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Development of geometric analysis technique for

An algorithm for automatic generation of damage cases in
probabilistic damage stability calculation based on

topological relationship of compartments.

Hyuk-Sun, Shin

Division of Naval Architecture and Ocean Systems Engineering
Graduate School of

Korea Maritime University
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2.3.1. Required subdivision index 'R’
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1.In the case of carge ships greater than 100 m in length (Ls):

128
L, +152

R = 1-

2 In the case of cargo ships not less than 80 m in length (Ls) and not greater than 100 min length (Ls):

L R
R o= [+ x2)
0+ 300" 1=&, !

U]
where Ro is the value R as calculated in accordance with the formula in subparagraph .1.
3.In the case of passenger ships:

5.000

.....

N=N, +2N,
N, = number of persons for whom lifeboats are provided

N, =number of persons (including officers and crew) the ship is permitted to carry in excess of N,

Fig. 1 Formulas of required subdivision index 'R’
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2.3.2. Attained subdivision index 'A'

Ag ‘A= A& (ds, dp, dDE of&al ALk l‘i—%ﬂ?(As, Ap ,ADell 7}
TAE Fo AT oA 4 BE Ag= Figo 29 (225 ol&dl ALt
=



() A = 044, + 044, + 024
@D 4 = Ips

i represents each compartment or group of compartments under
consideration.

Pi accounts for the probability that only the compartment or group of
compartments under consideration may be flooded, disregarding any
horizontal subdivision, ad defined in regulation 7-1.

Si accounts for the probability of survival after flooding the
compartment or group of compartments under consideration, and

includes the effect of any horizontal subdivision, as defined in
regulation 7-2.

Fig. 2 Formula of Attained subdivision index 'A'

2.3.3. Pi factor
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P = plxlx2) - [rixd, x2,by) - r{x], x2. )]

j = the aftmost damage zone number involved in the damage starting with Nol. at the stern .
n = the number of adjacent damage zones involved in the damage .

k = is the number of a particular longitudinal bulkhead as barrier for transverse penetration on
a damage zone counted from shell towards the center line. The shell has k = 0 .

X1 = the distance from the aft terminal of Ls to the aft end of the zone in question .
X2 = the distance from the aft terminal of Ls to the forward end of the zone in guestion .

b = the mean ftransverse distance in meters measured at right angles to the centerline at the
deepest subdivision loadline between the shell and assumed vertical plane extended between
the longitudinal limits used in calculating the factor pi and which is a tangent to, or common
with, all or part of the outermast portion of the longitudinal bulkhead under consideration.
This vertical plane shall be so orientated that the mean transverse distance to the shell is a
maximum, but not more than twice the least distance between the plane and the shell. [f the
upper part of a longitudinal bulkhead iz below the deepest subdivision loadline the vertical
plane used for determination of b is assumed to extend upwards to the deepest subdivision
waterline. In any case, b is not to be taken greater than B/2 .

Fig. 3 Calculation of Pi factor
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Fig. 4 Examples of assumed division lines

2.3.4. Si factor
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Fig. 5 Various Si factors
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where;
GZmax is not to be laken as more than 0.12 m;

Range is not to be taken as more than 16°;

L= if 6 € A

K= 0 if &2 Beay
g -@a

K = |—=8__=  gherwise,
'lll - _:;lli-

where:

fa= 15 7° for passenger ships and 25° for cargo ships; and
B is 15° for passenger ships and 30° for cargo ships.

Fig. 6 Formula of Stinali

Si factor?] AAF2]L Fig. 69 Yo}l %0l GZmax®t RangesS o] 83lo] 7
gtoh, of 7] FoJsord FE-2 horizontal subdivisiono|t}. Auke] =
*(breadth)y o= P A vk s &4te] horizontal subdivision ©
AP 5= wFsjorstr] wjiLolth. o] &S v factorEA TRFOA|H,
Stinal #k ¥ ot HE Sighe]l v A #Ah

f
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Fig. 7 Possible single and multiple damage in ship
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Fig. 9 Damage cases of multiple zone
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Fig. 11 Damages correspond to vertical extent limit
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Fig. 13 Port side of a container ship

Attained subdivision index& =
Aozt pEolq AR, BE #4 du7} 929 AL ohre % wed
Auire ol gele BAE el .
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1. o]k (z—direction) T8 E 7+ #A.
L 1m I 102
101 | |
Ir i 201 202 o ok w
301 |
303
1 Fone 2 Fone 3 fone
Fig. 15 Topological property of 'z' direction
2. AR nABE 5o whbe TEEE B,
—  2m — 202 i e 205 — S0
1 Zone 2 Zone 3 Zone G Zone 7 Zone
Fig. 16 Topological property of 'x' direction

21



wom W
T
w7
H o &
Mrm op UM
W "
EE ll ~ R
o S
LR
oR 5
R \
T M il :;
= o \
z o
o ol e
T R ~
= up <
Ui I -
T o
in O azmﬁ
LI e
) ~
“u.lm w O#E 7~I B T
Ay o)
n_Al_._ ﬂﬂ o 'y C
T G .0
= = t
a 1o . u
o MoE o 8 &
= 0 -
—IT ;o,._ 1_&! fr— OM |m|
[ q b
R s B A 5
Y CONE eI S
T N o P o N
(N ﬂﬂ Mm o o i ——
N g = o L
2p) oo L
x BT

Fig. 17 Topological property of Midship section
22




3.3. &2 F 84929 1 oA

Fig. 18 Example of general arrangement

Fig. 18 ztetst f&ufxjo|th, WME(1, 2, 3)7F WiAR @S ZHzke] bk
< Yehiv 101, 102, 20152 T8¢ WEE e
&gz AA9El= Attained subdivision index #HS b= A} of
¢ WH3 BAZS A o] o A(Fig. 18)F o]&3le] A, 4¥ 4
olH, Z, T8zre] #AE Fig. 19 o] yekd 5= Ut
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# H-Direction
102-101-106-109, 103-104-107-110, 105-108-111

# B-Direction
101=201=301,
102-201-301,
106-201-301,
109-201-301,

0
0
03-202-302,
04~
07-
1

0-202-302,
105-203, 10562038204, 111-204,

# Calculated Draft

Fig. 19 Topological data of the example

WA, FalAee E47) 106-107-108 F8& Avkein s g,
AY A HA 1x8 10678 (1Zone)= <=2 &9, T Zone 3709 bk

S N E R, Z4zbe] bkl wis] 106, 106,201, 106,201,301 ¢ &4k %3to]
AT, E3 104?@1% AEkow 101, 102 783 AAHo] Jler= o
THEL nHs|FH, Table. 1318 106(1Zone)oll W3k &4xTS YA &
4 AT
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+106

+106,101
+106,101,102

i

+106,201
+106,101,201
+106,101,102,201

d

+106,201,301
+106,101,201,301
+106,101,102,201,301

Table. 1 Damage cases of 106 compartment

o] &4x3EL 106(1Zone)oll Wit Pighty} old 3|dst= SikeES 73171
E=AFTEZHN, 106(1Zone)oll ek HiE X4 Attained

subdivision index S T38}7] 93] 2olH, Lol E A EGFEAATE

Alrkst71 918 A,
& A83lH, Table. 249 ZF 42709 &
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#1 2 0.000000, X2 :
b_value : 2,200000,
Included Cowpartment List
16
* 01,000000,

.va] e -
Included Cuaoartnint List
106 1

LR

boyalue 22]1]]] H
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Table. 2 Generated damage cases
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