levels from 0.05 h,,,, to
0.95 hya in 0.05 h,, increments.

6.4.2 Effective sloshing breadth

The effective sloshing breadth, b, in m, is to be taken as in Table 12, but not less than 0.3B.

Table 12 : Effective sloshing breadth by,

Type of longitudinal bulkhead byn
— . (L +ny o) (1 +Forg agrg) Dy
Longitudinal tight bulkheads b = A4
g g " L+ N0 (L+fyr0)
I [1+ My —1) oy ] (1+F4 0gra) D
Longitudinal wash bulkheads by = 4=
J " L+ ) (L+ o)
where:
Nwi : Number of longitudinal wash bulkheads in the tank.
i : Longitudinal wash bulkhead coefficient:
_ AOWL
o =
w Atk—L—h
Qgrd . Girder coefficient, to be taken as:
— AO—grd—h
agrd - A
tk— L-h

Aow. : Total area of openings, in m2, in the longitudinal section in way of the wash bulkhead below the
considered filling height.

Ay - Total longitudinal cross sectional area, in m?, of the tank below the considered filling height.

Ao.gan - Total area of openings, in m?, in the longitudinal section in way of the web frame below the considered
filling height.

fora : Factor to account for number of longitudinal girders and longitudinal wash bulkheads in the tank, to be
taken as:

ngrd

f =
grd 1+ nWL

Ngrg - Number of longitudinal girders, excluding longitudinal wash bulkheads, in the tank.

Dycn : Breadth of cargo tank, in m, at considered filling height.

6.4.3 Sloshing pressure in way of longitudinal bulkheads

The sloshing pressure in way of longitudinal bulkheads including wash bulkheads due to transverse liquid motion,
P.nt in KN/m?, for a particular filling level, is to be taken as:

b
Psin_t = 7 psin 9fain (? —0-3) GM™"
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where:
by : Effective sloshing breadth defined in [6.4.2].

GM : Metacentric height, given in Ch 4, Sec 3, [2.1.1].

For the calculation of sloshing pressure in ballast tanks the “ballast condition” is to be used for oil tankers
and the ‘normal ballast condition’ for bulk carriers.

For the calculations of sloshing pressure in cargo tanks of oil tankers, the “partial load condition’ is to be
used.

6.4.4 Sloshing pressure on internal girders or longitudinal stringers adjacent to longitudinal bulkheads

For tanks with internal girders or stringers, the sloshing pressure acting on the girder/web frame adjacent to
longitudinal bulkheads and longitudinal wash bulkhead, Py 4, in KN/m?, provided it is located within 0.25 by,
from the bulkhead, is to be taken as:

Sara )’
Pslh—grd = Pgin-t (1_b )
slh

where:

by . Effective sloshing breadth defined in [6.4.2].

Pant  : Sloshing pressure due to transverse liquid motion acting on longitudinal bulkhead, as defined in [6.4.3].
Sgrd : Distance from longitudinal bulkhead to girder under consideration, in m.

The distribution of pressure across stringers is given in Figure 14. The distribution of pressure across longitudinal
girders is similar to the deck web frame shown in Figure 13.

Figure 14 : Sloshing pressure distribution on longitudinal stringers and girders

(__Deck
) l
0.25b,, 0.25b,, |
? (As for stringer 2)
Longitudinal
bulkhead /PS'" =0.5P,,,
Pain = Pape
§ (As for stringer 2)
(
) /
(
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7 DESIGN PRESSURE FOR TANK TESTING

7.1  Definition

7.1.1

The actual strength testing is to be carried out in accordance with Ch 1, Sec 2, [3.8.4]. In order to assess the
structure, static design pressures are to be applied.

The design pressure for tank testing, Py, in KN/m2, is to be taken as:

Psr = 10 (zs7-2)

where:

Zst

: Design testing load height, in m, as defined in Table 13.

Table 13 : Design testing load height zs;

Compartment

Zgt

Double bottom tanks ®

The greater of the following:
ZST = Ztop + hair

Zst = Ipg

Hopper side tanks, topside tanks, double side
tanks, fore and aft peaks used as tank,
cofferdams

The greater of the following:
ZST = Ztop + hair

Zs7 = Zigp + 2.4

Tank bulkheads, deep tanks, fuel oil bunkers

The greater of the following:
Z5T = Zigp + hair

Zs7 = Zigp + 2.4

Zs = Zyp + 0.1 Ppy

Ballast hold

Z57=2,+0.9

Chain locker (if aft of collision bulkhead)

Isr = Ztop

Independent tanks

The greater of the following:
ZST = Ztop + hair

Zs7=Zpp + 0.9

Ballast ducts

Testing load height corresponding to ballast
pump maximum pressure

applicable.

where:

Zng : Z coordinate, in m, of the bulkhead deck.

Z, : Z coordinate, in m, of the top of hatch coaming.

1) For double bottom tanks connected with hopper side tanks, topside tanks or double side tanks, zs; corresponding

to "Hopper side tanks, topside tanks, double side tanks, fore and aft peaks used as tank, cofferdams" is
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SECTION 7
DESIGN LOAD SCENARIOS

SYMBOLS

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

VBM  : Design vertical bending moment, in kNm.

M., : Permissible hull girder hogging and sagging still water bending moment for seagoing operation, in kNm,
as defined in Ch 4, Sec 4, [2.2.2].
M,,, :Permissible hull girder hogging and sagging still water bending moment for harbour/sheltered water

operation, in kNm, as defined in Ch 4, Sec 4, [2.2.3].

M, :Permissible hull girder hogging or sagging still water bending moment M,,, ,for seagoing operation in the
flooded condition, in kNm, as defined in Ch 4, Sec 4, [2.2.4].

M, ;c : Vertical wave bending moment for a considered dynamic load case, in kNm, as defined in Ch 4, Sec 4,
[3.5.2].

HBM  : Design horizontal bending moment, in kNm.

M, ;o : Horizontal wave bending moment for a considered dynamic load case, in kNm, as defined in Ch 4, Sec 4,
[3.5.4].

™ : Design torsional moment, in kNm.
M, ;. : Wave torsional moment for a considered dynamic load case, in kNm, as defined in Ch 4, Sec 4, [3.5.5].

VSF  : Design vertical shear force, in kN.

0O, : Permissible hull girder positive and negative still water shear force limits for seagoing operation, in kN,
as defined in Ch 4, Sec 4, [2.3.1] or Ch 4, Sec 4, [2.3.3].

O,y - Permissible hull girder positive and negative still water shear force limits for harbour/sheltered water
operation, in kN, as defined in Ch 4, Sec 4, [2.3.2] or Ch 4, Sec 4, [2.3.4].

O,..r : Permissible hull girder positive and negative still water shear force for seagoing operation in the flooded
condition, in kN, as defined in Ch 4, Sec 4, [2.3.5].

O,..c : Vertical wave shear force for a considered dynamic load case, in kN, as defined in Ch 4, Sec 4, [3.5.3].

P, : Design external pressure, in KN/m?.

P : Static sea pressure at considered draught, in kN/m?, as defined in Ch 4, Sec 5, [1.2.1].

Py : Dynamic pressure for a considered dynamic load case, in kN/m?, as defined in Ch 4, Sec 5, [1.3.2] to Ch
4, Sec 5, [1.3.8].

P, : Green sea load for a considered dynamic load case, in kN/m?, as defined in Ch 4, Sec 5, [2.2.3] and Ch 4,

Sec 5, [2.2.4].
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P, : Design internal pressure, in kKN/m?.

Pyr : Tank testing pressure, in kN/m?, see Ch 4, Sec 6, [7.1.1].

P, : Static liquid pressure in tank, in kN/m?, as defined in Ch 4, Sec 6, [1.2].

Py : Dynamic liquid pressure in tank for a considered dynamic load case, in kN/m?, as defined in Ch 4, Sec 6,
[1.3].

Py : Dry bulk cargo static pressure, in kKN/m?, as defined in Ch 4, Sec 6, [2.5.2].

Py, : Dry bulk cargo dynamic pressure for a considered dynamic load case, in kN/m?, as defined in Ch 4, Sec 6,
[2.5.3].

Py : Static pressure in compartments and tanks in flooded condition, in kN/m?, as defined in Ch 4, Sec 6,
[1.4.1].

Py : Dynamic pressure in compartments and tanks in flooded condition, in kN/m?, as defined in Ch 4, Sec 6,
[1.5.1]

Py : Static pressure on non-exposed decks and platforms, in kN/m?, as defined in Ch 4, Sec 6, [5.2.1].

P,, :Dynamic pressure on non-exposed decks and platforms for a considered dynamic load case, in kN/m?, as

defined in Ch 4, Sec 6, [5.2.1]

Fu, : Static load acting on supporting structures and securing systems for heavy units or cargo, equipment or
structural components, in kN, as defined in Ch 4, Sec 5, [2.3.2].

Fuy : Dynamic load acting on supporting structures and securing systems for heavy units of cargo, equipment
or structural components, in kN, as defined in Ch 4, Sec 5, [2.3.2].

Py : Bottom slamming pressure, in kKN/m?, as defined in Ch 4, Sec 5, [3.2].
Ppp : Bow impact pressure, in kN/m?, as defined in Ch 4, Sec 5, [3.3].

Py, : Sloshing pressure, in kN/m?, as defined in Ch 4, Sec 6, [6].

1 GENERAL

1.1  Application

1.1.1
This section gives the design load scenarios that are to be used for:

+ Strength assessment by prescriptive and direct analysis (Finite Element Method, FEM) methods, as given in

[2].

» Fatigue assessment by prescriptive and direct analysis (FEM) methods, as given in [3].
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1.1.2

For the strength assessment, the principal design load scenarios consist of either S (Static) loads or S+D (Static +
Dynamic) loads. In some cases, the letter ‘A’ prefixes the S or S+D to denote that this is an accidental design load
scenario. There are some additional design load scenarios to be considered which relate to impact (I) loads, sloshing
(SL) loads and fatigue (F) load.

2

2.1

DESIGN LOAD SCENARIOS FOR STRENGTH ASSESSMENT

2.1.1

Principal design load scenarios

The principal design load scenarios are given in Table 1.

Table 1 : Principal design load scenarios

Seagoin
Harbour and condgitior:gs Ballast
Design load scenario sheltered with water Accidental flooded
water and " conditions ¥
. extremesea | exchange ¥
testing
loads
. tatic + tatic + . . .
Static Static . Static . Static Static + dynamic
Load components S Dynamic dynamic A:S (A: S+D
) (S+D) (S+D) (A:S) ' )
B VBM Msw—p A/[sw + va—LC Msw + va—LC Mswf @ Msw7f+ va-LC ®
g HBM - M1c M,.1c - M,y1c®
§ VSF st-p st + QWV-LC QSW + Qwv-LC - stf + Qwv-LC @
T
™ - M, wi-LC M, wi-LC - -
P External deck for green sea - Pp - - -
“ | Hull envelope Py P+ Py Pg+ Py - -
Ballast tanks ¥ P+ Py -
Liquid cargo tanks Max (P, Pgy) P,+P, - - -
w | P, | Other tanks - -
©
5,
] Watertight boundaries - - -
5 Py P+ Py
S Cargo holds Py Py + Py -
-
Internal decks for dry spaces P Py,+Pyy - - -
External deck for distributed
Pdk loads Pdl—.&‘ Pdl-s + Pdl—d - - -
External deck for heavy
. F Fy,+F - - -
units U-s U-s U-d
(1) WB cargo hold is considered as ballast tank except for design load scenario ‘ballast water exchange’.
2) M;,,used for hull local scantling of watertight bulkhead
3) Hull girder strength check is performed according to Ch 5, Sec 1 for bulk carriers having a length L of 150 m or above
4) Applicable to prescriptive assessment only
2.2 Additional design load scenarios
2.2.1
The design load scenarios to be considered for sloshing, bottom slamming and bow impact are given in ~ Table 2.
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Table 2 : Design load scenarios for impact and sloshing conditions

Design load scenario Bow impact Bottom Sloshing
Impact (1) slamming Sloshing (SL)
Impact (I)

Load components
VBM - - M,
HBM - - -
VSF - - -

™ - - -
P External deck for green sea - - -

ex

Hull Girder

Hull envelope Prp Py -
Ballast tanks

Liquid cargo tanks - - Py,
P,, | Other tanks
Watertight boundaries - -
Cargo holds (¥ - - -
Internal decks for dry spaces - - -
P, | External deck for distributed loads - - -

Local Loads

External deck for heavy units - - -

(1) Sloshing assessment is not to be considered for water ballast cargo holds of bulk carriers.

3 DESIGN LOAD SCENARIOS FOR FATIGUE ASSESSMENT

3.1 Design load scenarios
3.1.1
The design load scenarios for fatigue assessment are given in Table 3.

Table 3 : Design load scenarios for fatigue assessment

Design load scenatrio Fatigue: Static + Dynamic
Load components (F: S+D)
. VBM M, +M,, o
é HBM M,
% VSF Qo+ Ounerc
- ™ My
P, External deck for green sea -
Hull envelope Ps+ Py
Ballast tanks ("
” Liquid cargo tanks P+ Py
§ P, | Other tanks designed for liquid filling
] Watertight boundaries -
§ Cargo holds Py + Py,
Internal decks for dry spaces -
P, | External deck for distributed loads -
External deck for heavy units -
(1) WB cargo hold is considered as ballast tank except for design load scenario ‘ballast water exchange’.
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SECTION 8
LOADING CONDITIONS

SYMBOLS

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

14 . Distance from propeller centreline to the waterline, in m.

D, . Propeller diameter, in m.

Mg - Cargo mass, in t, as defined in Ch 4, Sec 6.

My : Cargo mass, in t, as defined in Ch 4, Sec 6.

Myo @ Cargo mass, int, as defined in Ch 4, Sec 6.

Mgk : Maximum cargo mass in cargo holds in block loading conditions, in t, as defined in Ch 4, App 1.

Cam.c - Coefficient taken as the percentage of permissible SWBM, defined in Table 2 to Table 9 and Table 12 to

Table 21.

Csec - Coefficient taken as the percentage of permissible SWSF, defined in Table 2 to Table 9 and Table 12 to
Table 21.

Xp-att Xp-iwg: LONQitudinal position, in m, of respectively the aft and forward bulkhead of the mid-hold of the FE
model.

EA : Empty hold in alternate loading condition.

FA : Full hold in alternate loading condition.

Thts Thas Tha That Minimum permissible draught, in m, in harbour condition as defined in Ch 4, App 1.
1  APPLICATION

1.1 Ships having a length L of 150m or above

1.11

The requirements in [2] to [5] are applicable to ships having a length L of 150 m or above.

1.1.2 Design loading conditions for strength assessment

Design loading conditions for strength assessment are given in [2] to [4]. The design loading conditions common to
both oil tankers and bulk carriers are given in [2]. Specific design loading conditions for oil tankers and bulk
carriers are given in [3] and [4] respectively.

Unless otherwise specified, each of the design seagoing conditions is to be investigated for the arrival and departure
conditions.

1.1.3

These requirements are not intended to prevent conditions to be included in the loading manual for which
calculations are to be submitted. It is not intended to replace in any way the required loading manual/instrument.

1.14

Loading conditions from the loading manual, which are not covered in [2] to [4], if any, are to be considered.
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1.1.5 Standard design load conditions for fatigue assessment

The standard design loading conditions for fatigue assessment are given in [5].

1.2 Bulk carriers having a length L less than 150 m

121

The severest loading condition from the loading manual, midship section drawing or otherwise specified by the
Designer are to be considered for the longitudinal strength given in Ch 5 and for local strength check of plating,
ordinary stiffeners and primary supporting members given in Ch 6 and Pt 2, Ch 1, Sec 3 and

Pt2, Ch 1, Sec 4.

The requirements in [2] are applicable to ships having a length L less than 150 m.

1.3 Dynamic load cases

1.3.1 Seagoing conditions

Unless otherwise specified, each of the design seagoing conditions are to be investigated for all dynamic load cases.

1.3.2 Beam and oblique sea dynamic load cases

For FE load analysis, the beam sea and oblique sea dynamic load cases calculated for port and starboard sides are to
be applied on the model to obtain the results for both model sides.

For ship with structure symmetrical about the centreline, the beam sea and oblique sea dynamic load cases
calculated for portside may be applied only to the model (i.e. dynamic load cases on starboard side may be omitted)
provided the results (yield and buckling) are mirrored.

2 COMMON DESIGN LOADING CONDITIONS

2.1 Definitions

211

In general, the design cargo and ballast loading conditions, based on the amount of bunker, fresh water and stores at
departure and arrival, are to be considered for the still water bending moment and shear force calculations. Where
the amount and disposition of consumables at any intermediate stage of the voyage are considered more severe,
calculations for such intermediate conditions are to be submitted in addition to those for departure and arrival
conditions. Also, where any ballasting and/or deballasting is intended during voyage, calculations of the
intermediate condition just before and just after ballasting and/or deballasting are to be submitted and included in
the loading manual.

2.1.2 Departure conditions

The departure conditions are to be based on bunker tanks not taken less than 95% full and other consumables taken
at 100% capacity.

2.1.3 Aurrival conditions

The arrival conditions are to be based on 10% of the maximum capacity of bunker, fresh water and stores.

2.2  Partially filled ballast tanks

2.2.1 Partially filled ballast tanks in ballast loading conditions

Ballast loading conditions involving partially filled peak and/or other ballast tanks in any departure, arrival or
intermediate condition are not permitted to be used as design loading conditions unless:
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e Longitudinal strength of hull girder given in Ch 5, Sec 1 and Ch 8, Sec 3 is to comply with loading
conditions with the considered tanks full, empty and partially filled at intended level in any departure, arrival
or intermediate condition.

e For bulk carriers having a length L of 150 m or above, longitudinal strength of hull girder in flooded
condition given in Ch 5, Sec 1 is to comply with loading conditions with the considered tanks full, empty and
partially filled at intended level in any departure, arrival or intermediate condition.

The corresponding full, empty and partially filled tank conditions are to be considered as design conditions for
calculation of the still water bending moment and shear force, but these do not need to comply with propeller
immersion and trim requirements as specified in [2.3.1], [3.1.1] or [4.1.1].

Where multiple tanks are intended to be partially filled, all combinations of empty, full and partially filled at
intended levels for those tanks are to be investigated. These requirements are not applicable to ballast water
exchange using the sequential method.

2.2.2 Partially filled ballast tanks in cargo loading conditions

In cargo loading conditions, the requirement in [2.2] applies to peak ballast tanks only.

2.3 Seagoing conditions

2.3.1
The following seagoing loading conditions are to be included, as a minimum, in the loading manual:

a) Homogeneous cargo loading condition including a condition at the scantling draught. Homogeneous loading
conditions are to not include filling of ballast tanks in departure conditions.

b) Ballast condition where the ballast tanks may be full, partially full or empty. Where ballast tanks are partially
full, the conditions in [2.2.1] are to be complied with. All cargo tanks/holds are to be empty including cargo
tanks/holds suitable for the carriage of water ballast at sea. The propeller is to be fully immersed. The trim is
to be by the stern and is not to exceed 0.015 L, .

c) Conditions covering ballast water exchange procedures with the calculations of intermediate conditions just
before and just after ballasting and/or deballasting any ballast tank.

2.4  Harbour and sheltered water conditions

24.1

The following harbour and sheltered water conditions are to be included in the loading manual:
a) Conditions representing typical complete loading and unloading operations.
b) Docking condition afloat.

c) Propellers inspection afloat condition, in which the propeller shaft centreline is at least D,/4 above the
waterline in way of the propeller. Ships with podded propulsion system arrangements are to be individually
considered by the Society.

2.5 Loading conditions

2.5.1 Alternative design

For structural arrangement not covered by this section, the loading conditions, including loading pattern,
corresponding draught, still water bending moment and shear forces are to be agreed by the Society.

KR” Rules for the Classification of Steel Ships 2017 251



Pt 13 Bulk Carriers and Oil Tankers

Ch 4 Loads Pt 13, Sub 1, Ch 4 Sec 8
3 OIL TANKERS
3.1 Specific design loading conditions

3.1.1 Seagoing conditions

The following seagoing loading conditions are to be included, as a minimum, in the loading manual:

a)

b)

d)
€)

Heavy ballast condition where the ballast tanks may be full, partially full or empty. Where ballast tanks are
partially full, the conditions in [2.2.1] are to be complied with. The fore peak water ballast tank is to be full,
if fitted. If upper and lower fore peak tanks are fitted, the lower is required to be full and the upper tank may
be full, partially full or empty. All the cargo tanks are to be empty including cargo tanks suitable for the
carriage of water ballast at sea. The draught at the forward perpendicular is not to be less than that for the
normal ballast condition. The propeller is to be fully immersed. The trim is to be by the stern and is not to
exceed 0.015 L.

Mid-voyage conditions relating to tank cleaning or other operations where these differ significantly from the
ballast conditions.

Any specified non-uniform distribution of loading.
Conditions with high density cargo including the maximum design cargo density, when applicable.

Design ballast condition in which all segregated ballast tanks in the cargo tank region are full and all other
tanks are empty including fuel oil and fresh water tanks. This design condition is for assessment of hull
strength and is not intended for ship operation. This condition will also be covered by the IMO 73/78 SBT
condition provided the corresponding condition in the loading manual only includes ballast in segregated
ballast tanks in the cargo tank region.

3.1.2 Additional loading conditions

The following additional loading conditions are to be included in the loading manual if the ship is specifically
approved and intended to be operated in such conditions:

a)
b)
<)

d)

3.2
3.2.1

Seagoing ballast conditions including water ballast carried in one or more cargo tanks which are intended for
use in emergency situations as allowed by MARPOL Reg. 18.

Seagoing loading conditions where the net static upward load on the double bottom exceeds that given with
the combination of an empty cargo tank and a mean ship’s draught of 0.9 Tqc.

Seagoing loading conditions with cargo tanks less than 25% full with the combination of mean ship’s
draught greater than 0.9 Tg.

Seagoing loading conditions where the net static downward load on the double bottom exceeds that given
with the combination of a full cargo tank at a cargo density of 1.025 t/m® or greater and a mean ship’s
draught of 0.6 Tqc.

For ships arranged with cross ties in the centre cargo tank, seagoing loading conditions showing a non-
symmetric loading pattern where the difference in filling level between corresponding port and starboard
wing cargo tanks exceeds 25% of the filling height in the wing cargo tank.

Design load combinations for direct strength analysis

The design load combinations for FE analysis are given in Table 1 as follows:

Table 1 : Design load combination for oil tankers

Midship cargo Outside midship Foremost cargo Aftmost cargo
hold region cargo hold region tanks tanks
Tankers with two oil-tight Table 2 Table 4 Table 6 Table 8
bulkheads
Tankers with one centreline
oil-tight bulkhead Table 3 Table 5 Table 7 Table 9

Note 1: Outside midship cargo hold region means the forward or aft cargo hold region except the foremost and aftmost cargo holds
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3.2.2

For tankers with two oil-tight longitudinal bulkheads, where the cargo tank length is less than 0.15 L, the draughts
given in Table 2, Table 4, Table 6 and Table 8 are subject to special consideration by the Society.

3.2.3

For tankers with one centreline oil-tight longitudinal bulkhead, where the cargo tank length is less than 0.11 L, the
draughts given in Table 3, Table 5, Table 7 and Table 9 are subject to special consideration by the Society.

3.2.4

For seagoing conditions, the dynamic load cases required to be investigated for each loading pattern are indicated in
Table 2 to Table 9. Dynamic load cases are defined in Ch 4, Sec 2.

3.2.5 Ships with structure symmetrical about centreline

For ships with structure symmetrical about the centreline, the loading pattern mirrored about centreline of another
pattern may be omitted provided the results (yield and buckling) are mirrored, e.g. Table 2 A7b, A12b.

3.2.6 Tankers with two oil-tight longitudinal bulkheads except with a cross tie arrangement in the wing
cargo tanks

For tankers with two oil-tight longitudinal bulkheads except with a cross tie arrangement in the wing cargo tanks,
loading patterns A7 and A12 in Table 2, Table 4, Table 6 and Table 8 are to be examined for the possibility that
unequal filling levels in transversely paired wing cargo tanks would result in a more onerous stress response.
Loading pattern A7 is required to be analysed only if such a non-symmetric seagoing loading condition is included
in the ship loading manual. The actual loading pattern, draught, GM and k, from the loading manual are to be used
in the FE analysis. Where the GM and k; are not given in the ship’s loading manual, GM and k; are to be determined
in accordance with Ch 4, Sec 3.

If loading patterns A7 and A12 are not considered, an operational restriction describing that the difference in filling
level between corresponding port and starboard wing cargo tanks is not to exceed 25% of the filling height in the
wing cargo tank, is to be added in the loading manual.

Loading patterns A7 and A12 need not be examined for tankers with a cross tie arrangement in the wing cargo
tanks.

3.2.7

For tankers with two oil-tight longitudinal bulkheads, seagoing loading pattern A3 and harbour loading pattern A13,
with all cargo tanks abreast empty, in Table 2, Table 4, Table 6 and Table 8 are to be analysed with a ship draught of
0.65 Ty and 0.7 T respectively. If conditions in the ship loading manual specify greater draughts for loading
pattern A3 or A13, then the maximum specified draught in the ship’s loading manual for the loading pattern is to be
used.

3.2.8

For tankers with two oil-tight longitudinal bulkheads, seagoing loading pattern A5 and harbour loading pattern A11,
with all cargo tanks abreast fully loaded, in Table 2, Table 4, Table 6 and Table 8 are to be analysed with a ship
draught of 0.65 Ty and 0.6 Ty respectively. If conditions in the ship loading manual specify lesser draughts for
loading pattern A5 or All, then the minimum specified draught in the ship’s loading manual for the loading pattern
is to be used.

3.2.9

For loading patterns Al, A2, B1, B2 and B3, with cargo tank(s) empty, in Table 2 to Table 9, a minimum ship
draught of 0.9 Ty is to be used in the analysis. If conditions in the ship loading manual specify greater draughts for
loading patterns with empty cargo tank(s), then the maximum specified draught for the actual condition is to be
used.
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3.2.10 Ballast conditions

Where a ballast condition is specified in the ship loading manual with ballast water filled in one or more cargo
tanks, loading patterns A8 or B7 in Table 2 or Table 3 are to be examined.

If the actual loading pattern as specified in the loading manual is different from load pattern A8 or B7 then:

a) The actual loading patterns are to be substituted for the loading pattern A8 or B7 with the following
calculation conditions:

» Draught to be taken as Tga.g,
*  Cgu..c = 100% (sag.),
e Cgric = 100%,
» 100% filling of the considered tanks carrying ballast water.
b) The strength assessment is to be carried out for all the dynamic load cases as defined in Ch 4, Sec 2.
¢) An operational restriction corresponding to the analysed condition is to be added in the loading manual.

The actual loading pattern, draught, GM and k, from the loading manual are to be used in the FE analysis. Where the
GM and k, are not given in the ship’s loading manual, GM and k, are to be determined in accordance with Ch 4, Sec

3.
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Table 2 : Load combinations for FE analysis for two oil-tight bulkheads oil tankers applicable to midship cargo hold region

Still water loads Dynamic load cases
: C : % of
No. Loading pattern BM-LC -0
&p Draught perm. pierr':]c 'ch(;fF Midship cargo region
SWBM '
Seagoing conditions
0,
(salgogifg) 100% | HSM-1 | BSP-1P/S |  N/A
Al O'QTTC‘ l J " O'9TSC
100% 100% HSM-2 | BSP-1P/S | OST-2P/S
(hogging) FSM-2 OSA-1P/S
100% BSR-1P/S
. 100% HSM-1 N/A
A2 o,gg‘ r 00T (sagging) BSP-1P/S
100% 100% HSM-2 | BSR-1P/S N/A
(hogging) 0 FSM-2 | BSP-1P/S
100% @
Max SELC HSM-2 N/A N/A
100% 100% ®
(hogging) Max SFLC HSM-2 NIA NIA
100% N/A BSP-1P/S N/A
A3 0,65T;‘ " 065TSC
100% ©
Max SELC HSM-1 N/A N/A
0%
100% N/A BSP-1P/S N/A
100% 0 BSR-1P/S
Ad ; “ " 0.6Tgc (sagging) 100% HSM-1 BSP-1P/S OSA-2P/S
100% @
Max SELC HSM-1 N/A N/A
0/, 5)
(Sigg:ﬁ’g) MlaiO;’FL o | HSML | A N/A
as | LD 0.65Tqc
100% N/A BSP-1P/S N/A
0% 100% ©
Max SFLC HSM-2 N/A N/A
100% N/A BSP-1P/S N/A
100% BSR-1P/S
6T 0.6T. . 9 - -
Ab6 06“ " sc (hogging) 100% HSM-2 BSP-1P/S OSA-1P/S
BSR-1P/S | OST-2P/S
- 100% 0 HSM-2
ATa “ " Tc (hogging) 100% FSM-2 BSP-1P/S | OSA-1P/S
OSA-2P/S
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Still water loads Dynamic load cases
No. Loading pattern Com.c: % of Ceric: % of
Draught perm. err-n SWSF Midship cargo region
swem | P
P OST-2P/S
100% HSM-2 | BSR-1P/S
ATb T?‘ " T . 100% -
L—I—U Le (hogging) ° FSM-2 | Bsp-1p/s | OSALP/S
s OSA-2P/S
P
100% BSR-1P/S
0 - -
A8 T~| ’~ TeaL-E (sagging) 100% HSM-1 BSP-1P/S OSA-2P/S
S
Harbour and testing conditions
P
100%
A9 0.25T . 100% N/A
02572 L_I_U — = ¢ | (sagging) ’
P
100%
A10 0.25T . 100% N/A
o AL = | (sagging) ’
04 (2)
- 0 M1£<OS/OFLC NIA
ALl “ ) f 0.6Ts. |  100%
- (sagging) 100% @ N/A
Max SFLC
P
Al2a
" 057 | 0.33Tg¢ N/A N/A N/A
S
p
Al2b
W 0557 L 0.33Tc N/A N/A N/A
S
04 (2)
- 0 M1£<OS/0FLC NIA
a3 el )T 0.7Ts | ,100%
- (hogging) 100% @ N/A
Max SFLC
P
100%
Tse T . 0
Al4 A‘ ’» S sc (hogging) 100% N/A
1) The actual shear force and bending moment that results from the application of local loads to the FE model are to be used. Adjusting
vertical loads and bending moments are not applied.
) The shear force is to be adjusted to target value at aft bulkhead of the mid-hold.
3) The shear force is to be adjusted to target value at forward bulkhead of the mid-hold.
(4) For the mid-hold where x, .« < 0.5L and X,.1,q > 0.5L, the shear force is to be adjusted to target value at aft bulkhead of the mid-hold.
(5) For the mid-hold where x, .« < 0.5L and x,.4,4 > 0.5L, the shear force is to be adjusted to target value at forward bulkhead of the mid-
hold.
(6) This load combination is to be considered only for the mid-hold where X, .« > 0.5L or X;.4,q < 0.5L.
Table 3 : Load combinations for FE analysis for one centreline oil-tight bulkheads oil tankers applicable to midship cargo region
Still water loads Dynamic load cases
No. Loading pattern C %of | C - 9% of
D h BM-LC - SF-LC * Midshi .
raught perm. SWBM | perm. SWSF idship cargo region
Seagoing conditions
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Still water loads Dynamic load cases
No. Loading pattern Cayic: % of | Cspyc: % of L .
Draught perm. SWBM | perm. SWSF Midship cargo region
100% 0 HSM-1
o ogr‘ L__J " P tor (sagging) 100% HSA-1 BSP-1P/S N/A
o Jlsc
100% 0 HSM-2 | BSR-1P
: (hogging) | 9% | Fsm2 | Bspap | 95T
100% HSM-1
P . 100% BSP-1P/S N/A
B2 W L_J r ooT,. | (29919) | HsAl
100% . HSM-2 | BSR-1S
° (hogging) 100% FsM-2 | Bsp-1s | OST%S
100% @ Max | HSM-2
SFLC FSM-2 N/A N/A
100% 100% ® Max | HSM-2
P (hogging) SFLC | Fsm2 | VA NA
B3 | °°™ 0.9Tsc
s 100% N/A BSP-1P/S N/A
0% 100% ® Max | HSM-1
SFLC FSM-1 N/A N/A
.
0,
B4 0,674 — 0.6Tg¢ (S;ggiﬁg) 5% HSM-1 BSP-1P |OSA-2P/S
S
,
0,
B5 ol | )1 06T (Siooig" ) 75% | HSM-1| BSP-1S |OSA-2P/S
- gging
100% @ Max
SELC HSM-1 N/A N/A
100% | 1009% © Max
P . HSM-1 N/A N/A
saggin
BE O_BE‘ L_J " 06T (sagging) SFLC
s 100% N/A BSP-1P/S N/A
0% 100% ® Max
SELC HSM-2 N/A N/A
.
0,
B7 4 L_J }‘ Tonic 100% 100% | HSM-1| BSP-1P/S | N/A
(sagging)
S
Harbour and testing conditions
@
. 100% @ Max N/A
» | [T
0337, = ' s (Saggmg) 100% @ Max N/A
SFLC
.
0,
so | L] J 0337, |  100% 75% N/A
(sagging)
S
0,
Blo | | | L 033y | , 100% 75% N/A
0357 (sagging)
S
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Pt 13 Bulk Carriers and Oil Tankers

Ch 4 Loads Pt 13, Sub 1, Ch 4 Sec 8
Still water loads Dynamic load cases
No. Loading pattern - 9% of - 9% of
Draught Comc: % OF | Csric: % 0 Midship cargo region

perm. SWBM | perm. SWSF

% (1)
. 100% ® Max N/A

B11 “L _J’“ Te. 100% SFLC

(hogging) | 100% @ Max

) SFLC NIA
1) The shear force is to be adjusted to target value at aft bulkhead of the mid-hold.
) The shear force is to be adjusted to target value at forward bulkhead of the mid-hold.
3) For the mid-hold where x,_, < 0.5L and X,.+,q > 0.5L, the shear force is to be adjusted to target value at aft bulkhead of the mid-hold.
4 For the mid-hold where X, < 0.5L and X, = 0.5L, the shear force is to be adjusted to target value at forward bulkhead of the mid-hold.
(5) This load combination is to be considered only For the mid-hold where X, . > 0.5L or X4, < 0.5L.
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Pt 13 Bulk Carriers and Oil Tankers
Ch 4 Loads

Pt 13, Sub 1,Ch 4 Sec 8

Table 4 : Load combinations for FE analysis for two oil-tight bulkheads oil tankers applicable to outside midship cargo hold

region
Still water loads Dynamic load cases
No. Loading pattern Comic: % Of | Csric: % of
Draught perm. perm. Aft region Forward region
SWBM SWSF
Seagoing conditions
100% 100% HSM-1 HSM-1,
(sagging) ° | BSP-1P/S, BSP-1PJS,
.
Al o.w;‘ r 09Tec HSM-2, FSM-2
- 100% 1005 BSP-1P/S, HSM-2, FSM-2
. 0
(hogging) OST-2P/S, BSP-1P/S,
OSA-1P/S,
HSM-1, FSM-1
100% . HSM-1
b (sagging) 100% | oen b s, BSP-1P/S,
A2 4‘ r 0.9Tg OSA-2P/S,
s 100% 100% HSM-2, FSM-2 | HSM-2,
(hogging) ° | BSP-1P/S, BSP-1P/S,
100% HSM-2
HSM-2
100% Max SFLC FSM-2
(hogging) BSP-1P/S
P 100% | BSP-1P/S, ’
OSA-2P/S,
A3 0-657?‘ | | f 0.65T¢c
100%
S - -
%% Max SELC | HSM-1 HSM-1
BSP-1P/S
100% N/A ’
’ OSA-2P/S,
. 100% HSM-1 I;;E/I ilpls
A4 ﬂ Ry f 0.6Tsc i 100% | BSP-1P/S, ’
- (sagging) BSR-1PIS BSR-1P/S,
’ OSA-2P/S,
100% | HSM-1
HSM-1
100% Max SFLC | FSM-1
P (sagging) BSP-1P/S
. 100% BSP-1P/S, ’
A5 °‘65;‘ UL r 0.65Tsc ’ OSA-2P/S
S
100%
0% Max SELC | HSM-2 HSM-2
BSP-1P/S,
0, -
100% | BSP-1P/S, OSA2P/S
HSM-2,
- 100% HSM-2 BSP-1P/S
A6 o.sr?c‘ ’~ 0.6Tec % 100% | BSP-1P/S, !
(hogging) BSR-1P/S,
5 BSR-1P/S,
OSA-2P/S,
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Pt 13 Bulk Carriers and Oil Tankers

Ch 4 Loads Pt 13, Sub 1, Ch 4 Sec 8
Still water loads Dynamic load cases
No. Loading pattern Comic: % Of | Corc: % of
Draught perm. perm. Aft region Forward region
SWBM SWSF
HSM-2, FSM-2
BSP-1P/S, HSM-2, FSM-2
P BSR-1P, BSR- BSP-1P/S,
A7 100%
a *‘ ’* Tic (hoggir‘:g) 100% | 2S BSR-1P, BSR-
s OSA-1P/S, 2S
OSA-2P/S, OSA-2P/S,
OST-2P
HSM-2, FSM-2
BSP-1P/S, HSM-2, FSM-2
P BSR-2P, BSR- BSP-1P.
AT7b 100% 0 S  BS S S
T Tic (hogging) 100% 1S BSR-2P, BSR-
s OSA-1P/S, 1S
OSA-2P/S, OSA-2P/S,
OST-2S

Harbour and testing conditions

100%
A9 [ J 0.25T : 100% N/A
0257 == | (sagging) ’
P
100%
A10 0.25T . 100% N/A
0257 U} - ¢ | (sagging) ’
100% @
- N/A
All W r 06T, 100% | Max SFLC
- (sagging) | 100%® /A
Max SFLC
Al2 P
a 0337 L—I—U — 0.33Tsc N/A N/A N/A
(@) R 5
5
Al2
b () 0.33 Tl L—I—I—J — 033TSC N/A N/A N/A
S
04 (2)
. Max SFLC NIA
Al3 0.7Ts | — O'7TSC 100% a
= (hogging) | 100% @ VA
Max SFLC
P
T 100% 0
Ala A‘L_I_U’» Tsc (hogging) 100% N/A
S
1) The actual shear force and bending moment that results from the application of local loads to the FE model are to be used. Adjusting

vertical loads and bending moments are not applied.
) The shear force is to be adjusted to target value at aft bulkhead of the mid-hold.
3) The shear force is to be adjusted to target value at forward bulkhead of the mid-hold.
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Pt 13 Bulk Carriers and Oil Tankers

Ch 4 Loads

Pt 13, Sub 1,Ch 4 Sec 8

Table 5 : Load combinations for FE analysis for one centreline oil-tight bulkheads oil tankers applicable to outside midship cargo

hold region
Still water loads Dynamic load cases
No. Loading pattern Comic: % Of | Csric: % of
Draught perm. perm. Aft region Forward region
SWBM SWSF
Seagoing conditions
HSM-1, FSM1 | HSM-1
100%
. 100% BSP-1P/S, BSP-1P/S,
(sagging)
P OSA-1S OSA-2S
Bl ﬂtj} 0.97 HSM-2, FSM-2
: * Lot BSP1P/S HSM-2, FSM-2
7 100% ’ BSP-1P/S,
(hogging) OSA-1P OSA.2S
OST-2P/S,
HSM-1, FSM-1 | HSM-1
100%
. 100% BSP-1P/S, BSP-1P/S,
(sagging)
P OSA-1P OSA-2P
B2 ogﬂ_ r
o 0.9T HSM-2, FSM-2
sC S FS HSM-2, FSM-2
S 100% BSP-1P/S,
. 100% BSP-1P/S,
(hogging) OSA-1S OSAP
OST-2P/S,
100% HSM-2 HSM-2
100% Max SFLC | FSM-2 FSM-2
(hogging) BSP-1P/S
P 100% BSR 1P/S, BSR-1P/S,
e =T ,
S 100% HSM-1 HSM-1
0% Max SFLC | FSM-1 FSM-1
100% BSP-1P/S, BSP-1P/S,
P 100% HSM-1. HSM-1
B4 | oe7] _J - 0.6Tsc (Saggir:’g) 5% | oer 1nss BSP-1P/S,
B ' OSA-2P/S,
P HSM-1
0 HSM-1
85 | . [ I 06T (S;ggifg) % | oo BSP-1P/S,
B ' OSA-2P/S,
100% HSM-1 HSM-1
100% Max SFLC | FSM-1 FSM-1
(sagging)
P 100% OST-1P/S, OSA-2P/S,
BG O-GE{ L_J ’> 0'6TSC
- 100% HSM-2 HSM-2
0% Max SFLC | FSM-2 FSM-2
100% OSA-2P/S, OSA-2P/S,
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Pt 13 Bulk Carriers and Oil Tankers

Ch 4 Loads Pt 13, Sub 1, Ch 4 Sec 8
Still water loads Dynamic load cases
No. Loading pattern Camic: % Of | Copict % of
Draught perm. perm. Aft region Forward region
SWBM SWSF
Harbour and testing conditions
()]
100% N/A
100% Max SFLC
B8 0.33T¢c .
0337, (sagging) 100% @ /A
Max SFLC
0,
B9 _| L_J L 0.33T¢¢ 100./0 75% N/A
(sagging)
0,
Bo| | JL 0337y, |  00% 75% N/A
(sagging)
100% @
100% Max SFLC NA
B11 | ™ Tsc ;
(hogging) | 1009 @ A
Max SFLC

1) The shear force is to be adjusted to target value at aft bulkhead of the mid-hold.
) The shear force is to be adjusted to target value at forward bulkhead of the mid-hold.
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Pt 13 Bulk Carriers and Oil Tankers

Ch 4 Loads

Pt 13, Sub 1,Ch 4 Sec 8

Table 6 : Load combinations for FE analysis for two oil-tight bulkheads oil tankers applicable for foremost cargo hold

Still water loads Dynamic load cases
No. Loading pattern Cavic: % of | Csryc: % of
Draught perm. SWBM | perm. SWSF Foremost cargo hold
Seagoing conditions
100% HSM-1, FSM-1
Al 0.9T¢ (sagging) 100% BSP-1P/S, BSR-1P/S
gging OSA-2P/S, OST-1P/S
100% HSM-1,
A2 0.9T. . 100%
> | (sagging) ° | osaA-2pis
100% 0 HSM-1,
A > 005Tse | (sagging) | 199% | osa-2pis
100% HSM-2
Max SFLC
0%
1009 | Gsazpis
A3-2® > 0.65Tc
100% HSM-1
100% Max SFLC
(sagging)
100% OSA-2P/S
50% FSM-1, BSP-1P/S,
(6] 0.6T. . 100%
A > | (hogging) ° |osA-2pis
100%
0, -
0% Max sFLc | oML
100%
A5 > 0.65Tgc L00% Max SFLC | HSM-2
hoggin
(hogging) 100% BSP-1P/S
0,
A6 0.6Tgc 50% 100% | OSA-2P/S
(hogging)
HSM-1, HSA-1, FSM-1,
100% 0 BSP-1P/S, BSR-1P/S
Ala > Tie (sagging) 100% OST-1P/S,
OSA-2P/S
HSM-1, HSA-1, FSM-1,
100% 0 BSP-1P/S, BSR-1P/S
AT > Tie (sagging) 100% OST-1P/S,
OSA-2P/S
Harbour and testing conditions
100% 0
A9 > 025Tse | oacingy 100% N/A
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Pt 13 Bulk Carriers and Oil Tankers

Ch 4 Loads Pt 13, Sub 1, Ch 4 Sec 8
Still water loads Dynamic load cases
No. Loading pattern Cayuc: % of | Csryc: % of
Draught perm. SWBM | perm. SWSF Foremost cargo hold
0,
AL0 0.25Tg 100% 100% N/A
(hogging)
0 (2
100% N/A
100% Max SFLC
All 0.6Tg¢ .
(hogging) 100% ® N/A
Max SFLC
Al2-a
o > 0.33T¢ N/A N/A N/A
Al2-b
s > 0.33T¢ N/A N/A N/A
0 (2
100% N/A
100% Max SFLC
A13® 0.7Tg _
(sagging) 100% © A
Max SFLC
0,
Al4 Tse 100% 100% N/A
(sagging)
1) 100% filling of all fore peak water ballast tanks.
2) The shear force is to be adjusted to target value at aft bulkhead of the mid-hold.
3) The shear force is to be adjusted to target value at forward bulkhead of the mid-hold.
(4) The actual shear force and bending moment that results from the application of local loads to the FE model are to be used.
Adjusting vertical loads and bending moments are not applied.
[RCN1 to 01 JAN 2014]

Table 7 : Load combination for FE analysis for one centreline oil-tight bulkheads oil tankers applicable for foremost cargo hold

Still water loads Dynamic load cases
No. Loading pattern Comic: % of | Cgric: % of
Draught perm. SWBM | perm. SWSF Foremost cargo hold
Seagoing conditions
HSM-1
100%
Bl > 0.9T¢ (s ir: ) 100% BSP-1P/S
g9ing OSA-2P/S
HSM-1
100%
B2 > 0Te | - ) 100% | BSP-1P/S
g9ing OSA-2P/S
100% - -
B3-1 0.9T, ‘ (] 100% BSP-1S/P, OSA-2S/P,
(sagging) HSM-1
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Pt 13 Bulk Carriers and Oil Tankers

Ch 4 Loads Pt 13, Sub 1, Ch 4 Sec 8
Still water loads Dynamic load cases
No. Loading pattern Caoyic: % of | Cspyc: % of
Draught perm. SWBM | perm. SWSF Foremost cargo hold
100%
Max sFLC | 1SM-2
0% ]
BSP-1S/P,
100% '
B3-2 OSA-2S/P,
O 0.9T¢ oo
0
100% Max SELC HSM-1, FMS-1
(sagging) BSP-1S/P, OST-1S/P,
0 1 L
100% OSA-2P/S
B4 100%
0.6T 75% BSP-1P/S, OSA-2P/S
® > | (hogging) ’
100%
B5®W > 0.6Tgc . ’ 75% BSP-1P/S, OSA-2P/S
(hogging)
100%
0% Max sFLc | oML
100% OSA-2P/S
B6 D 06T . 000
100%
thO% Max SELC HSM-2, FSM-2,
oggin
(hogging) 100% | OSA-2P/S
Harbour and testing conditions
100% @
100% Max SFLC N/A
B8 0.33Tg¢c .
(hogging) 100% @ N/A
Max SFLC
100%
B9 0.33Ts 7 75% N/A
(hogging)
100%
B10® 0.33Tq¢ 7 75% N/A
(hogging)
100%
B11-1 Tee 7 100% N/A
(sagging)
100% @
N/A
B11-2 > T 100% Max SFLC
® * (sagging) 100% © NUA
Max SFLC
(1) 100% filling of all fore end water ballast tanks.
) The shear force is to be adjusted to target value at aft bulkhead of the mid-hold.
3) The shear force is to be adjusted to target value at forward bulkhead of the mid-hold.
[RCN1 to 01 JAN 2014]
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Pt 13 Bulk Carriers and Oil Tankers
Ch 4 Loads Pt 13,Sub 1,Ch 4 Sec 8

Table 8 : Load combinations for FE analysis for two oil-tight bulkheads oil tankers applicable for aftmost cargo hold

Still water loads Dynamic load cases
No. Loading pattern Cayic: % of Csric: % of
Draught perm. SWBM | perm. SWSF Aftmost cargo hold
Seagoing conditions
100% FSM-1, HSM-1
. 100% ! !
[ (sagging) 0 BSP-1P/S
Al 0.9T _
| s 100% HSM-2,
hoaai 100% BSP-1P/S, BSR-1P/S
(hogging) OSA-1P/S
HSM-1, FSM-1
100% '
I 7 100% | BSR-1P/S,
A2 09T, | (2099 OST-1P/S
I 100% 100% HSM-2, FSM-1, FSM-2,
(hogging) OSA-1P/S
100% 100% HSM-2
| (hogging) Max SFLC | FSM-2
A3-1 100%
0.65T 0 - _
1@ I sC 100% Max SFLC HSM-1, FSM-1
saggin
(sagging) 100% | BSP-1P/S
100%
100% Max sFLc | HSM-2
hoggin
I (hogging) 100% | BSP-1P/S, OSA-1P/S
A3-2
we L | T 100% | LisM-1, FsM-1
100% Max SFLC !
saggin
(sagging) 100% BSP-1P/S, OST-1P/S
100% HSM-1
100% !
| (sagging) 0 BSP-1P/S
A4 0.6Tsc L00% HSM-2, FSM-1,
| % 100% | BSP-1P/S,
(hogging)
gging OSA-1P/S, OSA-2P/S
0% 100% HSM-1, HSM-2, FSM-
Max SFLC |1,
I
100%
1@ _ _
A5-1 L | 0.65Tg¢ 100% Max SELC HSM-2, FSM-1
hoggin
(hogging) 100% BSP-1P/S
0,
0ot Mag)cs)lfLC HSM-1, HSM-2
I 0
A5-2 @) 0.65Tgc 100% BSP-1P/S, BSR-1P/S
I
100% 100%
. HSM-2, FSM-2
(hogging) Max SFLC
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Pt 13 Bulk Carriers and Oil Tankers

Ch 4 Loads Pt 13,Sub 1,Ch 4 Sec 8
Still water loads Dynamic load cases
No. Loading pattern Camc : % of Csric: % of
Draught perm. SWBM | perm. SWSF Aftmost cargo hold
| 100% HSM-2, FSM-1,
A6 0.6Tsc (hogging) 100% BSP-1P/S, BSR-1P/S,
I g99ing OSA-1P/S
HSM-2, FSM-1
100% ' '
ATa Tic ; 7 100% | BSP-1P/S, BSR-1P/S,
| (hogging) OSA-1P/S
| . HSM-2, FSM-1, BSP-
ATb T 100% 100% | 1P/S, BSR-1P/S,
te (hogging)
| 99ing OSA-1P/S
Harbour and testing conditions
| 100%
A9 0.25Tc 7 100% N/A
| (hogging)
| 100%
A10 0.25Tc 7 100% N/A
| (hogging)
All-1 | 100% 100% ©
6T
@ | 06Tsc (hogging) | Max SFLC NIA
100% ©)
N/A
Al1-2 | - 100% Max SFLC
® I T | (hogging) 100% © NUA
Max SFLC
I
ALz 0.33T¢. N/A N/A N/A
[
ALz 0.33T¢. N/A N/A N/A
[
Al3-1 100% 100% ©®
T
e 0-7Tsc (hogging) Max SFLC NIA
100% ©
100% Max SFLC N/A
(hogging) 100% ® N/A
A13-2 | - Max SFLC
(1) @3) | ose 100% ©® N/A
100% Max SFLC
(sagging) 100% ©
Max SFLC N/A
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Pt 13 Bulk Carriers and Oil Tankers

Ch 4 Loads Pt 13, Sub 1, Ch 4 Sec 8
Still water loads Dynamic load cases
No. Loading pattern C - 9% of Ceorysrn: % Of
Draught BMALC - 7 SFLC* ©0 Aftmost cargo hold
perm. SWBM | perm. SWSF
100%
| (hogging) 100% N/A
Al4 Tsc
100%
| . 100% N/A
(sagging)
1) 100% filling of fuel and water ballast tanks in engine room, with tank boundaries at the forward engine room bulkhead.
) The required adjustment in shear force at aft bulkhead of the considered hold is to be done at forward slop tank bulkhead.
?3) The required adjustment in shear force at aft bulkhead of the considered hold is to be done at forward machinery space
bulkhead.
4) The actual shear force and bending moment that results from the application of local loads to the FE model are to be used.
Adjusting vertical loads and bending moments are not applied.
(5) The shear force is to be adjusted to target value at aft bulkhead of the mid-hold.
(6) The shear force is to be adjusted to target value at forward bulkhead of the mid-hold.

268

KR” Rules for the Classification of Steel Ships 2017



Pt 13 Bulk Carriers and Oil Tankers

Ch 4 Loads

Pt 13, Sub 1,Ch 4 Sec 8

Table 9 : Load combination for FE analysis for one centreline oil-tight bulkheads oil tankers applicable for the aftmost cargo

hold
Still water loads Dynamic load cases
No. Loading pattern Comuc: % of | Cospyc: % of
Draught perm. SWBM | perm. SWSF Aftmost cargo hold
Seagoing conditions
100% - -
.0 100% HSM-1, FSM-1
(sagging) BSP-1P/S, BSR-1P/S
B1 0.9Tsc
100% 100% HSM-2
(hogging) 0 BSP-1P/S, OSA-1P/S
100% - -
.o 100% HSM-1, FSM-1
B2 (sagging) BSP-1P/S, BSR-1P/S
100% 100% HSM-2
(hogging) 0 BSP-1P/S, OSA-1P/S
100%
100% Max sFLc | 1SM-2
hoggin
(hogging) 100% BSP-1P/S
B3-1
0O 0.9T4
100% HSM-1
100% Max SFLC | FSM-1
saggin
(sagging) 100% BSP-1P/S
100%
100% Max sFLc | SM-2/ FSM-2
(hogging) R
100% BSP-1P/S,
B3-2 OSA-1P/S
0@ 0.9T¢
100% HSM-1
100% Max SFLC | FSM-1
saggin
(sagging) 100% BSP-1P/S
HSM-2
100% '
B4 0.6Tec ) 7 75% BSP-1P/S,
(hogging) OSA-1P/S
HSM-2
100% '
B5 0.6Tsc ) 00% 75% BSP-1P/S,
(hogging) OSA-1P/S
100%
0, -
B6.1 0% Max SELC | HSM-L
) 0.6Tsc
i 100% 100% HSM-2
(hogging) Max SFLC
100%
0, -
0% Max SFLC HSM-1
B6-2 100%
@® 0.6Tsc 100% Max sFLc | SM-2
(hogging) . HSA-2,
100% BSR-1P/S,
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Pt 13 Bulk Carriers and Oil Tankers

Ch 4 Loads Pt 13, Sub 1, Ch 4 Sec 8
Still water loads Dynamic load cases
No. Loading pattern Camyic : % of Csric: % of
Draught perm. SWBM | perm. SWSF Aftmost cargo hold
Harbour and testing conditions
B8-1 100% 100% @
0.33T.
@ ¢ | (hogging) | Max SFLC NIA
100% 4
100% Max SFLC N/A
(hogging) 100% ©) N/A
B8-2 Max SFLC
(3) 0.33T¢c
100% “ N/A
100% Max SFLC
(sagging) 100% ©
Max SFLC NIA
100%
B9 0.33Tgc ” 75% N/A
(hogging)
100%
B10 0.33Tgc ” 75% N/A
(hogging)
100% 100% @ N/A
B11-1 (hogging) Max SFLC
0@ Tsc
100% 100% * N/A
(sagging) Max SFLC
100% @
100% Max SFLC NIA
hoggin 0% ©)
(hogging) 100% N/A
B11-2 T Max SFLC
®eE s¢ 100% @ NIA
100% Max SFLC
saggin 04, 5)
(sagging) 100% N/A
Max SFLC
1) 100% filling of fuel and water ballast tanks in engine room, with tank boundaries at the forward engine room bulkhead.
) The required adjustment in shear force at aft bulkhead of the considered hold is to be done at forward slop tank bulkhead.
3) The required adjustment in shear force at aft bulkhead of the considered hold is to be done at forward machinery space
bulkhead.
(4) The shear force is to be adjusted to target value at aft bulkhead of the mid-hold.
(5) The shear force is to be adjusted to target value at forward bulkhead of the mid-hold.
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Pt 13 Bulk Carriers and Oil Tankers
Ch 4 Loads Pt 13,Sub 1,Ch 4 Sec 8

4  BULK CARRIERS

4.1  Specific design loading condition

4.1.1 Seagoing conditions
The following seagoing loading conditions are to be included, as a minimum, in the loading manual:
a) Cargo loading conditions as defined in [4.1.2] to [4.1.4].

b) Heavy ballast condition where the ballast tanks may be full, partially full or empty. Where ballast tanks are
partially full, the conditions in [2.2.1] are to be complied with. The propeller immersion /D, is to be at least
60%. The trim is to be by the stern and is not to exceed 0.015 L. The moulded forward draught is not to be
taken less than the smaller of 0.03 L or 8 m.

4.1.2 Cargo loading condition for BC-C

Homogeneous cargo loaded condition is to be included in the loading manual where the cargo density corresponds
to all cargo holds, including hatchways, being 100% full at scantling draught with all ballast tanks empty.

4.1.3 Cargo loading condition for BC-B
As required for BC-C, plus:

Homogeneous cargo loaded condition is to be included in the loading manual where the cargo density is taken equal
to 3.0 t/m?, and all cargo holds are taken with the same filling ratio (cargo mass/hold cubic capacity) in all cargo
holds at scantling draught with all ballast tanks empty.

In cases where the cargo density applied for this design loading condition is different from 3.0 t/m3, the maximum
density of the cargo that the ship is allowed to carry is to be indicated in the loading manual. If the maximum
density is less than 3.0 t/m?® then the additional service feature {maximum cargo density x.y t/m3} is to be indicated
as defined in Ch 1, Sec 1, [3.2.1].

4.1.4 Cargo loading condition for BC-A
As required for BC-B, plus:

At least one cargo loaded condition with specified holds empty, with cargo density 3.0 t/m3, and the same filling
ratio (cargo mass/hold cubic capacity) in all loaded cargo holds at scantling draught with all ballast tanks empty.

The combination of specified empty holds is to be indicated with the additional service feature {holds a, b, ... may
be empty}.

In such cases where the design cargo density applied is different from 3.0 t/m?3, the maximum density of the cargo
that the ship is allowed to carry is to be indicated in the loading manual. If the maximum density is less than 3.0 t/m?
then the additional service feature {holds a, b, ... may be empty with maximum cargo density x.y t/m%} is to be
indicated as defined in Ch 1, Sec 1, [3.2.1].

4.1.5 Additional ballast conditions
The following ballast conditions are to be included in the loading manual for longitudinal strength assessment:
« Ballast conditions with all ballast tanks 100% full,

« Heavy ballast conditions with all ballast tanks 100% full and one cargo hold adapted and designated for the
carriage of water ballast at sea, where provided, 100% full.
Where more than one hold is adapted and designated for the carriage of water ballast at sea, it is not required
that two or more holds be assumed 100% full simultaneously in the longitudinal strength assessment, unless
such conditions are expected in the heavy ballast condition. Unless each hold is individually investigated, the
designated heavy ballast hold and any/all restrictions for the use of other ballast hold(s) are to be indicated in
the loading manual.
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4.1.6 Steel coils or heavy cargoes
The following note is to be included in the loading manual:

“Where the ship engages in a service carrying such cargoes as steel coils or heavy cargoes that may have an adverse
effect on the local strength of the double bottom and which is not described as cargo in the loading manual, the
maximum permissible and the minimum required mass of cargo are to be considered specially.”

4.2 Design load combinations for direct strength analysis
4.2.1 Applicable general loading patterns
The following loading patterns are to be applied:

a) Any cargo hold carrying Mg, with fuel oil tanks in way of the cargo hold, if any, being 100% full and ballast
water tanks in the double bottom in way of the cargo hold being empty, at scantling draught.

b) Any cargo hold carrying minimum 50% of M,,, with all double bottom tanks in way of the cargo hold being
empty, at scantling draught.

¢) Any cargo hold taken empty, with all double bottom tanks in way of the cargo hold being empty, at the
deepest ballast draught.

4.2.2 Multiport conditions

The following multiport conditions are applicable to all types of bulk carriers except when the service feature {no
MP} is assigned:

a) Any cargo hold carrying Mg, with fuel oil tanks in way of the cargo hold, if any, being 100% full and ballast
water tanks in the double bottom in way of the cargo hold being empty, at 67% of scantling draught.

b) Any cargo hold taken empty with all double bottom tanks in way of the cargo hold being empty, at 83% of
scantling draught.

¢) Any two adjacent cargo holds carrying Mg, with the next holds being empty, with fuel oil tanks in way of
the cargo hold, if any, being 100% full and ballast water tanks in the double bottom in way of the cargo hold
being empty, at 67% of the scantling draught. This requirement to the mass of the cargo and fuel oil in
double bottom tanks in way of the cargo hold applies also to the condition where the adjacent hold is filled
with ballast.

d) Any two adjacent cargo holds being empty with the next holds being full, with all double bottom tanks in
way of the cargo hold being empty, at 75% of scantling draught.

4.2.3 Alternate conditions
The following alternate conditions are applicable to BC-A only:

a) Cargo holds which are intended to be empty at scantling draught, being empty with all double bottom tanks
in way of the cargo hold also being empty.

b) Cargo holds which are intended to be loaded with high density cargo, carrying M5 plus 10% of My, in the
partially filled condition with highest density according to Ch 4, Sec 6, Table 1. The fuel oil tanks in way of
the cargo hold, if any, being 100% full and ballast water tanks in the double bottom being empty in way of
the cargo hold, at scantling draught.

¢) Cargo holds which are intended to be loaded with high density cargo, carrying M,p plus 10% of My in the
full condition with lowest density according to Ch 4, Sec 6, Table 1. The fuel oil tanks in way of the cargo
hold, if any, being 100% full and ballast water tanks in the double bottom being empty in way of the cargo
hold, at scantling draught.

d) If the ship is intended to operate in alternate block load condition, any two adjacent cargo holds are to be
loaded with the next holds being empty, carrying 10% of M, in each hold in addition to the maximum cargo
load according to that design loading condition, with fuel oil tanks in way of the cargo hold, if any, being
100% full and ballast water tanks in the double bottom in way of the cargo hold being empty, at scantling
draught. In operation the maximum allowable mass is to be limited to the maximum cargo load according to
the design loading conditions.
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4.2.4 Heavy ballast condition

The following condition applies to ballast holds only:

e Cargo holds which are designed as ballast water holds, being 100% full of ballast water including
hatchways, with all double bottom tanks in way of the cargo hold being 100% full, at any heavy ballast
draught. For ballast holds adjacent to topside wing, hopper and double bottom tanks, it shall be strengthwise
acceptable that the ballast holds are filled when the topside wing, hopper, stool, and double bottom tanks are

empty.
[RCN1 to 01 JAN 2014]

4.2.5 Additional harbour condition for all bulk carriers

The following additional harbour conditions apply to all bulk carriers:

a) At reduced draught during loading and unloading in harbour, the maximum allowable mass in a cargo hold
may be increased by 15% of the maximum mass allowed at the scantling draught in seagoing condition, but
is not to exceed the mass allowed at scantling draught in the seagoing condition. The minimum required

mass may be reduced by the same amount.

b) Any single cargo hold holding the maximum allowable seagoing mass at 67% of scantling draught, in

harbour condition.

¢) Any two adjacent cargo holds carrying Mg, with the next holds being empty, with fuel oil tanks in the
double bottom in way of the cargo hold, if any, being 100% full and ballast water tanks in the double bottom
in way of the cargo hold being empty, at 67% of scantling draught, in harbour condition.

4.2.6 Design load combinations for direct strength analysis

The loading patterns to be considered in the direct strength analysis of bulk carriers are summarised in Table 10.
Load combinations providing the calculations details for each loading pattern are given in Table 12 to Table 21.

Table 10 : Applicable loading patterns according to additional service features

Loading pattern Requirement BC- BC- {no MP}
A B C|A B C
Full load in homogeneous condition [4.2.1] item a X | X | x| X | x| X
Slack load [4.2.1] item b X | X | X | x| x| X
Deepest ballast [4.2.1] item ¢ X | X | X | x| X | X
Multiport-1 [4.2.2] item a X | x| X
Multiport-2 [4.2.2] item b X | x| X
Multiport-3 [4.2.2] item ¢ X | x| X
Multiport-4 [4.2.2] itemd X | x| x
Alternate load partial [4.2.3] itemsa &b X X
Alternate load full [4.2.3]itemsa & ¢ X X
Alternate block load [4.2.3] itemd X X
Heavy ballast [4.2.4] X | X | X | x| x| X
Harbour condition [4.2.5] X | x| x| x| x| X
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4.2.7

The design load combinations for FE analysis are given as follows:

Table 11 : Design load combinations for Bulk Carriers

Midship cargo . OUFSIde Aftmost cargo Foremost
hold region midship cargo hold cargo hold
g hold region g
BC-A - EA Table 12 Table 15 N/A N/A
BC-A - FA Table 13 Table 16 Table 18 Table 20
BC-B & BC-C Table 14 Table 17 Table 19 Table 21
Note 1: Outside midship cargo hold region means the forward or aft cargo hold region except the foremost and aftmost cargo holds

4.3 Hold mass curves

431

Based on the design loading criteria, as given in [4.2.1] to [4.2.5] except [4.2.4], hold mass curves for each single
hold, as well as for any two adjacent holds are to be included in the loading manual and the loading instrument. The
maximum allowable or minimum required cargo mass in a cargo hold, or in two adjacent loaded holds is related to
the net load on the double bottom. The net load on the double bottom is a function of draught, cargo mass in the
cargo hold, as well as the mass of fuel oil and ballast water contained in double bottom tanks.

4.3.2

Hold mass curves are to be calculated according to Ch 4, App 1 showing maximum allowable and minimum
required masses as a function of draught in seagoing condition as well as during loading and unloading in harbour.
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Table 12 : FE Load combinations applicable to empty hold in alternate condition of BC-A (EA) - midship cargo hold region

. C 1% | C : %
Description Bm-LC SF-LC i
No. P Loading pattern Aft Mid Fore | Draught | of perm. | of perm. Dynamic load
Req’ ref SWBM | SWSF case
Seagoing conditions
Full load 50% BSP-1P/S
@ 0
1 [4.1.3] _ % % % Tso (sag.) 100% OST-1P/S
Full load 0
200 [4.21] @ Tse (55’2/") 100% |BSP-1P/S
item a 9:
Slack load
3 [4.2.1] % ‘ ‘ Tsc 0% 100% |BSP-1P/S
item b
Slack load
4| @24 @ ﬁ % T | o% | 100% |BSP-1prs
item b
L00% FSM-2
0
Deepest (hog.) 100% |BSR-1P/S
50 ballast i‘ T OST-2P/S
0 [4_2,1] .......... Bal-H L00% BSP-1P/S
item ¢ (sag ; 100% [BSR-1P/S
' OST-1P/S
Multiport 3 0
HSM-1
6 [4.2.2] @ 0.67Tsc %Soa%/; 100% OST-1P/S
item ¢ '
Multiport 3
100% HSM-1
7| 22 ﬁ ﬁ @ 0.67Ty. 100%
item ¢ (sag.) OST-1P/S
0 HSM-2
1r?M 100%
Multiport 4 (hog.) OST-2P/S
8 [4.2.2] @ ﬁ ﬁ 0.75Tsc L00% BSP-1P/S
item d (sag ; 100% |BSR-1P/S
' OST-1P/S
9 HSM-2
1hO°/° 100%
Multiport 4 (hog.) OST-2P/S
9 | [422] ﬁ ﬁ @ 0.75Tgc L00% BSP-1P/S
item d (sag ‘)’ 100% |BSR-1P/S
' OST-1P/S
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. C % C 1%
Description Bm-LC SFLC i d
No. tp Loading pattern Aft Mid Fore | Draught | of perm. | of perm. Dynac::;Ioa
Req’ ref SWBM | SWSF
100% ®
Max |FSM-2
100% | SFLC
(hog.) 1 0096
Max |FSM-2
Alternate SELC
10© load partial | 7.~ ot T
[4.2.3] itemg | flm— — s¢ 100% |OST-2P/S
aandb
BSP-1P/S
100%
OST-1P/S
0%
100% (10)
Max [HSM-1
SFLC
®)
10&% FSM-2
ax
100% | spLe [HSM-2
(hog)
©)
Alternat 10|\(/)|/0 FoM-2
ernate ax
load full e W SELC HSM-2
11 49 3] 01M, 0.1M, TSC
[42. 100% |OST-2P/S
itemsaand c
100% |BSP-1P/S
0% | 1009 00
Max [HSM-1
SFLC
100% o [FSM-2
120 Alt-block (hog.) 100% OST-2P/S
(5) (6) L:O;% gEiMA;H g?/‘;” % % Tsc HSM-1
w | 23] 100% 1 10006 |BSP-1P/S
item d (sag.)
OST-1P/S
100% o |FSM-2
13| Alt-block (hog) | 199% lostopss
(5) (6) load Ao/’u; g/’u\; % & Tsc HSM-1
(13) [4.2.3] 1 100%
item d 100% |BSP-1P/S
(sag.)
OST-1P/S
0/ (10)
10&/" FSM-2
0% ax
SELC HSM-2
100% |BSR-1P/S
ball 100% ®
14 7 Hea[\;yz 43] ast TBAL-H Max HSM-1
(sag.) | 100% ©
Max [HSM-1
SFLC
100% |BSR-1P/S
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) = 0
Description . . Comic: % | Csric: % Dynamic load
No. Req! ref Loading pattern Aft Mid Fore | Draught | of perm. | of perm. case
eqre SWBM | SWSF
0% 100% |BSR-1P/S
150) Heavy ballast i i T
: BAL-H 100%
[4.2.4] (sag ; 100% [BSR-1P/S
Harbour conditions
100%
Ha:jt?f_w (hog) | 100% N/A
16 | condition @ @ i T .
14.2.5] 100% 11 009 N/A
items a and ¢ (sag.) 0
100%
Ha:jk?o_ur (oo ; 100% N/A
17 | condition E @ @ T :
[4.2.5] 100% 11 000 N/A
items a and ¢ (sag.) 0
1009 A1)
Max N/A
100% SFLC
(hog.) | 1009 2
Harbour Max N/A
condition - SFLC
18 Thz
_ [4.2.5] 100% (D
itemsaand b . Max N/A
100% | g ¢
(sag.)
100% (2
Max N/A
SFLC
Alt-block 100%
tbloc 00% | 100% N/A
19 harbour SE— (hog.)
condition o1 il oiv, Ths
a3 100%
[4.2.3] 100% N/A
itemd (sag.)
Alt-block 100%
T | 100% N/A
20 harbour S (hog.)
condition ol o1 Ths
3 100%
[4.2.3] 100% N/A
itemd (sag.)
(1) Loading pattern No. 1 with the cargo mass Mg, and the maximum cargo density as defined in [4.1.4] can be analysed in lieu of this
loading pattern.
2 Maximum cargo density as defined in [4.1.4] is to be used for calculation of dry cargo pressure.
3) In case of no ballast hold, normal ballast condition with assuming Mg,, = 100% (hog.) is to be analysed.
4 Position of ballast hold is to be adjusted as appropriate.
(5) This condition is only required when this loading condition is included in the loading manual.
(6) Actual still water vertical bending moment, as given in the loading manual, may be used instead of design value.
@) This condition is to be considered for the empty hold which is assigned as ballast hold, if any.
(8) For the mid-hold where x,_.« < 0.5L and X,.,¢ = 0.5L, the shear force is to be adjusted to target value at aft bulkhead of the mid-hold.
9) For the mid-hold where x,_.« < 0.5L and x, 4,4 = 0.5L, the shear force is to be adjusted to target value at forward bulkhead of the mid-hold.
(10) This load combination is to be considered only for the mid-hold where x,_,+>0.5L or X;.4,4<0.5L.
(11) The shear force is to be adjusted to target value at aft bulkhead of the mid-hold.
(12) The shear force is to be adjusted to target value at forward bulkhead of the mid-hold.
(13) This condition is only required when block loading condition is included in the loading manual.
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Description Comic:%| Csric: %

No. Loading pattern Aft Mid Fore | Draught | of perm. | of perm. Dynamic load

Req’ ref SWBM | SWSF case

[RCN1 to 01 JAN 2014]
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Table 13 : FE Load combinations applicable to loaded hold in alternate condition of BC-A (FA) -
midship cargo hold region

o C % | C 1%

Descr ton BM-LC SF-LC .
No. Pt Loading pattern Aft Mid Fore | Draught | of perm. | of perm. Dynamic load

Req! ref SWEM SWSF case

Seagoing conditions

Full load _ 50% BSP-1P/S
@ T 100%

1 [4.13] % % % < | (sag) ° losT-1p/S

Full load 5006
20| [42.1] @ @ @ Te | o | 100 [Bseapis

item a 9:

Slack load
3 [4.2.1] @ @ @ Tsc 0% 100% |BSP-1P/S

item b

FSM-2
100%

Deepest (hog.) 100% |BSR-1P/S
40 ballast A T OST-2P/S
@ | [421] |k b S BSP-1P/S

- 0,

item ¢ 100% | 1009 |BSR-1P/S

(sag.)
OST-1P/S
0/ (8)
10'3'/" FSM-2
ax
HSM-2
hog. 0 (9)
(hog.) 10|\(/)|A) FSM-2
ax
Multiport 2 SFLC HSM-2
ﬁ
> [42.2] G G 0-83Tsc 100% |OST-2P/S
itemb
100% (0
Max |HSM-1
%OO‘V; SFLC
sag.
J 100% BSP-1P/S
° losT-1pis
Multiport 3
100% BSP-1P/S
6 | [422] @ﬁ ﬁ 0.67Ty 100%
item ¢ (sag.) OST-1P/S
Multiport 3
100% BSP-1P/S
7| 122 T @ 0.67To, 100%
item ¢ (sag.) OST-1P/S
L00% FSM-2, HSM-2
" Y| 100% |BSR-1P/S

Multiport 4 (hog.) OST-2P/S
8 [4.2.2] @ 0.75T¢c

item d BSP-1P/S

100% |BSR-1P/S
(sag.)
OST-1P/S
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. C % | C : %
Descr tion BM-LC SF-LC A
No. Pt Loading pattern Aft Mid Fore | Draught | of perm. | of perm. Dynamic load
Req' ref SWBM | SWSF case
FSM-2, HSM-2
0,
) (1&0;; 100% |BSR-1P/S
Multiport 4 ' OST-2P/S
9 [4.2.2] 0.75Tsc
item d 100% BSP-1P/S
(sag.) 100% |BSR-1P/S
' OST-1P/S
100% (9
FSM-2
100% | Max pon o
(hog.) SFLC
100% |OST-2P/S
Alternate 100%® | cp1q
load partial W * Max
()] M, _
101 14.2.3] items l—l i % i Tso src | M-
aandb
04 (9)
0% 10&/0 FSM-1
ax
SELC HSM-1
BSP-1P/S
100%
° losT-1p/s
100% (10)
FSM-2
100% | Max pono
(hog.) SFLC
100% |OST-2P/S
Alternate 100% ®
1 load full ot T HSM-1
[4.2.3] items . s¢ Max
aandc SFLC
0% 100% ©
Max |HSM-1
SFLC
100% |BSP-1P/S
FSM-2
100%
1| Altblock (hog) | 100% |HSM-2
S OST-2P/S
(5) (6 |load 01w, Ml 0, % % Tec !
aw | [423] i Lot HSM-1
item d (5% ; 100% |BSP-1P/S
' OST-1P/S
100% 100% Esél\l\/l/IZZ
13| Alt-block (hog.) 0 oot éP/S
(5) (6) load oi v, Il O, Tsc -
[4.2.3] HSM-1
R T 100%
(sag.) 100% |BSP-1P/S
' OST-1P/S
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o C % | C 1%
Description BM-LC SF-LC i
No. tp Loading pattern Aft Mid Fore | Draught | of perm. | of perm. Dynacz:;load
Req’ ref SWBM | SWSF
0/, (10)
10&”’ FSM-2
ax
0% | gpc [HSM-2
100% |BSR-1P/S
Heavy 100% ®©)
14 ™ bal |aSt TBAL—H MaX HSM'l
[4.2.4] SFLC
0,
100% 100% ©
(sag.)
Max |HSM-1
SFLC
100% |BSR-1P/S
Heavy 0% 100% |BSR-1P/S
15M|  ballast Toai 100%
0 -
[4.2.4] (sag.) 100% |BSR-1P/S
Harbour conditions
100% A1
Max N/A
100% SFLC
(hog.) | 100% @
Harbour Max N/A
iti SFLC
16| condition - @ % E T,
[4.2.5] 100% (1)
itemsaand b Max N/A
100% SFLC
(sag.) | 1009 @2
Max N/A
SFLC
0,
Hag?O_Uf gr?fg/; 100% N/A
17 | condition @ i i 067To .
[4.2.5] 100% . )
tom a sag) | 100% N/A
0,
Ha':?O_Uf é?:g/‘; 100% N/A
18 | con ition E K @ 0.67To. .
14.2.5] 100% 11 50 N/A
item a (Sag.) 0
0,
Harbour (1&?/; 100% N/A
19 | condition @ @ i T g.
[4.2.5] 100% 14 g N/A
items a and ¢ (sag.) 0
0,
Harbour (12:/‘; 100% N/A
50 | condition i @ @ T g.
[4.2.5] 100% 11 50 N/A
items a and ¢ (sag.) 0
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) )
Description . . Comic: % | Coric: % Dynamic load
No. Req! ref Loading pattern Aft Mid Fore | Draught | of perm. | of perm. case
eq're SWBM | SWSF
Alt-block 100%
100% N/A
21 harbour SE— (hog.)
condition o1 i o, Ths
@) 100%
[4.2.3] 100% N/A
itemd (sag.)
Alt-block 100%
100% N/A
29 harbour SR (hog.)
condition o1, il oim, Ths
@3 100%
[4.2.3] 100% N/A
item d (sag.)
1) Loading pattern no. 1 with the cargo mass Mg, and the maximum cargo density as defined in [4.1.4] can be analysed in lieu of this
loading pattern.
) Maximum cargo density as defined in [4.1.4] is to be used for calculation of dry cargo pressure.
3) In case of no ballast hold, normal ballast condition with assuming Mg, = 100% (hog.) is to be analysed.
4 Position of ballast hold is to be adjusted as appropriate.
(5) This condition is only required when block loading condition is included in the loading manual.
(6) Actual still water vertical bending moment, as given in the loading manual, may be used instead of design value.
@) This condition is to be considered for the heavy cargo hold which is assigned as ballast hold, if any.
(8) For the mid-hold where x,_,« < 0.5L and X,.«,¢ = 0.5L, the shear force is to be adjusted to target value at aft bulkhead of the mid-hold.
9) For the mid-hold, where X, < 0.5L and X, = 0.5L, the shear force is to be adjusted to target value at forward bulkhead of the mid-hold.
(10) This load combination is to be considered only for the mid-hold, where X, ,>0.5L 0r X, ,4<0.5L.
(11) The shear force is to be adjusted to target value at aft bulkhead of the mid-hold.
(12) The shear force is to be adjusted to target value at forward bulkhead of the mid-hold.
(13) This condition is only required when block loading condition is included in the loading manual.
[RCN1 to 01 JAN 2014]
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Table 14 : FE Load combinations applicable for BC-B & BC-C - midship cargo hold region
Comic: Csric:
Description 0 0 i
No. P Loading pattern Aft Mid Fore | Draught % of % of Dynamic load
Req! ref perm. perm. case
SWBM | SWSF
Seagoing conditions
10 Full load T 50% 100% | BSP-1P/S
@®) [4.1.3] (sag.) OST-1P/S
Full load
; 50% 100% | BSP-1P/S
20 | [4.2.1]item ( G ( T
[ g s (sag.) OST-1P/S
Slack load 100%
3 | [4.2.1]item % Tsc 0% ° | BSP-1P/S
b
FSM-2,
100% 100% | BSR-1P/S
oEn St (hog.) OST-2P/S
4@ ballast T -
®) [421] |tem Frrrrriiey BAL-H 1000/ BSP_lP/S
c (sag ; 100% | BSR-1P/S
' OST-1P/S
™
10'3% FSM-2
ax
SFLC HSM-2
100%
0/ (8)
(hog.) 10,3/" FSM-2
ax
Multiport 2 SELC HSM-2
5 | [422]item @ E @ 083Tsc 100% | OST-2P/S
b
100% ©
Max | HSM-1
100% 1 spLc
(sag.)
100% | BSP-1P/S
OST-1P/S
Multiport 3 0 0
- BSP-1P/S
6 | [4.2.2]item 0.67Ty. | 100% | 100%
c (sag.) OST-1P/S
Multiport 3
X 100% 100% | BSP-1P/S
7 | p22)item O @ 0.67T
[ C] ¢ 1 (sag.) OST-1P/S
FSM-2
100% 100% HSM-2
Multiport 4 (hog.) BSR-1P/S
8 | [4.2.2]item @ 0.75Tg¢ OST-2P/S
d 1009 BSP-1P/S
(sag ; 100% | BSR-1P/S
' OST-1P/S
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b Comic: | Csric:
escription o o ;
No. P Loading pattern Aft Mid Fore | Draught % of % of Dynamic load
Req! ref perm. perm. case
SWBM | SWSF
FSM-2
0, -
1;)0@ 100% HSM-2
Multiport 4 (hog.) BSR-1P/S
9 | [4.2.2]item @ 0.75T¢c OST-2P/S
d o0 BSP-1P/S
S | 100% |BSR-1P/S
(sag.)
OST-1P/S
04 (9)
10&/" FSM-2
ax
0% SELC HSM-2
100% | BSR-1P/S
10 Heavy 100% ()
©) ba”ast TBAL-H MaX HSM'l
[4.2.4] SFLC
0,
%fa%/; 100% ©
' Max HSM-1
SFLC

100% | BSR-1P/S
0% 100% | BSR-1P/S

11| e ¢ dE
®© D D BAL-H 100% 0 -
[4.2.4] (sag.) 100% | BSR-1P/S

Harbour conditions

Harbour ;?:0/; 100% N/A

12 condition @ i i 0677, g.
o 100% 100% N/A

i 0

item a (s20)
Harbour ;?(?{y; 100% N/A

13 condition i i @ 0.67Toc g.
o 100% 100% N/A

i 0

item a (sag)

Harbour 100%
condition (hog)) 100% N/A

14| [425] @ @ ﬁ T 0
items a and 100% 100% NIA

c (sag.)

Harbour 100%
condition (hog.) 100% N/A

15 | [4.25] E @ @ T O
items a and 100% 100% NIA

c (sag.)
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Pt 13 Bulk Carriers and Oil Tankers

Ch 4 Loads Pt 13, Sub 1, Ch 4 Sec 8
o Comic: Csric:
No. Description Loading pattern Aft Mid Fore | Draught % of % of Dynamic load
Req! ref perm. perm. case
SWBM SWSF
100%
(10)
N/A
Max
100% SFLC
(hog.) | 100%
(11)
Harpo_ur Max N/A
condition SFLC
16 | [4.2.5] i @ i Tho
items a and 100%
b * N/A
Max
100% SFLC
(sag.) | 100%
(11)
N/A
Max
SFLC
1) Applicable to BC-B only.
2) For BC-B ships, the loading pattern no. 1 with the cargo mass Mg, and the maximum cargo density as defined in [4.1.3] can be
analysed in lieu of this loading pattern.
3) Maximum cargo density as defined in [4.1.3] is to be used for calculation of dry cargo pressure.
4) In case of no ballast hold, normal ballast condition with assuming Mg,, = 100% (hog.) is to be analysed.
(5) Position of ballast hold is to be adjusted as appropriate.
(6) This condition is to be considered for the cargo hold which is assigned as ballast hold, if any.
@) For the mid-hold where x,.,+ < 0.5L and X4, > 0.5L, the shear force is to be adjusted to target value at aft bulkhead of the mid-hold.
8) For the mid-hold where x,_,« < 0.5L and X4, = 0.5L, the shear force is to be adjusted to target value at forward bulkhead of the mid-
hold.
9) This load combination is to be considered only for the mid-hold where x,_,>0.5L or X,.4,4<0.5L.
(120) The shear force is to be adjusted to target value at aft bulkhead of the mid-hold.
(11) The shear force is to be adjusted to target value at forward bulkhead of the mid-hold.
[RCN1 to 01 JAN 2014]
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Pt 13 Bulk Carriers and Oil Tankers
Ch 4 Loads

Pt 13,Sub 1,Ch 4 Sec 8

Table 15 : FE Load combinations applicable to empty hold in alternate condition of BC-A (EA) -
outside midship cargo hold region

Comic: | Csric: | Dynamic load case
Description o 0
No. :pl Loading pattern Aft  Mid Fore | Draught % of % of forward
Req! ref perm. | peérm. |aft region i
SWBM | SWSF region
Seagoing conditions
HSM-1
Full load 50% BSP-1PIS |asp.1pss
ull l1oal 0 -
@ T 100% |OST-1P/S
190 13 _ % % & < | (sag) 0 Can 1o OSTLPIS
OSA-2P/S
Full load 500
20 | [42.1] @ ﬁ [ Tec h °) 100% [BSP-1P/S |BSP-1P/S
item a g-
Slack load
3 [4.2.1] % Tec 0% 100% |BSP-1P/S |BSP-1P/S
item b
Slack load
4 [4.2.1] Mz, [ Mey |J50% M) @ @ Tec 0% 100% |BSP-1P/S |BSP-1P/S
itemb
HSM-2  |[FSM-2
100% 100% HSA-2 BSP-1P/S
Deepest (hog.) BSR-1P/S |[BSR-1P/S
5@ |  ballast : T OST-2P/S |OSA-2P/S
@ | [421] |E== ; BALH HSM-1
H 0,
item ¢ %SOaO/; Looy |HSM-L  |BSP-1PIS
o " |BSP-1P/S |BSR-1P/S
OSA-2P/S
Multiport 3
100% HSM-1  |[HSM-1
©) 4.2.2 @ i 0.67T 100%
° [itemg i * | (sag.) * |0ST-1P/S |OST-1P/S
Multiport 3
100% HSM-1  |BSP-1P/S
®) 422 @ 0.67T 100%
! [itemg 1 * | (sag.) ° |0ST-1P/S |0SA-2P/S
HSM-2
0 HSM-2
g-f?c?gﬁ; 100% OST-2P/S BSR-1P/S
Multiport 4 OST-2P/S
86 | [4.2.2] @ i 0.75T¢ HSM-1 HSMLL
itemd 0 FSM-1 )
%S()a%/; 1005 | 207 [BSP-1PIS
osT-1p/s [0S TIPS
100% 100% HSM-2  |[HSM-2
(hog.) OST-2P/S |OST-2P/S
Multiport 4
90 [4.2.2] ﬁ ﬁ @ 0.75Tc HSM-1  |[HSM-1
itemd 100% 100% FSM-1 BSP-1P/S
(sag.) BSP-1P/S |BSR-1P/S
OST-1P/S |OST-1P/S
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Pt 13 Bulk Carriers and Oil Tankers

Ch 4 Loads Pt 13, Sub 1, Ch 4 Sec 8
Comic: | Csric: | Dynamic load case
Description
No. P Loading pattern Aft Mid Fore | Draught % of % of forward
Reqt ref perm. | perm. |ft region .
SWBM | SWSF region
100%
Max° FSM-2  [FSM-2
HSM-2  [HSM-2
SFLC
100%
BSP-1P/S
(hog.) BSP-1P/S BSR1P/S
Alternate 100% |OST-2P/S OST-2P/S
load partial OSA-1P/S
@ ; OSA-2P/S
10 [4.2.3]items % E % Tse TR
BSP-1P
2endb 100% |OST-2P/S BSP-1P/S
A 3
OST-2P/S
OSA-1P/S
0%
0,
1&0/" HSM-1  [HSM-1
aX
sFLc [FSM-1 |FsM-1
0,
1&04 HSM-2  [HSM-2
aX
sFLc [FSM-2  |[FsM-2
0,
é?fg”; BSP-1P/S
Alternate 100% BSP-1P/S [BSR-1P/S
load full | = o OST-2P/S |OST-2P/S
11 . 0.1 M 0.1 M T
[4.2.3]items . . s¢ OSA-2P/S
aandc
HSA-1
100% |BSP-1P/S
° BSP-1P/S
0% 0
1&0/" HSM-1  [HSM-1
aX
sFLc [FSM-1 |[FsMm-1
Lo0%t FSM-2  [FSM-2
: | 100% |BSP-1P/S |BSP-1P/S
1o@| Alt-block (hog.)
load Tl OST-2P/S |OSA-2P/S
©® O 05w 05w, Tsc
a | [423] 1009t HSM-1  [HSM-1
item d (Sag‘)’ 100% |BSP-1P/S |BSP-1P/S
' OST-1P/S |OSA-2P/S
FSM-2
100% FSM-2 leop 1pis
. i
0, -
13| Altblock (hog.) 100% gii;gz OSA-2P/S
©0 [iozai] ﬁ % % Tee OST-1P/S
@ em d HSM-1  |HSM-1
100%
(s20) 100% |BSP-1P/S |BSP-1P/S
' OST-1P/S |OSA-2P/S
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Pt 13 Bulk Carriers and Oil Tankers

Ch 4 Loads Pt 13, Sub 1, Ch 4 Sec 8
Comic: | Csric: | Dynamic load case
Description ) 9
No. P Loading pattern Aft Mid Fore | Draught % of % of forward
Req' ref perm. | perm. |aft region .
SWBM | SWSF region
Harbour conditions
0,
Harbour 100% 1 1500 | WA | NIA
condition (hog.)
14 | [425] ad’ |
; 100%
items a and 100% | N/A N/A
c (sag.)
0,
Harbour 100% 1 1500 | WA | NIA
condition (hog.)
15| [425] [ @ @ T
. 100%
items a and 100% N/A N/A
c (sag.)
100% ®
Max N/A N/A
100% | SFLC
(hog.) |1009% ©
Harbour Max N/A N/A
condition SELC
16 | [4.2.5] ] Ty
items a and = 100% ®
b Max N/A N/A
100% | SFLC
(sag.) 100% ©
Max N/A N/A
SFLC
- 0
Alt-block 100% 100% N/A N/A
17 harbour S (hog.)
condition | foiv, o1, Ths
an 100%
[4.2.3] 100% | N/A N/A
itemd (sag.)
- 0,
Alt-block 100% 100% N/A N/A
18 harbour — (hog.)
[4.2.3] S| 100% | N/A N/A
item d (sag.)
1) Loading pattern no. 1 with the cargo mass Mg, and the maximum cargo density as defined in [4.1.4] can be analysed in lieu of this
loading pattern.
) Maximum cargo density as defined in [4.1.4] is to be used for calculation of dry cargo pressure.
3) In case of no ballast hold, normal ballast condition with assuming Mg,, = 100% (hog.) is to be analysed.
4 Position of ballast hold is to be adjusted as appropriate.
(5) This condition is not required when {no MP} notation is assigned.
(6) This condition is only required when this loading condition is included in the loading manual.
(@) Actual still water vertical bending moment, as given in the loading manual, may be used instead of design value.
(8) The shear force is to be adjusted to target value at aft bulkhead of the mid-hold.
9) The shear force is to be adjusted to target value at forward bulkhead of the mid-hold.
(10) This loading condition is required only when the ballast hold is located inside the cargo hold model.
(11) This condition is only required when block loading condition is included in the loading manual.
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Pt 13 Bulk Carriers and Oil Tankers

Ch 4 Loads

Pt 13, Sub 1,Ch 4 Sec 8

Table 16 : FE Load combinations applicable to loaded hold in alternate condition of BC-A (FA) -

outside midship cargo hold region

Description . . Cavic:% | Csric: % Dynamic load case
No. Req' ref Loading pattern Aft Mid Fore | Draught | of perm. | of perm. Aft Forward
eare SWBM | SWSF | Region | region
Seagoing conditions
HSM-1
Full load 50% HSML sa
10 | Full loa % % & Tse ° | 100% |BSP-1P/S
[4.1.3] (sag.) OSA-1PIS BSP-1P/S
OSA-2P/S
Full load
50% BSP-1P/S
0| 421 @ @ @ T 100% |NIA
2 [4.2.1] | (sag.) ’ OSA-2P/S
item a
Stack load HSM-2 HSM-1
ack loa
HSA-1 HSA-1
3 | 21 @ % @ T 0% | 100%
Etemg s ’ * |BSP-1P/S |FSM-2
OSA-1P/S|BSP-1P/S
100% HSM-2
(hog‘)’ 100% |FSM-2  |HSM-2
Deepest OST-2P/S
40 ballast E E HSM-1
@ [421] | == \ 3 TeaLH HSM-1 HSA-1
- 0 FSM-1
item ¢ 100% 1 15004 FSM-1
(sag.) OST-1P/S
OSA-2P/S BSP-1P/S
OSA-2P/S
100%
100% Max |HSM-2 N/A
(hog.) SFLC
Multiport 2 100% [BSP-1P/S |BSP-1P/S
5 | [22] @ [ @ 0.83Tec A
i 100% |BSP-1P/S
item b ° BSR-1P/S
100%
(sag) | 100%
Max |HSM-1 N/A
SFLC
ulticort 3 HSM-1
ultiport g BSP-1P/S |HSA-1
6 | [4.2.2] @ @ 0.67Ts | 190% | 10004
: (sag.) BSR-1P/S [BSP-1P/S
item ¢
OSA-2P/S
Multiport 3 100% HSM-1
7 [4.2.2] @ @ 0.67Tgc (sag; 100% [BSP-1P/S |HSM-1
item ¢ ' OST-1P/S
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Pt 13 Bulk Carriers and Oil Tankers

Ch 4 Loads

Pt 13,Sub 1,Ch 4 Sec 8

No.

Description
Reqt ref

Loading pattern

Aft Mid Fore

Draught

Comic: %
of perm.
SWBM

Csric: %
of perm.
SWSF

Dynamic load case

Aft
Region

Forward
region

Multiport 4
[4.2.2]
itemd

ac.

0.75Tec

100%
(hog.)

100%

HSM-2
FSM-2
BSR-1P/S
BSP-1P/S
OSA-1P/S
OST-2P/S

FSM-2
OSA-2P/S

100%
(sag.)

100%

BSR-1P/S
BSP-1P/S
OST-1P/S

HSM-1
HSA-1
BSP-1P/S
OSA-2P/S

Multiport 4
[4.2.2]
item d

—la

0.75Tec

100%
(hog.)

100%

HSM-2
BSR-1P/S
OST-2P/S

FSM-2
BSR-1P/S

100%
(sag.)

100%

HSM-1
FSM-1
BSP-1P/S
BSR-1P/S
OST-1P/S

HSM-1
HSA-1
BSP-1P/S
OST-1P/S

10@

Alternate
load partial
[4.2.3] items
aandb

M, +

0.1 M,/

-l

100%
(hog.)

100%

HSA-2

BSP-1P/S
OSA-1P/S
OST-2P/S

BSP-1P/S
OSA-2P/S
OST-2P/S

100%

Max
SFLC

HSM-2
FSM-2

FSM-2

0%

100%

Max
SFLC

HSM-1
FSM-1

HSM-1

100%

BSP-1P/S
OSA-1P/S

BSP-1P/S
OSA-1P/S
OSA-2P/S

11

Alternate
load full
[4.2.3] items
aandc

- |-

100%
(hog.)

100%

HSA-2
BSP-1P/S
OSA-1P/S

OSA-1P/S
OSA-2P/S

100%

Max
SFLC

HSM-2

FSM-2
HSM-2

0%

100%

Max
SFLC

HSM-1

HSM-1

100%

BSP-1P/S
OSA-1P/S

OSA-1P/S
OST-2P/S
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Pt 13 Bulk Carriers and Oil Tankers

Ch 4 Loads Pt 13, Sub 1, Ch 4 Sec 8
Description . . Cavic:% | Cspic: % Dynamic load case
No. Req ref Loading pattern Aft Mid Fore | Draught |of perm. | of perm. Aft Forward
q SWBM | SWSF | Region | region
HSA-2
Fsmz  [1oM2
0 FSM-2
g-f?c?gﬁ; 100% |BSP-1P/S BSP-1P/S
12| Alt-block ' OSA-IPIS| = "o
o@| load | g TR % % ﬁ Tec OST-2P/S
o | [423]
item d HSM-1 -\ omt
0, -
100% | 0005 [BSPIP'S Iggp 1pss
(sag.) OSA-1P/S| 1\ "o e
OST-1P/S
HSM-2
FSM-2
0 FSM-2
100% 11 009 BSP-1P/S
(hog.) BSP-1P/S /
130 Alt-block OSA-2P/S
2 e T-2P
laa e
o | [423] HSM-1
item d HSA-1 HSM-1
0, -
100% | 10005 |psme1 |10
(sag.) Bsp.1p/s [BSP-1P/S
OSA-2P/S
OST-1P/S
Harbour conditions
100% O
Max N/A N/A
100% SFLC
(hog.) | 1009 ®
Harbour Max N/A N/A
condition SFLC
14@|  [4.2.5] Ve % Toa i
items a and 100% @
b Max N/A N/A
100% SFLC
(sag.) | 100%®
Max N/A N/A
SFLC
0,
Harbour 1;]30/" 100% | NIA | NIA
15 | condition 067Tc (hog.)
[4.2.5] ' 100%
tem a (sag) | 100% | N/A N/A
0,
Harbour fw’ 100% | N/A N/A
16 | condition 067Tec (hog.)
[4.2.5] ' 100%
tom a (sag) | 100% | NiA N/A
Harbour 100% | 9006 | WA | /A
condition (hog.)
17 | [4.2.5] T
; 100%
items a and S| 100% | N/A N/A
c (sag.)
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Pt 13 Bulk Carriers and Oil Tankers

Ch 4 Loads Pt 13, Sub 1, Ch 4 Sec 8
Description | Camic:% | Cseic: % | Dynamic load case
No. Req! ref Loading pattern Fore | Draught | of perm. | of perm. Aft Forward
q SWBM | SWSF | Region | region
0,
Harbour 100% 1 1000 | A | NA
condition (hog.)
18 | [4.2.5] l @ @ Tt
. 100%
items a and 100% N/A N/A
c (sag.)
_ 0,
Alt-block 100% 1 4000 | /A N/A
harbour | ___ (hog.)
19| condition | floiv, oy, % % ﬁ Ths 100%
[4.2.3] Y| 100% N/A N/A
item d (sag.)
_ 0,
Alt-block 100% 1 0006 | A | NIA
harbour I (hog.)
20©| condition { % % Ths .
[4.2.3] 100% 1 90006 | A | NIA
itemd (sag.)

)

@
©)
4
®)
(6)
0]
®
)

Loading pattern No. 1 with the cargo mass Mg, and the maximum cargo density as defined in [4.1.4] can be analysed in lieu of this loading

pattern.

Maximum cargo density as defined in [4.1.4] is to be used for calculation of dry cargo pressure.

In case of no ballast hold, normal ballast condition with assuming Mg, = 100% (hog.) is to be analysed.

Position of ballast hold is to be adjusted as appropriate.

This condition is only required when this loading condition is included in the loading manual.
Actual still water vertical bending moment, as given in the loading manual, may be used instead of design value.
The shear force is to be adjusted to target value at aft bulkhead of the mid-hold.

The shear force is to be adjusted to target value at forward bulkhead of the mid-hold.

This condition is only required when block loading condition is included in the loading manual.
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Pt 13 Bulk Carriers and Oil Tankers

Ch 4 Loads

Pt 13, Sub 1,Ch 4 Sec 8

Table 17 : FE Load combinations applicable for BC-B & BC-C - outside midship cargo hold region

Description . . Ciyic: % | Cspic: % Dynamic load case
No. . Loading pattern Aft  Mid Fore | Draught | of perm. | of perm. i forward
Recl ref SWBM SWSF aft reglon region
Seagoing conditions
HSM-1
FSM-1 HSM-1
1® | Full load % % & T 50% | 10095 [BSP-LP/S [HSA-L
® | [413] (sag.) OSA-1P/S|BSP-1P/S
OST-1P/S |OSA-2P/S
OST-2P/S
HSM-1
Eull load FSM-1  [HSM-1
ull loa 0 - HSA-1
20 | [4.2.1] @ @ @ Te | 29% | 1000 [BSP-IP/S
item a (sag.) OSA-1P/S|BSP-1P/S
OST-1P/S |OSA-1P/S
OST-2P/S
HSM-1
HSM-2  [HSM-1
Slack load HSA-1  |HSA-1
3 | [a24] @ @ @ Te | o% | 100% [Fsm2 |Fsm-2
item b BSP-1P/S |BSP-1P/S
OSA-1P/S|OST-2P/S
OST-2P/S
100% HSM-2
(hog‘)’ 100% |FSM-2  |[HSM-2
Deepest OST-2P/S
4@ | Dallast HSM-1
©®) [421] |@=== i E TeaL+ HSM-1 HSAL
item ¢ 100% 100% FSM-1 FSM-1
(sag.) OSA2PIS| 0 0o
OST-1P/S
OSA-2P/S
100%
100% Max [HSM-2 N/A
(hog.) SFLC
Multiport 2 100% [BSP-1P/S |BSP-1P/S
5 [4.2.2] @ @ 0.83T. HSA-1
itorm b i * 100% [BSP-1PIS | 207
100%
(sag.) 100%
Max |HSM-1 N/A
SFLC
Multi 3 HSM-1
ultiport
100% BSP-1P/S |[HSA-1
6 | [@22 @ @ o 100%
[4.2.2 | (sag.) ° |BSR-1P/S |BSP-1P/S
item ¢
OSA-2P/S
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Pt 13 Bulk Carriers and Oil Tankers

Ch 4 Loads Pt 13,Sub 1,Ch 4 Sec 8
Description . ' Cawic: % | Csric: % | Dynamic load case
No. ¢ rof Loading pattern Aft Mid Fore | Draught | of perm. | of perm. . forward
Req' re SWBM | SWSF aft region region
Mult 2 HSM-1
ultiport 0 FSM-1  |[HSM-1
7 | [422] @ @ 067Ts | 100% | 10005 |75 S
item ¢ (sag.) BSP-1P/S |BSP-1P/S
OST-1P/S
HSM-2
FSM-2
100% BSP-1p/s | M2
S| 100% FSM-2
(hog.) BSR-1P/S
Multiport 4 OSA-1P/S OSA-2P/S
8 [4.2.2] @ 0.75T OST-2P/S
itemd
L0 BSP-1P/S glel
(Sag; 100% [BSR-1PIS | " o e
' OST-1P/S |~ =
OSA-2P/S
HSM-2
0 FSM-2
(1r?(?gﬁ)) 100% |BSR-1P/S BSR-1P/S
' OST-2P/S
Multiport 4
o | [®22] ' @ 0.75Tqe ESS,\'\A"ll HSM-1
item d 0 j HSA-1
100% 100% |BSP-1P/S
(sag.) BSR-1P/S BSP-1P/S
T-1P
OST-1P/S S s
Harbour conditions
Harbour 100% |4 590 N/A N/A
iti hog.
10 Cc[)il]d;tilic])n @ i i 0.6 sc (1002/)
L. (i
item a (sag.) 100% N/A N/A
0,
contition - gy | 100% | NA | A
11 @ 0.67Tsc :
[42.5] 100% 1 1000 | A | NIA
item a (sag.) ’
Harbour 100%
0,
condition[4. (hog.) 100% N/A N/A
2| 28 @ @ ﬁ T
. 100%
items a and 100% N/A N/A
c (sag.)
0,
Harbour 100% | 160006 | NIA N/A
condition (hog.)
13| [425] _dad|
: 100%
items a and 100% N/A N/A
¢ (sag.)
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Pt 13 Bulk Carriers and Oil Tankers

Ch 4 Loads Pt 13, Sub 1, Ch 4 Sec 8
-9 - 9% | Dynamic load case
Description . ) Comic: % | Cspic: % | BY
No. . Loading pattern Aft Mid Fore | Draught | of perm. |of perm. ] forward
Req! ref aft region .
SWBM SWSF region
100% ©
Max N/A N/A
100% SFLC
(hog.) | 1000 ®
Harpqur Max N/A N/A
o | “lo2g) r SFLC
Lo H2
items a and i @ E 100% ©
b Max N/A N/A
100% SFLC
(sag.) | 100% ™
Max N/A N/A
SFLC
1) Applicable to BC-B only.
) For BC-B ships, the loading pattern no. 1 with the cargo mass Mg, and the maximum cargo density as defined in [4.1.3]can be analysed in
lieu of this loading pattern.
?3) Maximum cargo density as defined in [4.1.3] is to be used for calculation of dry cargo pressure.
(O] In case of no ballast hold, normal ballast condition with assuming Mg, = 100% (hog.) is to be analysed.
(5) Position of ballast hold is to be adjusted as appropriate.
(6) The shear force is to be adjusted to target value at aft bulkhead of the mid-hold.
7) The shear force is to be adjusted to target value at forward bulkhead of the mid-hold.
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Pt 13 Bulk Carriers and Oil Tankers
Ch 4 Loads Pt 13,Sub 1,Ch 4 Sec 8

Table 18 : FE Load combinations applicable to loaded hold in alternate condition of BC-A (FA) - aftmost cargo hold

I C 1% |C. 1%
Description BM-LC SF-LC .
No. P Loading pattern Aft Mid Fore | Draught | of perm. | of perm. Dynamic load
Req ref SWBM | SWSF case
Seagoing conditions
FSM-1
0,
10 FFJ';%’}‘O' ] [ @ @ Tee gg") 100% |BSP-P/S
- g- OST-1P/S
Full load
2 9
20| [4.21] H [ ‘ Tee (zgm) 100% |FSM-1
item a = g
Slack load 100% FSM-1
3 | [421] H [ @( Tee (Sa;’ 100% |BSP-1P/S
item b g- OST-1P/S
HSM-2, FSM-1
Deepest BSP-1P/S
4@ | Dpallast T = 100% o. |BSR-1P/S
@ | [4.21] \ i Q L ] e | gg) | 109% dosTapys
itemc OST-2P/S
OSA-1P/S
30% FSM-1,
Multiport 2 hog. 100% | yen 1p/s
5 | @22 || N |
item b 30% o, |FSM-1
(sag.) 100% BSP-1P/S
Multiport 3 > 0
6 [4.2.2] H [ 0.67T¢c gg") 100% |BSP-1P/S
item ¢ = g- OST-1P/S
100%
Max |[HSM-2,
SFLC
50%
(hog.)
Alternate 100% BSP-1P/S
load partial Wit
® T, OSA-1P/S
7 | a8 ems | |l Q @E Tsc .
aand b 100%
Max [FSM-1
SFLC
0%
BSP-1P/S
100% |OST-1P/S
OSA-1P/S
100%
E0% Max [HSM-2, FSM-2
0 SFLC
(hog.)
BSP-1P/S,
Alternate 100% |\ S A-1P/S
8 load full H Wt " T
[4.2.3] items - ; N s 100%
aandc Max |HSM-1
SFLC
0%
BSP-1P/S
100% |OST-1P/S
OSA-1P/S
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Ch 4 Loads Pt 13, Sub 1, Ch 4 Sec 8
I C % |C %
Description Bm-LC SF-LC i
No. R tp ] Loading pattern Aft Mid Fore | Draught | of perm. | of perm. Dynac::;Ioad
eqre SWBM | SWSF
Alt-block
9@ load 50% BSP-1P/S
1M, 1M, 0
©0| [423] ol B E Q @ @ Tse | (sag) | 19% |osT1pss
itemd
Harbour conditions
0,
100% 100% N/A
(hog.)
Harbour 100%™
10 condition H - Toa Max N/A
[4.2.5] 50% SFLC
itemsaand b (hog.) | 100% ®
Max N/A
SFLC
Harbour 50% 100% N/A
iti hog.
11 | condition H E @ 067Te. (hog.)
[4.2.5] ; 100% .
item a (sag ) 100% N/A
Harbour 50% 100% N/A
iti 7] [~ hog.
1o | condition H L [ E 1, | N°9)
[4.2.5] o 50% 0
items a and ¢ (sag.) 100% N/A
Alt-block 50%
0,
harbour (hog.) 100% N/A
13®| condition [ @ @ Ths o
[4.2.3] 0% | 1000 N/A
item d (sag.)
() Loading pattern no. 1 with the cargo mass My, and the maximum cargo density as defined in [4.1.4] can be analysed in lieu of this
loading pattern.
) Maximum cargo density as defined in [4.1.4] is to be used for calculation of dry cargo pressure.
3) In case of no ballast hold, normal ballast condition with assuming Mg,, = 100% (hog.) is to be analysed.
4) Position of ballast hold is to be adjusted as appropriate.
(5) This condition is only required when this loading condition is included in the loading manual.
(6) Actual still water vertical bending moment, as given in the loading manual, may be used instead of design value.
(7 The shear force is to be adjusted to target value at aft bulkhead of the mid-hold.
(8) The shear force is to be adjusted to target value at forward bulkhead of the mid-hold.
9) This condition is only required when block loading condition is included in the loading manual.
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Table 19 : FE Load combinations applicable for BC-B & BC-C - aftmost cargo hold

Cemcc: Csric:
Description 0 0 i
No. P Loading pattern Aft Mid Fore | Draught % of % of Dynamic load
Req! ref perm. perm. case
SWBM | SWSF
Seagoing conditions
FSM-1
1@ | Full load 80% BSP-1P/S
0
@® [4.1.3] ;:- Q @ @ Ts (sag.) 100% | osT.1pss
OSA-1P/S
Full load FSM-1
> 9
20| [4.2.1] item H [ { Tee (ig/") 100% | BSP-1P/S
a = 9. OST-1P/S
Slack load 100% FSM-1
3 | [4.2.1]item H [ @ Tsc (sa ; 100% | BSP-1P/S
b g- OST-1P/S
HSM-2, FSM-1
Deepest BSP-1P/S
4@ | Dballast B 100% BSR-1P/S
i 0,
©® | [4.2.1]item H Q L\ ] Tean | (hogy | 199% | osTaaprs
c OST-2P/S
OSA-1P/S
30% FSM-1

100% | BSR-1P/S

Multiport 2 > (hog.)
5 | [4.2.2]item H [ 0.83Tc OSA-1P/S

b

30% FSM-1,
100%
(sag.) ° | osT-1P/S

100% | BSP-1P/S

0,
Multiport 3 = > (22;_) ) 100%
6 | [4.2.2]item H Q ! Q 0.67Tsc Max | HSM-2
a SFLC
100%
0% Max | HSM-1
SFLC

Multiport 3 = >
. 50% BSP-1P/S
o MFU” MF“” ‘ ‘ ' g
7 |[4.2 23 ite H 0.67Tsc (sag.) 100% OST-1P/S

Harbour conditions

0,
é?ggﬂ; 100% N/A
Harbour 100%®
condition
- N/A
8 | @285 | ‘ E T Max
items a and = 50% SFLC
b (hog.) | 1009
Max N/A
SFLC
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Ch 4 Loads Pt 13, Sub 1, Ch 4 Sec 8
Comic: | Csric:
Description . . 9 9 Dynamic load
No. P Loading pattern Aft Mid Fore | Draught % of % of y
Req! ref perm. perm. case
SWBM SWSF
0
Harbour 50% 100% N/A
iti [ (hog.)
o | condition H E 06T
[425] = 100% 1 500 N/A
item a 0
(sag.)
Harbour 50%
c 100% N/A
condition =l (hog.)
10| [425] H [ T :
items a and = 50% |00 A
c (sag.)
1) Applicable to BC-B only.
2) For BC-B ships, the loading pattern no. 1 with the cargo mass Mg, and the maximum cargo density as defined in [4.1.3] can be
analysed in lieu of this loading pattern.
?3) Maximum cargo density as defined in [4.1.3] is to be used for calculation of dry cargo pressure.
4) In case of no ballast hold, normal ballast condition with assuming Mg,, = 100% (hog.) is to be analysed.
(5) Position of ballast hold is to be adjusted as appropriate.
(6) The shear force is to be adjusted to target value at aft bulkhead of the mid-hold.
(@] The shear force is to be adjusted to target value at forward bulkhead of the mid-hold
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Table 20 : FE Load combinations applicable to loaded hold in alternate condition of BC-A (FA) - foremost cargo hold

Description C;M-L;: Csric: % Dynamic load
No. Loading pattern Aft Mid Fore | Draught 00 of perm. y
Req! ref perm. SWSE case
SWBM
Seagoing conditions
HSM-1
Full load [/ 60% BSP-1P/S
@ 0
19 a3 | e ) @ @ E Tse | (sag) | 199% |osTo1pss
OSA-2P/S
Full load HSM-1
2 0
20 | [4.2.1] item Tsc 60% 100% | BSP-1P/S
= (sag.)
a ' OSA-2P/S
Slack load HSM-1
- 0
3 | [4.2.1]item ﬁ < E Teo %SOaO/; 100% | BSP-1P/S
b g- OSA-2P/S
Deepest HSM-1, HSM-2
40 | pallast | FEET L i 100% o, | BSP-1P/S
@ | [4.2.1]item - Teat | (hog) | 199% | Bsr-1p/s
c OSA-2P/S
Multiport 2 — 60% HSM-1, FSM-1
5 | [4.2.2]item E 0.83Tec a °) 100% | BSP-1P/S
b NS g OSA-2P/S
Multiport 3 500 HSM-1
6 | [4.2.2]item ﬁ E 067Tsc | a °) 100% | BSP-1P/S
c g- OSA-2P/S
Multiport 3 60%
7 | [4.2.2] item ﬁ E 0.67Tec (hog") 100% | FSM-2
N :
BSP-1P/S
100% | OST-2P/S
60% OSA-2P/S
Alternate (hog.) 100%
load partial T Max | HSM-2
8@ [4.2.3] 01w, - @ E Tec SFLC
items a and — 100%
b Max | HSM-1
0% SFLC
BSP-1P/S
0,
100% | 5sa-2pis
BSP-1P/S
100% OST-2P/S
60% OSA-2P/S
Alternate (hog.) 100%
load full _ — Max | HSM-2
o | [423] e ﬁ E ‘ E T SFLC
itemsaand = 100%
c Max HSM-1
0% SFLC
BSP-1P/S
0,
100% OSA-2P/S

300 KR” Rules for the Classification of Steel Ships 2017



Pt 13 Bulk Carriers and Oil Tankers

Ch 4 Loads Pt 13, Sub 1, Ch 4 Sec 8
Comic: Coric: %
Description 9 e i
No. P Loading pattern Aft Mid Fore | Draught % of of perm. Dynamic load
Req! ref perm. SWSF case
SWBM
10
" Altlgg Ck 50% HSM-1
®) [4.2.3] item @ @ E Tsc (sag.) 100% BSP-1P/S
o | e g- OSA-2P/S
9
Harbour conditions
0,
100% |4 5o N/A
(hog.)
Ha;b_;)_ur 100% ™
1 conaition - — - Max N/A
o | [429] il N Tha " SFLC
items a and 50%
b (hog.) | 100%®
Max N/A
SFLC
Harbour
iti [~ 100%
1p | condition E 0.67Tec ° | 100% N/A
[4.2.5] N (sag.)
item a
Harbour
condition
= = 50%
13 | [4.25] ﬁ E T | o * | 100% N/A
C
Alt-block
harbour
0,
%9? condition @ @ E Ths (ig A’) 100% N/A
[4.2.3] item g-
d
1) Loading pattern no. 1 with the cargo mass Mg, and the maximum cargo density as defined in [4.1.4] can be analysed in lieu of this
loading pattern.
) Maximum cargo density as defined in [4.1.4] is to be used for calculation of dry cargo pressure.
®3) In case of no ballast hold, normal ballast condition with assuming Mg, = 100% (hog.) is to be analysed.
4) Position of ballast hold is to be adjusted as appropriate.
(5) This condition is only required when this loading condition is included in the loading manual.
(6) Actual still water vertical bending moment, as given in the loading manual, may be used instead of design value.
) The shear force is to be adjusted to target value at aft bulkhead of the mid-hold.
(8) The shear force is to be adjusted to target value at forward bulkhead of the mid-hold.
9) This condition is only required when block loading condition is included in the loading manual.
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Ch 4 Loads Pt 13, Sub 1, Ch 4 Sec 8
Table 21 : FE Load combinations applicable for BC-B & BC-C - foremost cargo hold
Cem.c: Csruc:
Description [ [ i
No. P Loading pattern Aft Mid Fore | Draught % of % of Dynamic load
Req! ref perm. perm. case
SWBM SWSF
Seagoing conditions
HSM-1
1® | Full load [/ 60% BSP-1P/S
9
® | [413] | Me—y @ @ E Tse | (sag) | 0% | osT1pss
OSA-2P/S
HSM-1
Full load
X = 60% BSP-1P/S
@ ‘ 0
2 [4.2.1; item ﬁ Q . E Te | cag) | 9% |osTips
OSA-2P/S
Slack load — 0 HSM-1
3 | [4.2.1]item ‘ = E Tee %So:/; 100% | BSP-1P/S
b g- OSA-2P/S
Deepest HSM-1, HSM-2
4@ ballast 100% BSP-1P/S
0,
© | [4.2.1]item i Teat | (hog) | 109% | Bsr-1prs
c OSA-2P/S
Multlp(_)rt 2 = — 60% HSM-1, FSM-1
5 | [4.2.2] item ﬁ 0.83Ty (sag.) 100% | BSP-1P/S
b b g- OSA-2P/S
Multiport 3 > 0 HSM-1
6 |[4.2.2]item ﬁ ‘ E 0.67Tsc (22 /°) 100% | BSP-1P/S
c = g- OSA-2P/S
BSP-1P/S
100% | OST-2P/S
| 60% OSA-2P/S
Multiport 3
7 [4.UZ.2I§)item E E 0677, | (097 | 100%
a o Max | HSM-2
SFLC
100%
0% Max | HSM-1
SFLC
Harbour conditions
100% 100%
N/A
(hog.)
Harbour 100% ©
condition = > Max N/A
8 | [4.25] ﬁ The SFLC
items a and = 50%
b (hog.) | 1009 @
Max N/A
SFLC
Harbour
condition [ 100%
9 ﬁ ‘ E 0.67T 100% N/A
[4.2.5] N €| (sag.)
item a
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Pt 13 Bulk Carriers and Oil Tankers
Ch 4 Loads Pt 13,Sub 1,Ch 4 Sec 8

Table 27 : Standard design FE Load combinations for fatigue assessment applicable to loaded hold of BC-A in alternate
condition
(FA) - Aftmost cargo hold

Cemic: | Csric:

% of % of Dynamic
No. | Description | Loading pattern Aft Mid Fore | Draught °0 °0 load
perm. perm. case

SWBM SWSF

dd - |z
M, M, T All
H Q * | (sag)
2-F | Full load H — T 75% | 100% All
@ alternate ! 5 (hog.)

B 80%

H .................... [ ; K : K Tes | (hog,) Al
4-F [ [ 45%
0e Heavy ballast H ..................... E‘ ( TeaL-H (hog.) All

1) The actual shear force that results from the application of static and dynamic local loads to the FE model are to be used.

2) The actual shear force that results from the application of static and dynamic local loads to the FE model are to be used. Where this
shear force exceeds the target value, the correction of vertical loads is to be applied to adjust the shear force down to the target value.

3) This condition is applicable when the WB hold is located outside the 3 cargo hold model.

1-F Full load
@ | homogeneous

3-F

W Normal ballast

Table 28 : Standard design FE Load combinations for fatigue assessment applicable to loaded hold of BC-A in alternate
condition
(FA) - Foremost cargo hold

Cemic: | Csric:

% of % of Dynamic
No. | Description | Loading pattern Aft Mid Fore | Draught °0 °0 load
perm. | perm. case

SWBM SWSF
1-F | Full load m o " " T 40% All
@ | homogeneous A A s¢ (sag.)

2-F |  Full load — E = 75% | 100%
@ alternate —a ) ! E Tse (hog.) Al

3-F e 80%
Normal ballast , TaaL All
@ (hog.)
4-F E 45%
0@ Heavy ballast h TeaLn (hog)) All
1) The actual shear force that results from the application of static and dynamic local loads to the FE model are to be used.
2) The actual shear force that results from the application of static and dynamic local loads to the FE model are to be used. Where this

shear force exceeds the target value, the correction of vertical loads is to be applied to adjust the shear force down to the target value.
3) This condition is applicable when the WB hold is located outside the 3 cargo hold model.
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Table 29 : Standard design FE load combinations for fatigue assessment of BC-B, BC-C bulk carriers - cargo hold region except
aftmost and foremost cargo holds

Cem-Lc: | Csplc: .
';M ": OS/F L(f: Dynamic
No. | Description | Loading pattern Aft Mid Fore | Draught p;r(r)n p;r?n load
. : case
SWBM SWSF
- 0,
@ | homogeneous ; ; ; (sag.)
2-F = BB 80%
Normal ballast T All
@ | TR e N N BAL (hog.)

3-F B B T 75% 100% All

@@ P BALT 1 (sag.)

4-F Heavy B 45%

TeaLH 100% All

@@ ballast N - (hog.)

5-F B T 45% Al

we || et B\ N BAL-H (hog.)

1) The actual shear force curve that results from the application of static and dynamic local loads to the FE model are to be used.

) The actual shear force curve that results from the application of static and dynamic local loads to the FE model are to be used. Where
this shear force exceeds the target value, the correction of vertical loads is to be applied to adjust the shear force down to the target
value.

?3) This condition is to be considered for cargo hold which is assigned as ballast hold, if any.

4 This condition is applicable when the WB hold corresponds to the forward or aft hold of the 3 hold model.

(5) This condition is applicable when the WB hold is located outside the 3 cargo hold model.

Table 30 : Standard design FE load combinations for fatigue assessment of BC-B, BC-C bulk carriers - Aftmost cargo hold

C .| C :
';M"‘? OS/F"‘? Dynamic
No. | Description | Loading pattern Aft Mid Fore | Draught p;r(r)n p;r(r)n load
SWBM | SWSF case
1-F | Full load H ™ K T 40% Al
@ | homogeneous s¢ (sag.)
2-F E [ 80%
| Normal ballast H .................... Q Ten (hog.) Al
3-F E [ 45%
W Heavy ballast H .................... E‘ . .\ TeaLn (hog.) All
Q) The actual shear force curve that results from the application of static and dynamic local loads to the FE model are to be used.
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Table 31 : Standard design FE load combinations for fatigue assessment of BC-B, BC-C bulk carriers - Foremost cargo hold

Cem-c: | Csric:

% of % of Dynamic
No. | Description | Loading pattern Aft Mid Fore | Draught °0 °0 load
perm. | perm. case

SWBM SWSF
1-F | Full load ™ ﬁ " " T 40% Al
@ | homogeneous A N s¢ (sag.)

N 80%
' g & | (hog) Al

2-F

W Normal ballast

3-F g E 45%
O Heavyballast || | :' \ TeaL-n (hog.) All
1) The actual shear force curve that results from the application of static and dynamic local loads to the FE model are to be used.
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ads APPENDIX 1

APPENDIX 1
HOLD MASS CURVES

SYMBOLS

Symbols
h

KR”Ru

: Vertical distance from the top of inner bottom plating to the lowest point of the upper deck plating at the
ship’s centreline, in m.

: Vertical distance from the top of inner bottom plating to the lowest point of the upper deck plating at the
ship’s centreline of the aft cargo hold of two adjacent cargo holds, in m.

: Vertical distance from the top of inner bottom plating to the lowest point of the upper deck plating at the
ship’s centreline of the fore cargo hold of two adjacent cargo holds, in m.

: Cargo mass, in t, as defined in Ch 4, Sec 6.
: Cargo mass, in t, as defined in Ch 4, Sec 6.
: Cargo mass, in t, as defined in Ch 4, Sec 6.

: The maximum cargo mass in a cargo hold of two adjacent cargo holds according to the block loading
condition in the loading manual, in t.

: In loading condition No. 7, draught, in m, at mid-hold position of single cargo hold length or at mid-length
of the two adjacent cargo holds considered.

: 0.75 T or draught in ballast conditions with the two adjacent cargo holds empty, whichever is greater, in
m.

: Minimum permissible draught, in m, in harbour condition with M}, in each of the two adjacent holds to
be taken as:

» For ships having {No MP} notation assigned:

0.67Tgc
Ty = min T O'lSZMF“”

SC
1.025(54 K“)
n b,

» For ships not having {No MP} notation assigned:

v, V.
1.02 (—f+—”)
025 P

Ty = 0.67Tsc—

: Minimum permissible draught, in m, in harbour condition with My, in EA holds of BC-A ships or with
Mp,,; in any holds of BC-B and BC-C ships to be taken as:

* For ships having {No MP} notation assigned:

0.67 T
Ty, = min TSC,O_'ISM_FML'
, v,

1.025—

h
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* For ships not having {No MP} notation assigned:

0.15M,
Ty = 0.67T5c— __IF/”LI
1.025-2
h
Tys : Minimum permissible draught, in m, in harbour condition in case of block loading with Mj,; x in each of

the two adjacent holds of BC-A ships to be taken as:

3 (0.15Mj,+0.1M,)

Tys = Tsc—
1.025( 11+ 7¢)
hy h,
Ty : Minimum permissible draught, in m, in harbour condition with M}, in FA holds of BC-A ships to be
taken as:
0.67Tsc
Tys = min| 7. _ 0.15Myp +V0-1M11
1.025-2
h
Vi : Volume in m?, as defined in Ch 4, Sec 6.
v, : Volume of the after cargo hold of two adjacent cargo holds excluding volume of the hatchway part, in m3.
v, : Volume of the forward cargo hold of two adjacent cargo holds excluding volume of the hatchway part, in
1'1'13
) : The sum of masses of two adjacent cargo holds.
EA : Empty hold in alternate loading condition.
FA4 : Full hold in alternate loading condition.

1 GENERAL

1.1  Application

1.1.1

The requirements of this appendix apply to bulk carriers of 150 m in length L and above.

1.1.2
This appendix describes the procedure to be used for determination of:

¢ The maximum and minimum mass of cargo in each cargo hold as a function of the draught at mid-hold
position of cargo hold.

* The maximum and minimum mass of cargo in any two adjacent holds as a function of the draught at mid-
length of these two adjacent cargo holds.

1.1.3 General

The cargo mass curves of single cargo hold or of two adjacent cargo holds in seagoing and harbour conditions as
defined in [2] and [3] are based on the loading conditions considered in Ch 4, Sec 8, [4.2]. However if the ship
structure is checked for more severe loading conditions than the ones considered in Ch 4, Sec 8, [4.2.7], the
minimum required cargo mass and the maximum allowable cargo mass can be based on those corresponding
loading conditions.
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1.1.4 Loading/unloading conditions in harbour

For any bulk carrier, the maximum permissible cargo mass and the minimum required cargo mass of single cargo
hold or of two adjacent cargo holds, corresponding to draught for loading/unloading conditions in harbour may be
increased or decreased by 15% of the maximum permissible mass at the maximum draught for the cargo hold in
seagoing condition. However, maximum permissible mass is in no case to be greater than the maximum permissible
cargo mass at designed maximum load draught for each cargo hold.

1.1.5 Maximum and minimum permissible mass expression

The maximum and minimum permissible mass in seagoing conditions, (W,,,.(T}), W,.s(T;)) and in harbour
condition (W,,.i(T)), W,,.,i(T)) at various draughts (7;) is obtained, in t, by the following formulae given in tables
of [2] and [3] for the followings.:

* BC-A ship not having {No MP} notation assigned,

* BC-A ship having {No MP} notation assigned,

*  BC-B and BC-C ships not having {No MP} notation assigned,
*  BC-B and BC-C ships having {No MP} notation assigned,

Examples for mass curve of loaded cargo holds and cargo hold which can be empty at the maximum draught for
BC-A ships not having {No MP} assigned are shown in figures of the above mentioned tables.
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2  MAXIMUM AND MINIMUM MASSES OF CARGO IN EACH HOLD

2.1  Maximum permissible mass and minimum required mass of single cargo hold
2.1.1 BC-A ship not having {No MP} notation assigned
Table 1 : BC-A ship not having {No MP} notation assigned
Hold | Loading conditions Max / Min curves C;;e Ref
Maximum: Ch 4,
Sec 8
Tse—T; I ’
Woas (T) = Myp+0.1 M, —1.025 V,, (——-Sch ) My, [4.2.3]
S . b&c
eagoing
Minimum: Ch 4,
_ (T;—0.83T¢) I Sec 8,
W ins (T) = 1.025 V, 0 >0 [4.2.2]b
Maximum: Ch4,
Sec 8,
(0.67T5e—T)) III-1 | [4.2.6]a
Wt T,) = max| Mo =1.023 Vi h SMuo | 2 | cha,
Harbour Wass (1) + 0.15Mpyp < My [Sf;.ii
Minimum: Ch 4,
v Sec 8,
WminH(Ti) = WminS(Ti) - 0~15MHD 20 [425]
Example BC-A ships not having {No MP} for FA holds
FA
T,,(min. value)
M,,+0.1M,
s
4 e,
2 |
1] 1
= .
I
il |
K~ o® .
Seagoing !
0.15 MHDI | i
! 0.15M,,
| L
Draught (m) 0.83 T, ‘ Tse
Harbour
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Hold | Loading conditions Max / Min curves C;;\;e Ref
Maximum Ch 4,
0.67Tg.—T; | Sec 8,
Wis () = My 1025 v, STy 422
Seagoing —
Minimum: Ch 4,
_ (T = Tso) II Sec 8,
Wins (1) = 1.025 Vyy —=——=20 [423]a
Maximum - §h ‘;’
ec 8§,
WmaxH(Ti) = WmaxS(Ti) + O'lsMFull < MFull
[4.2.5]
Harbour
Minimum: v gh ‘;’
ec 8§,
WminH(Ti) = I/VminS(Ti)70'15MFull2 O [425]
Example BC-A ships not having {No MP} for EA hold
EA
TH2
,>L' """ u MFULL
_ | |
i ]
= ! .
I I
i |
’ . i |
Seagoing | i
0.15 MFULLI | |
i |
Draught (m) 0.67 T, Tee
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2.1.2 BC-A ship having {No MP} notation assigned

Table 2 : BC-A ship having {No MP} notation assigned

Hold | Loading conditions Max / Min curves C;;\;e Ref
Maximum: Ch 4,
(T T) I Sec 8,
WmaxS (Tz) = M]]D + 01 M]]* 1025 VH L < MIID [423]
h
b&c
Minimum:
Seagoing Y Ch 4,
Sec 8,
1025y, Lz Toa-m) 5 -1 | [42.1]¢
VVminS (Tz) = min h I1-2 Ch 4,
Tse—T;
0.5M, - 1.025 v, Lse=T) 5 Sec 8,
h [4.2.1]b
Maximum: Ch 4,
Sec 8,
(0.67T5c—T)) II-1 | [4.2.6] a
W,..(T) = max My,—1.025 vV, — <Myp 1-2 Ch4,
Harbour W axs (Ti) + 0~15MHD <Myp [ngii
Minimum: ;:h ‘;,
v ec 8,
FA WminH(Ti) - I/VminS(T'i)70'15MHD2 0 [425]
Example BC-A ships having {No MP} for FA hold
T,,,(min. value)
M,,+ 0.1 M,
/
,* _____ R —< M,
.
3
=
<"’ o®
’ Seagoing 0.5M,
0.15 MHDI 0.45M,,
e
Draught (m) Toan T
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Ch 4 Loads APPENDIX 1
Hold | Loading conditions Max / Min curves C;;\;e Ref
Maximum Ch 4,
Too—T, I Sec 8,
Wi (T) = My 1025 v, BT <, 42 1]a
Seagoing —
Minimum: Ch 4,
_ (T = Tso) II Sec 8,
Wins (1) = 1.025 Vyy —=——=20 [423]a
Maximum Ch 4,
Sec 8,
(0.67T5c—T)) III-1 | [4.2.6]a
Wpon(T)) = max| Mrun=1025 Vi h SMra | 1112 | cha,
Harbour Wn1axS( Tl) + O'ISMFMII S MFL{” [846221
Minimum: v gh ‘;’
ec 8,
WminH(Ti) = WminS(Ti)_O'ISMFIAH2 0 [425]
Example BC-A ships having {No MP} for EA hold
EA
T,,(min. value)
2 i
© I
= 3 .
I
K~ .
et I
< i
0.15 IVIFULI Seagoing i
I
I
Draught (m) Tee
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Ch 4 Loads APPENDIX 1
2.1.3 BC-B and BC-C ships not having {No MP} notation assigned
Table 3 : BC-B and BC-C ships not having {No MP} notation assigned
Loading conditions Max / Min curves C;;e Ref
Maximum Ch 4,
(0.67Tc—T)) I Sec 8§,
Wiaxs (T;) = My, —1.025 Vy ""'""""";f"c'"""""' <My [4.2.2] a
Seagoing —
Minimum: Ch 4,
_ (T;—0.83Ts0) II Sec 8,
Woins (T7) = 1.025 Vy -5 20 [422]b
Maximum Ch4,
11 Sec 8,
WmaxH(Ti) = WmaxS( Tl) + O'ISMFMH < MFuII [425]
Harbour
Minimum: SCh ‘;’
v ec 8,
Woinii(T) = Woins(T:) = 015 M, 2 0 [4.2.5]
Example BC-B and BC-C ships not having {No MP}
TH2
>l<' """ MFULL
_ |
s
s
=

045 M:I:

Seagoing

T

Draught (m) T, 0.83 T, ‘

sc
Harbour

T

sc

0.15 M,,,,
IV
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1.2.5 Longitudinal stiffeners or girders welded above the strength deck

Longitudinal stiffeners or girders welded above the strength deck, including the deck of any trunk fitted as specified
in [1.2.4], are to be included in the hull girder transverse sections.

1.2.6 Longitudinal girders between hatchways, supported by longitudinal bulkheads

Where longitudinal girders, effectively supported by longitudinal bulkheads, are fitted between hatchways, the
sectional area of these longitudinal girders are to be included in the hull girder transverse section.

1.2.7 Longitudinal bulkheads with vertical corrugations

For longitudinal bulkheads with vertical corrugations, the vertical corrugations are not to be included in the hull
girder transverse section. Longitudinal bulkheads with vertical corrugations are not effective for hull girder
bending, but they are effective for hull girder shear force.

1.2.8 Members in materials other than steel

Where a member contributing to the longitudinal strength is made in material other than steel with a Young’s
modulus, E equal to 2.06x10° N/mm?, the steel equivalent sectional area that may be included in hull girder
transverse section is obtained, in m?, from the following formula:

E A
2.06 x 10

Asg_nso = M - n50

where:

Aynso - Sectional area, in m?, of the member under consideration.

1.2.9 Definitions of openings
The following definitions of opening are to be applied:
a) Large openings are:
» Elliptical openings exceeding 2.5 m in length or 1.2 m in breadth.
» Circular openings exceeding 0.9 m in diameter.
b) Small openings (i.e. drain holes, etc) are openings that are not large ones.
¢) Manholes.
d) Isolated openings are openings spaced not less than 1 m apart in the ship’s transverse/vertical direction.
[URCNL to 01 JAN 2014]

1.2.10 Large openings, manholes and nearby small openings

Large openings and manholes are to be deducted from the sectional area used in hull girder moment of inertia and
section modulus. When small openings are spaced less than 1 m apart in the ship’s transverse/vertical direction to
large openings or manholes, the total breadth of them is to be deducted from the sectional area.

Additionally, isolated small openings which do not comply with the arrangement requirements given in Ch 3, Sec 6,
[6.3.2] are to be deducted from the sectional areas included in the hull girder transverse sections.

[URCN1 to 01 JAN 2014]

1.2.11 Isolated small openings

Isolated small openings in one transverse section in the strength deck or bottom area need not be deducted from the
sectional areas included in the hull girder transverse sections, provided that:

by < 0.06(B - =b)

>bg : Total breadth of isolated small openings, in m, in the strength deck or bottom area at the transverse section
considered, determined as indicated in Figure 1, not deducted from the section area as per [1.2.10].
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Figure 2 : Effective area in way of non-continuous decks and bulkheads
4

77

1
]
e
L
1)
AN
/
S
t >
: i =
Effective area Non-effective area

1.3  Strength deck

131

The strength deck is, in general, the uppermost continuous deck. In the case of a superstructure or deckhouses
contributing to the longitudinal strength, the strength deck is the deck of the superstructure or the deck of the

uppermost deckhouse.

1.4  Section modulus

1.4.1 Section modulus at any point
The section modulus at any point of a hull transverse section is obtained, in m3, from the following formula:

|
- y—n50
ZA—nSO |Z _ Zn|
1.4.2 Section modulus at bottom

The section modulus at bottom is obtained, in m3, from the following formula:

I
Zg_nso = —
Zp
1.4.3 Section modulus at deck
The section modulus at equivalent deck line is obtained, in m?, from the following formula:

Zp_nso = ‘)\};n:)
where:
Vb . Vertical distance of the equivalent deck line, in m, taken equal to:
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When no effective longitudinal members specified in [1.2.4] and [1.2.5] are positioned above a line extending from
strength deck at side to a position (zp— z,)/0.9 from the neutral axis at the centreline

Vp = 2p—-12,
When effective longitudinal members as specified in [1.2.4] and [1.2.5] are positioned above a line extending from
strength deck at side to a position (zp— z,)/0.9 from the neutral axis at the centreline

Vo = (zr-12,) (0.9 + o.zygT) >7.-1,

Zp : Z coordinate, in m, of strength deck at side, defined in [1.3].

Yr, Zr Y and Z coordinates, in m, of the top of continuous trunk, hatch coaming, longitudinal stiffeners or
girders, to be measured for the point which maximises the value of V.

1.5 Moments of inertia

151

The net moment of inertia, I,..5o and 1,.,5o, in m*, are those, calculated about the horizontal and vertical neutral axes,
respectively, of the hull transverse sections defined in [1.2].

2 HULL GIRDER BENDING ASSESSMENT

2.1 General

2.1.1

Scantlings of all continuous longitudinal members of the hull girder based on moment of inertia and section
modulus requirement in [2.3] are to be maintained within 0.4 L amidships.

2.1.2

The k material factors are to be defined with respect to the materials used for the bottom and deck members
contributing to the longitudinal strength according to [1]. When material factors for higher strength steels are used,
the requirements in [2.4] apply.

2.2 Normal stresses

221

The normal stress, o, induced by vertical bending moments, is to be assessed for both hogging and sagging
conditions, along the full length of the hull girder, from AE to FE.

The normal stress, o, at any point of the hull transverse section located below z,, is to comply with the following
formula:

L < cYperm
where:
oL : Normal stress, in N/mm?, as defined in [2.2.2].

Gperm - Permissible hull girder bending stress, in N/mm?, as given in Table 1.

2.2.2

The normal stresses, o, in N/mm?, induced by vertical bending moments are given in Table 2:

332 KR” Rules for the Classification of Steel Ships 2017



Pt 13 Bulk Carriers and Oil Tankers
Ch 5 Hull Girder Strength Pt13,Sub1,Ch5Secl

2.2.3

The normal stresses in a member made in material other than steel with a Young’s modulus, E equal to
2.06 x 105 N/mm?, included in the hull girder transverse sections as specified in [1.2.8], are obtained from the
following formula:

__E
b 206x10°

where:

OLs : Normal stress, in N/mm?, in the member under consideration, calculated according to [2.2.2] considering

this member as having the steel equivalent sectional area Age defined in [1.2.8].

2.3 Minimum net moment of inertia and net section modulus at midship section

231

At the transverse section in the midship part, the net moment of inertia about the horizontal axis, |,..s, is to be not
less than the value obtained, in m#, from the following formula:

l,g = 2.7 C, L3 B(Cg+0.7) 10°®

Table 1 : Permissible hull girder bending stress

Permissible hull girder bending stress, cpem,
Operation Design load
X<01| 01<%<03 | 03<%<07 | 07<%<09 [%>009
L L L L L
. Linear Linear
+ . . . .
Seagoing (S+D) 140/k interpolation 190/k interpolation 140/k
Harbour/sheltered ) 105/k .Llnear _ 143/k !_lnear _ 105/k
water interpolation interpolation
Flooded condition
at sea for bulk Linear Linear
carriers having a (A:S+D) 140/k interpolation 190/k interpolation 140/k
length L of 150 m P P
or above
Table 2 : Normal stress, o}
Normal stress, o;
Operation
At any point located below Z,,, At bottom @ At deck ®
. M, + fsM M, + fsM M., + fsM
Seagoing 5. = £10-3 5. = 103 5. = £10-3
A-n50 B -n50 D -n50
Harbour/sheltered G, = Msyp 10-2 o, = Mew-p 10-3 6. = Mow-p 10-3
water Zp_nso Zs_ns0 Zp_nso
Flooded condition
at sea for bulk
+ + +
carriers having a o, = MS—%"———MWV 10-3 6L = M&Z‘L—M—WV 10-3 o, = —M—“{—f—M—WV 10-3
Iength L Of 150 m A-n50 B -n50 D -n50
or above
1) The o values at bottom and deck, correspond to the application of formula given for any point, calculated at equivalent deck line and at
baseline.
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2.3.2

At the transverse section in the midship part, the vertical hull girder net section modulus at the deck and the bottom,
Zp.nso and Zg 50, are not to be less than the value obtained, in m3, from the following formula:

Zy = 0.9k C, L2 B (Cy +0.7) 10

2.4 Extent of high tensile steel

2.4.1 \ertical extent

The vertical extent of higher strength steel, z,; in m, used in the deck zone or bottom zone and measured
respectively from the moulded deck line at side or baseline is not to be taken less the value obtained from the
following formula, see Figure 3:

— cfgerm i
Zhis,i = 21(1_ ° )
L

where:
Z; . Distance from horizontal neutral axis to moulded deck line or baseline respectively, in m.
Gpermi - Permissible hull girder bending stress of the considered steel, in N/mm?, as given in Table 1 and Figure 3.

oL : Hull girder bending stress, oy at moulded deck line or oy, at baseline respectively, in N/mm? given in
Table 3.

Table 3 : Hull girder stresses at baseline and moulded deck line

Operation At baseline At moulded deck line
. M., + fzM M., + fsM
Seagoing Oy = |S—‘Mzn 10-3 Gk = Is—”—V”V|(zdk_s— z,)10-3
Iy—n50 Iy—n50
M M
Harbour/sheltered water | oy, = |ip—'zn 10-3 Ogk = “ip—'(zdk,s— z,)10-3
y-n50 y-n50

Flooded condition at sea

for bulk carriers having a _ Mgy_s + My i _ Mg_i+ My, i
z,10 Ok (Zak-s—2,)10

G = =
length L of 150 m or bl Iy nso Iy nso
above
Zas . Distance from baseline to moulded deck line at side, in m.
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Zhts, 1

Figure 3 : Vertical extent of higher strength steel

Zhts, 2

Vertical upper limit of steel “1”

Vertical upper limit of steel “2”

2.4.2 Longitudinal extent

Where used, the application of higher strength steel is to be continuous over the length of the ship to the location
where the longitudinal stress levels are within the allowable range for mild steel structure, as shown in Figure 4.

>

Required hull girder section modules

Figure 4 : Longitudinal extent of higher strength steel

Equivalent mild steel

H.S. steel line

Extent of H.S. steel
EEE———

\4

0.2L
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3  HULL GIRDER SHEAR STRENGTH ASSESSMENT

3.1 General

3.1.1
The hull girder shear strength requirements apply along the full length of the hull girder, from AE to FE.

3.2 Hull girder shear capacity

3.21

The total vertical hull girder shear capacity, Qg in kN, is the minimum of the calculated values for all plates i
contributing to the hull girder shear of the considered transverse section and is to be taken as:

Qq = m_m(M , 10-3)

vi

where:

tinso . Net thickness of plate i, in mm. For longitudinal bulkheads between cargo tanks of oil tankers, t;..5, is to
be taken as tg;..50 (Se€ [3.4.1]) and tg;,.ns0 (S€€ [3.5.1]) as appropriate.

Ovi : Contribution ratio for hull girder shear force per mm, in mm-L, for the plate i based on net scantlings with

deduction of 0.5 t,, which is equal to the unit shear flow per mm, in N/mm, obtained from a numerical
calculation based on thin-walled beam theory according to Ch 5, App 1.

Tiperm - Permissible shear stress, in N/mm?, as given in Table 4, for plate i.

Table 4 : Permissible hull girder shear stress

Operation Design load Permissible hull girder shear, 7,
Seagoing (S+D) 120/k
Harbour/sheltered water (S) 105/k
Flooded condition at sea of bulk
carriers having a length L of 150 (A:S+D) 120/k
m or above

3.3 Acceptance criteria

3.3.1 Permissible vertical shear force
The positive and negative permissible vertical shear forces are to comply with the following criteria:
« For seagoing operation:
04| < 0 = |10
« For harbour/sheltered water operation:
|Qsw—p < Qg

« For flooded condition at sea of bulk carriers having a length L of 150 m or above:

|st—f| < QR - |Qwv|
where:
Qr : Total vertical hull girder shear capacity, in kN, as defined in [3.2.1].

The shear force Q,,, used in 2 above criteria is to be taken with the same sign as the considered shear forces Qy,, and
Q.1 respectively.
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3.3.2 \Vertical still water shear force
The vertical still water shear forces, in kN, for all loading conditions are to comply with the following criteria:
« For seagoing operation:
|Qaw-teo = AQumaf < Qs
e For harbour/sheltered water operation:
Qs tea—p — AQmar < |Qsu—pl
« For flooded condition at sea of bulk carriers having a length L of 150 m or above:
|st—Lcd—f - Adef| < |st—f|
where:
AQ,q¢ : Shear force correction at the transverse section considered, in kN, taken as:

» For bulk carriers, the value defined in [3.6.1].

* For oil tankers, AQuq = 0.

The permissible shear forces Q,, Qs,., and Qg,.¢are to be taken with the same sign as the considered shear forces
st-Lcdy st-Lcd-p and st_Lcd_f respectively.

3.4  Effective net thickness for longitudinal bulkheads between cargo tanks of oil tankers

34.1

For longitudinal bulkheads between cargo tanks, the net thickness of the plating above the inner bottom, tg;_.s, for
plate i, in mm, is given by:

tsti—nso = Ticnso — i
where:

ti : Thickness deduction for plate i, in mm, as defined in [3.4.2].
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3.4.2

The vertical distribution of thickness reduction for shear force correction is to be triangular as indicated in Figure 5.
The thickness deduction, t,; in mm, to account for shear force correction on the plate i, is to be taken as:

= 3Q, (1_ Xpik )(2_2(zp—hdb))

- Poi Ti—perm 0.50y Noik

where:

3Q, . Shear force correction for longitudinal bulkhead as defined in [3.4.3] and [3.4.4] for ships with one or two
longitudinal bulkheads respectively, in kN.

Ly : Length of cargo tank, in m.

Mok : Height of longitudinal bulkhead, in m, defined as the distance from inner bottom to the deck at the top of
the bulkhead, as shown in Figure 5.

Xbik : Minimum longitudinal distance from section considered to the nearest cargo tank transverse bulkhead, in
m. To be taken positive and not greater than 0.5 4.

z, . Vertical distance from the lower edge of plate i to the base line, in m, but not taken less than hy,.

hao : Height of double bottom, in m, as shown in Figure 5.

Tiperm - PErmissible hull girder shear stress, in N/mm2, for plate i:
Ti-perm = 120/K.

Figure 5 : Shear force correction for longitudinal bulkheads

A
t, for
— Xblk ?\O
tA/' for hb/k
| Xop = 0-254,, |
. /
Xb/k hdb
A
0Q
3 0.5¢,
R S
0Q,

3.4.3 Shear force correction for a ship with a centreline longitudinal bulkhead

For ships with a centreline longitudinal bulkhead, the shear force correction in way of transverse bulkhead, 6Qs, in
kN, is to be obtained from the following formula:

0Q; = 0.5 K; Fyp

where:
Fao : Maximum resulting force on the double bottom in a tank, in kN, as defined in [3.4.5].
K, : Correction factor, to be taken equal to:
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Ks = 0.4-(1 1 )-f3

T1+4n
n - Number of floors between transverse bulkheads.
fs . Shear force distribution factor, as defined in Table 7.

3.4.4 Shear force correction for a ship with two longitudinal bulkheads between the cargo tanks

For ships with two longitudinal bulkheads between the cargo tanks, the shear force correction, 6Q; in kN, is to be
obtained from the following formula:

0Q; = 0.5 K; Fyy

where:
Fao : Maximum resulting force on the double bottom in a tank, in kN, as defined in [3.4.5].
K, : Correction factor, to be taken equal to:
K, = 05- (1—17%)(@ _f,
where
n : Number of floors between transverse bulkheads.
r : Ratio of the part load carried by the wash bulkheads and floors from longitudinal bulkhead to the double
side taken as:
_ 1
[ As_nso +2><104b80(n5+1)A3_n50]
A1 _nso + Az_nso Ly (N Ar_nso + R)
Ly . Length of cargo tank, between transverse bulkheads in the side cargo tank, in m.
bgo : 80% of the distance from longitudinal bulkhead to the inner hull longitudinal bulkhead, in m, at tank mid

length.

Arso - Net shear area of the transverse wash bulkhead, including the double bottom floor directly below, in the
side cargo tank, in cm?, taken as the smallest area in a vertical section.

Al nsor Asonsor Asnso:Net areas, as defined in Table 5, in m2,

f3 : Shear force distribution factor, as defined in Table 5.
Ng : Number of wash bulkheads in the side cargo tank.
R : Total efficiency of the transverse primary supporting members in the side tank in cm?.
R = (”‘_”s _ 1)M
2 ¥

=1+ %
Ipsm—n50

Agnso - Net shear area, in cm?, of a transverse primary supporting member in the wing cargo tank, taken as the
sum of the net shear areas of floor, cross ties and deck transverse webs. The net shear area is to be
calculated at the mid span of the members.

losmnso - Net moment of inertia for transverse primary supporting members, in cm, in the wing cargo tank, taken
as the sum of the moments of inertia of transverses and cross ties. The net moment of inertia is to be
calculated at the mid span of the member including an attached plate width equal to the primary
supporting member spacing.

3.4.5 \Vertical force on double bottom
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The maximum vertical resulting force on the double bottom in a tank, Fg, is in no case to be less than that given by

the minimum conditions given in Table 5.

The maximum resulting force on the double bottom in a tank, Fy, in kN, is to be taken as:

Fao = 9|Wer+ Wewsr = p 0 L Trnean|

where:

Wer : Weight of cargo, in tonnes, as defined in Table 6.

Wewsr  Weight of ballast, in tonnes, as defined in Table 6.

b, : Breadth, in m, as defined in Table 6.

Ly : Length of cargo tank, in m.

Tmean - Draught at the mid length of the tank for the loading condition considered, in m.

Table 5 : Minimum conditions for double bottom

Structural configuration Positive/negative force, F, Minimum condition

Max positive net vertical

0.9 T, and empty cargo tanks and ballast tanks

) ) ) force, Fyps
Ships with centreline bulkhead - -
Max negative net vertical 0.6 T and full cargo tanks and empty ballast
force, Fy,. tanks

Max positive net vertical

0.9 T, and empty cargo tanks and ballast tanks

Ships with two longitudinal force, Fy.
bulkheads Max negative net vertical 0.6 T, and full centre cargo tank and empty
force, Fy,. ballast tanks

Table 6 : Desig*‘n conditions for double bottom

Structural configuration Wer

WCWBT b 2

Weight of cargo in cargo

Ships with centreline tanks, in tonnes, using a
bulkhead minimum density of 1.025
t/mé,

Maximum breadth
Weight of ballast between | between port and starboard

port and starboard inner inner sides at mid length of
sides, in t. tank, in m, as shown in
Figure 6.

Weight of cargo in the

Ships with two centre tank, in tonnes,
longitudinal bulkheads using a minimum density
of 1.025 t/m?3.

Maximum breadth of the
Weight of ballast below the | centre cargo tank at mid
centre cargo tank, in t. length of tank, in m, as
shown in Figure 6.

Figure 6 : Tank breadth b,

b, b,
<€ > o S
Centre Cargo Cargo
tank tank
cargo it tarboard
tank po starboar
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Table 7 : Shear force distribution factor for oil tanker

Hull configuration f; factor

One centreline bulkhead

f, = 0.504 - 0.076 Aiaw () 156 Aeonw
N ] 2-n50 A3—n50
| R,

Two longitudinal bulkheads

. B ) )

f, = 0.353-0.049 == _ 0,095 =10
N | ? Az _nso As_nso

| |

where:

A nsor Asnsor Asanso: Net projected area onto the vertical plane based on net thickness, t,5,, of the side shell,
inner hull or the longitudinal bulkhead respectively, at one side of the section under consideration.
The area A5, includes the net plating area of the side shell, including the bilge.
The area A,_5, includes the net plating area of the inner hull, including the hopper side and the
outboard girder under.
The Area A; 5o includes the net plating area of the longitudinal bulkheads, including the double
bottom girders in line. The area A5, for the centreline bulkhead is not to be reduced for symmetry

around the centreline. When the longitudinal bulkhead is made with corrugation,
Ag.50 IS to consider the equivalent net thickness of the corrugation as defined in [3.4.6].

3.4.6 Equivalent net thickness of corrugation

The equivalent net thickness, in mm, of the corrugation of vertical and horizontal corrugated bulkheads, t.,,.ns0, t0 b€
used for the calculation of the effective net shear area and for the unit shear flow, is given as follows:

tw—gr + tf—gr . S¢

teor—nso = > Tra 0.5t

where:

tugr : Gross corrugation web thickness, in mm.

tigr : Gross corrugation flange thickness, in mm.

Se : Projected length of one corrugation, in mm, as defined in Ch 3, Sec 6, Figure 21.
c : Breadth of corrugation web, in mm, as defined in Ch 3, Sec 6, Figure 21.

a : Breadth of corrugation flange, in mm, as defined in Ch 3, Sec 6, Figure 21.
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3.5  Effective net thickness for longitudinal bulkheads between cargo tanks of oil tankers -
Correction due to loads from transverse bulkhead stringers
3.5.1

In way of transverse bulkhead stringer connections, within areas as specified in Figure 7, the equivalent net
thickness of plate, tg;...50 IN MM, where the index k refers to the identification number of the stringer, is not to be
taken greater than:

— Tsti-k
tsti—k—n50 - tsfi—nSO(]-_

Ti—perm
where:
Tutiek : Shear stress in plate i, in N/mm?, in the longitudinal bulkhead due to the stringer force in way of stringer
k, taken as:
- Qu
Tsti-k =

Est—k tsfi—n50

tyinso - Effective net plating thickness as defined in [3.4.1], in mm, calculated at the transverse bulkhead for the
height corresponding to the level of the stringer.

Tiperm - Permissible hull girder shear stress, in N/mm?, for the plate i:

Tperm = 120/k

Lok : Connection length of stringer k, in m, as defined in Figure 7.
Qs Shear force on the longitudinal bulkhead from the stringer in loaded condition with tanks abreast full in

kN, taken as:

Zg_—h
Quoi = 08 Fy(1-2k=Ta)
blk

Fox : Total stringer supporting force in way of a longitudinal bulkhead, in kN, taken as:

E . = Psioi b (h + 1)

st-k 2

hao : Double bottom height, in m.
o : Height of bulkhead, in m, defined as the distance from inner bottom to the deck at the top of the bulkhead.
Zoik . Z coordinate of the stringer k, in m.
Pgix : Pressure on stringer k, in kN/m?, taken as:.

Psi-k = 0 pL hyk
o : Density of the liquid in cargo tank, in t/m3, ad defined in Ch 4, Sec 6.

ik : Height from the top of the tank to the midpoint of the load area between h,/2 below and h, _,/2 above the
stringer k, in m.

hy . Vertical distance from the considered stringer k to the stringer k+1 below. For the lowermost stringer, it is
to be taken as 80% of the average vertical distance to the inner bottom, in m.

het : Vertical distance from the considered stringer k to the stringer k-1 above. For the uppermost stringer, it is
to be taken as 80% of the average vertical distance to the upper deck, in m.

Dyix : Load breadth acting on stringer k, in m, as defined in Figure 9 and Figure 10.
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Figure 7 : Effective connection length of stringer

A

Stringer connection length

st-k

30°

Figure 8 : Region for stringer correction, t;, for ships with 3 stringers
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Figure 9 : Load breadth of stringers for ships with a centreline bulkhead
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Figure 10 : Load breadth of stringers for ships with 2 inner longitudinal bulkheads
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In this figure:
b, is the breadth of wing cargo tank, in m.
by is the breadth of centre cargo tank, in m.
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3.5.2

Where reinforcement is provided to meet the above requirement, the reinforced area based on the maximum value
of tyi.nso 1 t0 extend longitudinally for the full length of the stringer connection and a minimum of one frame
spacing forward and aft of the bulkhead. The reinforced area is to extend vertically from above the stringer level
and down to 0.5 h, below the stringer, where h,, the vertical distance from the considered stringer to the stringer
below is as defined in [3.5.1]. For the lowermost stringer the maximum plate thickness requirement, tyy.nso iS t0
extend down to the inner bottom, see Figure 8.

3.6  Shear force correction for bulk carriers

3.6.1

When hull girder shear strength assessment is performed in accordance with [3], shear force correction, which takes
into account the portion of loads transmitted by the double bottom longitudinal girders to the transverse bulkheads,
is to be considered.

For the considered cargo hold, the shear force correction at the considered transverse section is to be obtained, in
kN, from the following formula:

M
AQpgr = Cda(m - pTLC,mh)

where:
Cyq . Distribution coefficient taken as:
e C4=-1atthe aft end of the considered cargo hold except for aftmost cargo hold.
« Cy=1 atthe fore end of the considered cargo hold except for foremost cargo hold.
* C4=0 at mid-length of the cargo hold.
* C4=0 atthe aft bulkhead of the aftmost cargo hold.
* Cy=0 atthe fore bulkhead of the foremost cargo hold.
e Cq: Linearly distributed at other locations.
a : Coefficient taken as:
Ly

2+(pb—0

a=9g

M : Mass, in t, in the hold in way of the considered transverse section for the considered loading condition. M
is to include the mass of ballast water and fuel oil located directly below the flat portion of the inner
bottom, if any, excluding the portion under the bulkhead stool.

By : Breadth of the cargo hold, in m, as defined in Ch 4, Sec 6.
Ly : Length of the cargo hold, in m, as defined in Ch 4, Sec 6.
ly, by :Length and breadth, respectively, in m, of the flat portion of the double bottom in way of the hold

considered; b, is to be measured on the hull transverse section at the middle of the hold.

¢ = 1.38+1.55 fo , but not greater than 3.7.

0

Tiecmn - Draught, in m, measured vertically on the hull transverse section at the middle of the hold considered,
from the moulded baseline to the waterline in the loading condition considered.

AQcr : Shear force correction for the full hold.

AQce : Shear force correction for the empty hold.
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Figure 11 : Shear force correction, 4Q.
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SECTION 2
HULL GIRDER ULTIMATE

STRENGTH

SYMBOLS

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

M..-nMqus: Permissible hogging and sagging vertical still water bending moment in intact seagoing condition, in
kNm, at the hull transverse section considered, defined in Ch 4, Sec 4, [2.2.2].

Mgyp-n Mawop.s: Permissible hogging and sagging vertical still water bending moment for harbour/sheltered water
operation, in KNm, at the hull transverse section considered, as defined in Ch 4, Sec 4, [2.2.3].

M.+ : Permissible hogging and sagging vertical still water bending moment in flooded condition at sea, in KNm,
at the hull transverse section considered, as defined in Ch 4, Sec 4, [2.2.4].

1  APPLICATION

1.1 General

111

The requirements of this section apply to ships equal to or greater than 150 m in length L.

1.1.2

The hull girder ultimate strength is to be assessed through the cargo hold region and machinery space.

1.1.3

The hull girder ultimate bending capacity is to be checked to ensure that it satisfies the checking criteria given in
[2]. Such checking criteria are applicable to intact ship structures in the following conditions:

« For bulk carriers: seagoing, harbour/sheltered water and flooded conditions.

« For oil tankers: seagoing and harbour/sheltered water conditions.

2  CHECKING CRITERIA

2.1 General

211

The vertical hull girder ultimate bending capacity is to be checked for hogging and sagging conditions, for the
following design load scenarios, as defined in Table 1:

« For bulk carriers: design load scenario A, for seagoing, harbour/sheltered water and flooded conditions.

« For oil tankers: design load scenario A, for seagoing and harbour/sheltered water conditions; and design load
scenario B, for the operational seagoing homogeneous full load condition.
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Table 1 : Design load scenarios

Design load scenarios Permissible still water bending moment, M, .,

S+D |vlsw—h or Msw—s

A S Msw—p-h or Msw—p—s
A:
S+D MSW—f

Maximum sagging still water bending moment for operational

+
B S+b seagoing homogeneous full load condition @

) The maximum still water bending moment is to be taken from the departure condition with the ship homogeneously loaded at
maximum draught and corresponding arrival and any mid-voyage conditions.

2.1.2
The vertical hull girder ultimate bending capacity at any hull transverse section is to satisfy the following criteria:
M < My
Tr
where:
M : Vertical bending moment, in KNm, to be obtained as specified in [2.2.1].
My - Vertical hull girder ultimate bending capacity, in kKNm, to be obtained as specified in [2.3].
YR . Partial safety factor for the vertical hull girder ultimate bending capacity to be taken equal to:
YR=Ym YoB
™ . Partial safety factor for the vertical hull girder ultimate bending capacity, covering material, geometric
and strength prediction uncertainties; in general, to be taken equal to:
=11
YoB . Partial safety factor for the vertical hull girder ultimate bending capacity, covering the effect of double

bottom bending, to be taken equal to:
» For hogging condition, except flooded conditions:
* vpg = 1.25 for empty cargo holds in alternate condition of BC-A bulk carriers,

* vpg = 1.10 for oil tankers, for BC-B and BC-C bulk carriers and loaded cargo holds in
alternate condition of BC-A bulk carriers,

» For sagging condition, except flooded condition: ypg = 1.0

» For hogging and sagging condition, for flooded condition: ypgs = 1.0

2.2 Hull girder ultimate bending loads

221

The vertical hull girder bending moment, M in hogging and sagging conditions, to be considered in the ultimate
strength check is to be taken as:

M=yM,, ,+y/ 5 M.,
where:

M,y : Permissible still water bending moment, in kKNm, in hogging and sagging conditions at the hull transverse
section considered as defined in Table 1.

M, . Vertical wave bending moment, in KNm, in hogging and sagging conditions at the hull transverse section
considered as defined in Ch 4, Sec 4, [3.1].
s . Partial safety factor for the still water bending moment, as defined in Table 2.
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Tw . Partial safety factor for the vertical wave bending moment, as defined in Table 2.
1 : Heading correction factor, as defined in Secl, Hull Girder Yielding Strength, SYMBOLS.
Table 2 : Partial safety factors
Design load scenarios Ys Yw
A 1.0 1.2
B 1.0 1.3

2.3 Hull girder ultimate bending capacity

2.3.1

The ultimate bending moment capacities of a hull girder transverse section, in hogging and sagging conditions, are
defined as the maximum values of the curve of bending moment capacity versus the curvature y of the transverse
section considered (see Figure 1). The curvature y is positive for hogging condition and negative for sagging
condition.

Figure 1 : Bending moment capacity versus curvature y

M
Hogging condition
My, gging
“XF %
}\_Z ’
. — Mys
Sagging condition

The hull girder ultimate bending capacity, M, is to be calculated according to Ch 5, App 2.

2.3.2

The effective area for the hull girder ultimate strength capacity assessment is specified in Ch 5, App 2.
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SECTION 3
HULL GIRDER RESIDUAL

STRENGTH

| APPLICATION

1.1  General

1.1.1

The requirements of this section apply to ships equal to or greater than 150 m in length L.

1.1.2

The hull girder ultimate bending capacity in the damaged condition is to be checked for the seagoing condition to
ensure that it satisfies the residual strength checking criteria given in [2].

1.1.3

The hull girder residual strength is to be assessed through the cargo hold region and the machinery space.

2 CHECKING CRITERIA

2.1  General

2.1.1

The vertical hull girder ultimate bending capacity in the damaged condition is to be checked for the damage
conditions specified in [2.2] in hogging and sagging conditions. For the damage conditions specified in [2.2], for the
design load scenario A, as defined in Table 1:

Table 1 : Design load scenarios

Design load scenario Permissible still water bending moment in damage, Mg,
Collision A: S+D M., or M,
Grounding A: S+D M, or M,

2.1.2

The vertical hull girder ultimate bending capacity in the damaged condition at any hull transverse section is to
satisfy the following criteria:

M UD
Mo = Yo * Cya
where:
My : Vertical bending moment in the damaged condition, in kNm, to be obtained as specified in [2.3].
My, : Vertical hull girder ultimate bending capacity in the damaged condition, in kNm, to be obtained as

specified in [2.4].
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YrD : Partial safety factor for the vertical hull girder ultimate bending capacity in the damaged condition, to be
taken equal to:
Yrp = 1.0
Cry : Neutral axis coefficient taken as:

*  Cyy = 1.0 for grounding,

e Cy, = 1.1 for collision.

2.2 Damage conditions

2.2.1 General

The damage conditions specified for collision in [2.2.2] and for grounding in [2.2.3] are to be considered. The
damage extents specified in [2.2.2] and [2.2.3] are to be measured from the moulded lines of the ship.

Stiffener element is to be considered intact unless the connection of stiffener with attached plate is included in the
damaged extent.

Plates and stiffeners of inner bottom and inner hull longitudinal bulkhead are to be considered intact unless the
damage extent exceeds the moulded distance from inner bottom and inner hull longitudinal bulkhead plate
respectively, to the hull envelope plate.

2.2.2 Collision

For the collision assessment of the considered transverse damage cross section, the damage is to be considered on
one side and inclusive of the freeboard deck.

The damage for collision extends from the point of intersection of the moulded lines of deck and side:
+ vertically downward for a distance 4 and upward without limit,
+ transversally inboard for a distance d and outward without limit,

where /1 and d are given in Table 2 according to the side shell arrangement in the considered damage transverse
section.

On ships with a rounded gunwale, the point of intersection is to be taken from the continuation of the moulded lines
of deck and side.

Table 2 : Damage extent for collision

Side shell arrangement
Damage penetration, in m
Single side Double side
Height, 4 0.75D 0.60 D
Depth, d B/16 B/16

Figure 1 : Damage extent for collision

|
T
|
|
|
- i |
I
B

The capacity of the damaged transverse cross section is calculated with the damage extent on one side, the ship kept
in upright position.
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2.2.3 Grounding

For the grounding assessment of the considered transverse damage cross section, the damage is to be considered on
the bottom in the most unfavourable transversal position as regard to the structure considered by the damage.

The damage extent for grounding is given in Table 3.

Table 3 : Damage extent for grounding

Damage penetration, in m | Bulk carriers Oil tankers
Height, & Min (B /20,2) | Min (B/15,2)
Breadth, b 0.60 B 0.60 B

Figure 2 : Damage extent for grounding

2.3 Hull girder ultimate bending loads in the damaged condition
2.3.1

The vertical bending moment, M), in hogging and sagging conditions, to be considered in the ultimate strength
check of the hull girder in the damaged condition, is to be obtained from the following formula:

Mp = ysp Mgy_p+vwp M,,
where:

M., :Permissible still water bending moment, in kNm, in hogging and sagging conditions at the hull transverse
section considered, as defined in Table 1.

M,, : Vertical wave bending moment, in kNm, in hogging and sagging conditions at the hull transverse section
considered, as defined in Ch 4, Sec 4, [3.1].

Ysp : Partial safety factor for the still water bending moment in the damaged condition, to be taken equal to:
Ysp=1.1

Ywp : Partial safety factor for the vertical wave bending moment in the damaged condition, to be taken equal to:

2.4  Hull girder ultimate bending capacity in the damaged condition

24.1

The hull girder ultimate bending capacity in the damaged condition is to be calculated according to

Ch 5, App 2, with the damaged parts assumed not to contribute to the hull girder strength. When assessing the
ultimate bending capacity, My, of the damaged hull sections, damaged area as defined in [2.2] carries no loads and
is to be removed in the capacity model.

2.4.2

The effective area of the intact parts for the hull girder ultimate strength capacity assessment is specified in Ch 5,
App 2.
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APPENDIX 1
DIRECT CALCULATION OF

SHEAR FLOW

SYMBOLS

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

1 CALCULATION FORMULA

1.1  General

1.1.1

This appendix describes the procedures of direct calculation of shear flow which is working along a ship cross
section due to hull girder vertical shear force. Shear flow g,, at each location in the cross section, is calculated where
considering the cross section is subjected to a unit vertical shear force, 1 N, in the direction of z coordinate.

The unit shear flow per mm, g, in N/mm, can be considered equal to:

gy = 4pTq;

where:

qp : Determinate shear flow, as defined in [1.2].

q : Indeterminate shear flow which circulates around the closed cells, as defined in [1.3].

In the calculation of the unit shear flow, ¢,, the longitudinal stiffeners are to be taken into account.

1.2  Determinate shear flow

1.2.1

The determinate shear flow, ¢, in N/mm, at each location in the cross section can be obtained from the following
line integration:

1 o

ap (5) = ————— [ (z-2,) tysods

10 [y7n50 0
where:
s : Coordinate value of running coordinate along the cross section, in m.
I.,50  : Moment inertia of the cross section, in m*.
tiso : Net thickness of plating, in mm, or equivalent net thickness of corrugated plate as defined in Ch 5, Sec 1,

[3.4.6].

1.2.2

Assuming the cross section is composed of line segments as shown in Figure 1, the determinate shear flow can be
calculated by the following equation.
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tnSOZ

P (zx tzi—2z,) +qp,
2% 10 [y7r150

dpr = qp (£) = —

where:

4o qp; - Determinate shear flow at node & and node i respectively, in N/mm.

l : Length of line segments, in m.
zy,z;  : Zcoordinate of the end point of line segment, in m, as defined in Figure 1.
1.2.3

Where the cross section includes closed cells, the closed cell are to be cut with virtual slits, as shown in
Figure 2 in order to obtain the determinate shear flow.

However, the virtual slits must not be located at the walls by which the other closed cell is also bounded.

1.2.4

Calculations of the determinate shear flow at bifurcation points can be calculated such as water flow calculations as
shown in Figure 2.

Figure 1 : Definition of line segment

>y

Figure 2 : Calculation of determinate shear flow at bifurcation
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O Start point
| Virtual slit
@® End point
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1.3  Indeterminate shear flow

1.3.1

The indeterminate shear flow is working around the closed cells and can be considered as a constant value within
the same closed cell. The following system of equation for determination of indeterminate shear flows can be
developed. In the equations, contour integrations of several parameters around all closed cells are performed.

qix i;des_ZQh‘ ﬁklldsz_ 9o gs

thso 7 i tyso k 50

where:

- g - Indeterminate shear flow around the closed cell £ and i respectively, in N/mm.

1.3.2

With assuming assembly of line segments shown in Figure 1, the equations in [1.3.1] can be expressed as follows:

91k Zt—f‘*zqn(l‘) :*Zq)

cell k*n50 i t"SO common wall with cell k cellk
' 4p (5) v ¢
0= 035 = (5,+22,-32,) + —
0 ZLHSO 6 X 10 [},,”50 ZLnSO
where:
qpi : Determinate shear flow, in N/mm, calculated according to [1.2.2].

The difference in the directions of running coordinates specified in [1.2] and this sub-article is to be considered.

Figure 3 : Closed cells and common wall

Common wall
(4
/
//
e e (1 Cell k Y
| i1 /
1 W 4
] Y/
—_——————— | Q—— —_—,
Celli

1.4  Computation of several properties of the cross section

1.4.1

Properties of the cross section can be obtained by the following formulae where the cross section is assumed as the
assembly of line segments:

0= Ji-y) +(z-z)
a0 = 107 0,5 Auso = D duso

a
Sy_ns0 = "’é‘ég (ze t2) S, ns0 = zsy—nSO

. _ anSO 2 2 _ .
Lyo-ns0 = (zetzizitzi) Lyp_uso = zlyO—rISO

3

where:

@50, A,50: Area of the line segment and the cross section respectively, in m?,
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Sy.50> Synso: First moment of the line segment and the cross section about the baseline, in m?.

i0.n50» Lyo.n50: Moment inertia of the line segment and the cross section about the baseline, in m*.

1.4.2

The height of horizontal neutral axis, z, in m, can be obtained as follows:

z, = Sv—nSO
AnSO
1.4.3

Inertia moment about the horizontal neutral axis, in m*, can be calculated as follows:

2
[y—nSO - IyO—nSO_Zn AnSO

2 EXAMPLE OF CALCULATIONS FOR A SINGLE SIDE HULL CROSS
SECTION

2.1  Cross section data

2.1.1

The cross section is shown in Figure 4. The coordinates of the node points marked by filled black circles in Figure 4
are given in Table 1, where the plate thickness and the line segments (marked by circles in Figure 4) of the cross
section are given in Table 2.

The sample calculations are performed taking advantage of symmetry of the cross section.

Table 1 : Node coordinates of cross section

Node number | Y coordinate (m) | Z coordinate (m)
0 0.00 0.00
1 5.80 0.00
2 11.70 0.00
3 14.42 0.00
4 16.13 1.72
5 16.13 6.11
6 11.70 1.68
7 5.80 1.68
8 0.00 1.68
9 16.13 14.15
10 16.13 19.60
11 7.50 20.25
12 7.50 19.63
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Table 2 : Calculation of cross sectional properties

2.1.2

Lineno.| Nodei | Node k | Thickness (mm) | Length (m) | @,50 (M?) | S50 (M3) | iyg.n50 (M?)
1 0 1 17.0 5.80 0.099 0.000 0.00
2 1 2 17.0 5.90 0.100 0.000 0.00
3 2 3 17.0 2.72 0.046 0.000 0.00
4 3 4 17.0 2.43 0.041 0.035 0.04
5 4 5 18.0 4.39 0.079 0.309 1.34
6 5 6 19.0 6.26 0.119 0.464 2.00
7 6 7 21.0 5.90 0.124 0.208 0.35
8 7 8 21.0 5.80 0.122 0.205 0.34
9 5 9 18.0 8.04 0.145 1.466 15.63
10 9 10 21.0 5.45 0.114 1.931 32.87
11 10 11 24.0 8.65 0.208 4.139 82.47
12 11 12 24.0 0.62 0.015 0.297 5.92
13 12 15.0 10.22 0.153 2.590 44.13
14 2 6 15.0 1.68 0.025 0.021 0.02
15 1 15.0 1.68 0.025 0.021 0.02
Total 1.416 11.686 185.138

The Z coordinate of horizontal neutral axis and the inertia moment about the neutral axis are calculated as follow:

7 = Esy—nSO _ 11686 — 8255

" Yas 1416

Lowso = 20 i wso— 20 Y as) = 2(185.138 - 8.2557 x 1.416) = 177.34

Figure 4 : Numbering of nodes and lines
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2.2 Calculations of the determinate shear flow

2.2.1

The virtual slits are added to cut the walls of the closed cells as shown in Figure 5. And then, the line integrations
specified in [1.2.2] are performed to obtain determinate shear flow, ¢,. The calculation results are shown in Table 3.
The locations of the virtual slits and the paths of line integrations shown in Figure 5 are one such example. These
definitions can be arbitrarily determined so as to calculate them easily.

Figure 5 : Ranges and directions of paths for line integrations

Path 4

]
|
I
|
| vitwarsie
Virtual slit YI
|
|
|
|

|
|
|
|
|
| o Start point
|
|
|
|
|
!

® End point
Path 5
Path 7 Path 6
I.————(——@.————(——
) e/
H>——-!——— == Path 3
Path 1 Path 2
Table 3 : Calculation of determinate shear flow
; ; qpi*x10° qpix10°
Path no. | Line no. | Node i | Node k Note
! ! (N/mm) (N/mm)
| 1 0 1 0.0 4.6 Start from the virtual slit
15 1 7 4.6 5.6 -
5 2 1 2 0.0 4.7 Start from the virtual slit
14 2 6 4.7 5.7 -
2 3 0.0 2.2 Start from the virtual slit
3 4 3 4 2.2 39 -
4 5 39 5.8 -
10 9 10 0.0 -5.6 Start from the virtual slit
11 10 11 -5.6 -19.2 -
4 12 11 12 -19.2 -20.2 -
13 12 9 -20.2 -27.7 -
9 9 5 -27.7 -29.2 -
Start with the sum of g,
> 6 > 6 234 205 at the ends of path 3 & 4
Start with the sum of g,k
6 ! 6 ! 148 -102 at the ends of path 2 & 5
Start with the sum of ¢,k
! 8 ! 8 43 0.0 at the ends of path 1 & 6
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2.3 Calculations of the indeterminate shear flow

2.3.1

To obtain the system of equations for indeterminate shear flows, the contour integrations around 3 closed cells as
defined in Figure 6 are performed. The closed cell at the centre of double bottom is considered as an open shape
since the symmetrical condition of the cross section is considered. The calculation results of contour integrations
around the closed cells are shown in Table 4 to Table 6.

Table 4 : Contour integration of ¢/¢,5, and ¢ around cell 1

Line no. | Nodei | Node k | qp;x10¢(N/mm) l/ths0 $x10%(N/mm) Note
2 1 2 0.0 347.1 0.81 -
14 2 6 4.7 112.0 0.58 Common wall with cell 2
7 6 7 -14.8 281.0 -3.50 -
15 7 1 -5.6 112.0 -0.58 -
Total 852.0 -2.68 -

Table 5 : Contour integration of £/¢,5, and ¢ around cell 2

x10® x103
Lineno. | Nodei | Node k (ql\'lm/;?n) /50 (ﬁ/:;\om) Note
3 2 3 0.0 160.0 0.17 -
4 3 4 2.2 142.7 0.43 -
5 4 5 3.9 243.9 1.22 -
6 5 6 -23.4 329.7 -7.32 -
14 6 2 -5.7 112.0 -0.58 Common wall with cell 1
Total 988.3 -6.07 -

Table 6 : Contour integration of //,5, and ¢ around cell 3

Lineno. | Nodei | Node k | qp;*x108(N/mm) | {/t.5 %103 (N/mm) Note
10 9 10 0.0 259.5 -0.65 -
11 10 11 -5.6 360.6 -4.45 -
12 11 12 -19.2 25.8 -0.51 -
13 12 9 -20.2 681.5 -16.59 -
Total 1327.5 -22.19 -

232

The following system of equations can be developed by using the results of the contour integration around each
closed cell:

e Cell 1:852.0 ¢, — 112.0 g, = 2.68 x 10
« Cell2:-112.0 g, + 988.3 g;, = 6.07 x 107
. Cell 3: 1327.5 ¢, = 2.219%10

The solution of this system gives indeterminate shear flows of the closed cell 1 to 3:

q;=4.01x10%, g,,=6.60 x 10%, g;3=1.67 x 107
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Figure 6 : Numbering of closed cells

2.4  Summation

2.4.1

The shear flow g, at all locations of the cross section can be obtained by the summation of determinate shear flow,
qp and indeterminate shear flow, ¢; as shown in Figure 7.

Figure 7 : Calculation results of shear flow ¢,, in 10 N/mm for vertical shear force with 1 N
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APPENDIX 2
HULL GIRDER ULTIMATE

CAPACITY

SYMBOLS

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

I,,50  : Moment of inertia, in m*, of the hull transverse section around its horizontal neutral axis, to be calculated
according to Ch 5, Sec 1.

Zp ws0» Zpnso - Section moduli, in m?, at bottom and deck, respectively, defined in Ch 5, Sec 1.
R,y : Minimum yield stress, in N/mm?, of the material of the considered stiffener.

R : Minimum yield stress, in N/mm?, of the material of the considered plate.

eHp
A,,nso - Net sectional area, in cm?, of stiffener, without attached plating.

A,.50  Net sectional area, in cm?, of attached plating.
1 GENERAL

1.1  Application

1.1.1
This appendix provides the criteria for obtaining the following ultimate longitudinal bending moment capacities:
* M, to be used in the hull girder ultimate capacity check according to Ch 5, Sec 2,

* My to be used in the hull girder residual strength capacity check according to Ch 5, Sec 3

1.1.2

The hull girder ultimate longitudinal bending moment capacity, M, or My, is defined as the maximum bending
capacity of the hull girder beyond which the hull structure collapses. Hull girder failure is controlled by buckling,
ultimate strength and yielding of longitudinal structural elements.

1.2 Methods

1.2.1 Incremental-iterative method

The hull girder ultimate bending capacity is to be assessed by the incremental-iterative method defined in [2].

1.2.2 Alternative methods

Principles for alternative methods for the calculation of the hull girder ultimate bending capacity; e.g. non-linear
finite element analysis, are given in [3].

Application of alternative methods is to be agreed by the Society prior to commencement. Documentation of the
analysis methodology and detailed comparison of its results are to be submitted for review and acceptance. The use
of such methods may require the partial safety factors to be recalibrated.
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1.3 Assumptions

1.3.1

The method for calculating the ultimate hull girder capacity is to identify the critical failure modes of all main
longitudinal structural elements.

1.3.2

Structures compressed beyond their buckling limit have reduced load carrying capacity. All relevant failure modes
for individual structural elements, such as plate buckling, torsional stiffener buckling, stiffener web buckling, lateral
or global stiffener buckling; and their interactions, are to be considered in order to identify the weakest inter-frame
failure mode.

1.3.3

Only vertical bending is considered. The effects of shear force, torsional loading, horizontal bending moment and
lateral pressure are neglected.

1.3.4

For the calculation of the ultimate longitudinal bending moment capacity, M, used in the hull girder residual
strength check according to Ch 5, Sec 3, the structural members in way of the damage part are to be excluded from
the members participating to the considered cross section strength.

2 INCREMENTAL-ITERATIVE METHOD

2.1  Assumptions

2.1.1

In applying the procedure described in [2.2], the following assumptions are generally to be made:
+ The ultimate strength is calculated at hull transverse sections between two adjacent transverse webs.
+ The hull girder transverse section remains plane during each curvature increment.
+ The hull material has an elasto-plastic behaviour.

* The hull girder transverse section is divided into a set of elements, which are considered to act
independently.

These elements are:

+ Transversely framed plating panels and/or stiffeners with attached plating, whose structural behaviour is
described in [2.3.1].

* Hard corners, constituted by plating crossing, whose structural behaviour is described in [2.3.2].

* According to the iterative procedure, the bending moment M, acting on the transverse section at each
curvature value y; is obtained by summing the contribution given by the stress ¢ acting on each element. The
stress ¢ corresponding to the element strain, € is to be obtained for each curvature increment from the non-
linear load-end shortening curves c-¢ of the element.

These curves are to be calculated, for the failure mechanisms of the element, from the formulae specified in [2.2].
The stress, o is selected as the lowest among the values obtained from each of the considered load-end shortening
curves o-€.

The procedure is to be repeated until the value of the imposed curvature reaches the value y in m™!, in hogging and
sagging condition, obtained from the following formula:

My
E 1 y-n50

yp = % 0.003
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where:
My : Lesser of the values My, and My,, in kNm.

My, =10° Ry Z us0,
My, =10° Royr Zp.so-

If the value y; is not sufficient to evaluate the peaks of the curve M-y, the procedure is to be repeated until the value
of the imposed curvature permits the calculation of the maximum bending moments of the curve.

2.2 Procedure

2.2.1 General

The curve M-y is to be obtained by means of an incremental-iterative approach, summarised in the flow chart in
Figure 1.

In this procedure, the ultimate hull girder bending moment capacity, My, is defined as the peak value of the curve
with vertical bending moment M versus the curvature y of the ship cross section as shown in Figure 1. The curve is
to be obtained through an incremental-iterative approach.

Each step of the incremental procedure is represented by the calculation of the bending moment M; which acts on
the hull transverse section as the effect of an imposed curvature y,.

For each step, the value y; is to be obtained by summing an increment of curvature, Ay to the value relevant to the
previous step y;; This increment of curvature corresponds to an increment of the rotation angle of the hull girder
transverse section around its horizontal neutral axis.

This rotation increment induces axial strains, ¢ in each hull structural element, whose value depends on the position
of the element. In hogging condition, the structural elements above the neutral axis are lengthened, while the
elements below the neutral axis are shortened, and vice-versa in sagging condition.

The stress o induced in each structural element by the strain ¢ is to be obtained from the load-end shortening curve
o-¢ of the element, which takes into account the behaviour of the element in the non-linear elasto-plastic domain.

The distribution of the stresses induced in all the elements composing the hull transverse section determines, for
each step, a variation of the neutral axis position, since the relationship o-¢ is non-linear. The new position of the
neutral axis relevant to the step considered is to be obtained by means of an iterative process, imposing the
equilibrium among the stresses acting in all the hull elements.

Once the position of the neutral axis is known and the relevant stress distribution in the section structural elements
is obtained, the bending moment of the section M; around the new position of the neutral axis, which corresponds to
the curvature y; imposed in the step considered, is to be obtained by summing the contribution given by each
element stress.

The main steps of the incremental-iterative approach described above are summarised as follows (see also Figure

1):
a) Step 1: Divide the transverse section of hull into stiffened plate elements.
b) Step 2: Define stress-strain relationships for all elements as shown in Table 1.

c) Step 3: Initialise curvature y; and neutral axis for the first incremental step with the value of incremental
curvature (i.e. curvature that induces a stress equal to 1% of yield strength in strength deck) as:

R, 1
= Ay = 001~ _
X1 x = 00 E 2z
where:
zp : Z coordinate, in m, of strength deck at side, with respect to reference coordinate defined in Ch 1,

Sec 4, [3.6]

d) Step 4: Calculate for each element the corresponding strain, g, =y (z; - z,) and the corresponding stress o,.
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e)

2

Step 5: Determine the neutral axis zy, ., at each incremental step by establishing force equilibrium over the
whole transverse section as:

2A;.500;= LA;.50 0; (i-th element is under compression, j-th element under tension).

Step 6: Calculate the corresponding moment by summing the contributions of all elements as:

My = zcw A;i_ys0 |(Zi - ZNAicur)l

Step 7: Compare the moment in the current incremental step with the moment in the previous incremental

step. If the slope in M-y relationship is less than a negative fixed value, terminate the process and define the
peak value of M, Otherwise, increase the curvature by the amount of Ay and go to Step 4.

2.2.2 Modelling of the hull girder cross section

Hull girder transverse sections are to be considered as being constituted by the members contributing to the hull
girder ultimate strength.

Sniped stiffeners are also to be modelled, taking account that they do not contribute to the hull girder strength.

The structural members are categorised into a stiffener element, a stiffened plate element or a hard corner element.

The plate panel including web plate of girder or side stringer is idealised into either a stiffened plate element, an
attached plate of a stiffener element or a hard corner element.

The plate panel is categorised into the following two kinds:

366

a)

b)

Longitudinally stiffened panel of which the longer side is in the longitudinal direction, and

Transversely stiffened panel of which the longer side is in the perpendicular direction to the longitudinal
direction.

Hard corner element:

Hard corner elements are sturdier elements composing the hull girder transverse section, which collapse
mainly according to an elasto-plastic mode of failure (material yielding); they are generally constituted by
two plates not lying in the same plane.

The extent of a hard corner element from the point of intersection of the plates is taken equal to
20 t,5, on transversely stiffened panel and to 0.5 s on a longitudinally stiffened panel, see Figure 2.

where:
1150 : Net offered thickness of the plate, in mm.
s : Spacing of the adjacent longitudinal stiffener, in m.

Bilge, sheer strake-deck stringer elements, girder-deck connections and face plate-web connections on large
girders are typical hard corners. Enlarged stiffeners, with or without web stiffening, used for Permanent
Means of Access (PMA) are not to be considered as a large girder so the attached plate/web connection is
only considered as a hard corner, see Figure 3.

Stiffener element:
The stiffener constitutes a stiffener element together with the attached plate.
The attached plate width is in principle:

* Equal to the mean spacing of the stiffener when the panels on both sides of the stiffener are
longitudinally stiffened, or

* Equal to the width of the longitudinally stiffened panel when the panel on one side of the stiffener is
longitudinally stiffened and the other panel is of the transversely stiffened, see Figure 2.
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Figure 1 : Flow chart of the procedure for the evaluation of the curve M-y,
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c) Stiffened plate element:

The plate between stiffener elements, between a stiffener element and a hard corner element or between hard
corner elements is to be treated as a stiffened plate element, see Figure 2.

Figure 2 : Extension of the breadth of the attached plating and hard corner element

s, =min(20¢ ., S,/2)

el . S, = (si+ 53)/2 P e ) S,—-8; - 53/2 _____ o 34/2
(Long. Stiff.) (Transv. Stiff.) (Long. Stiff.) (Transv. Stiff.) (Long. Stiff.)

------- "y Stiffener element

Stiffened plate element

==mmm Hard corner element

The typical examples of modelling of hull girder section are illustrated in Figure 3 and Figure 4. Notwithstanding
the foregoing principle, these figures are to be applied to the modelling in the vicinity of upper deck, sheer strake

and hatch side girder.
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Figure 3 : Examples of the configuration of stiffened plate elements, stiffener elements and hard corner elements on a hull

section
s/2 s
- Example showing girder on
s 1A longitudinal bunkhead
s2 4 | -
(e A Longitudinal
X { | H<—stiffener elements
X S " -"" -----
20 toso s/2 ’
20t.5y B20¢,,
%] Hard corner
U elements

e Hard corner element

Stiffener element
20 t,5

20 t,

20 t,5

EE=mEEEml - Stiffened plate element
s/2

s/2

« In case of the knuckle point as shown in Figure 5, the plating area adjacent to knuckles in the plating with an angle greater than 30 deg
is defined as a hard corner. The extent of one side of the corner is taken equal to 20 #,5, on transversely framed panels and to 0.5 s on
longitudinally framed panels from the knuckle point.

*  Where the plate members are stiffened by non-continuous longitudinal stiffeners, the non-continuous stiffeners are considered only as
dividing a plate into various elementary plate panels.

*  Where the opening is provided in the stiffened plate element, the openings are to be considered in accordance with Ch 5, Sec 1, [1.2.9].

*  Where attached plating is made of steels having different thicknesses and/or yield stresses, an average thickness and/or average yield
stress obtained from the following formula are to be used for the calculation.

_ L ns0S1 T 1 5082 R _ Rer] Ii_nso0 81 +Rer2 Iy 50 82

tnSO -
S 508

eHp

where Ry, Ropp2s tinsos trnsos 51, 52 and s are shown in Figure 6.
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Figure 4 : Extension of the breadth of the attached plating and hard corner element
| Sy LT . S, ‘ ---------- . S3 |

S,/2 Se/2

-

S,/2 - B

il
»
S

s,/2

Figure 5 : Plating with knuckle point

Knuckle point

Figure 6 : Element with different thickness and yield strength
s
Sl 52

A A
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A

tl—nSO t2'ﬂ50

eHpl R eHp2

2.3 Load-end shortening curves

2.3.1 Stiffened plate element and stiffener element

Stiffened plate element and stiffener element composing the hull girder transverse sections may collapse following
one of the modes of failure specified in Table 1.

*  Where the plate members are stiffened by non-continuous longitudinal stiffeners, the stress of the element is
to be obtained in accordance with [2.3.3] to [2.3.8], taking into account the non-continuous longitudinal
stiffener. In calculating the total forces for checking the hull girder ultimate strength, the area of non-
continuous longitudinal stiffener is to be assumed as zero.

*  Where the opening is provided in the stiffened plate element, the considered area of the stiffened plate
element is to be obtained by deducting the opening area from the plating in calculating the total forces for
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checking the hull girder ultimate strength. The consideration of the opening is in accordance with the

requirement in Ch 5, Sec 1, [1.2.9].

» For stiffened plate element, the effective width of plate for the load shortening portion of the stress-strain
curve is to be taken as full plate width, i.e. to the intersection of other plate or longitudinal stiffener — neither
from the end of the hard corner element nor from the attached plating of stiffener element, if any. In
calculating the total forces for checking the hull girder ultimate strength, the area of the stiffened plate
element is to be taken between the hard corner element and the stiffener element or between the hard corner

elements, as applicable.

Table 1 : Modes of failure of stiffened plate element and stiffener element

Element

Mode of failure

Curve o-¢ defined in

Lengthened stiffened plate element or

stiffener element Elasto-plastic collapse [2.3.3]
Beam column buckling [2.3.4]
. Torsional buckling [2.3.5]

Shortened stiff 1 t
ofteied stitienet clemen Web local buckling of flanged profiles [2.3.6]
Web local buckling of flat bars [2.3.7]
Shortened stiffened plate element Plate buckling [2.3.8]

2.3.2 Hard corner element

The relevant load-end shortening curve c-¢is to be obtained for lengthened and shortened hard corners according to

[2.3.3].

2.3.3 Elasto-plastic collapse of structural elements

The equation describing the load-end shortening curve o-¢ for the elasto-plastic collapse of structural elements
composing the hull girder transverse section is to be obtained from the following formula, valid for both positive
(shortening) and negative (lengthening) strains, see Figure 7:

o= (D ReHA
where:
R,  :Equivalent minimum yield stress, in N/mm?2, of the considered element, obtained by the following
formula:
R = Rer Ap—SO + REH.Y A.v—nSO
¢ Ap—n50+As—)150
) : Edge function, equal to:
O =-1fore<-1

O=cgfor-1<e<1
d=1fore>1

& : Relative strain, equal to:

&g : Element strain.

&y : Strain at yield stress in the element, equal to:

ReHA
E

&y =
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Figure 7 : Load-end curve o-¢ for elasto plastic collapse
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2.3.4 Beam column buckling

The equation describing the load-end shortening curve ogg-¢ for the beam column buckling of stiffeners
composing the hull girder transverse section is to be obtained from the following formula, see Figure 8:

A —n50 +A £ —n50

Grn) = DG, —3=n50 " ZpE—n50
o “ As—n50+Ap—n50
where:
0} : Edge function, as defined in [2.3.3].
o7, : Critical stress, in N/mm?, equal to:
c R
Ccr = "f‘] for o, <—<£ ¢
R.us € R
Gc; = R, (1 e ) eliB
ci HE 40, for o, > €
R,z :Equivalent minimum yield stress, in N/mm?, of the considered element, obtained by the following
formula:
R — Rer ApEI—nSO ng +ReHs As—nSO ZSE
eHB

ApE]*VISO EpE + AsfnSO ESE

Apprns0  Effective area, in cm?, equal to:
Aprrnso = 10 by t,59

lop : Distance, in mm, measured from the neutral axis of the stiffener with attached plate of width b, to the
bottom of the attached plate.

Ly : Distance, in mm, measured from the neutral axis of the stiffener with attached plating of width b, to the
top of the stiffener.

£ : Relative strain, as defined in [2.3.3].
OF; : Euler column buckling stress, in N/mm?, equal to:
1 -
Gy = E E—n502 10
E—-n50 Z
Ir,s0  : Net moment of inertia of stiffeners, in cm?, with attached plating of width by;.

Ap,so - Netarea, in cm?, of stiffeners with attached plating of width b;.
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bg, : Effective width corrected for relative strain, in m, of the attached plating, equal to:

by = = for Bp> 1.0

E

by, =s for B<1.0

R
: = 10° £ Bl
BE BE t,,s() E

Ayp_n50 - Net sectional area, in cm?, of attached plating of width b, equal to:
Appnso =10 b t,59
by : Effective width, in m, of the attached plating, equal to:

b =(2£*@)s fi 1.25
E B, Bé or B> 1.

by, =s for B;<1.25

Figure 8 : Load-end shortening curve ogg,-¢ for beam column buckling

Ocr1

2.3.5 Torsional buckling

The equation describing the load-end shortening curve o4~ for the flexural-torsional buckling of stiffeners
composing the hull girder transverse section is to be obtained according to the following formula, see
Figure 9.

As_,50 Oc> +Apfn50 Ocp

c =0
o AS—n50+Ap—n50
where:
) : Edge function, as defined in [2.3.3].
Ges : Critical stress, in N/mm?, equal to:
Op» Re s
Gy = "g— fOI‘ O < 2H &

R,y € R,
Gc2 = Reys (1 *L) for o,,>—<L ¢

465, 2
o : Euler torsional buckling stress, in N/mm?, taken as oy in Ch 8, Sec 5, [2.3.4]
€ : Relative strain, as defined in [2.3.3].
Gcp : Buckling stress of the attached plating, in N/mm?, equal to:
_ (225 1.25 R

Gcp = B, E‘ eip for Bp>1.25

Ocp = Rer fOI‘ BES 1.25
B : Coefficient, as defined in [2.3.4].
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Figure 9 : Load-end shortening curve ogg,-¢ for flexural-torsional buckling

Ocra

2.3.6  Web local buckling of stiffeners made of flanged profiles

The equation describing the load-end shortening curve o,;-¢ for the web local buckling of flanged stiffeners
composing the hull girder transverse section is to be obtained from the following formula:

3
10 bE tnSO Rer + (hwe tw—nSO + b/’ ZLj—nSO) ReHx

c =0
o 103 Stn50+hw tw—/150+bf tf—nSO
where:
(o} : Edge function, as defined in [2.3.3].
by : Effective width, in m, of the attached shell plating, as defined in [2.3.4].
Rie : Effective height, in mm, of the web, equal to:
225 1.25
hue = (_ - _)hw >
B, Bi for B, >1.25
h,. = h, for B, <1.25
. — hW ’8 ReHs
ﬁw - BW tW7n50 E
€ : Relative strain, as defined in [2.3.3].

2.3.7 Web local buckling of stiffeners made of flat bars

The equation describing the load-end shortening curve cz,~¢ for the web local buckling of flat bar stiffeners
composing the hull girder transverse section is to be obtained from the following formula, see Figure 10:

Ap_yso Scp T Ay _ys0 Ocy

ry = @O
ocns Ap7n50+A57)150
where:
o} : Edge function, as defined in [2.3.3].
Gcp : Buckling stress of the attached plating, in N/mm?, as defined in [2.3.5].
Gy : Critical stress, in N/mm?, equal to:
Opry Rens
y = — <
Gy . for o, < 5 €
ReHx € Re §
Ges = Ry, (1 _Fm) for 6., >—<£ ¢
Gy : Local Euler buckling stress, in N/mm?, equal to:

twfn50 ’
6z, = 160000 ( —h——)

w
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€

2.3.8

: Relative strain, as defined in [2.3.3].

Figure 10 : Load-end shortening curve ogg,-€ for web local buckling

Ocra

€4 frmmmmmmmmm e

Plate buckling

The equation describing the load-end shortening curve oggs-£ for the buckling of transversely stiffened panels
composing the hull girder transverse section is to be obtained from the following formula:

Gcrs =

where:

Be

3.1

3.1.1

R, @

eHp

min OR.., D (%[ié_l[f;)+o.1 (1—%) (1‘*‘51%)2}

E

: Edge function, as defined in [2.3.3].

LBy = 100 2[R

tnSO E
: Plate breadth, in m, taken as the spacing between the stiffeners.

: Longer side of the plate, in m.
ALTERNATIVE METHODS

General

The bending moment-curvature relationship, M-y, may be established by alternative methods. Such models are to
consider all the relevant effects important to the non-linear response with due considerations of:

a)
b)
c)
d)

e)
f)
g)

Non-linear geometrical behaviour.
Inelastic material behaviour.
Geometrical imperfections and residual stresses (geometrical out-of-flatness of plate and stiffeners).
Simultaneously acting loads:
* Bi-axial compression.
» Bi-axial tension.
* Shear and lateral pressure.
Boundary conditions.
Interactions between buckling modes.

Interactions between structural elements such as plates, stiffeners, girders, etc.
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h) Post-buckling capacity.

i) Overstressed elements on the compression side of hull girder cross section possibly leading to local
permanent sets/buckle damages in plating, stiffeners etc (double bottom effects or similar).

3.2 Non-linear finite element analysis

3.2.1

Advanced non-linear finite element analyses models may be used for the assessment of the hull girder ultimate
capacity. Such models are to consider the relevant effects important to the non-linear responses with due
consideration of the items listed in [3.1.1].

322

Particular attention is to be given to modelling the shape and size of geometrical imperfections. It is to be ensured
that the shape and size of geometrical imperfections trigger the most critical failure modes.
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SECTION 1
GENERAL

| APPLICATION

1.1 Application

1.1.1
This chapter applies to hull structure over the full length of the ship including fore end, cargo hold region,

machinery space and aft end, the side shell above the freeboard deck, engine casing, exposed decks of
superstructure and internal decks except those inside superstructure and deckhouse.

1.1.2

This chapter provides requirements for evaluation of plating, stiffeners and Primary Supporting Members (PSM)
subject to lateral pressure, local loads and to hull girder loads, as applicable. Requirements are specified for:

* Load application in Ch 6, Sec 2.

* Minimum thickness of plates, stiffeners and PSM in Ch 6, Sec 3.
+ Plating in Ch 6, Sec 4.

e Stiffeners in Ch 6, Sec 5.

* PSM and pillars in Ch 6, Sec 6.

In addition, other requirements not related to defined design load sets, are provided.

1.1.3 Required scantlings

The offered net scantling is to be greater than or equal to the required scantlings based on requirements provided in
this chapter.

1.1.4 Additional local strength requirements

Additional local strength requirements are provided in Ch 10 considering bow impact loads, bottom slamming loads
and sloshing loads, and for fore end, machinery space and aft end.

1.2 Acceptance criteria

1.2.1
Acceptance criteria set to be selected based on design load as follows:
* AC-S for design load S; static loads.

* AC-SD for design load S+D; combination of static and dynamic loads.
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SECTION 2
LOAD APPLICATION

SYMBOLS

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

1.1  Hull girder bending

1.1.1 Normal stresses

The normal stress oj,,, in N/mm?, induced by acting vertical and horizontal bending moments at the position being
considered is given as follow. This stress is to be calculated for each design load set, as defined in [2] covering all
dynamic load cases defined in Ch 4 in combination with M, both in hogging and in sagging.

M, +M . M. . _
Ghé — ( SW wv—LC (Z*Zn)* Iwh—L(, y) 10 3

Iv—nﬂ) z—-n50

where:

M,

sw

: Still water bending moment, in kNm, as defined in Ch 4, Sec 4, [2.2] in accordance with the considered
design load scenario in Ch 4, Sec 7, Table 1.

M, o : Vertical wave bending moment, in kNm, of the considered dynamic load case, as defined in Ch 4, Sec 4,
[3.5.2] in accordance with the considered design load scenario in Ch 4, Sec 7, Table 1, at the considered
longitudinal position.

M, ;o : Horizontal wave bending moment, in kNm, of the considered dynamic load case, as defined in Ch 4, Sec
4,[3.5.4] in accordance with the considered design load scenario in Ch 4, Sec 7, Table 1, at the considered
longitudinal position.

1,50 @ Netvertical hull girder moment of inertia, at the longitudinal position being considered, in m*.
I.,s0 : Nethorizontal hull girder moment of inertia, at the longitudinal position being considered, in m*.
y : Transverse coordinate of load calculation point, in m.

z : Vertical coordinate of the load calculation point under consideration, in m.

Z, : Distance from the baseline to the horizontal neutral axis, in m.

1.2 Lateral pressures

1.2.1 Static and dynamic pressures in intact conditions

The static and dynamic lateral pressures in intact condition induced by the sea and the various types of cargoes,
ballast and other liquids are to be considered. Applied loads will depend on the location of the elements under
consideration, and the adjacent type of compartments.

1.2.2 Lateral pressure in flooded conditions

Watertight boundaries of compartments not intended to carry liquids, excluding hull envelope, are to be subjected to
lateral pressure in flooded conditions.
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1.3  Pressure combination

1.3.1 Elements of the outer shell

If the compartment adjacent to the outer shell is intended to carry liquids, the static and dynamic lateral pressures to
be considered are the differences between the internal pressures and the external sea pressures at the corresponding
draught.

If the compartment adjacent to the outer shell is not intended to carry liquids, the internal pressures and external sea
pressures are to be considered independently.
1.3.2 Elements other than those of the outer shell

Except as specified in [1.3.1], the static and dynamic lateral pressures on an element separating two adjacent
compartments are those obtained considering the two compartments individually loaded.

2 DESIGN LOAD SETS

2.1  Application of load components

2.1.1 Application

These requirements apply to:
+ Plating and stiffeners along the full length of the ship.
*  PSM outside the cargo hold region.

2.1.2 Load components

The static and dynamic load components are to be determined in accordance with Ch 4, Sec 7, Table 1.

Radius of gyration, k,, and metacentric height, GM, are to be in accordance with Ch 4, Sec 3, Table 1 and Ch 4, Sec
3, Table 2 for the considered loading conditions specified in the design load sets given in Table 1.

2.1.3 Design load sets for plating, stiffeners and PSM

Design load sets for plating, stiffeners and primary supporting members are given in Table 1.

In addition, the design load sets for primary supporting members of bulk carriers with length L less than 150 m and
of oil tankers within the cargo hold region are given respectively in Pt 2, Ch 1, Sec 4, [4.2] and in Pt 2, Ch 2, Sec 3,
[1.2].

Table 1 : Design load sets

Item Design Load Draught Design Loading condition
load set | component load
- P, P T + ition ()
External shell and exposed SEA-1 s Pp SC S+D Full Load condition
k .
dec SEA-2 P, Tse S Harbour condition ®
Normal ballast
- - 3 T, + ..
WB-1 Pin = Pex AL S+D condition
Water ballast tank (oil & 7 Norg??l ballast
tanker and bulk carrier) WB-2 Pin =P BAL S+D condition
Water ballast exchange
WB-3 pP,-P,® | 025Tg S Harbour/test condition
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Design L Design
Item esig oad Draught esig Loading condition
load set | component load
WB-4 P,—P, | T @ S+D Heavy ballast condition
Water ballast tank (bulk w |l p_polr - S1D Heavy ballast condition
carrier) and bulk cargo hold WB-5 in T ex BAL-H Water ballast exchange
assigned as ballast hold
WB-6 ® P, - S Harbour/test condition
OT-1 P, Tsc S+D Full Load condition
Cargo oil tank OT-2 P, 0.6T¢ S+D Partial load condition
OT-3 P, - S Harbour/Test condition
BC-1 P, Tsc S+D .
Homogeneous loading,
BC-2 P, ) S fully filled
BC-3 P, Tsc S+D | Homogeneous heavy
cargo, partially filled
BC-4 P, - S (BC-A, B ships)
Bulk cargo hold
BC-5 P, Tsc S+D | Alternate light cargo,
fully filled (BC-A
BC-6 P, - S ships)
BC-7 P, Tse S+D Alternate heavy cargo,
partially filled (BC-A
BC-8 P, - S ships.)
Normal ballast
. TK-1 p, P, O T S+D .
Other tanks (fuel oil tank, "o BaL condition
fresh water tank) o
TK-2 P,—P, ® | 025Tg S Harbour/test condition
. -1 © P, T + iti
Compartments not carrying FD-1 in sC S+D Flooded condition
liquids FD-2 © P, - S Flooded condition
. DL-1 ® Py, F T S+D | Full load condition
Exposed deck, internal v s¢
decks or platforms .
DL-2 ® P, Fy - S Harbour condition
(1) For bulk carrier BC-A and BC-B, full load condition means ‘homogeneous heavy cargo’.
2) For external shell only.
3) P, is to be considered for external shell only.
“4) Not to be applied to bulk cargo hold assigned as ballast hold.
%) Bulk cargo hold only.
(6) FD-1 and FD-2 are not applicable to external shell and corrugations of transverse vertically corrugated bulkhead separating
cargo holds. Requirement in flooded conditions of transverse corrugated bulkhead are given in Pt 2, Ch 1, Sec 3, [3].
(@) Minimum draught among heavy ballast conditions is to be used.
8) Distributed or concentrated loads only. Need not be combined with simultaneously occurring green sea pressure.
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SECTION 3
MINIMUM THICKNESSES

SYMBOLS

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

1 PLATING
1.1  Minimum thickness requirements
1.1.1
The net thickness of plating in mm, is to comply with the appropriate minimum thickness requirements given in
Table 1.
Table 1 : Minimum net thickness for plating
Element Location Area Net thickness
Keel - 7.5+0.03L,
Fore Part 6.5+0.03L,
Bottom
Shell Machi
Side shell achinety space 7.0 +0.03 L,
. Aft part
Bilge
Elsewhere 55+0.03L,
Breasthook Fore part 6.5
Weather deck, strength deck, internal tank i 4540021,
boundary
Deck Machinery space 2.8+ 0.0067 s
Platform deck
Elsewhere 6.5
Machinery space 6.6 +0.024 L,
Inner bottom® | -
Elsewhere 55+0.03L,
Longitudinal . .
bulkheads of Inne? 51d.e, hopper tank top, top wing tank Cargo hold region 0.7 L,?
. longitudinal bulkhead
bulk carriers
Internal tank
nternal tan b01.1nda.1ry, . i 454002 L,
Transverse/longitudinal watertight bulkhead
Bulkheads Non-tight bulkhead,
Wash bulkhead, - 45+0.01L,
Bulkheads between dry spaces.
Pillar bulkheads in fore and aft peaks - 7.5
Diaphragms in lower/upper stool - 5.0+0.015L,
Engine casing (in the cargo hold region) Cargo hold region 55
Other members - — - -
Engine casing (in way of accommodation) Accommodation 4.0
Other plates in general - 45+0.01L,

(1) Applicable for both tight and non tight members
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2 STIFFENERS AND TRIPPING BRACKETS

2.1  Minimum thickness requirements

2.1.1

The net thickness of the web and face plate, if any, of stiffeners and tripping brackets in mm, is to comply with the
minimum net thickness given in Table 2.

In addition, the net thickness of the web of stiffeners and tripping brackets, in mm, is to be:

» Not less than 40% of the net required thickness of the attached plating, to be determined according to Ch 6,
Sec 4.

* Less than twice the net offered thickness of the attached plating.

Table 2 : Minimum net thickness for stiffeners and tripping brackets

Element Location Net thickness
) Watertight boundary 35+0.015L,
Stiffeners and attached end brackets
Other structure 3.0+0.015L,
) . ) ) Foremost hold (V 6.0+0.026 L
Cargo hold side frames webs of single side bulk carriers
Other holds 52+0.023L
Tripping brackets 5.0+0.015L,
(€)) L needs not to be taken greater than 200 m

3 PRIMARY SUPPORTING MEMBERS

3.1  Minimum thickness requirements

3.1.1

The net thickness of web plating and flange of primary supporting members in mm, is to comply with the minimum
net thickness given in Table 3.

Table 3 : Minimum net thickness for primary supporting members

Element Location Net thickness
Machinery space 1.55L,3+3.5
Double bottom centreline girder
Elsewhere 5.5+0.025L,
Machinery space 1.7L,3+1.0
Other bottom girder Fore part of ships with L > 150 m 0.7 L,”?
Elsewhere and fore part of ships with L < /50 m 55+0.02L,

Girders bounding a duct keel Machinery space 0.8 L,/?+2.5
Machinery space 1.7L,3+1.0
Bottom floor Fore part 0.7 L,
Elsewhere 0.6 L,"”?
Aft peak floor - 0.7 L,”?
Aft part / fore part 0.7 L,"?
Other primary supporting member In oil cargo tanks 55+0.015L,
Elsewhere
For other cases 0.6 L,"”?

386

KR” Rules for the Classification of Steel Ships 2017




Pt 13 Bulk Carriers and Oil Tankers
Ch 6 Hull Local Scantling Pt13,Sub 1, Ch 6, Sec 4

SECTION 4
PLATING

SYMBOLS

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

a, : Correction factor for the panel aspect ratio to be taken as follow but not to be taken greater than 1.0.
_ b
o, = 1.2- 12
a : Length of plate panel, in mm, as defined in Ch 3, Sec 7, [2.2.2].
b : Breadth of plate panel, in mm, as defined in Ch 3, Sec 7, [2.2.2].
P : Design pressure for the considered design load set, see Ch 6, Sec 2, [2], calculated at the load calculation

point defined in Ch 3, Sec 7, [2.2], in kKN/m?.

Oig : Hull girder bending stress, in N/mm?, as defined in Ch 6, Sec 2, [1.1], calculated at the load calculation
point as defined in Ch 3, Sec 7, [2.2].

X : Coefficient taken equal to:
* In intact condition:
* x=0.70 for inner bottom and hopper of bulk carriers,
e y=1.00 for other cases.
* In flooded condition:
ey =1.00 for collision bulkheads for acceptance criteria set AC-S,
* y=10.95 for collision bulkheads for acceptance criteria set AC-SD,

e y=1.15 for other watertight boundaries of compartments.

1 PLATING SUBJECTED TO LATERAL PRESSURE

1.1  Yielding check

1.1.1 Plating

The net thickness, ¢# in mm, is not to be taken less than the greatest value for all applicable design load sets, as
defined in Ch 6, Sec 2, [2.1.3], given by:

t= 00158 o, b |—F__
X Cu ReH
where:
C, : Permissible bending stress coefficient for plate taken equal to:
C,=p-a M , not to be taken greater than C,_,,,.
eH
: Coefficient as defined in Table 1.
a : Coefficient as defined in Table 1.
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Comer : Maximum permissible bending stress coefficient as defined in Table 1.
Table 1 : Definition B, o and C,,,,.
Acceptance Structural member B o C
criteria set a-max
Longitudinal | Longitudinally stiffened plating 0.9 0.5 0.8
strength i i
ACS members Transversely stiffened plating 0.9 1.0 0.8
Other members 0.8 0 0.8
Longitudinal | Longitudinally stiffened plating 1.05 0.5 0.95
strength ] ]
AC-SD members Transversely stiffened plating 1.05 1.0 0.95
Other members 1.0 0 1.0

1.2 Plating of corrugated bulkheads

1.2.1 Cold, hot formed and built up corrugations

The net thicknesses, ¢ in mm, of the web and flange plates of corrugated bulkheads are not to be taken less than the
greatest value calculated for all applicable design load sets, as defined in Ch 6, Sec 2, [2.1.3], given by:

CB eH

where:
b, : Breadth of plane corrugation plating:
b, = a for flange plating, in mm, as defined in Ch 3, Sec 6, Figure 21.
b, = c for web plating, in mm, as defined in Ch 3, Sec 6, Figure 21.
Ceg : Permissible bending stress coefficient for corrugated bulkhead plating taken equal to:

» For acceptance criteria set AC-S for transverse corrugated bulkheads and vertically corrugated
longitudinal bulkheads.

CCB =0.75

+ For acceptance criteria set AC-SD for transverse corrugated bulkheads and vertically corrugated
longitudinal bulkheads.

CCB =0.90

* For horizontally corrugated longitudinal bulkheads, without being greater than Cep_,,4-

Ces = Bes— Qs |%hi|
eH

DPes : Coefficient as defined in Table 2.
g : Coefficient as defined in Table 2.

Cepmae - Maximum permissible bending stress coefficient as defined in Table 2.

Table 2 : Definition Sp, s and Cep o

Acceptance
criteria set Structural member Pes g Cea.max
AC-S Horizontally corrugated longitudinal bulkheads 0.90 0.50 0.75
AC-SD Horizontally corrugated longitudinal bulkheads 1.05 0.50 0.90
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1.2.2  Built-up corrugations

For built-up corrugations, with flange and web plate of different thickness, the net thickness, ¢, in mm, is to be taken
as the greatest value calculated for all applicable design load sets, as defined in Ch 6, Sec 2, [2.1.3], given by:

Jo.ooos bl Pl
t, = | ——L— ¢t

CCB ReH :
where:
t : Net thickness of the thicker plating, either flange or web, in mm.
t, : Net thickness of the thinner plating, either flange or web, in mm.
bp : Breadth of thicker plate, either flange or web, in mm.
Cep : Permissible bending stress coefficient as defined in [1.2.1].

2 SPECIAL REQUIREMENTS

2.1  Minimum thickness of keel plating

2.1.1

The net thickness of the keel plating is not to be taken less than the offered net thickness of the adjacent 2 m width
bottom plating, measured from the edge of the keel strake.

The width of the keel is defined in Ch 3, Sec 6, [7.2.1].

2.2  Bilge plating

2.2.1 Definition of bilge area
The definition of bilge area is given in Ch 1, Sec 4, [3.8.1].

2.2.2 Bilge plate thickness

a) The net thickness of bilge plating is not to be taken less than the offered net thickness for the adjacent bottom
shell or adjacent side shell plating, whichever is greater.

b) The net thickness of rounded bilge plating, ¢, in mm, is not to be taken less than:
t=645x10" (P, s,)"* R

where:

P

ex

: Design sea pressure for the design load set SEA-1 as defined in Ch 6, Sec 2, [2.1.3] calculated at the lower
turn of the bilge, in kN/m?2.

R : Effective bilge radius in mm.
R = Ry+0.5 (As; + As,)
R, :Radius of curvature, in mm. See Figure 1.

As; : Distance between the lower turn of bilge and the outermost bottom longitudinal, in mm, see Figure 1.
Where the outermost bottom longitudinal is within the curvature, this distance is to be taken as zero.

As, : Distance between the upper turn of bilge and the lowest side longitudinal, in mm, see Figure 1. Where the
lowest side longitudinal is within the curvature, this distance is to be taken as zero.

s, : Distance between transverse stiffeners, webs or bilge brackets, in mm.

KR” Rules for the Classification of Steel Ships 2017 389



Pt 13 Bulk Carriers and Oil Tankers
Ch 6 Hull Local Scantling Pt13,Sub 1, Ch 6, Sec 4

(c) Longitudinally stiffened bilge plating is to be assessed as regular stiffened plating. The bilge thickness is
not to be less than the lesser of the value obtained by [1.1.1] and [2.2.2] b). A bilge keel is not considered
as an effective ‘longitudinal stiffening’ member.

223 (void)

2.2.4 Transverse extension of bilge minimum plate thickness

Where a plate seam is located in the straight plate just below the lowest stiffener on the side shell, any increased
thickness required for the bilge plating does not have to be extended to the adjacent plate above the bilge provided
the plate seam is not more than s,/4 below the lowest side longitudinal. Similarly, for the flat part of adjacent bottom
plating, any increased thickness for the bilge plating does not have to be extended to the adjacent plate provided that
the plate seam is not more than s,/4 beyond the outboard bottom longitudinal. For definition of s, and s,, see Figure
1.

Figure 1 : Transverse stiffened bilge plating

—

Sy

As,

2.2.5 Hull envelope framing in bilge area

For transversely stiffened bilge plating, a longitudinal is to be fitted at the bottom and at the side close to the
position where the curvature of the bilge plate starts. The scantling of those longitudinals are to be not less than the
one of the closer adjacent stiffener. The distance between the lower turn of bilge and the outermost bottom
longitudinal, 4s,, is generally not to be greater than one-third of the spacing between the two outermost bottom
longitudinals, s;. Similarly, the distance between the upper turn of the bilge and the lowest side longitudinal, As,, is
generally not to be greater than one-third of the spacing between the two lowest side longitudinals, s,. See Figure 1.

2.3 Side shell plating

2.3.1 Fender contact zone

The net thickness, # in mm, of the side shell plating within the fender contact zone as specified in [2.3.2] is not to be
taken less than:

0.25
r =26 (__é__ +0.7) (iTSC)

1000 2

eH

2.3.2 Application of fender contact zone requirement

The application extends within the cargo hold region as defined in Ch 1, Sec 1, [2.4.3], from the ballast draught 75,
t0 0.25 Ty (minimum 2.2 m) above 7.
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24

24.1

Sheer strake

General

The minimum width of the sheer strake is defined in Ch 3, Sec 6, [8.2.4].

2.4.2

Welded sheer strake

The net thickness of a welded sheer strake is not to be less than the offered net thickness of the adjacent 2 m width
side plating, provided this plating is located entirely within the top wing tank or double side tank as the case may be.

243

Rounded sheer strake

The net thickness of a rounded sheer strake is not to be less than:

The offered net thickness of the adjacent 2 m width deck plating, or

The offered net thickness of the adjacent 2 m width side plating,

whichever is greater.

2.5

2.5.1

Deck stringer plating

The minimum width of deck stringer plating is defined in Ch 3, Sec 6, [9.1.2].

252

Within 0.6 L of amidships, the net thickness of the deck stringer plate is not to be less than the offered net thickness
of the adjacent deck plating.

2.6

2.6.1

Supporting structure in way of corrugated bulkheads

General

Requirements for the arrangement of bulkhead as given in Ch 3, Sec 6, [10.4] are to be considered together with
[2.6.2] to [2.6.4].

2.6.2
a)

b)

d)

e)

Lower stool

The net thickness of the stool top plate is not to be less than that required for the attached corrugated
bulkhead and is to be of at least the same material yield strength as the attached corrugation. The extension
of the top plate beyond the corrugation is not to be less than the as-built flange thickness of the corrugation.

The net thickness of the stool side plate, within the region of the corrugation depth from the stool top plate, is
not to be less than the corrugated bulkhead flange net required thickness at the lower end and is to be of at
least the same material yield strength. The net thickness may be reduced to 90% of corrugation flange
thickness if continuity is provided between the corrugation web and supporting brackets inside the stool as
defined in (c).

For oil tankers, continuity between corrugation web and lower stool supporting brackets is to be maintained
inside the stool. Alternatively, lower stool supporting brackets inside the stool are to be aligned with every
knuckle point of corrugation web.

The net thickness of supporting bracket is not to be less than 80% of the required net thickness of the
corrugation webs and is to be of at least the same material yield strength.

The net thickness of supporting floors is not to be less than the net required thickness of the stool side plating
(excluding the application of GRAB requirements as defined in Pt 2, Ch 1, Sec 6) connected to the inner
bottom and is to be of at least the same material yield strength. If material of different yield strength is used,
the required thickness is to be adjusted by the ratio of the two material factors £, as defined in Ch 3, Sec 1,
[2.2.1].
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f)

2.6.3

a)

b)

2.6.4

b)

2.7

2.7.1

Where a lower stool is fitted, particular attention is to be given to the through-thickness properties, and
arrangements for continuity of strength, at the connection of the bulkhead stool to the inner bottom. For
requirements for plates with specified through-thickness properties, see Ch 3, Sec 1, [2.5].

Upper stool

The net thickness of the stool bottom plate is not to be less than that required for the attached corrugated
bulkhead and is to be of at least the same material yield strength as the attached corrugation. The extension
of the top plate beyond the corrugation is not to be less than the as-built flange thickness of the corrugation.

The net thickness of the lower portion of stool side plating is not to be less than 80% of the upper part of the
bulkhead plating as required by [1.2] and Pt 2, Ch 1, Sec 3, [3.1], as applicable, whichever is the greater,
where the same material is used. If material of different yield strength is used, the required thickness is to be
adjusted by the ratio of the two material factors k as defined in Ch 3, Sec 1, [2.2.1].

Local supporting structure in way of corrugated bulkheads without a lower stool

The net thickness of the supporting floors and pipe tunnel beams in way of a corrugated bulkhead are not to
be less than the required net thickness of the corrugation flanges and are to be of at least the same material
yield strength. The inner bottom and hopper tank in way of the corrugation is to be of at least the same
material yield strength as the attached corrugation, and Z grade steel as defined in Ch 3, Sec 1, [2.5.1] is to
be used unless through thickness properties are documented for approval.

Brackets/carlings arranged in line with the corrugation web are to have a depth of not less than 0.5 times the
corrugation depth and a net thickness not less than 80% of the net thickness of the corrugation webs and are
to be of at least the same material yield strength. Where support is provided by gussets with shedder plates
instead of brackets/carlings, the height of the gusset plate, see 4;in Pt 2, Ch 1, Sec 3, Figure 5, is to be at
least equal to the corrugation depth. The gusset plates are to be fitted in line with and between the
corrugation flanges. The net thickness of the gusset and shedder plates is not to be less than 100% and 80%,
respectively, of the net thickness of the corrugation flange and is to be of at least the same material yield
strength.

Aft peak bulkhead

The net thickness of the aft peak bulkhead plating in way of the stern tube penetration is to be at least 1.6 times the
required thickness for the bulkhead plating.
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SECTION 5
STIFFENERS

SYMBOLS

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

dg, : Effective shear depth, in mm, as defined in Ch 3, Sec 7, [1.4.3].
Lodg : Effective bending span, in m, as defined in Ch 3, Sec 7, [1.1.2].
Ly : Effective shear span, in m, as defined in Ch 3, Sec 7, [1.1.3].

P : Design pressure for the design load set being defined in Ch 6, Sec 2 and calculated at the load calculation
point defined in Ch 3, Sec 7, [3.2], in KN/m?.

X : Coefficient taken equal to:
* In intact condition:
* % =0.90 for inner bottom and hopper of bulk carriers,
* x = 1.00 for other cases.

* In flooded condition: x as defined in Ch 6, Sec 4 for flooded condition.

1 STIFFENERS SUBJECT TO LATERAL PRESSURE

1.1  Yielding check

1.1.1 Web plating

The minimum net web thickness, 7, in mm, is not to be taken less than the greatest value calculated for all
applicable design load sets as defined in Ch 6, Sec 2, [2], given by:

- fshr |P| sthr

t, 2,0 Co T with y C, not to be taken greater than 1.0.
where:
Sonr : Shear force distribution factor taken as:
* For continuous stiffeners with fixed ends, f;,, is not to be taken less than:
* fa= 0.5 for horizontal stiffeners and upper end of vertical stiffeners.
* fur=0.7 for lower end of vertical stiffeners.
» For stiffeners with reduced end fixity, variable load or being part of grillage, the requirement in
[1.2] applies.
C, : Permissible shear stress coefficient for the design load set being considered, taken as:

* C,=0.75 for acceptance criteria set AC-S.

* C,=0.90 for acceptance criteria set AC-SD.

1.1.2 Section modulus

The minimum net section modulus, Z in cm?, is not to be taken less than the greatest value calculated for all
applicable design load sets as defined in Ch 6, Sec 2, [2.1.3], given by:
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7 = |P| Sfbdgz

Sbag % Cs Ren

where:
Jhag : Bending moment factor taken as:
* For continuous stiffeners with fixed ends, f;,, is not to be taken higher than:
Jag = 12 for horizontal stiffeners and upper end of vertical stiffeners.
Jrag = 10 for lower end of vertical stiffeners.
» For stiffeners with reduced end fixity, variable load or being part of grillage, the requirement in
[1.2] applies.
C, : Permissible bending stress coefficient as defined in Table 1 for the design load set being considered.
g : Hull girder bending stress, in N/mm?, as defined in Ch 6, Sec 2, [1.1], calculated at the load calculation
point as defined in Ch 3, Sec 7, [3.2].
By : Coefficient as defined in Table 2.
o : Coefficient as defined in Table 2.
max . Coefficient as defined in Table 2.
Table 1 : Definition of C;
Sl grdr Lo rosers Cottctne,
Tension (positive) Stiffener side C, = B,—a, |_§__;£g_|
ReH
Compression (negative) | Plate side but not to be taken greater than C,
Tension (positive) Plate side c-c.
Compression (negative) | Stiffener side
Table 2 : Definition of B, o, and C,,,.
Acceptance criteria set Structural member Bs Ol Comax
ACS Longitudinal strength member 0.85 1.0 0.75
Transverse or vertical member 0.75 0 0.75
ACSD Longitudinal strength member 1.0 1.0 0.9
Transverse or vertical member 0.9 0 0.9

1.1.3  Group of stiffeners

Scantlings of stiffeners based on requirements in [1.1.1] and [1.1.2] may be decided based on the concept of
grouping designated sequentially placed stiffeners of equal scantlings on a single stiffened panel. The scantling of
the group is to be taken as the greater of the following:

* The average of the required scantling of all stiffeners within a group.

*  90% of the maximum scantling required for any one stiffener within the group.

1.1.4 Plate and stiffener of different materials

When the minimum specified yield stress of a stiffener exceeds the minimum specified yield stress of the attached
plate by more than 35%, the following criterion is to be satisfied:

R, s < (ReH,p—aS |th|) gg+as |thl
Bs Z Bs
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where:
R,.s  : Minimum specified yield stress of the material of the stiffener, in N/mm?.

R,p : Minimum specified yield stress of the material of the attached plate, in N/mm?.

Ghg : Hull girder bending stress, in N/mm?, as defined in Ch 6, Sec 2, [1.1] with |5,,| not to be taken less than
04 R,yp

Z : Net section modulus, in way of face plate/free edge of the stiffener, in cm?.

Zp : Net section modulus, in way of the attached plate of stiffener, in cm?.

o, B, : Coefficients defined in Table 2.

1.2 Beam analysis

1.2.1 Direct analysis

The maximum normal bending stress, ¢ and shear stress, T in a stiffener using net properties with reduced end fixity,
variable load or being part of grillage are to be determined by direct calculations taking into account:

* The distribution of static and dynamic pressures and forces, if any.
* The number and position of intermediate supports (e.g. decks, girders, etc).
* The condition of fixity at the ends of the stiffener and at intermediate supports.

* The geometrical characteristics of the stiffener on the intermediate spans.

1.2.2 Stress criteria

The stress is to comply with the following criteria where the coefficients C, and C,, are defined in [1.1.1] and
[1.1.2].

e 1<y C Ty

¢ GSXCSREH
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SECTION 6
PRIMARY SUPPORTING

MEMBERS AND PILLARS

SYMBOLS

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

P : Design pressure for the design load set being considered as defined in Ch 6, Sec 2 and calculated at the
load calculation point as defined in Ch 3, Sec 7, [4.1.1], in KN/m?.

Lhag : Effective bending span, as defined in Ch 3, Sec 7, [1.1.6], in m.
Lo : Effective shear span, as defined in Ch 3, Sec 7, [1.1.7], in m.
x : Coefficient taken equal to:
* In intact condition:
e ¥=0.90 for inner bottom and hopper of bulk carriers,
* y=1.00 for other cases.

* In flooded condition: y as defined in Ch 6, Sec 4 for flooded condition.

1 GENERAL

1.1  Application

1.1.1

The requirements of this section apply to primary supporting members subjected to lateral pressure and
concentrated loads and pillars subjected to compressive axial loads. The yielding check is to be carried out for such
members subjected to specific loads.

2 PRIMARY SUPPORTING MEMBERS WITHIN CARGO HOLD REGION

2.1  Flooded condition

2.1.1

The requirements in this sub-article apply to the primary supporting members of watertight boundaries other than
outer shell or tank boundaries, subject to lateral pressure in flooded condition.

2.1.2

The verification against flooded condition is to be made by using the pressure and hull girder loads for the
appropriate design load set as defined in Ch 6, Sec 2 and the scantling requirements given in [3.2].
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2.2 Bulk carriers

2.2.1 Bulk carriers having a length L of 150m and above

The scantlings of primary supporting members within the cargo hold region are to be verified by FE structural
analysis as defined in Ch 7.

2.2.2 Bulk carriers having a length L less than 150m

The scantlings of primary supporting members within the cargo hold region are to comply with the requirements
given in Pt 2, Ch 1, Sec 4, [4]. Alternatively, the scantlings of such members may be verified by direct strength
assessment as deemed appropriate by the Society.

2.3 Oil tankers

2.3.1

Scantlings of primary supporting members within the cargo hold region are to comply with the requirements given
in Pt 2, Ch 2, Sec 3, [1] and are to be verified by FE structural analysis, as defined in Ch 7.

3 PRIMARY SUPPORTING MEMBERS OUTSIDE CARGO HOLD
REGION

3.1  Application

3.1.1

The requirements of this article apply to primary supporting members, subjected to lateral pressure within the fore
part, aft part and machinery space.

3.2 Scantling requirements

3.2.1 Net section modulus

The net section modulus, Z,5, in cm?, of primary supporting members subjected to lateral pressure is not to be taken
less than the greatest value for all applicable design load sets defined in Ch 6, Sec 2, [2], given by:

Z,50 = 1000 APLS o
n50

X ﬁdg Cs ReH

where:
Joag : Bending moment distribution factor, as given in Table 2.
C, : Permissible bending stress coefficient for the acceptance criteria set, as given in Table 1.

3.2.2 Net shear area

The net shear area, A5, in cm?, of primary supporting members subjected to lateral pressure is not to be taken less
than the greatest value for all applicable design load sets defined in Ch 6, Sec 2, [2], given by:

_ o far [PLS Ly
Agprnso = 10 £ C 1
where:
o : Shear force distribution factor, as given in Table 2.
C, : Permissible shear stress coefficient for the acceptance criteria set being considered, as given in Table 1.
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Table 1 : Permissible bending and shear stress coefficients for primary supporting members

Acceptance criteria set Structure attached to primary supporting member C. and C,
AC-S All boundaries, including decks and flats 0.70
AC-SD All boundaries, including decks and flats 0.85

Table 2 : Bending moment and shear force factors, f,,, and f;;.

Bending moment and shear force
Load and boundary condition distribution factors (based on load at mid
span, where load varies)
Position 1 2 3
Load 1 2 3 foag1 fodgn foags
model Support Field Support fenra - fonrs
7
A 12.0 24.0 12.0
0.50 - 0.50
7.
- 14.2 8.0
B
7 0.38 - 0.63
- 8.0 -
C
0.50 - 0.50
7. %
. 15.0 233 10.0
0.30 - 0.70
2| Z
- 16.8 7.5
E
7 0.20 - 0.80
7.
%A
- - 2.0
F
- - 1.0
7
Note 1: The bending moment distribution factor, f;,, for the support positions is applicable for a distance of 0.2 / »ag from the end of the
effective bending span of the primary supporting member.
Note 2: The shear force distribution factor, £;,, for the support positions is applicable for a distance of 0.2 £, from the end of the effective
shear span of the primary supporting member.
Note 3: Application of £, and f;;,:
The section modulus requirement within 0.2 £ »ag from the end of the effective span is to be determined using the applicable f,,,; and
Jhags» hOWever fy,, is not to be taken greater than 12.
The section modulus of mid-span area is to be determined using f,,, = 24, or f,,,, from the table if lesser.
The shear area requirement of end connections within 0.2 £, from the end of the effective span is to be determined using
S = 0.5 or the applicable f;,,,; or f;;,;, whichever is greater.
For models A through F, the value of £, may be gradually reduced outside of 0.2 £, towards 0.5 f;,, at mid-span, where £, is the
greater value of f;,,; and f;;,.;.
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3.3  Advanced calculation methods

3.3.1 Direct analysis

Where complex grillage structures are employed or cross ties are fitted in side shell primary supporting members,
the scantlings are to be determined by direct calculation taking into account:

+ The distribution of still water and wave pressure and forces, if any.
* The number and position of intermediate supports (e.g. decks, girders, etc).
» The condition of fixity at the ends of the primary supporting members and at intermediate supports.

+ The geometrical characteristics of the primary supporting members on the intermediate spans.

3.3.2 Analysis criteria

The calculated stresses are to comply with the following criteria where the coefficients C, and C,, are defined in
[3.2]:

* GSZCSR(’H

© =y Cry

where:

T : Shear stress in member, in N/mm?, based on ¢,5,.
o : Normal stress in member, in N/mm?, based on ¢,
4 PILLARS

4.1 Pillars subjected to compressive axial load

4.1.1 Criteria

The maximum applied compressive axial load on a pillar, F,;;, in kN, is to be taken as the greatest value calculated
for all applicable design load sets defined in Ch 6, Sec 2, [2], and is given by the following formula:

Fpill = Pba—sup fa—sup + Fpill—upr

where:

b,wy :Mean breadth of area supported, in m.

lysp - Mean length of area supported, in m.

Fouuyr + Axial load from pillar including axial load from pillars above, in kN, if any.

Apiaso  Net cross section area of the pillar, in cm?.

The buckling check of the pillar is to be performed according to Ch 8, Sec 4, [5.1], with o, in N/mm?, as defined in
Ch 8, Sec 5, [3.1] given by:

Guy = 1oLzt

pill—n50

4.2 Pillars subject to tensile axial load

4.2.1 Criteria

Pillars and PSM members subjected to tensile axial load are to satisfy the criteria given in [3.3.2].
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SECTION 1
STRENGTH ASSESSMENT

1 GENERAL

1.1  Application

111

This chapter provides requirements applicable to ships having rule length L of 150 m or above to assess the
scantlings of the hull structure using finite element analysis.

1.1.2
The finite element analysis consists of three parts:

a) Cargo hold analysis to assess the strength of longitudinal hull girder structural members, primary supporting
structural members and bulkheads.

b) Fine mesh analysis to assess detailed stress levels in local structural details.

¢) Very fine mesh analysis to assess the fatigue capacity of the structural details according to Ch 9.

1.1.3

The strength assessment performed with finite element analysis is to verify that the scantlings comply with the
acceptance criteria specified in this chapter for:

e Cargo hold structural analysis performed in accordance with Ch 7, Sec 2.

e Local structural analysis performed in accordance with Ch 7, Sec 3.

1.14

Strength assessment based on finite element analysis is applicable for the entire cargo hold region.

115
The analysis is to verify the following:
a) Stress levels are within the acceptance criteria for yielding.

b) Buckling capability of plates and stiffened panels are within the acceptance criteria for bucking defined in
Chs.

¢) Fatigue capacity of structural details is within the acceptance criteria defined in Ch 9.

1.1.6

A flow diagram showing the minimum requirement of finite element analysis is shown in Figure 1.
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Figure 1 : Flow diagram of finite element analysis
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2  NET SCANTLING

2.1  Net scantling application

211

FE models for cargo hold FE analyses, local fine mesh FE analysis and very fine mesh FE analyses, are to be based
on the net scantling approach, applying a corrosion addition as defined in Ch 3, Sec 2, Table 1.

All buckling capacity assessment are to be based on corrosion addition, as defined in Ch 3, Sec 2, Table 1.
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3  FINITE ELEMENT TYPES

3.1 Used finite element types

3.11

The structural assessment is to be based on linear finite element analysis of three dimensional structural models.
The general types of finite elements to be used in the finite element analysis are given in Table 1.

Table 1 : Types of finite element

Type of finite element Description

Line element with axial stiffness only and constant cross

Rod (or truss) element sectional area along the length of the element.

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

Shell element with in-plane stiffness and out-of-plane bending

Shell (or plate) element stiffness with constant thickness.

3.1.2

Two node line elements and four node shell elements are, in general, considered sufficient for the representation of
the hull structure. The mesh requirements given in this chapter are based on the assumption that these elements are
used in the finite element models. However, higher order elements may also be used.

4  SUBMISSION OF RESULTS

4.1  Detailed report

411

A detailed report of the structural analysis is to be submitted by the designer/builder to demonstrate compliance
with the specified structural design criteria. This report is to include the following information:

a) List of plans used including dates and versions.

b) Detailed description of structural modelling including all modelling assumptions and any deviations in
geometry and arrangement of structure compared with plans.

¢) Plots to demonstrate correct structural modelling and assigned properties.
d) Details of material properties, plate thickness, beam properties used in the model.
e) Details of boundary conditions.

f) Details of all loading conditions reviewed with calculated hull girder shear force, bending moment and
torsional moment distributions.

g) Details of applied loads and confirmation that individual and total applied loads are correct.
h) Plots and results that demonstrate the correct behaviour of the structural model under the applied loads.
i) Summaries and plots of global and local deflections.

j) Summaries and sufficient plots of stresses to demonstrate that the design criteria are not exceeded in any
member.

k) Plate and stiffened panel buckling analysis and results.
I) Tabulated results showing compliance, or otherwise, with the design criteria.

m) Proposed amendments to structure where necessary, including revised assessment of stresses, buckling and
fatigue properties showing compliance with design criteria.
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n) Reference of the finite element computer program, including its version and date.
5 COMPUTER PROGRAMS

5.1  Use of computer programs

5.11

Any finite element computation program complying with Ch 1, Sec 3 may be employed to determine the stress and
deflection of the hull structure, provided that the combined effects of bending, shear, axial and torsional
deformations are considered.
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SECTION 2
CARGO HOLD STRUCTURAL

STRENGTH ANALYSIS

SYMBOLS

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

Mqw : Permissible vertical still water bending moment, in KNm, as defined in Ch 4, Sec 4.

M, . Vertical wave bending moment, in KNm, in hogging or sagging condition, as defined in Ch 4, Sec 4.

My : Horizontal wave bending moment, in kNm, as defined in Ch 4, Sec 4.

Mt : Wave torsional moment in seagoing condition, in kNm, as defined in Ch 4, Sec 4.

Quw : Permissible still water shear force, in kN, at the considered bulkhead position, as provided in Ch 4, Sec 4.
Quwv . Vertical wave shear force, in kN, as defined in Ch 4, Sec 4.

Xp-aftr Xo-fwd - X-COOrdinate, in m, of respectively the aft and forward bulkhead of the mid-hold.

Xaft : X-coordinate, in m, of the aft end support of the FE model.
Xtore : X-coordinate, in m, of the fore end support of the FE model.
Xi : X-coordinate, in m, of web frame station i.

Q.it : Vertical shear force, in kN, at aft bulkhead of mid-hold as defined in [4.4.6].
Qra  : Vertical shear force, in kN, at fore bulkhead of mid-hold as defined in [4.4.6].
Qurgat - Target shear force, in kN, at the aft bulkhead of mid-hold as defined in [4.3.3].

Qurg-wa - Target shear force, in kN, at the forward bulkhead of mid-hold as defined in [4.3.3].

1  OBJECTIVE AND SCOPE

1.1 General

111
The cargo hold structural strength analysis is used for the assessment of scantlings of longitudinal hull girder

structural members, primary supporting members and bulkheads within the cargo hold region. This section gives
the requirements for cargo hold structural strength analysis.

1.1.2

Cargo hold structural strength analysis is mandatory within the cargo hold region including the aft bulkhead of the
aftmost cargo hold and the collision bulkhead. The evaluation areas are defined in [5.1].
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1.1.3

For the purpose of FE structural assessment and load application, the cargo hold region contains the following cargo
hold regions, which may vary depending on the ship length and cargo hold arrangement, as defined in Figure 1:

* Midship cargo hold region,
» Forward cargo hold region,
» After cargo hold region,
e Foremost cargo hold(s),

« Aftmost cargo hold(s).

Figure 1 : Definition of cargo hold regions for FE structural assessment

0.65L

L Engine |Slop
(¢} (¢ (¢) (¢} (¢} (¢} (¢} (¢}
1 room [tank

AE 0.3L 0.7L FE
Aftmost  After cargo Midship cargo hold region Forward Foremost
cargo hold(s) hold region cargo cargo hold(s)
hold region

Holds in the forward cargo hold region are defined as holds with their longitudinal centre of gravity position forward of 0.7 L from AE, except
foremost cargo hold.

Holds in the midship cargo hold region are defined as holds with their longitudinal centre of gravity position at or forward of 0.3 L from AE and
at or aft of 0.7 L from AE.

Holds in the after cargo hold region are defined as holds with their longitudinal centre of gravity position aft of 0.3 L from AE, except aftmost
cargo hold.

Foremost cargo hold(s) is (are) defined as hold(s) in the foremost location of the cargo hold region.

Aftmost cargo hold(s) is (are) defined as hold(s) in the aftmost location of the cargo hold region.

1.2 Cargo hold structural strength analysis procedure

1.2.1 Procedure description
The structural FE analysis is to be performed in accordance with the following:
* Model: Three cargo hold model with:
e Extentas given in [2.2]
» Finite element types as given in [2.3]
 Structural modelling as defined in [2.4]
» Boundary conditions as defined in [2.5]
¢ FE load combinations as defined in [3]
» Load application as defined in [4]
e Evaluation area as defined in [5.1]

» Strength assessment as defined in [5.2] and [5.3]

1.2.2 Mid-hold definition

For the purpose of the FE analysis, the mid-hold is defined as the middle hold(s) of the three cargo hold length FE
model.

In case of foremost and aftmost cargo hold assessment, the mid-hold represents the foremost and aftmost cargo hold
including the slop tank if any, respectively.
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1.2.3 Scantling assessment

The scantling assessment is carried out according to Ch 7, Sec 1 for each individual cargo hold using the FE load
combinations defined in Ch 4, Sec 8 applicable to the considered cargo hold. The FE analysis results are applicable
to the evaluation area as defined in [5.1.1], of the considered cargo hold.

The individual transverse bulkhead structural elements, inclusive plating, stiffeners and horizontal stringers, are to
be assessed considering two cargo hold finite element analyses, i.e. the analysis for the hold forward and the one for
the hold aft of the considered transverse bulkhead.

2 STRUCTURAL MODEL

2.1 Members to be modelled

21.1
All main longitudinal and transverse structural elements are to be modelled. These include:
e Inner and outer shell,
e Deck,
* Double bottom floors and girders,
e Transverse and vertical web frames,
e Hatch coamings,
e Stringers,
« Transverse and longitudinal bulkhead structures,
e Other primary supporting members,
e Other structural members which contribute to hull girder strength.

All plates and stiffeners on the structure, including web stiffeners, are to be modelled. Brackets which contribute to
primary supporting member strength and the size of which is not less than the typical mesh size (s-by-s) described
in [2.4.2], are to be modelled.

2.2  Extent of model

2.2.1 Longitudinal extent

Except the foremost and aftermost cargo hold models, the longitudinal extent of the cargo hold FE model is to cover
three cargo hold lengths. The transverse bulkheads at the ends of the model are to be modelled. Where corrugated
transverse bulkheads are fitted, the model is to include the extent of the bulkhead stool structure forward and aft of
the tanks/holds at the model ends. The web frames at the ends of the model are to be modelled. Typical finite
element models representing the midship cargo hold region of different ship type configurations are shown in
Figure 3 and Figure 4.

The foremost and the aftmost cargo holds are located at the middle of the FE models as follows:

¢ Foremost cargo hold: from the after bulkhead of the cargo hold no. 2 to the ship’s foremost cross section
where the reinforced ring or web frame remains continuous from the base line to the strength deck.

« Aftermost cargo hold: from the after bulkhead of the engine room to the forward bulkhead of no. N-1 cargo
hold, where N is the number of holds or sets of holds numbered from forward to aft.

Examples of finite element models representing the foremost and aftermost cargo holds of different ship type
configurations are shown in Figure 5 and Figure 6.
2.2.2  Hull form modelling

In general, the finite element model is to represent the geometry of the hull form. In the midship cargo hold region,
the finite element model may be prismatic provided the mid-hold has a prismatic shape.
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In the foremost cargo hold model, the hull form forward of the transverse section at the middle of the fore part up to
the model end as defined in [2.2.1] may be modelled with a simplified geometry. The transverse section at the
middle of the fore part up to the model end may be extruded out to the fore model end, as shown in Figure 2.

In the aftmost cargo hold model, the hull form aft of the middle of the machinery space may be modelled with a
simplified geometry. The section at the middle of the machinery space may be extruded out to its aft bulkhead, as
shown in Figure 2.

When the hull form is modelled by extrusion, the geometrical properties of the transverse section located at the
middle of the considered space (fore or machinery space) are copied along the simplified model. The transverse web
frames are to be considered along this extruded part with the same properties as the ones in the fore part or in the
machinery space.

Figure 2 : Hull form simplification for foremost and aftmost cargo hold model

Model of aftmost cargo analysis Model of foremost cargo analysis
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1
1
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1
X I:I Parts representing acual cargo hold structures

Middle of engine room Middle of fore part

Parts extruding the secions at the middle
of fore part or of engine room

2.2.3 Transverse extent

Both port and starboard sides of the ship are to be modelled.

2.2.4 \fertical extent

The full depth of the ship is to be modelled including primary supporting members above the upper deck, trunks,
forecastle and/or cargo hatch coaming, if any.

The superstructure or deck house in way of the machinery space and the bulwark are not required to be included in
the model.

2.3 Finite element types

2.3.1

Shell elements are to be used to represent plates.

2.3.2

All stiffeners are to be modelled with beam elements having axial, torsional, bi-directional shear and bending
stiffness. The eccentricity of the neutral axis is to be modelled.

2.3.3

Face plates of primary supporting members and brackets are to be modelled using rod or beam elements.
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Figure 3 : Example of 3 cargo hold model within midship region of oil tankers
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Figure 4 : Example of 3 cargo hold model within midship region of a bulk carrier
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Figure 5 : Example of FE model for the foremost cargo hold structure of an oil tanker
Figure 6 : Example of FE model for the aftermost cargo hold structure of a bulk carrier
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Example of cargo hold model of a bulk carrier (shows only port side of the full breadth model)
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Figure 7 : Typical finite element mesh on web frame
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Figure 8 : Typical finite element mesh on transverse bulkhead
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2.4 Structural modelling

2.4.1 Aspect ratio

The aspect ratio of the shell elements is in general not to exceed 3. The use of triangular shell elements is to be kept
to a minimum. Where possible, the aspect ratio of shell elements in areas where there are likely to be high stresses
or a high stress gradient is to be kept close to 1 and the use of triangular elements is to be avoided.

2.4.2 Mesh

The shell element mesh is to follow the stiffening system as far as practicable, hence representing the actual plate
panels between stiffeners. In general, the shell element mesh is to satisfy the following requirements:

a) One element between every longitudinal stiffener, see Figure 7. Longitudinally, the element length is not to
be greater than 2 longitudinal spaces with a minimum of three elements between primary supporting
members.

b) One element between every stiffener on transverse bulkheads, see Figure 8.

¢) One element between every web stiffener on transverse and vertical web frames, cross ties and stringers, see
Figure 7 and Figure 9.

d) At least 3 elements over the depth of double bottom girders, floors, transverse web frames, vertical web
frames and horizontal stringers on transverse bulkheads. For cross ties, deck transverse and horizontal
stringers on transverse wash bulkheads and longitudinal bulkheads with a smaller web depth, modelling
using 2 elements over the depth is acceptable provided that there is at least 1 element between every web
stiffener. For a single side bulk carrier, 1 element over the depth of side frames is acceptable. The mesh size
of adjacent structure is to be adjusted accordingly.

e) The mesh on the hopper tank web frame and the topside web frame is to be fine enough to represent the
shape of the web ring opening, as shown in Figure 7.

f) The curvature of the free edge on large brackets of primary supporting members is to be modelled to avoid
unrealistic high stress due to geometry discontinuities. In general, a mesh size equal to the stiffener spacing
is acceptable. The bracket toe may be terminated at the nearest nodal point provided that the modelled length
of the bracket arm does not exceed the actual bracket arm length. The bracket flange is not to be connected to
the plating, as shown in Figure 10. The modelling of the tapering part of the flange is to be in accordance
with [2.4.8]. An example of acceptable mesh is shown in Figure 10. A finer mesh is to be used for the
determination of detailed stress at the bracket toe, as given in Ch 7, Sec 3.

Figure 9 : Typical finite element mesh on horizontal transverse stringer on transverse bulkhead

s = Stiffener spacing
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2.4.3

Figure 10 : Typical finite element mesh on transverse web frame main bracket

Rod or beam element
not connectedto —— >}
longitudinal bulkhead

and inner bottom plate Face plate modeled by
rod or beam element

Finer mesh

Where the geometry cannot be adequately represented in the cargo hold model and the stress exceeds the cargo hold
mesh acceptance criteria, a finer mesh may be used for such geometry to demonstrate satisfactory scantlings. The
mesh size required for such analysis can be governed by the geometry. In such cases, the average stress within an
area equivalent to that specified in [2.4] is to comply with the requirements given in [5.2].

244

Corrugated bulkhead

Diaphragms in the stools, supporting structure of corrugated bulkheads and internal longitudinal and vertical
stiffeners on the stool plating are to be included in the model. Modelling is to be carried out as follows:

a)
b)

<)

d)

€)

9)

h)

2.4.5

The corrugation is to be modelled with its geometric shape.

The mesh on the flange and web of the corrugation is in general to follow the stiffener spacing inside the
bulkhead stool.

The mesh on the longitudinal corrugated bulkhead is to follow longitudinal positions of transverse web
frames, where the corrections to hull girder vertical shear forces are applied in accordance with [4.4.7].

The aspect ratio of the mesh in the corrugation is not to exceed 2 with a minimum of 2 elements for the
flange breadth and the web height.

Where difficulty occurs in matching the mesh on the corrugations directly with the mesh on the stool, it is
acceptable to adjust the mesh on the stool in way of the corrugations.

For a corrugated bulkhead without an upper stool and/or lower stool, it may be necessary to adjust the
geometry in the model. The adjustment is to be made such that the shape and position of the corrugations and
primary supporting members are retained. Hence, the adjustment is to be made on stiffeners and plate seams
if necessary.

When corrugated bulkhead is subjected to liquid cargo or ballast, dummy rod elements with a cross sectional
area of 1 mm? are to be modelled at the corrugation knuckle between the flange and the web. Dummy rod
elements are to be used as minimum at the two corrugation knuckles closest to the intersection between:

» Transverse and longitudinal bulkheads,
e Transverse bulkhead and inner hull,
* Transverse bulkhead and side shell.

Manholes in diaphragms are to be modelled according to [2.4.9].

Example of mesh arrangements of the cargo hold structure are shown in Figure 11 to Figure 14.
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Figure 11 : Example of FE mesh arrangements of cargo hold structure for a bulk carrier
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Figure 12 : Example of FE mesh on transverse corrugated bulkhead structure for a product tanker

Figure 13 : Example of FE mesh arrangements of cargo tank structure for an aframax tanker
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Figure 14 : Examples of FE mesh arrangements of cargo tank structure for VLCC and product tanker
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2.4.6 Sniped stiffener

Non continuous stiffeners are to be modelled as continuous stiffeners, i.e. the height web reduction in way of the
snip ends are not to be modelled.

2.4.7 Web stiffeners of primary supporting members

Web stiffeners of primary supporting members are to be modelled. Where these stiffeners are not in line with the
primary FE mesh, it is sufficient to place the line element along the nearby nodal points provided that the adjusted
distance does not exceed 0.2 times the stiffener spacing under consideration. The stresses and buckling utilisation
factors obtained need not be corrected for the adjustment. Buckling stiffeners on large brackets, deck transverses
and stringers parallel to the flange are to be modelled. These stiffeners may be modelled using rod elements.

2.4.8 Face plate of primary supporting member

The effective cross sectional area at the curved part of the face plate of primary supporting members and brackets is
to be calculated in accordance with Ch 3, Sec 7. The cross sectional area of a rod or beam element representing the
tapering part of the face plate is to be based on the average cross sectional area of the face plate in way of the
element length.
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2.4.9 Openings

Methods of representing openings and manholes in webs of primary supporting members are to be in accordance
with Table 1. Regardless of size, manholes are to be modelled by removing the appropriate elements.

[URCNL1 to 01 JAN 2014]

Table 1 : Representation of openings in primary supporting member webs

Criteria Modelling decision Analysis

To be evaluated by the screening procedure

h,/h<0.5and g,<2.0 | Openings do not need to be modelled as given in Ch 7, Sec 3, [3.1.1]

The geometry of the opening is
Manholes to be modelled by removing the
adequate elements

To be evaluated by the screening procedure
as given in Ch 7, Sec 3, [3.1.1]

The geometry of the opening is To be evaluated by fine mesh
> >

ho/h 205 0rg,>20 to be modelled as given in Ch 7, Sec 3, [2.1.1]

where:
Vi 2

=1 R E—
% [ ’ 2.6(h - ho)Zj
Ly : Length of opening parallel to primary supporting member web direction, in m, see Figure 15. For

sequential openings where the distance, d, between openings is less than 0.25 h, the length ¢, is to be
taken as the length across openings as shown in Figure 16.

ho : Height of opening parallel to depth of web, in m, see Figure 15 and Figure 16.
h : Height of web of primary supporting member in way of opening, in m, see Figure 15 and Figure 16.

[URCN1 to 01 JAN 2014]

Figure 15 : Openings in web
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Figure 16 : Length lo for sequential openings with d, < h/4
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2.5 Boundary conditions

2.5.1 General

All boundary conditions described in this section are in accordance with the global coordinate system defined in Ch
4, Sec 1.

2.5.2 Application

The boundary conditions given [2.5.3] are applicable to cargo hold finite element model analyses in cargo hold
region.

2.5.3 Boundary conditions

The boundary conditions consist of the rigid links at model ends, point constraints and end-beams. The rigid links
connect the nodes on the longitudinal members at the model ends to an independent point at neutral axis in
centreline. The boundary conditions to be applied at the ends of the cargo hold FE model, except for the foremost
cargo hold, are given in Table 2. For the foremost cargo hold analysis, the boundary conditions to be applied at the
ends of the cargo hold FE model are given in Table 3.

Table 2 : Boundary constraints at model ends except the foremost cargo hold models

Translation Rotation
Location
&| 4 8 % |66
Aft End
Independent point - Fix Fix Mr_eng - -
) Rigid Rigid Rigid
Cross section - link link link - -
End beam, see [2.5.4]
Fore End
Independent point - Fix Fix Fix - |-
Intersection of centreline and inner bottom ';' - - - - -
) Rigid Rigid Rigid
Cross section - link link link - -
End beam, see [2.5.4]
Note 1: [-] means no constraint applied (free).
Note 2: See Figure 17.
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Table 3 : Boundary constraints at model ends of the foremost cargo hold model

Locatl Translation Rotation
ocation

&1 9 5 % [4]a

Aft End
Independent point - Fix Fix Fix - -
Intersection of centreline and inner bottom i' - - - - -
i Rigid Rigid Rigid N

Cross section link link link

End beam, see [2.5.4]

Fore End
Independent point - Fix Fix M+.end - -
. Rigid Rigid Rigid
Cross section 1 link link link | | °

Note 1: [-] means no constraint applied (free).
Note 2: See Figure 17.

Note 3: Boundary constraints in fore end are to be located at the most forward reinforced ring or web frame which
remains continuous from the base line to the strength deck.

Figure 17 : Boundary conditions applied at the model end sections

Independent Independent
oint oint
/ P NA / poi I
—_— Centreline inner I Centreline inner |
/ bottom point / bottom point
C C
Independent Independent
point NA J/  point

Centreline inner Centreline inner

/ bottom point / bottom point
| | ] |

2.5.4 End constraint beams

End constraint beams are to be modelled at the both end sections of the model along all longitudinally continuous
structural members and along the cross deck plating of bulk carriers. An example of end beams at one end for a
double hull bulk carrier is shown in Figure 18.
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Figure 18 : End constraint beams for a bulk carrier

The properties of beams are calculated at fore and after sections separately and all beams at each end section have
identical properties as follows:

» Net moment of inertia: lyy.,s0 = l,-n50 = lxxnso (J) = 1/25 of the vertical hull girder moment of inertia of fore/aft
end cross sections based on the net FE model.

* Net cross sectional area: Ay .5 and A,.,so = 1/80 of the fore/aft end cross sectional areas based on the net FE
model.

where:

lynso - Moment of inertia about local beam Y axial, in m*.
l,nso  : Moment of inertia about local beam Z axial, in m?.
linso (J): Torsional inertia, in m*,

A, 50 - Shearareain local beam Y direction, in m?,

A,.s0 : Shear areain local beam Z direction, in m2.

3 FE LOAD COMBINATIONS

3.1 Design Load combinations

3.1.1 FE load combination definition

A FE load combination is defined as a loading pattern, a draught, a value of still water bending and shear force,
associated with a given dynamic load case.

3.1.2 Mandatory load combinations

For cargo hold structural strength analysis, the design load combinations specified in Ch 4, Sec 8 are to be used for
considered ship type and considered cargo hold regions.

Each design load combination given in Ch 4, Sec 8 consists of a loading pattern and dynamic load cases as given in
Ch 4, Sec 2. Each load combination requires the application of the structural weight, internal and external pressures
and hull girder loads. For seagoing condition, both static and dynamic load components (S+D) are applied. For
harbour and tank testing condition, only static load components (S) are applied.

3.1.3 Additional loading conditions

Where the loading conditions specified by the designer are not covered by the load combinations given in
Ch 4, Sec 8, these additional loading conditions are to be examined according to the procedure in [4].
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4  LOAD APPLICATION

4.1 General

4.1.1 Structural weight

Effect of the weight of hull structure is to be included in static loads, but is not to be included in dynamic loads.
Density of steel is to be taken as given in Ch 4, Sec 6.

4.1.2 Sign convention

Unless otherwise mentioned in this Section, the sign of moments and shear force is to be in accordance with the sign
convention defined in Ch 4, Sec 1.

4.2  External and internal loads

4.2.1 External pressure

External pressure is to be calculated for each load case in accordance with Ch 4, Sec 5. External pressures include
static sea pressure, wave pressure and green sea pressure.

The forces applied on the hatch cover by the green sea pressure are to be distributed along the top of the
corresponding hatch coamings. The total force acting on the hatch cover is determined by integrating the hatch
cover green sea pressure as defined in Ch 4, Sec 5, [5]. Then the total force is to be distributed to the total length of
the hatch coamings using the average line load. The effect of the hatch cover self weight is to be ignored in the loads
applied to the ship structure.

4.2.2 Internal pressure

Internal pressure is to be calculated for each load case in accordance with Ch 4, Sec 6 for design load scenarios
given in Ch 4, Sec 7, Table 1. Internal pressures include static dry and liquid cargo, ballast and other liquid pressure,
setting pressure on relief valve and dynamic pressure of dry and liquid cargo, ballast and other liquid pressure due to
acceleration.

4.2.3 Pressure application on FE element

Constant pressure, calculated at the element’s centroid, is applied to the shell element of the loaded surfaces, e.g.
outer shell and deck for external pressure and tank/hold boundaries for internal pressure. Alternately, pressure can
be calculated at element nodes applying linear pressure distribution within elements.

4.3 Hull girder loads

4.3.1 General

Each loading condition is to be associated with its corresponding hull girder loads which is to be applied to the
model according to the procedure described in [4.4] for shear force and bending moment and in [4.5] for torsional
moment. The hull girder loads are the combinations of still water hull girder loads and wave induced hull girder
loads as specified in Ch 4, Sec 8. For each required FE load combination, the wave induced hull girder loads are to
be calculated with the Load Combination Factors (LCFs), specified in Ch 4, Sec 2.

4.3.2 Target hull girder vertical bending moment

The target hull girder vertical bending moment, M,_,,, in KNm, at a longitudinal position for a given FE load
combination is taken as:

My _targ = Com-tc Msw + Myy_1c

where:
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Com.c . Percentage of permissible still water bending moment applied for the load combination under
consideration as given in Ch 4, Sec 8,

Mgy : Permissible still water bending moments in kNm, at the considered longitudinal position for seagoing and
harbour conditions as defined in Ch 4, Sec 4, [2.2.2] and Ch 4, Sec 4, [2.2.3] respectively.

M.v..c : Vertical wave bending moment in kKNm, for the dynamic load case under consideration, calculated in
accordance with Ch 4, Sec 4, [3.5.2].

The values of M, ., are taken as:

* Midship cargo hold region: the maximum hull girder bending moment within the mid-hold(s) for each
individual cargo hold for each given FE load combination as defined in Ch 4, Sec 8.

¢ Qutside midship cargo hold region: the values at all web frame and transverse bulkhead positions of the FE
model under consideration.

Both Cgy..c M, and M, ¢ are either in sagging or in hogging condition according to the FE load combinations
given in the tables of Ch 4, Sec 8.

4.3.3 Target hull girder shear force

The target hull girder vertical shear force at the aft and forward transverse bulkheads of the mid-hold, Qg+ and
Qtarg-war 1N KN, for a given FE load combination is taken as:

* Qma = Qar:
Qtarg-att = Csrotc* Qswoneg = AQsua + fBlcQW|Qwv—neg
Quarg-wd = Csr-rc * Qswopos + AQquws + T5|Cow| Quy — pos
* Qfwg < Qat :
Qrag-at = Csr_ic* Qsw_pos + AQswa + 3| Coul Quv-pos

Qtarg—fwd = CSF— LC st—neg - Astf + fB|CQW| Qwv—neg
where:

Qruar Quie Vertical shear forces, in kN, due to the local loads respectively at the forward and aft bulkhead position of
the mid-hold, as defined in [4.4.6].

Csrc : Percentage of permissible still water shear force as given in Ch 4, Sec 8, for the FE load combination
under consideration.

Qsw-pos: Qsw-neg: POSItive and negative permissible still water shear forces, in kN, at any longitudinal position for
seagoing and harbour conditions as defined in Ch 4, Sec 4, [2.3.3] and Ch 4, Sec 4, [2.3.4] respectively.

AQq: : Shear force correction, in kN, for the considered FE loading pattern at the forward bulkhead taken as:
* For bulk carriers:

Minimum of the absolute values of 4Q,, as defined in Ch 5, Sec 1, [3.6.1] calculated at forward
bulkhead for the mid-hold and the value calculated at aft bulkhead of the forward cargo hold taken
as:

AQqui = MIN(JAQnat mig> [AQmaf Fwa)
* For oil tankers:
AQuy = 0
AQq.. : Shear force correction, in kN, for the considered FE loading pattern at the aft bulkhead taken as:
* For bulk carriers:

Minimum of the absolute values of AQ, as defined in Ch 5, Sec 1, [3.6.1] calculated at aft
bulkhead for the mid-hold and the value calculated at forward bulkhead of the aft cargo hold taken
as:
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Asta = Min(|Adef|Mida |Adef|Aft)

* For oil tankers:

AQSW{:I = 0
fs : Wave heading factor, as given in Ch 4, Sec 4.
Cow  : Load combination factor for vertical wave shear force, as given in Ch 4, Sec 2.

Quwv-pos» Quwv_neg: POsitive and negative vertical wave shear force, in kN, as defined in Ch 4, Sec 4, [3.2.1].

The values of Qg aNd Qarg-nvg are to be taken at after and forward transverse bulkheads of the mid-hold under
consideration.

4.3.4 Target hull girder horizontal bending moment

The target hull girder horizontal bending moment, M54, in KNm, for a given FE load combination is taken as:
Mh—targ = Mwh—LC
where:

Munc : Horizontal wave bending moment, in kNm, for the dynamic load case under consideration, calculated in
accordance with Ch 4, Sec 4, [3.5.4].

The values of M, ¢ are taken as:

¢ Midship cargo hold region: the value calculated for the middle of the individual cargo hold under
consideration.

« OQutside midship cargo hold region: the values calculated at all web frame and transverse bulkhead positions
of the FE model under consideration.
4.3.5 Target hull girder torsional moment

For bulk carriers only, the target hull girder torsional moment, M,.targ, in KNm, for the dynamic load cases OST and
OSA is the value at the target location taken as:

th—targ = MWt—LC (Xtarg)
where:

Myic (X):Wave torsional moment, in kNm, for the dynamic load case OST and OSA, defined in Ch 4, Sec 4,
[3.5.5], calculated at x position.

Xtarg : Target location for hull girder torsional moment taken as:
¢ For midship cargo hold region:
o If Xyig < 0.531 L: after bulkhead of the mid-hold.
e If Xiq > 0.531 L: forward bulkhead of the mid-hold.
¢ Qutside midship cargo hold region:

The transverse bulkhead of mid-hold where the following formula is minimum:

Mui- Lc(Xona) )
|th-|_c(xbhd)|

Xmid . X-coordinate, in m, of the mid-hold centre.

[Myi-Lc(Xona)=Mr_rem(Xpna) ]

Xphd : X-coordinate, in m, of the after or forward transverse bulkhead of mid-hold.

For dynamic load cases of bulk carriers other than OST and OSA and for all dynamic load cases of oil tankers, hull
girder torsional moment M, (4, at middle of mid-hold is to be adjusted to zero.
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4.4  Procedure to adjust hull girder shear forces and bending moments

441 General

The procedure given in this sub-article [4.4] describes how to adjust the hull girder horizontal bending moment,
vertical force and vertical bending moment distribution on the three cargo hold FE model to achieve the required
target values at required locations. The hull girder load target values are specified in [4.3].

The target locations for hull girder shear force are at the transverse bulkheads of the mid-hold. The final adjusted
hull girder shear force at the target location should not exceed the target hull girder shear force.

The target location for hull girder bending moment is, in general, located at the centre of the mid-hold. If the
maximum value of bending moment is not located at the centre of the mid-hold, the final adjusted maximum
bending moment within the mid-hold is not to exceed the target hull girder bending moment.

4.4.2 Local load distribution
The following local loads are to be applied for the calculation of hull girder shear and bending moments:

a) Ship structural steel weight distribution over the length of the cargo hold model (static loads). The structural
steel weight is to be calculated based on the FE model with a net thickness of 0.5 t, deduction, as used in the
cargo hold FE model.

b) Weight of cargo and ballast (static loads).

c) Static sea pressure, dynamic wave pressure and, where applicable, green sea load. For the harbour/tank
testing load cases, only static sea pressure needs to be applied.

d) Dynamic cargo and ballast loads for seagoing load cases.

With the above local loads applied to the FE model, the FE nodal forces are obtained through FE loading procedure.
The 3D nodal forces will then be lumped to each longitudinal station to generate the one dimension local load
distribution. The longitudinal stations are located at transverse bulkheads/frames and typical longitudinal FE model
nodal locations in between the frames according to the cargo hold model mesh size requirement. Any intermediate
nodes created for modelling structural details are not treated as the longitudinal stations for the purpose of local load
distribution. The nodal forces within half of forward and half of afterward of longitudinal station spacing are
lumped to that station. The lumping process will be done for vertical and horizontal nodal forces separately to
obtain the lumped vertical and horizontal local loads, f,; and f,;, at the longitudinal station i.

4.4.3 Hull girder forces and bending moment due to local loads

With the local load distribution, the hull girder load longitudinal distributions are obtained by assuming the model is
simply supported at model ends. The reaction forces at both ends of the model and longitudinal distributions of hull
girder shear forces and bending moments induced by local loads at any longitudinal station are determined by the
following formulae:

(Xi = Xart) fui
R _ z I A R\/_aft = zfvi + R\/_fore
v-fore Xfore - Xaft i
(Xi = Xart) i
; B z borewn Ry ant = _thi+ Ri fore
Hfore Xfore - Xaft i
F = zfn
Qu_rem (X)) = RV_aft_zfvi when  X; <X
i
Qu_rem (X)) = Ry an * thi when  X; <X
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My rem (X)) = (= Xar) Rv_an =D (=X) fui  when x,<x

My rem (X)) = (Xj= Xart) Ry_ane + Z(Xj_xi) foi when x;< Xj

where:

Ry aftr Ry forer Ri_atr Rt rore - Vertical and horizontal reaction forces at the aft and fore ends, in kN.

Xaft : X-coordinate of the aft end support, in m.

Xtore . X-coordinate of the fore end support, in m.

f,i : Lumped vertical local load at longitudinal station i as defined in [4.4.2], in kN.

foi : Lumped horizontal local load at longitudinal station i as defined in [4.4.2], in KN.
F : Total net longitudinal force of the model, in kN.

f) : Lumped longitudinal local load at longitudinal station i as defined in [4.4.2], in kN.
X . X-coordinate, in m, of considered longitudinal station j.

X : X-coordinate, in m, of longitudinal station i.

Qu rem (X)), Qu_rem (%)), My_gem (%)), My gem () - Vertical and horizontal shear forces, in kN, and bending moments,
in KNm, at longitudinal station x; created by the local loads applied on the FE model. The sign convention
for reaction forces is that a positive creates a positive shear force.

4.4.4 Longitudinal unbalanced force

In case total net longitudinal force of the model, F, is not equal to zero, the counter longitudinal force, (F,);, is to be
applied at one end of the model, where the translation on X-direction, &,, is fixed, by distributing longitudinal axial
nodal forces to all hull girder bending effective longitudinal elements, as follows:

(FX)J - F| A'—ﬂ50

A nso N
where:
(FY); - Axial force applied to a node of the j-th element, in kN.
F : Total net longitudinal force of the model, as defined in [4.4.3], in kN.
Ainso  : Net cross sectional area of the j-th element, in m?.

A.nso - Net cross sectional area of fore end section, in m?,
Ay nso = zAj—nSO
i

: Number of nodal points of j-th element on the cross section, n; = 1 for beam element, n; = 2 for 4-node
shell element.

4.4.5 Hull girder shear force adjustment procedure

The hull girder shear force adjustment procedure defined in this requirement applies to all FE load combinations
given in Ch 4, Sec 8. The FE load combinations not directly covered by the load combination tables of Ch 4, Sec 8
are to be considered on a case by case basis.

The two following methods are to be used for the shear force adjustment:
* Method 1 (M1): for shear force adjustment at one bulkhead of the mid-hold as given in [4.4.6],
« Method 2 (M2): for shear force adjustment at both bulkheads of the mid-hold as given in [4.4.7].

For the considered FE load combination, the method to be applied is to be selected as follows:
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e For maximum shear force load combination (Max SFLC), the method 1 applies at the bulkhead mentioned in
Table 4 if the shear force after the adjustment with method 1 at the other bulkhead does not exceed the target
value. Otherwise, the method 2 applies.

¢ For other shear force load combination:

» The shear force adjustment is not requested when the shear forces at both bulkheads are lower or
equal to the target values.

» The method 1 applies when the shear force exceeds the target at one bulkhead and the shear force at
the other bulkhead after the adjustment with method 1 does not exceed the target value. Otherwise the
method 2 applies,

» The method 2 applies when the shear forces at both bulkheads exceed the target values,

The “maximum shear force load combinations* are marked as “Max SFLC* in the load combination tables of Ch 4,
Sec 8. The “other shear force load combinations* are those which are not the maximum shear force load
combinations. They are not marked in the load combination tables of Ch 4, Sec 8.

Table 4 : Mid-hold bulkhead location for shear force adjustment

Design loading . Condition | Mid-hold bulkhead
M,
conditions Bulkhead location wv-LC on Qg for SF adjustment
<0 Qwa > Qatt Fwd
(sagging) | Qpug < Qut Aft
Xp-aft > 0.5 L
>0 Qtwa > Qatt Aft
(hogging) | Qg < Qun Fwd
Seagoing
conditions <0 Q> Quar Aft
(sagging) | Qg < Qur Fwd
Xp-twd < 0.5 L
>0 Qfwa > Qatt Fwd
(hogging) | Qg4 < Q. Aft
Xp-art < 0.5 L and Xy 4,4 =05 L - - @
I-_|arbour a_n_d whatever the location - - @
testing conditions
1) For the FE load combinations covered by the load combination tables of Ch 4, Sec 8, the bulkhead where the shear force
adjustment is to be done is indicated in those tables.

Table 5 : Vertical shear force adjustment by application of vertical bending moments My . and My ¢, for method 1

Vertical shear force diagram

Target position in mid-hold

Bkhd

Bkhd

targfwd

Bkhd

¥_aft

\/“, targ-aft
Qe

Bkhd

)M ¥ fore

A

Forward bulkhead

Vertical shear force after adjustment

Vertical shear force due to local loads
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Vertical shear force diagram Target position in mid-hold

Bkhd Bkhd Bkhd

\/om Aft bulkhead

M, 0

targ-fwd

Vertical shear force after adjustment
———————— Vertical shear force due to local loads

4.4.6 Method 1 for shear force adjustment at one bulkhead

The required adjustments in shear force at following transverse bulkheads of the mid-hold are given by:

where:

MYﬁaft = MYﬁfore -

MY_aft = MY_fore -

Aft bulkhead:

(Xfore aft)

( Qtarg aft = Qaft)

Forward bulkhead

(Xfore aft)

( Qtarg fwd — wad)

My i My fore Vertical bending moment, in KNm, to be applied at the aft and fore ends in accordance with [4.4.10],

Qaft

Qtwd

to enforce the hull girder vertical shear force adjustment as shown in Table 5. The sign convention is that
of the FE model axis.

- Vertical shear force, in kN, due to local loads at aft bulkhead location of mid-hold, x, ,, resulting from the

local loads calculated according to [4.4.3].

Since the vertical shear force is discontinued at the transverse bulkhead location, Q. is the maximum
absolute shear force between the stations located right after and right forward of the aft bulkhead of mid-
hold.

- Vertical shear force, in kN, due to local loads at the forward bulkhead location of mid-hold, X;. g,

resulting from the local loads calculated according to [4.4.3].

Since the vertical shear force is discontinued at the transverse bulkhead location, Qj,q IS the maximum
absolute shear force between the stations located right after and right forward of the forward bulkhead of
mid-hold.

4.4.7 Method 2 for vertical shear force adjustment at both bulkheads

The required adjustments in shear force at both transverse bulkheads of the mid-hold are to be made by applying:

Vertical bending moments, My .4, My 1, at model ends and,

Vertical loads at the transverse frame positions as shown in Table 7 in order to generate vertical shear forces,
AQ,« and AQs,4, at the transverse bulkhead positions.

Table 6 shows examples of the shear adjustment application due to the vertical bending moments and to vertical

loads.
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Xtore — Xaft . Qtarg—fwd — wad + Qtarg—aft — Qaft
2 2

My ane =

M Y_fore = MYﬁaft

— Qtarg—fwd - wad - (Qtarg—aft - Qaft)
2

Awad

AQqu = =AQyyqg

where:

My ot My rores Vertical bending moment, in KNm, to be applied at the aft and fore ends in accordance with [4.4.10],
to enforce the hull girder vertical shear force adjustment. The sign convention is that of the FE model
axis.

AQu - Adjustment of shear force, in kN, at aft bulkhead of mid-hold.
AQsnq - Adjustment of shear force, in kN, at fore bulkhead of mid-hold.

The above adjustments in shear forces, 4Q,; and AQy,q, at the transverse bulkhead positions are to be generated by
applying vertical loads at the transverse frame positions as shown in Table 7. For bulk carriers, the transverse frame
positions correspond to the floors. Vertical correction loads are not to be applied to any transverse tight bulkheads,
any frames forward of the forward cargo hold and any frames aft of the aft cargo hold of the FE model.

The vertical loads to be applied to each transverse frame to generate the increase/decrease in shear force at the
bulkheads may be calculated as shown in Table 7. In case of uniform frame spacing, the amount of vertical force to
be distributed at each transverse frame may be calculated in accordance with Table 8.

KR” Rules for the Classification of Steel Ships 2017 429



Pt 13 Bulk Carriers and Oil Tankers
Ch 7 Direct Strength Analysis Pt 13,Sub 1, Ch 7, Sec 2

Table 6 : Target and required shear force adjustment by applying vertical forces

. . Aft Bhd Fore Bhd
Vertical shear force diagram
SF target SF target
Bkhd
Qtarg—aft ('Ve) Qtarg—fwd (+Ve)
Bkhd A Bkhd Bkhd
Qtarg—aft (+Ve) Qtarg—fwd ('Ve)
Bkhd
Vertical shear force after both adjustments
———————— Vertical shear force after adjustment by use of M, .and M,
--------------- Vertical shear force due to local loads
Note 1: -ve means negative.
Note 2: +ve means positive.

Table 7 : Distribution of adjusting vertical force at frames and resulting shear force distributions

Bkhd Bkhd Bkhd Bkhd
| I l, , |
I I
Alerg ow, = W1/(n,- 1) ow,=W2/(n,- 1) ow,= W3/(n,- 1) Al
W1 = total load applied W2 = total load applied W3 = total load applied
n, = number of frame spaces n, = number of frame spaces n, = number of frame spaces
F in aft tank of FE model in middle tank of FE in forward tank of FE F
T model model ¢
[’\ ow, ow, ow, ow, ow, ow, ow, ow, Ow, ow, ow, ow, Ow, Ow,

Simply Simply
support ow, ow, ow, Ow, ow, ow, Ow, support
end end

Note: Transverse bulkhead frames not loaded
Frames beyond aft transverse bulkhead of aft most tank and forward bulkhead of forward most tank not loaded
F = Reaction load generated by supported ends
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AQ, +F

Bkhd aft Bkhd

SF distribution generated
(end reactions not included)

Bkhd

Bkhd

EREEREE

ik

|

A

/

Shear force generated
by reaction force

Simply ow, ow, ow, Oow, O Simply
support 2o support
end end
Shear Force distribution due to adjusting vertical force at frames
Bkhd Bkhd Bkhd Bkhd

;

A 7

A

Simply
support
end

Note: F=0if ¢,=¢,andAl =

At ., and loads are symmetrical about mid-length of model

Simply
support
end

Note 1: For definition of symbols, see Table 8.

Table 8 : Formulae for calculation of vertical loads for adjusting vertical shear forces

_ AQun (20— 05— 13) + AQyyg (£ + l3) _ W1 (6, +0) = W3 (£, + 03)
Wy = = T (20—, =20, 1) = 0'5( 7 )
Sw., = (W1+W3) _ (AQun— AQwa)
, = -
(n;-1) (n;—1)
SWa = =AQyyg (20 =01 =1,) = AQuq (L1 +15)
? (Ng=1) (20— 10,20, 1)
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where:
2 . Length of aft cargo hold of model, in m.
ly : Length of mid-hold of model, in m.
Uy : Length of forward cargo hold of model, in m.
AQ.x  : Required adjustment in shear force, in kN, at aft bulkhead of middle hold, see [4.4.7].
AQna - Required adjustment in shear force, in kN, at fore bulkhead of middle hold, see [4.4.7].
F : End reactions, in kN, due to application of vertical loads to frames.
W1 : Total evenly distributed vertical load, in kN, applied to aft hold of FE model, (n, - 1) dw,.
W2 : Total evenly distributed vertical load, in kN, applied to mid-hold of FE model, (n, - 1) dw.,.
W3 : Total evenly distributed vertical load, in kN, applied to forward hold of FE model, (n; - 1) dws.
n, : Number of frame spaces in aft cargo hold of FE model.
n, : Number of frame spaces in mid-hold of FE model.
Ns : Number of frame spaces in forward cargo hold of FE model.
oW, : Distributed load, in kN, at frame in aft cargo hold of FE model.
W, : Distributed load, in kN, at frame in mid-hold of FE model.
A : Distributed load, in kN, at frame in forward cargo hold of FE model.
Al Distance, in m, between end bulkhead of aft cargo hold to aft end of FE model.
Al Distance, in m, between fore bulkhead of forward cargo hold to forward end of FE model.
14 : Total length, in m, of FE model including portions beyond end bulkheads:
= él + gz + 63 + Agend + Agfore
Note 1: Positive direction of loads, shear forces and adjusting vertical forces in the formulae is in accordance with Table 6 and Table 7.
Note 2: W1 +W3=W2,
Note 3: The above formulae are only applicable if uniform frame spacing is used within each hold. The length and frame spacing of
individual cargo holds may be different.

If non-uniform frame spacing is used within each cargo hold, the average frame spacing /,,.; is used to calculate the
average distributed frame loads dw,,;, according to Table 8, where i = 1, 2, 3 for each hold.

Then dw,,,; is redistributed to the non-uniform frame as follows:

5W'i‘ = gwavfié“*' k=1,2,..n—1,foreach frame in cargo hold i,i=1, 2, 3
where:
Lavei . Average frame spacing, in m, calculated as ¢; /n;, in cargo hold i with i =1, 2, 3.
l; . Length, in m, of the cargo hold i with i = 1, 2, 3 as defined in Table 8.
n; : Number of frame spacing in cargo hold i with i = 1, 2, 3 as defined in Table 8.
ow,,.; : Average uniform frame spacing, in m, distributed force calculated according to Table 8 with the average
frame spacing /,,.; in cargo hold i withi=1, 2, 3.
Sw : Distributed load, in kN, for non-uniform frame k in cargo hold i.
Ko : Equivalent frame spacing, in m, for each frame k withk =1, 2,..., n; - 1, in cargo hold i, taken as:
Caui OV 12 . . .
Pai= i =221+ L fork =1 (first frame), in cargo hold i
1 i 2
0+ 0
o6t
fkavf.=5'+ '2 fork=2,3,...,n,-2,incargo i
A
O = b — 2=y —IE— for k = n; - 1 (last frame), in cargo i
A
A : Frame spacing, in m, between the frame k - 1 and k in the cargo hold i:
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The required vertical load dw; for a uniform frame spacing or Sw;k for non-uniform frame spacing, are to be applied
by following the shear flow distribution at the considered cross section, as described in Ch 5, App 1. For a frame
section under vertical load ow;, the shear flow, g, at the middle point of the element is calculated as:

ow;
Oi-k = T Qx-nso
y-n50

where:

Or.x : Shear flow calculated at the middle of the k-th element of the transverse frame, in N/mm.

AW, : Distributed load at each transverse frame location for i-th cargo hold, i = 1, 2, 3, as defined in Table 8, in
N.

lynso - Moment of inertia of the hull girder cross section, in mm?®.

Qunmso  : First moment about neutral axis of the accumulative section area starting from the open end (shear stress
free end) of the cross section to the point s, for shear flow g, in mm3, taken as;

S
Qk—n50 = _[Okzneu tn50 ds

Zneu . Vertical distance from the integral point, s, to the vertical neutral axis.
thso : Net thickness, in mm, of the plate at the integral point of the cross section.

The distributed shear force at j-th FE grid of the transverse frame, Fjq, is obtained from the shear flow of the
connected elements as following:

n

4
Fi_gira = qu—kEk
k=1

where:
Ly . Length of the k-th element of the transverse frame connected to the grid j, in mm.
n : Total number of elements connect to the grid j.

The shear flow has direction along the cross section and therefore the distributed force, F.4q, is a vector force. For
vertical hull girder shear correction, the vertical and horizontal force components calculated with above mentioned
shear flow method need to be applied to the cross section.

4.4.8 Procedure to adjust vertical and horizontal bending moments for midship cargo hold region

In case the target vertical bending moment needs to be reached, an additional vertical bending moment is to be
applied at both ends of the cargo hold FE model to generate this target value in the mid-hold of the model. This end
vertical bending moment is given as follows:

Mv—end = Mv—targ_Mv—peak
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where:

Mg : Additional vertical bending moment, in kNm, to be applied to both ends of FE model in accordance with
[4.4.10].

M..arg - Hogging (positive) or sagging (negative) vertical bending moment, in kNm, as specified in [4.3.2].

My pea - Maximum or minimum bending moment, in KNm, within the length of the mid-hold due to the local loads
described in [4.4.3] and due to the shear force adjustment as defined in [4.4.5].

M, peax i t0 be taken as the maximum bending moment if M., is hogging (positive) and as the minimum
bending moment if M, is sagging (negative). M, ... is to be calculated as follows based on a simply
supported beam model:

X—X
M, _peak = Extremum {MV_FEM () * Miinetoad + My at (2 - a;t _ 1)}
fore = Naft

My eem(X): Vertical bending moment, in kNm, at position x, due to the local loads as described in [4.4.3].
My .« : End bending moment, in KNm, to be taken as:
e When method 1 is applied: the value as defined in [4.4.6].
¢ When method 2 is applied: the value as defined in [4.4.7].
» Otherwise: My =0
Miineload : Vertical bending moment, in kNm, at position x, due to application of vertical line loads at frames

according to method 2, to be taken as:

Miinetoad = = (X = Xar) F —Z(X— Xi) dw; when X; <X
i

F : Reaction force, in kN, at model ends due to application of vertical loads to frames as defined in Table 7.
X : X-coordinate, in m, of frame in way of the mid-hold.
oW, . vertical load, in kN, at web frame station i applied to generate required shear force.

In case the target horizontal bending moment needs to be reached, an additional horizontal bending moment is to be
applied at the ends of the cargo tank FE model to generate this target value within the mid-hold. The additional
horizontal bending moment is to be taken as:

Mh—end = Mh—targ_Mh—peak
where:

Mi.ena - Additional horizontal bending moment, in KNm, to be applied to both ends of the FE model according to
[4.4.10].

Mg+ Horizontal bending moment, as defined in [4.3.4].

My peak - Maximum or minimum horizontal bending moment, in KNm, within the length of the mid-hold due to the
local loads described in [4.4.3].

M, peax IS t0 be taken as the maximum horizontal bending moment if My, . is positive (starboard side in
tension) and as the minimum horizontal bending moment if My, is negative (port side in tension).

Mi,.pea i 0 be calculated as follows based on a simply supported beam model:
M _peak = Extremum {My, gem (X))
M, rem (X): Horizontal bending moment, in KNm, at position x, due to the local loads as described in [4.4.3].

The vertical and horizontal bending moments are to be calculated over the length of the mid-hold to identify the
position and value of each maximum/minimum bending moment.
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4.4.9 Procedure to adjust vertical and horizontal bending moments outside midship cargo hold region

To reach the vertical hull girder target values at each frame and transverse bulkhead position, as defined in [4.3.2],
the vertical bending moment adjustments, m,;, are to be applied at web frames and transverse bulkhead positions of
the finite element model, as shown in Figure 19. The vertical bending moment adjustment at each longitudinal
location, i, is to be calculated as follows:

. . . . Xi — X,
(1) = My rarg0) * My (i) *+ Miroaa() + My (2 228 1)

Xtore — Xaft

i-1
() +f(i+1)
vi = 2 _zmvj
j=0
Ny
mvfend = _vaj
j=0

where:

i . Index corresponding to the i-th station, starting from i =1 at the aft end section up to n,

n, : Total number of longitudinal stations where the vertical bending moment adjustment, m;, is applied.
m,; . Vertical bending moment adjustment, in KNm, to be applied at transverse frame or bulkhead at station i.

m, .q - Vertical bending moment adjustment, in KNm, to be applied, at the fore end section (n+1 station).
m,; : Argument of summation to be taken as:

m,,= 0 when j=0

m,; = my; when j=i
M,.arg(i) - Required target vertical bending moment, in KNm, at station i, calculated in accordance with [4.3.2].
My.rem(i): Vertical bending moment distribution, in KNm, at station i due to local loads as given in [4.4.3].

Miinetoad(1): Vertical bending moment, in kNm, at station i, due to the line load for the vertical shear force correction
as required in [4.4.8].

Figure 19 : Adjustments of bending moments outside midship cargo hold region.

| Transv. bhd | Transv. bhd

Y,

\ \
\ \
) - - ON -
¢ ¢ «

K
—

I
m,,; can be substituted to m,; in this figure
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t
* [

3
3
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To reach the horizontal hull girder target values at each frame and transverse bulkhead position as defined in [4.3.4],
the horizontal bending moment adjustments, m,;, are to be applied at web frames and transverse bulkhead positions
of the finite element model, as shown in Figure 19. The horizontal bending moment adjustment at each longitudinal
location, i, is to be calculated as follows:

f(i) = Mh—targ(i)_MH—FEM(i)

i-1
()+f(i+1)
Mpi = 2 _thj
j=0
Nt
Mp_ena = —Z My;
j=0

where:

i : Longitudinal location for bending moment adjustments, m,;.

N : Total number of longitudinal stations where the horizontal bending moment adjustment, my;, is applied.
M : Horizontal bending moment adjustment, in KNm, to be applied at transverse frame or bulkhead at station

i.
My eng - Horizontal bending moment adjustment, in KNm, to be applied at the fore end section (n+1 station).
My : Argument of summation to be taken as:

e my,=0whenj=0

s my =my when j=i
M.rg(1): Required target horizontal bending moment, in KNm, at station i, calculated in accordance with [4.3.4].
My.eem(i):Horizontal bending moment distribution, in KNm, at station i due to local loads as given in [4.4.3].

The vertical and horizontal bending moment adjustments, m,; and my;, are to be applied at all web frames and
bulkhead positions of the FE model. The adjustments are to be applied in FE model by distributing longitudinal
axial nodal forces to all hull girder bending effective longitudinal elements in accordance with [4.4.10].

4.4.10 Application of bending moment adjustments on the FE model

The required vertical and horizontal bending moment adjustments are to be applied to the considered cross section
of the cargo hold model by distributing longitudinal axial nodal forces to all hull girder bending effective
longitudinal elements of the considered cross section according to Ch 5, Sec 1, [1.2] as follows:

« For vertical bending moment:

(R = o Bz

y-nso N
» For horizontal bending moment:

Mh Ai—nSO

(Foi = m n_| Yi
where:
M, : Vertical bending moment adjustment, in KNm, to be applied to the considered cross section of the model.
M, : Horizontal bending moment adjustment, in KNm, to be applied to the considered cross section the ends of
the model.

(F)i :Axial force, in kN, applied to a node of the i-th element.

ly.nso - Hull girder vertical moment of inertia, in m*, of the considered cross section about its horizontal neutral
axis.
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